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"Dal ton • . . •  for fifty-seven years • • •  walked out of Manchester 

every day; he measured the rainfall, the temperature • • . • • . .  

of all that mass of data, nothing whatever ea ne. But of' the 

one searching, almost childlike question about the weights 

that enter the construction of the se sin1ple molecules - out 

of that came modern atomic theory. That ·is the essence of' 

science: ask an impertinent question, and you are on the way 

to the pertinent answer." 

- p153: The Hidden Structure: 

The Assent of Man 

J. Bronowski. 
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.ABSTRACT 

Section I: The optimum c onditions for the determination of 

cadmium, chromium, copper, leady n i ckel, s ilver and zinc by 

flame atomic absorpt ion s pectrophotom et ry (part B) were 

inves tigated, Elementa l c oncen t ra t i ons were determined in 

samples of animal o rga ns (organs, mus cl e tissue, bone and wool ) , 

soils and pla n ts ( pas ture speci es , natu1�l vegetation and 

bryophytes ) . 

The h i s t orical de vel opment of non-flame a to mic ab sorpti on 

spectrophotometry (pa rt C) was reviewed. Anal yti cal methods 

usi ng t he ca rbon rod atomizer for the deternt ina t i on of elemen tal 

conce ntrati ons i n  na tu ral wa ter a nd tree ring--core samples were 

investi gated . 

The anal y t i ca l  technique used for the determinat ion of lead 

in whole bl ood i nvol ved d i l u ti on with 5% Triton X-100 followed 

by sample application ( 1  �1) to the carbon rod at omi zer . A 

detec tion l i m i t of <0.01 )lg/ml Pb coul d be rea ched w i th a R.S.D. 

/>,.J 1-.3%. The effec t of a dd i  tivr;.s E...DTA a nd heparin, on s i gnal 

profiles a nd analytical a b s orpti on curves was s tud i ed. Inter­

ferences and ba ckg round a bsorp t i on were also d i scus sed. 

Section II: Lead le vels i n  whole blood of New Z e aland domestic 

animals using the carbon rod a t orn i zer were i nves t i gated. Ca t s, 

d ogs a nd sheep showed no si gni f i cant d i fferences in lead l evels 

a ccording to age whereas c at tle (t=4.67 for 250 d .f.) and horses 

(!=5.81 for 256 d.f. ) showed a very- highl y s i gn i f i can t (P�0.001) 

difference between those animals younger than 18 months compared 

with all other age groups. 

Generally there was little evidence for sex differentiation 

for the 1 ea d content in all a n i mal group s in vestigated ( although 

cattle showed a v ery-highly s i gn i f i can t difference between male 

and female - neutered animals ) . 

Detectable differences of blood lead levels among different 

breeds were only found in dogs and cattle. Sheep dogs from rural 

areas showed a very-highly significant difference (t=3.1 for 

80 d.f. ) compared with pedigree d ogs from city areas. It is 
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suggested that th is is a re f le c tion of t he reduced contact with 

lead pollution, predominantly frolit motor ve hicle exha ust 

emissions p industrial swelter fumes ancJ service station pollutants. 

Th e whole-blood lead ccncentrations of specific dogs, cattle 

and horses with suspected lead poisoning were a lso investigated. 

Section III: The lead content of vmole blood of 62 sh eep grazed 

continuously fo r 6 tnonths nea r a ma jor highway was o. 90 p.g/ml 

compared with 0.20 )lg/ml for 38 sheep from a nearby unc omtarninated 

area. Ac cumula t ion of le ad ·.vas observed in livers (maximum 

concen tration of 20,0±6.0 )lg/g wet weight ) ,  kidneys (cortex : 

154 .o � 34.0 �g/g w.w.) and bones (36.5 ± 4.6 pg/g w.w. ) of 

these sheep. Edible muscle ti ssue sho.rved only slight accumulation 

of lead. 

Four sheep from the con tarnina ted area were pl8 ced in an 

uncontaminated paddock and the lead content of th e wh ole blood 

decreased rapidly during the first 10 days and thereafter more 

sl 0\vly. After 185 cia y s ,  the 'Nhole-bl ood lead levels had still 

not quite rea ched normal levels. :=.:imilar observations were noted 

in tre lead content of soft organs which had approached but not 

rea ched backf.round levels. The lesd con tent of bones had not 

changed a ppreciablJ in this time. 

Animals from an uncontatnina ted ar·ea showed an imntediate 

rise in the whole-blood lead level when placed ne ar a ;naJor high­

way. 

Sheep placed in a concrete gen away from motor vehicle 

exhaust emissions show ed a rise in lead levels of whole··blood9 

liver s, kidney ( cortex) and bones when fed with forag e c ut from 

t he verges of a busy highway. Sheep placed near a highway arrl fed 

with forage from an uncontaminated area showed a n  increase of 

lead levels in the whole blood, liver, kidney cortex and b ones, 

c omparable to that of the previous expe rime nt. High lead levels 

were also observe d  in lung tissue. 

There was no evidence to suggest that lead is' exc reted' 

from the body organs or blood into the wool. Although washing 

removes a significant percentage of lead frcm the w ool of sheep 
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exposed to motor vehicle emissions, le<1d particulates adhere and 

become incoi"porated i nto the vvool f ibre s , especially in the 

outer 2-4cm of wool. 

The 1 ead conten t of the outer 2cm of \vool showed a very 

highly signif'icDnt (P� 0.001) c orrel ation with the whole-blood 

lead content. This SQggests that it is apparently possible to 

use easily sarnpl ed '.vool material in place of v1hol e blood to 

assess the lead burden of shee p. 

It was ccncluded that lead u ptake by ingestion of pollute d 

forag e and b.Y inlwlat :.on of airborne pa rticula tes a1.'e both 

mechanisms responsib l e for enhanced lead l evels in sheep whole 

blood, livers, J:idneys (corte� b ones and to some de gree lung s. 

Section IV: Conce ntra tions of cadmium, chromium, copper, lead, 

nickel and zinc were me<:�sured in soil s and pasture sp ecies alonga 

major motorway in New Z e al and . Enhanced levels of all elements 

were found and correlated well with traffic densiti�s. 

Concentra tions in soil profiles oecreased with depth and 

showed tha t the source of pollu tion \ias aerlal d epos i tion fran 

motor· vehicles. Ab out a third of the aerial burden of each 

e lement -�vas I'emovabl e. by washing of vege tu ti on specie s . Jiighest 

accumulations of heavy Jr, etal s ·vere usually found on �:hi te clover 

and the 1 Oli/e st in pa spalum grass. �lewental concentrations in 

pasture s pecies were u sually well correlated with traffic 

densities, pEu·ticularly in the case of the grass, yorkshire fo g . 

Plant/soil correlations for i ndivi d ual heavy metal s  were 

in gene ral poorer than for relationships i nvol ving traffic 

den s ities and conc e ntrations in plants or soil s . It is 

considered that apart from lead build up of coppe r and cadmium 
s ho uld give the most conce rn because of their toxici ty and high 

concentrations compared with backgro und . 

Secti on V: 

The seasonal variation in lead content of Lolium perenne L. 
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( :perennial ryegrass ) and Trifolium repens L .  ( white clover ) leaves 

and roots at various distances along a transect across a moderately 

busy ( less than 5000 motorvehicle/24 hours) New Zealand State 

Highway, nor th of Bulls was investigated. The influence of the 

particular seasonal wind direction upon the distribution of lead 

was indicated by the exponential decreRse of lead content in soils 

and pasture species, resulting in elevated lead levelR to a distance 

of at least 30 meters on either side of the highv1ay. 

Significantlead accumulation occurred to a depth of 10cm. Generally 

the lead con tent of the leaves exceeded that of the roots wit h 

onethird of the lead burden being reruoved by washing of the 

aerial parts of the plan t. It was also observed t hnt agricultural 

activities such as ploughing may prevent the accwnulation of high 

lead levels in the upper most 5cm of soil and thereby reducing 

the avuilability of lead to the supported pasture. 

Section VI: Cadmium, copper c:lild zinc concentrutions in 

vegetation, s oils, \later and stream sediments ( part B), were 

meEJSUl'ed in the vi ci n i ty of the Tui Hine, l'e Aroh a.., New Zealand. 

Elemental levels i n  leaver:; of Beilschrniedia tuw?l ( Benth.& Hoo1c 

f. ) tawa, reflected dispersion of windborne material around an 

ore treatment :plant. VegGtation grow ing over an ore body showed 

very h igh concentrations of all j metals accumulated by the root 

systems. This mooe of uptake could be easily differentiated 

from airbopne deposition by the much lower proport ion of the 

metal burden whi eh Nas L'ernovabl e by washing. Analy-sis of tree 

ring-core sections showed again a d issimilar pattern between 

airborne deposition and accumulation of metals via the root 

system. With airborne accumulation, tree-cores showed a 

significant increase of levels towards the outside of the trunk. 

�fuen e lements were accumulated via the root system concentrations 

vvere appreciably uniform through the entire tree trunk. Stream 



(vi i) 

sediments and v1aters showe d very high base metal concentra tions 

in the immediate vicinity of the mine. 

Soils and pa8ture specie.s in a pa dd ock adjacent to the 

fol ... mer ore trec-1tment ::;}lant associated v;i t h the base metal mine 

at Te Aroho9 'iVt;re analysed for cadmiwn� copper9 lead 9 a nd zinc 

a t  the timt:: of closu::'e o f  the mine and then 12 ;:tonths later 

( part C). Elevatec.1 levels of all four elemc:nts9 particularly at 

the end of th e past ure nearest to the source of contami nation , 

had d e c re a s ed considerably after 12 months . Analysis of 

elemental concentra ti on3 in soil profiles and in pasture species 

i ndi ea ted loss of po'Llu tants partly by lea chine; down the soil 

prof'ile a nd by downslope leaching along the surface. 

Section VII:· A com�,arison -;,-vas made of the lead pollution 

derived from a Nev1 Zealand battery factory and smelte r , and from 

motor vehicle emissions from a nearby major tho roughfare. Very 

elevated lead levels occurred to a depth of 12cm in soils 

situated near the l.ndustr.ial complex. I.ower lead levels, found 

to a depth of only 5cm, and �ithin 30m o f  the thoroughfare, were 

derived from wotor vehicle ewissions. 

Elevated lead concentrations in pasture species indicated 

the widespread distribution of lead particulates from the compleL 

The hig he r lead content of leaves compered with roots reflected 

the ov�rall efficiency o f  atmospheric deposition of lead 

compared with the alternotive p athway via the s oil and root 

systems . The proportion of lead remova o le by washing from the 

various pasture species organs was always hig her near the 

industrial complex than for those obtained from near the thorough­

fare. It is sug[ested that this is related to the physical 

and/or chemical forms of lead at the two locations or to super­

saturation of the soil by emissions from the industrial complex. 

Section VIII: The effect of lead on seedlings of Lolium 

pere� L. ( perennial ryegrass ) and Trifoliwn repens L. (white 

clover ) was investigated by a series of pot trials involving 

a steril e silica sand s ubstrate with varying amounts of added 
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organs 
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Limiting amounts of lead wc.:re found after 14 weeks in all 

of both s peci e s for suostrates containJ.ng over 1000 }lg/g 

These values , C;rt: about 60 }lg/g and 100 }lg/g ( dry v:eight 

basis) for leaves and roots cf ryegrass. For clover, values of 

80 �g/g, 85 �g/g and 100 rg/g were found in leaves,stolons and 
roots respectively. In both cases, �ignificant uptake diJ not 

occur until 12 weeks after germinat ion. 

High lead levels in the substrate reduced plant height. A 
content of 500 }lg/g was sufficient to cause a 50::� reduct ion in 

height. 

Germination of seeds of both species vvas retarded by high 

lead levels in the sub st ra te . After 35 days, germination was 

100% for lead-free substrates and only 20}·� and 10]� for seeds of 

ryegrass and clover for substratcs ccnt<'lining 1000 pg/g lead . 
When applied to the situntion of p n stu re species growing adjacent 

to busy thoroughfares, the: da ta indicates th8t ryegrnss has a 

greater tolerance to lead than clover. Difficulties in main­

taining the clover crnnpon�nt in pastures adjacent to busy road­
ways can the refo re be anticipatec1. 

Secti on IX: An investigation was made of the Sllver content of 

soils, stream sediment s, waters and vegetation near a silver 

mine and treatment plRnt at Ma ra tot o , Hew Zc£-;land. Silver in 

soils sho-,'.'ed elevated lGvc;ls n e ar the treatment plar..t ( due t o  

aerial fallout ) , and also in ncttural vegetation �;rowing o ver 

the ore deposits. 

Pasture soils showed silver contamination derived pa rtly 
from deposition from ore trucks and partly from floo ding by 
mineralized stream sediments. 8ilv6r in pasture species reflected 

t he same pattern. 

Si lver levels in leaves and tree trunks of Beilscruniedia 

tawa ( Benth. & Hook. f.) showed distinctly different mecha nisms 

o f  uptake from aerial fallout and natural uptake by root systems. 
The silver c ontent of stream waters and sediments,though 

anomalous near the depo8its and treatment plant, showed a 
progressive de crease with increasing di sta nee from the source. 
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Section X: Cadmium, copper, lead, s ilver a nd zinc were 

determined in br;'{ophytes from two mining areas in New Zealand. 

Background concentratio ns of all except coppe r in Hypnum 

.cu£ressiforrne (Hedw.) v1ere lower thon in the locvest background 

values obtained for 5'..vedish specimens of this species. Near 

the 'dusty' treatment plant 1.:1t Te J)roha, all bryophytes ht:-ld high 

metal concentrations compm'ed 'Piith th e substrate, and in dicated 

fol iar UiJtal<.:e of ai rborne contaminants compared w.i t h  uptake by 

bryophytes in minel'alized a .. 'eas due pr>e sumably to passive io n­

exchange at the rhizoid-soil interface. 

Uptake of silver ne::ar a treatment :;;lant at :tvw:r•o.tot o, and 

uptake of he8vy metals by th0 ay_uatic bry ophyte �iden s 

rigidul�.s ( HooJ<:.f.et. ·�lils. ) wel'e elso investigate6. 
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blood after addition of various solutions: 

double-distilled water ( symbol 0), c one. 

ammonia s olution ( symbol 6 ) , Tri ton X-1 00 

( symbol • ) • 

Figu re 1.5. Calibration curves for added lead in whole 50 
bl ood afte r addi ti on of various solutions: 

no physical/ chemical pretreatment ( symbol-A ) , 

nitric-perchloric acids (symbol.&) and 1000 
}lg/ml NaG 1 solution ( symbol • ) . 

Figure I.6. Signal profi les ( abs orption peaks ) obtained 50 · 

from lead atom i zation in t he presence and 

absence of vari ous s olutions added to whol e 

blood ( lea d  atomization , Pb. lamp ; back­
ground , H2. lamp) . 
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Figure I.?. C<<librati on curvts for added lead in whol e 52 
blood after addition of EDT� and heparin in 

the presE;nc e and absence of Triton X-100. 

Figure I.8. Signal profiles ( absorption peaks) obtained 52 

Figure I. 9 

from 1 cad a tomizct tion in the prest. n ee of 

.2D'ri. and h epA rin with or without addition of 

Tri ton X-1 00 ( 1 ead s tomizH ti on� Pb .lr-nnp; 

background, H2.lamp) . 

Variation in the lead atomization �1bsorbance 53 

nG cl function of the time intc;rval ( seconds) 
between snr.1i'le applications. 

Figure I.10. S i gnal profiles ( absorption peaks) at time 53 
intervals of 5,60 snd 150 s e cond � between 

compll-tion of Rtomizcttion and applicat.i on of 

the- next samL)le ( lend �1tornizotion9 Pb . lan1p ; 

bn ckt',round, H2 .lamp.) 
Figure 1.11. Cc3:ibra tion curve for Added codmium using n 58 

CIL"; method for nctur<,l ·:mtc r e:mo tree rinf;-

cort; fln'..lly sc::s. .t.ddeJ csdrni urn concen tra ti ons 

wt�re in th(; range 0.1-1.0 p g/t;.l. 

Figure I.12. Calibration curve for added lE:ad u sing a CRJ� 58 

method for nP.tural vn1ter Dn5lysis. .t>dded lead 

concentrHtions\�:ere in the range 0.1-1.0pg/ml. 

Figure I. 13. Calibr·a t:.ton curve for adoc:d sil v<.:r u s i ng a CRI� 58 
method for na tura l water and tree ring-core 

anolysis. f:ddud silver concentrations were in 

the range 0.1  - 1.0 pg/ml. 

Figure ill.1. Histogra m of whole-blood lead levels (p.g/ml) 76 
i n  sheep grazing near to, and away fr om � a 

major highway. 

Figure JII.2 De crease of whole-bloo d lead levels (pg/ml) in 77 

four she e p after removal from a contaminate d 

area. 

Figure Ill. 3. 'Nhole - blood lead 1 evel s ( p.g/ml) in sheep 78 
transferred from a background area to a 

contaminated psddock. 
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Figur e I I I . 4 . 'Nhole b l ood l e ad l e ve l s  i n  }lg/ml 78 

� on t i nuous l i ne ) i n  s he e p  pl ace d i n  a 

b a c kg r ound n ;-ea and fed 'N i th g ra s s  from 

road si d e s . Da i l �r uptDke of l L·a d i s  sh own 

o s  a b r oAen l i n e . 

F i gu re I I I . 5 . v:·h ol e - b l oo d l t.: c.1 d  l e v e l s i n  she: ep ( f our 79 

i nd i vi dua l s  s hown a s  d iffe r�nt symb ol s )  

pla c e d  ne ar road side bu t fed w i t h  unc on­

taw i na te d f orage . 

Fi gure I II . 6 . The me a n  l ea d  con tent ( p.g/g d ry we i t:;h t )  87 

of wa shed ( b roke n l ines ) a nd unwa she d 

w ool s ampl e s  fron: s h e ep s ub je c ted t o  

m ot or ve hi c l e e hli s s i on l ea d  ( ab ove ) and 
l 01N b a c kg r ound l ead l e vel s ( b el ow ) � 

e xp re s se d  as a func t i on of d i s ta nce ( cm ) 
m e a su re d  f' r om the i ns ic'i.e t o  the out s i de . 

F i gure I I I . 7 . The l 6 a d  cont e n t  of t he out e r  2 cm w o ol 8 8  

F i gu re I V  . 1 . 

Fi gure IV . 2 .  

Fi gure V . 1 . 

( }lg/g d ry we i gh t )  o f  twe l v e  s he e p  from 

l e a d  conta m i n� t ed an d b ackground a re a s 

a s  a fun c t ion of t he lead  c on te n t of 

the i r  �,vb ol e - b l o od ( }l g/ml ) . 

C cn c en t ra t i on s  ( }lg/g d ry we i gh t )  of l ead , 

c o�p e r  a nd z i n c  i n  so i l profi l e s  from nine 

i n te rc hang e s  of the Auckl 3nd i.vlOt orway , New 

Z e al a nd . 

94 

C onc e n t ra ti on s (}lg/g d ry we i g ht )  of ni cke l , 94 
chr om i um and ca dmium in s o i l  profil e s  from 

nine i n te rc han ge s of th e Au c kl and M otorway , 

New Z e a l an d . 

The me an l e ad c on ten t of surfa ce soil 

( 0- 2 cm ) s am pl e d a t  vari ous di s tance s 

( me te rs )  on b o th s ide s of a b usy New 

Z e a l and s ta te hi g hway for the sea s ons : 

a u tumn ( symb ol • ) ,  wi n t e r ( symb ol e ) , 

spri ng ( symb ol • )  and summe r ( symb ol o ) .  

1 03 



Figure V ,..., 
• ,;::_ • L e ad l eve l s  ( p.g/g d ry r;e; i c ht ) i n  soil 

profile s :  d ep t h  ( cm >  sample d  during t he.  
autwnn 9 a t  vai'i cq s  d i s ta n.ce s  al ong D 

t ran s e c t  ac�oss  a busy � ew Z eal and s tate 
h i ghway , Symb ol s  re pre sent 1 me te r o ,  

3 rnc: ters  A ,  5 me ters  • ,  25 m e t e rs c ,  

and 48 m e t ers • , 
Fi gure V . 3 .  Lead l e vel s (p g/g d ry we i t,h t ) i n  soil 

p rofi le s :  d e p th ( cm )  sa mpl ed d uring the 
wi nt e r ,  a t  va ri ous d i stan c e s a l ong a 
tra nse ct  a cros s  a b u s y  �Je w  Ze ala nd s ta te 
hi ghr,·ay • Symb ol s re )rc sent 0 rne t t: r  • ,  
5 me te rs A • 1 5  me t � rs • ,  3 0  me te: rs O� 

Fi gure V , 4 . L ead l evel s  (pg/g d ry v;e if; ht ) of l eave s 
( symb ol ) and r o ot s ( symb ol ) of perenni al 

( xi x)  

1 03 

1 04 

rye g ra s s  ( L ol iurn ��e�� L . ) a t  d iffe rent 1 05 
d i s tan ce s a l ong a t rans� c t  a c r os s  a �usy New 
Z ealand s ta te hi gh'ii'BY sampl e d  du riM.g the 

a utumn ( ab ove ) and v;i n t e r ( bel o'lv) , 

Fi gure V , 5 . Le ad l evel s (pg)g d ry -_,:e i ght ) of l eaves 
( symb ol • ) , ro o t s  ( symb ol 0 ) , of p ere nni al 1 05 
ryegra s s  ( L ol iuJE_ pc re nne T� . )  a t  d i fferent  
distances al ong a t ranse c t  a c ros s a b u sy New 
Zealan d  s t a t e  hi gh�ay sa mpl e d  during the 

s p ring ( ab ov e )  and summer ( b el ow ) . 

Fi gure V . 6 . Lead l e ve l s  (pg/g d ry we i gh t )  of l ea ve s  
( symp ol • ) ,  roots  ( symb ol 0 ) ,  of whi t e  
cl over ( Tri f ol i um repe ns L . ) a t  d i ffe rent 1 06  
d i stance s al ong a t ran se c t  a cros s a b u sy 
New Zeal and s ta t e  highway sampl ed during 
t he autumn ( above )  and wi n t e r  ( b el ow) . 

F i g ure V • 7 . Lead l e: vel s ( pg/ g d ry ';•1e i gh t )  of l eave s 

( symb ol • ) , ro ots  ( symb ol o ) , of whi te 
cl ove r  � ri f ol iurn 1 05 
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r e pens L . ) at diff e r ent d istance s al ong a 

transe c t  acr os s  a busy New Z e a land s ta t e  

highway sam pl e d  d uring the sp r ing ( above ) 
and s umrn e r  ( be 1 ow) . 

Figur e VI . 1 . Map of the Tui M ine area, Te .A r oha , s howing 1 1 1  

sa mpl ing s it e s . T he Champi on ( C ) and 

Ruakaka ( R ) l od e s  a re s h�1n as br oken line s .  

Rid ge s  ar e s hown as d otte d l ine s .  ( T . �) 
re pre sents th e ore -- c rushing tr e a tment plan t .  

Figu re VI . 2 .  Cadmium, copper an d zinc concentrati on s 1 1 1  

( rg/g ) in s oil s fr om a tr ansect acr os s t he 

Rauka ha l od e, Tui Mine, Te Aroha .  

Figur e VI. 3 .  Cadmium , copper a nd z i nc concentrations in 1 1 2 

soil s (�g/g) in t he vicinity of t he treatment 

plant, Tu i Min e, Te A r oha . For sca l e  and 

sampl e site i d entification - s e e  F i gur e VI . 1 . 

Figure VI . 4 . Cadmium, coppe r  an d z inc c once ntrations ( rg/g 1 1 2 

dr y we ight ) in l eave s of Beil schmie dia tawa 

( symbol A )  and Sc heffl e r a  d igi tata ( symbol 8 ) 
f r om a tran s e ct acro ss the Raukaha l od e, Tui 

M in e ,  Te Aroha .  

F igur e  VI . 5 .  Cad mium, co ppe r and z inc conce ntrati on s  (pg/g 1 1 3  

d r y  we i� ht ) in Beil schmi e d ia ta wa l eave s in 

t he vicinity of the tr e a tm ent pl ant, Tui Min e, 

Te A r oha . F or scale and sampl e si te i d entif­

icat ion - se e Figure VI . 1 .  

Figure VI. 6. C oppe r  and zinc conce ntr at ions (�g/g dry wei g ht ) 1 1 5 

in tr ee tr unk ring-cor e s  of Beil schmie dia tawa 

e xpr e ssed as distance f r om centr e of t he tr e e  

trunk . Numbe r s  r ef e r  to samplin g  site s s hown in 

Figu re VI . 1  . 

Figure VI . 7 . Cadmium , copper and zinc concentrati ons (Fg/g) 1 1 5 

in s edimen ts of a s tr eam o r i gina ting f rom t he 

vicinity of t he bas e  me tal d eposi ts, Raukaha 

l od e ,  Tui M in e ,  Te Ar oha . 
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F i gu re VI . 8 .  Ca dmium , c opp e r  a nd z in c  c on c e n t ra t i ons 1 1 6 

( pg/1 ) i n  vm t e rs of a s t re am o ri gi n a t in g  f r om 

th e v i c i ni ty of t h 8  b A s e  me t a l  d e p os i t s ,  

Eaukaka l od e , Tu i M i ne , T e  f.1 r oha . 

Fi gure VI . 9 . Cad m i um ,  c oppe r �  l e a d  A n d  z i n c c on c e n- 1 1 8 

t r[' ti ons (,u[./ g )  i n  su rfa c e  soi l s  sB mpl e d  a t  

va ri ou s  d i s ta n ce s ( m . ) al ong an e a s t- �� s t 

t ru nse c t  of a p a d d ocx i n  the v i c i ni ty of the 

o re - c ru s h i ng t re a bn�nt pla n t ,  Tu i M i ne , Te 

.F_roh.::< . Unb roke n l i ne re p re s e n t s  sampl i ng 

a t  t i m e  of t h e  m i n i ng op e ra t i ons ce a s i ng 

and b roke n l i ne 1 2  mon th s l o t e r .  Ze ro 

d i s ta n c e  c orre s p ond s t o  p o i n t s  ne � re s t  the 

s ourc e of p ol lu t i on .  

Fi &:.u re VI . 1 0 .  Cadmium , c opp e r 9  l e a d  and z i n c c onc e n t rB t i on s  1 1 8 

( pg/g ) o f  s o ils  a s  a func ti on o f  d e p th ( cm )  

s8mpl e d  a t  th e d i s  t c.m c e  s 0 El nd 450m . al on g an 

e s s t- �e s t tru n s e c t  uf a padd ock i n  the vi c i ni ty 

of th e O.i"'e -- c PU G l i i ng t re 8 tine nt p l �; n t ,  Tu i M ine , 

Te J', r o ha . U nb roke n l i ne rep .J.." e s cn t s  s amgl i ng 

a t  ti me o f  t h e:· m i ni ng op e ra t i ons c e a s i n£:, a nd 

b roken l i ne , 1 2  m on t hs la t e r . Zero d i s tance 

corre spond s t o  p o i nt s n e & �e s t  t h e  s o u Pce of 

p ol l u t i on . 
F i gure VI . 1 1 . Cadmium c once n tra ti ons ( pg/g d ry vJe i g h t ) i n  1 1 9  

.!)8 ::; ture s pe c i e s S B .i1i)l e d  a t  va ri ous d i s tnn c e s  

( m )  al ong a n  e a s t-we s t t ra n se c t u:f El paddock 
i n  the vi c i ni ty of t he-"' ore - c rushi ng t rea tme nt 

pl a n t t T u i . � i ne 9  Te A rohA . U nb roken l i ne 

re p re s e n t s  GB mpl i n g  n t  t i me of th e mi ni ng 

ope ra tt on s c e a s i ng an d b roke n l i ne , 1 2 m on ths 
l a te r . Z e ro d is ta nc e  c or re sp ond s t o  p oi n ts 

neare s t  the source of p ol l u t i on .  L e a f  sampl e s  

a re sh own a s  circ l e s a nd r o o t s a s  t ri angl e s . 

( whi t e cl ov e r  s t ol ons a s  squa re s ) . 
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Figu re VI � 1 2 . C opp e r  conc e n t ra t i ons ( }.lg/!5 d ry i.'ve i gh t ) i n  119 

pa s t u re s pe c i e s s s mpl e d a t.  v8 ri ou s d i s t o n c e s 

F i gur e  VI . 1 3 .  

( m ) al ong a n  c a s t-we s t  t ra n s e c t  of a p a d d o c k  

i n  t l le v i c i n i ty u f  th e ore - c ru sh i n g t re s tme nt 
pl an t 9 T u i  I ; i ne , '.ie A roh o . U n b roice n l i ne 

re pre s e n t s  s & .r: Jl :U'}g n t  time of' th e) m i n i n g  

op e ra t i on s  c e R s inf', a nd b rol..:en l i ne 9 1 2  1a on t h s  

l a te r . Ze r o  d i s t& n c e  c orre sp ond s t o  p oi n ts 

ne .:J .::'e s t  t he s ou r c e  of .JOl lu t 1 on . L e a f  s a m-pl e s 

a re s h o�n a s  c i r cl e s  and ro o t s  a s  t ri angl e s . 

( wh i te c l ov e r  s t ol on s  a s  squa r(; s ) . 
Le o d  c o nc e n t ra ti ons ( p.g/g d ry \'>'e i gh t ) i n  

pa s tu re  spe cie s  s 8 m �l e d  a t  va ri ou s di s tance s 
( m ) al on g a n  e a s t -w� s t  t ra nse c t  of a padd ock 

119 

i n  th6 v i c i ni ty of th e or e - c ru s h i n g  t r(:; a  tme nt 

pl an t , Tu i M i ne , Te A roh& . Unbroke n l i ne 

re p re s e n t s  s a mpl i ng o t  t ime  of th e m i ni ng 

ope ra t i ons ce n s i nt; a n ,  b r oke n l i ne 9 1 2  m on t h s  

l a t e r . Z e ro d is tonce corre s � ond s t o  p oin t s 

n�.: a r·e s t t h e:  s ou rc e  of 1X>l l u t i on . Leaf sam.1.)l e s  

a re sh own a s  c i r c l e s CJ. Ld roots  a s  t ri a ngl e s . 

( whi te cl ove r s t ol on s  t 1 S squa :c·e s ) , 

F i gure VI . 1 4 , Z i n c  c one e n  t ra t i  ons ( p6/ g d ry we i eh t ) i n  119  

pa ": ture s pc� it.· s s e mplcd a t  vari ou s d i s t a nc e s 
( m )  a l ong an e a s t-w e s t t r8 n se c t  o f  a pad d o c k  
i n  the vi c i n i ty of the or e -- c i·u sh i ng t re a tmen t  

pl a n t , Tu i M in e , T e  A rohr.; . Unb roken l i ne 

rep re se nt s  s a rn ·Ql i n g  8 t  ti me of th e m i ni ng 

op e ra t i ons c e a s i ng an d b r oken l i ne , 1 2  m on th s 

l a te r . Z e ro d i s ta nc e  c or re sp onri s t o  p o i n ts 

ne n re s t  t he s ou r c e  o f  p ol l u ti on .  L e a f  sam pl e s  

a re s hown a s  c i rcl e s  nnd r o o t s a s  t ri angl e s .  

( whi te cLov e r s tcl ons a s  squa re s ) . 

Figure VI I . 1 . Sketch of t h e  T e  Papopa b a t t e ry fac t ory and 1 23 
smel te r ,  wi t h  a ne a rby ma j or t horough f a re 

( i nse t ) , li.u c kl a nd . Sam.b'll i ng s it e s  a r-e ._ shown 



( xx i i i )  

After page . 

by numb � r s  1 -3 ( o a t t c ry fa ct ory and ad J a cen t  
thorou �hfa re Et re a ) ; 4- 7 ( b o t te ry fa ctory a reEl ) j  
8- 1 3 ( smelte r c.. rea ) ;  1 4- 1 6 ( vEl ry i ng d i s ta n ce s 

from t �le sn1e l t e:- r )  and 1 7- 2 2  ( tho rou g hfa rt' 

t ra ns e c t  n o t  a o s oc i a te d  i'rL th the b a t t E: r,y 

fs c t o cy or SII!e l t e r  a re a s ) . 

Fi gure VI I . 2 . The l oga ri thm of th e menn l �G d  c ont e n t  of s oil 1 2 5 
( u g/g d ry � e i gh t ) e xp re s s ed a s  a func t i on of I 
d e p th ( cm )  P t  s i t e s  5 ( b a t t e ry fo ct ory 1:1 re a ) , 

8 ( smel t e r  a r e a  wi th ad d i t i onal l-' Ol l u ti on f rom 

s t ore d b a t te r i e s ) , 1 6  ( s ome d i s tHn ce  away f rom 
t he smel tc r ) , and 1 7  ( th orou g hfn re ) . 

Figu re vm :- 1 ,  Th e l e ad cont en t (}lg/g d ry '-'!e i gh t ) of l eave s 1 35 
and ro o ts of pe rennial rye � ra s s  ( L oliwn 
p c renne L . ) e xp re ssed a s  a fun c t i on of the 

l e ad c ont en t of t he su b s t ro t e  ( �g/g for va ri ous 
pf: ri od s  of g rowth : 6 weeks ( syn1b ol • ) ,  8 

\ lee k s  ( symb ol a ) ,  1 2  we e k s  ( sywb ol + )  a nd 1 4  

weeks ( syn1b ol .l ) . 

Fi gure VIIT . 2 .  The l eEld conten t ( )lg/g d ry 'ile i g h t) of l e a ve s , 1 35 
r·o c t s  a no s t ol on s of v;h i te cl over ( Tri f ol i um 

r�J)eES � . ) e xp re s sed a s  a f un c tl on of the l e a d  
c on t e nt o.f' t h e  s u us t ra te ( rt/g ) for va ri ous 

c�c ri od s  o f  g rowt h : 6 ·vv-e e l{S ( syr 1b ol • ) 1 8 
'ivee .ks  ( symb ol • ) 9 1 2  wee ks ( symb ol • ) s n d  1 4 

we e ks ( symb ol A ) • 

Figure VITI. 3 .  The ef1'e ct  on he i gh t ( cm ) of _J.?e renni a l rye - 1 37 
g 1�a s s  ( L ol i um D(:;renne L . ) a nd whi t e  cl ove r 

( Tri f ol i um repen s L . ) of va ryi ng concentra t i ons 

of 1 · - ad in th e sub s t ra t t:. : 0 }lg/g ( symb ol e ) ,  
1 00 }l g/ g ( symb ol A ) , 500 )lg/ g ( symb ol 0 ) and 
1 000 p.g/ g ( symb ol • ) • 

Figu re VTII . 4 .  The e ffec t on ge rmina ti on of seeds of p e re nnial 1 37 
ryeg ra s s  ( L ol i um pere nne L . ) and wh i te cl ove r  
( Tri f ol ium repe ns L . ) of varying c oncentra t i ons 
of  lead in the s ub s t ra t c  : 0 rg/g ( symb ol a) ' 
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1 00 }lg/g ( symb ol .A. ) , 500 pg/g ( syrnb ol O ) , 

a nd 1 000 pg/g ( symb ol • ) .  
Figu re I X . 1 M a p  sh ow i ng s tudy a rea and s am:pl i ne, si t e s  1 41 

E: • . , . R . , S i l v e r  Qu e e n Re ef ; T . ? . , trea tme nt 

p l a n t ; and P. T . , pa s ture t ra ns e c t ( i n se t ) 

a s s oc i ated  wi t h  t he si l v e r  m i ni ng ope ra t i on s , 

N1 n ra t o  t o • 

F i gu re IX. . 2  S i l ve r  c o nc t] nt :ca t l ons ( rg/g d ry w e i g ht )  i n  1 43 

su rfa c e  s oi l s ( u pp e r  p a rt of fi gure ) al ong a 
pa s tu re t ra n s e c t ,  i n  th e �h.a rs t ot o  Val l ey . 

C oncen t ra t i ons 1 n  s o i l s a re s h own n s  a fun c t i on 

of d e p th ( cm )  i n  the l o,·;e r ps. r t  of th i s f igur e . 

Figure IX. 3 S i l ve r  c onc e n t ra t i on (p�/e a ry we i g h t )  in s ome 1 45 

va s t u re s pt.. ci e s  s t-:� rnpl e d  al ong a t rE m s e c t 9 i n  the 

Ma ra t o t o  Val l ey . Symb ol s : b wa s hed root s ,  CO 
'i'la s h E.d l t.: E.-ve f; ,  0 v;·a s he d  s t ol on s  ( wh i t e  c l ov e r  

onl y ) . 

F i gure IX. 4 S i l ve r c on c e: n t rP ti on s (pg/t; d ry ,-re i gh t )  a s  a 1 47 

func t i on o f  d i s ta nc e  ( c m )  f rorn  t r 1 1.. outs id e  of 

Be il E· c hm i e: d i a  t<:Hva tree  t runk ri ng- c o re s 

sampl ed f r om t he Mn ra t o t o  Va l l ey . 

Fi guPe X . 1 -4 .  
He avy m e t a l  con ce n t ra ti on s ( p.g/g d ry wei ght ) 1 53 

i n  b ry o p hy t e s  ( s ol i d l i ne s ) a nd tho ir sub-

R t ra t e s  ( b roke n l i ne s )  i n  s a mp l e s  c ol l e c te d  ne a r 

a b a s e  me tnl m i ne a t  Te ll. roha , New Z e ala nd . 

Me an val u e s a re s h own a s  t ri a ngl e s . L oca ti on s  

were : M i n e ral i z e d  a re a  ( M ) , Tr-e a tme nt Pl ant 

( T . P . ) and BD ckg round ( B ) . The b ry ophy te . _ . <.; .·. 
Speci e s  : 

CS - Cyrt opu s s e t o� 

BC - Hypnum cupre s �J.foPme 

CR - Campt ochu e te ramul osa 

WC - \·Jeymout his c ochl eari f ol ia 

11E - A c a n thoclad i um e xtenl_;!a tum 

LC - L e u c ob�yum cand i dum 

PE - Pore l l a  �l eGan tul a 



( xxv ) 

After page . 

FR - F i s s i d e n s rig_ld�us 
a s s o c ia ted \ Ji th e a ch el eme nt : 

• 
Fi gure X . 1  C on c e n  t Pa t i.ons of cadmium 

F i g u re X . 2 C one e n  t ra t i on s  of c op p e r  

F i gu re X . 3 C on c e n  t r< .  t i on s of l e ad 

F i gure X . 4 C one e n  t :r'El ti on s of z i n c  

Fi gu re X . 5 . S il v e r  c o n c e n t ril ti ons ( p g/g J ry w e i ght ) i n  1 53 
b ryop l l y t E:: s ( s ol i d l i ne s )  a nd t h e ir sub-
s t ra te s ( b roke n l i ne s )  f or pl a nts c ol l ec t e d  

ne a r  a s i l ve r  m i ne a t  �.a ra t ot o ,  N8"\ Z e al a nd . 

r·Ie &n V8 l ue s  a r·e sh ow n  i n  t ri angl e s . L o ca t i ons 

we re : M i ne ral i z e d  a rea ( M ) , T re a tme n t  pl a n t  ( T? )  

a nd b a ckg round ( B ) . 1he b ry ophy t e  G Je c i e s : 
CS - £i.l:. ... .!-.£J.LY....§. st: t o su_g_ 

HC - IJul2·.W.U �l..!-2..f:£f)_l:_.if ?.r.f!1.�. 
C J. - .Q.�J!.ill.!-.�QQ.C.:: tc ra;nu.1_q_§l:l 
·;jc - -�!�r.s;ut.>t 1?. _c ochf_l. .c2 .r.i i'.�l .:i.Q. 
lu� - L£2!2.!J.l££).i:Q_� u_r!}_ £�-�-" n u��Wi!_ 

r.c - � ·�.Y c qp. ryyJ_!l .s-��<l�§..ll...!!l 
.P� - -��l).a c-·J.:.c; ... an.�.�-1� 
S';:t - Fi s siq ...:;llil riF;._i d 1 1l u s  



Tabl e 0 . 1 .  

Tab l e  1 . 1 . 

Tabl e 1 . 2 . 

Tabl e i . 3 . 

Tabl e 1 1 . 1 . 

Tabl e 11 . 2 .  

Tabl e 1 1 . 3 . 

Tab l e  I 1 . L� . 

Tabl e  1 I . 5 . 

( xxvi ) 

page . 

LIST OF T.ilBLES 

Na tural l eve l s of vn ri ous heavy me t a l  s in 

thl:! ..: nv i ronllle n t . 

Spe c t rog ru ph i  c op t.: ra t i ng c ond i t i on s . 

Re vi c�w of te c hni qu e.: s for wh ol e-b l o od l e8d 

analys is . 

3 

2 3  

32 

I nstrunk ntal ope rsting  condi t i on s  u sed for 57 
flamel e s s  ( G.i::U:: ) anal ,y s is of l ead ( i n  whol t;­

bl ood ) ; ca dmi u;r; , und silvl:!r  ( in no tural wa ter 

and tre e ri ng - c ore sa��le s ) ; a n u  l G a d  ( in 

na tural �a t e r  sampl e s ) . 

Summa ry of the majo r l i tera ture ( 1 9 7 1 - 1 976 ) 63 

c once rni ng l ea d  poi s on i ng a nd t o xi c i ty in 

va ri ou s  d ome s t i c  a n i mal s . 

The a g e  d i s t ri b u t i on of wh ol e - b l ood l e A d 66 

c oncen tra ti ons ( }lg/ml ) i n  ]'Jew Z e: nland d ome s t i c  

A nim<Jl s .  

Th e se x d i A t ri b u t i on of whol c - ol ood l e a d  6 8  

c onc ent r-a ti ons ( p2/ ,,l ) i n  �: ew Z e al nnd d ome s t i c  

c:mimal s .  
V8 ri a t i on of whol e -b l ood l �ad c on c e n t r8 t i ons 6 9  

( }lg/wl ) "' m ong d i fferent b re ed s  of N c:w Zealand 

d omes ti c animal s .  
:�'hol e-bl ood l e ad c once n t r.:=t ti  ons ( pg/ml ) · i n  New 7 1 

Zeal and d ome s t ic a nim<1l s wi t h  known hi s tori e s 

o f  l e ad poi s oning . 

Tabl e I II . 1 . Mean l ead c oncentra t 1 ons ( p.g/g 'Ne t wei gh t ) i n  84 

Table I11 . 2. 

organ s of shee p  gra zed nea r n busy highway 
A - immed ia tely af ter rem oval from r oa d ­

side ( 6 she ep ) 

B - 6 m on th s  a f t e: r  removal from road si d e  

( 4  sheep ) . 

C - b a ckground va lue s  ( 1 0  sheep ) . 

M e a n  l ead c oncentra ti ons (pg/g we t weight ) 
in organs of sheep : 

D - n o t  e xp ose d t o  m o t o r  vehi cl e emmi s s i on s 9  

86 



!J u t  f e d  'vi t h  gra s s  f rom a road si de f or 

1 0  d a y s  - ( 3  s hb e p ) 

( xxvi i )  

E t· xpos e cJ  t o  m ot or vehi c l e  e m i s s i on s  b u t 

f e C  wi t h  un c on tami n:�1 t e d  g r3 s s  f o r  5 C E1 ys 
( 4  she e p ) . 

Ta b l e IV . 1 . iv1 e n n  c o n cen t .r\'1 t i ons ( p.g/g cl r•y we i ght ) of heavy 93 
1n e ta l s i n  surf n c b  s oil B f r om va ri o u s  l n t e r­

c hrm 6 t.: s  of the lm c kl an  d i,j o t o rv·1ny s New Z e a l  Rnd . 
Tab l e  IV . 2 .  i\i e a n c �. .nc e rl t rf, t l on ( pg/g d ry '•i' e i g ht ) cf he a vy 95 

me tal s in \ Jb s h e d  Em d unwa she d l)D. G t ure le: aves  
( wi t ho u t  rc e:, a rd t o  Sl)t:: C i e :.3 S<'J iilill t; d f' r Gm t he 

va ri o u G  i n -c e rc1·1Rng e s  of t hE: Luc Kl cm d  H o t orv-:ay 9 

1-h:. w  Z e a l a nd . 
Tab l e  IV . 3 . Ivl e a n  c o n c e n t ra ti ons ( pg/g cJ ry we i ght ) of h e a vy 96 

me ta l s  i n  p n E; tu i·e S1)e c i e s  ( ro o t s 9 l e a ve s 9  a n d  
.'mi tt; cl ove r  r-; t ol onG ) sampl e d  3 t  si t e  N o . 5 
( G re e nl fl :nd i n  t c:r c han g e ) of the .' : U C 'Ua nd f:J o t o r -

Tab l E.:  IV . L� . S i r; ni f i u : m c e s  of rc l t"l t i  ons h i 1· s  b e  t•;'.'c e n  the 97 

t hree va ri a b l e P  o f  t ra f f i c o � n s l t i e s 9  c cn c e n­

t rf1 t l on of p ol l u t a n t s  i n  V e t:e tn t i on ( umva shed 

l eaves ) , 8n d in surfH c e  s o i l s f r om th e � u c ¥� an d  

f.·� o t o r�, c y 9 N ew ZL. D l < md . 
Tab l e  VI . 1 . h e n n p er c e nt n g e  e l E.: m tm t a l  c on t e n t  rem ov ed by 1 1 4 

wa s h i ng Btdl rtc hmi_e: d i a  tftwn ( B e n t h . & H o ok f . ) 
l e a ve s . 

Tab l e  VI . 2 . Cadmium c on c e n t rt• t i ons ()lg/g d ry vJe i gh t ) i n  2 cm 1 1 4  

l e n g th s  of t re e  trunk r i ng- c ore s  of B� il s c h.::r 

m i e d i El t aw:£ .  ( B e n t h . & H o ok f . ) 
Tab l e  VI I . 1 .  The mea n l e ad c on t en t o f  su rfa c e  s o i l s a t  1 24 

va r i ous s a mpl i ng si te s a round a b a t t e ry fa c t o ry, 

sme l t e r  and th orouehfare . 

Tab l e  VII . 2 .  The mean l ead c on t e nt of unwa s he d  ro o t s , l ea ve s  1 2 6  

and s t ol on s  ( whi t e  c l ove r ) o f  pa s tur e  spe c i e s  

a t  va ri ous S El rnpl i ng a re a s  a round a b a t t e ry 

fa c t ory , smel t e r  and t ho roughfa re . Va l ue s a t  



( xxvi i i ) 

e 8 c h  si te a r e  f or ro ot s ( �) a nd l e a ve s ( l ) 
C on c e n  t ra t i  on i n  pn ren t he s e  s rE: f·�' r s t c  s t ol on s .  

Ta bl e VII . �  M e an p e rc e nt 8 � e  l e a d  c on t e n t  re m ova b l e by wa s hi ng 1 2q 
( wl th ou t  rega rd to  spG c i e s ) n t  var i ou s  si te s ne a r  

a b a t t e r,y fa c t or>y ,  s1ne l t e r  3 nd a t h o roug hfa re . 

Tabl e IX. 1 .  S i l vt; r c on c e n t rA t i on s  ( m ,_::a n  of five d e t e r­

m i n a t l on s  8 t  e a c n  si t e )  of R u rfa ce s oi l s 9  

vw s hed/unwtl s he d  l e a ve s 9  and •a s he d  t';vi g s  of 1 42 
3t.:.1.1�s ch.IJLi.Cf .. d i D  J.n!� ( 3t: n t h .  & H o ol{ , f . ) sD mpl e d  
from t h e  � 9 L a t ot o  Val l ey , 

Ta b l e  I X . 2 .  f: i l v � r c cn ce n trr1 t i on s  ( rne < m  of f i v e  d e t .:: rm i n -

a t i on s  a t  e a ch Gi t e ) of wa s he d  pa s t u re sp e c i e s  1 46 

( ru o ts and l ea ve s ) sampl ed f rom th e tia ra tot o 
v a l l ey. 

Ta b l e IX . 3 .  2 i l ve r  c on ce n t ra ti on s ( me <m of f ive d e t e :;.,rn i n­

a t i ons � t  e a c h  s i t e ) of s t re 8 m  s e d i men t s  and 

Ta bl e X . 1 .  
wa t e rs s a mpl e d from the �a ru t o to Va l l ey . 

R;:mge s o nd m e a n s  of he a vy ITlL; t a l  c on ce n t ra t i on s ,  

expre s s e d  i n  pg/g d ry w e i g ht , i n  �� 
cupre s s i furm� ( :k d ·;.; . ) f' rurl! t he i'·w ra t ot o a nd 
'l'e 1-: r oiu·1 m i n i n s  a re n s  l. n  Fe\"/ Z(;alcmd ( 1 0  pl a n t s  

1 48 

from e n c h  p<:. r t  of thee tv.' u  l ocal i tie s ) , VC::ll ue s  1 55 
f or t h e  sa me s 9� c i e s f rom Swe d e n  a re i n cl u d e d  

f or c ompa ri s on a nd repre s e n t  m e a n s  of 1 0  

s pe c i me n s  from the b a c kg r ound l oc al i ty v;ith the 

l owe s t  he a vy me t a l  c cn c e n t ra ti on s . 



Pl t=t t e  0 .  1 , 
Pl a te 0 . 2 .  

�-=-1 · ·  te 0 4 .J. ("": • • 

Pl t=t t e 0 , 5 .  

Pl R te 0 . 6 . 

Pla te I .  1 .  

Pl u te VI I I. 1 , 

( xxix ) 

Aft er page . 

L I ST OB' PL..l.T�S 
.Ae ri a l  v i e w  of the Tui M i ne , Te J: roha 1 0  

A vi ew of t h e  Tui Mine o r� t re a tmen t p l R n t �  1 0  

s e t tl "i. ng p ond Rnd th e immed l::-1 t e  e nvi ronme n t , 

Te .f: roha . 

j"..e ri a l  v i e w  of t h e  Ma rE! t o t o  mi n i ng a re a ,  C oro- 1 1  

rnand e l . 

!, vi ew of t he i rl!rne d i El t e  E\ .ce a  su rr ound i ng t he 1 2  

h a L·a t o to o re t re c:1 tm en t  pl a n t  ( a b ove ) and the 

S i l ve r  Que e n  Re e f  a rea ( b e l o� ) , C oromand el . 

1l;:;; ri R l  vi cVJ of the Te ?n pa�b a t t e ry fa c t ory 1 3 
an d srn e l  t e r ,  J'. u c kl and . 

� vi ew o f  the sa mpl i n g  G r c a  i n  the m i d d l e  of 1 3 

the ;�uc kland Vl o t orwn.y , J. uc kl E.llld . 
The w orkhend o f  t he M od e l  63 , C a rb on Rod 42 

.:� t OJi1i z e r ( VA ri a n '::.' t: ch t ron ) . 

T i1e effect of plan t h t: i g h t  of p t . re n n i �, l  rye - 1 37 

g r: : s s  ( L o:J_ i um pe r�l'.l!.l£ L . ) nnd wh i te cl ove r  

( T r i f £L�.£!2! repen� L . ) a 2  a fu nc t i on of 
va ri a o l e  l e a d  c on ce n t r<:. ti ons in t he s ub s t rEt t e ,  

f ou r  m on ths g f t e r ge rmi na ti on . 



. 1 

G 3N- �:ltL I NT��ODU C TI ON . 



2 

Dur i ng the la s t  70 ye a r s � i nd u s t ri a l  a c t i vi t i e s  ha v e  

a u�mE: n t e d  t he: na tu ral l e v 0l s  of s orn 0  me ta l s  t o  su c h  an e x t e n t  

thE: t s om e  a :ce now p rt: s e nt i n  th e envi r onme n t  i n  q u a n t i t i e �:; �vhi ch 

mAy prove t oxi c to a w h ol e  ra nr e  of e n irnal s 311 0 pl a n t s . S i n c e  

t h e  m i d- 1 950 ' s c on c e; rn a b out t h e  J..,el e a se of s om e  el eme- n t s ,  i n  

the f o rm  o f  re si d u c s  f rom i ndus tr•i al p r o c e s s e s  o r  a s  c om p one n ts 

of d ome s t i c  �1 a s t t: s  a nd c vnsuma b l e s ,  hG s b e e n  f o c u sed on t he 

heavy m e ta l s l e a d  n n d  me r c u ry . Exam i na t i on of Chemi c C! l  .t.b si"Cl c t s  

nnd o the r re v i e y; ma t e riEil re ver'l l  s tha t i n  th e pe ri od 1 950- 1 97_5 , 

nea rl y 1 0 , 000 s c i e n t i fi c  pa p -:: rs \i'e re pub l i sh ed c on c e rning the 

b i ol og i c a l  e ffe c t s of l e ad :::1nd l ea d  p ol l u ti on . ( B r ooks , 1 9 77 ) . 

I n  a d d i t i o n ,  e s se n ti al m i c ronu t ri e n t s ( c oppe r and z i n c ) ha ve 

a t t ra c t ed a t  te nt 1. 0n whe re th ey a r-e fo und in a b n orm a l l y  h i gh 

c on c e n t rs ti ons a s  ha ve o th e r  el e m e nt s R u ch a s  c a d m i um ,  c h r om i um �  

n i c k e l  s n d  s i l ve r. 

The d i s c ove ry of i n c re a s i ng l e 8 d  l 6 v e l s  i n  Gre enl And snow , 

0 -m roz umi e t . al . ,  1 969 ), t oo  "survey of l e a d  in t he a tm o s ph e re of 

t h re t.. U l.,b8.n  c ommun i t i e s "  ( LJ . �; . Ji . · • ,: . , 1 965 ) , o.nd thcJ re p o r t e d  

h i gh bl ood l e H d  le vel of :::1 c on t rol g r oup o f  Manche s t e r  e; h i l d re n  

( G o rd on e t . sl . , 1 96 7 ) , c <J t8. l y z e d  i n te re s t  i n  l c· a d  c on c e n t ra t i ons 

i n  a i r , wa te r ,  fo od , s o i l , and b l ood . 

The na tural l t: vel s of c a d m i ura , c hr om ium ,  c oppe r ,  l e ad , 

n i c ke l , s i l v e r ,  a n cJ  z i n c  i n  t h e  envi ronm e n t  a re sh ovm i n  Ta b l e  

0 . 1 . S i nce l e a d  i s  the ma J o r  el emen t i nve s t i g H te d i n  thi s w o rk 

m os t of t h e  d i s cu s s i on w i l l  b t;  c e n t red en th e p r--e se n c e  of l ea d  

i n  the e nv i ronmt..; nt . 

Le a d  i s  a re l D  t i  ve l y  m i n o r  cons t i  tu en t of t h0 c a r·th ' s 

c rus t , o c c urri ng a t  l (, v el s  of a b ou t  1 5  ug/g ( i gne ou s r ocks ) . I 

I n  i t s na tura l  s ta te , l e a d  i s  found mai nly a s  �Sal ena ( Pb S . ) 

H owE:: v e r ,  s i nce l eo d  c omp ound s a r•e gE:n e ro l l y insolubl e a nd there­

f o re poorl y  t ra n sf e r red from one pha se t o  anot h er ( S tub b s ,  1 9 7 2 ) , 

t he c once n t ra ti on i n  na tural wa t e r s  i s  e xt reme ly l ow- b e twe e n  

0 . 001 a nd 0 . 01 pg/g . 

� s  a c on s e que n c e  of i t s  p re s ence i n  s o i l  and wa t e r ,  l e ad 

e n te rs t he fo od c ha i n  and b e c ome s i n c orp ora ted i n t o  pla n t  a n d  

an i mal ti s que . The na tural l ead l e ve l  i n  v ege t a t i on ( expre s sed . / 
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Tabl e 0 .  1 . 
Na tu ra l  L e vel s of Va ri ous Heavy M e tal s i n  the Envi ronm e nt . 

C onctntra tion in :  H e a vy M e tal s 

fui Cd ... Cr  Cu Ni Pb Zn 
I gn� au s  rocks ( rg/g ) 0 . 20 0 . 1 3 1 1 7  70 1 00 1 5  8 0  

Soil ( �g/g dry weight ) 1 . 0  0 . 06-0 . 5 200 20 40 1 0  50 

Vege ta ti on ( p g/g d ry wei g ht )  0 . 06 o .  01  0 . 2 1 4  <'. 5 <( 6  1 20 

Fresh 'lva ter  ( }lg/ml ) 0 . 000 1 3 / 0 . 0 8  0 . 0001 8 o .  01  o.  01  o .  001  0 . 0 1  

Ma ri ne 1'ia t e r  ( �g/ml ) 0 . 00 03 0 .  000.1 1 0 . 00005 0 . 003 0 . 0054 0 . 00 1  0 . 01 

...:. i r  (pg/m3 ) lt ... < o .  00 2 <... 0 . 0 2 <._0 . 002 0 . 8 0 . 7 

Bl ood (}lg/ml ) 0 . 024 0 . 00 74 * 1 . 07 � 0 . 2-0 . 4  6. 5 

Toxi c i ty t o  pl a n t s . S e v e re mod e ra te Seve re S e ve re S e vc re ') c v t;re iVi od e ra t e 

*' N o rmal ba ckground level s not quo t ed a s  1uos t work ha s b e e n  c e n t r e d  on anomal ously 
hi gh l eve l s  a s  a re sul t of p ol l u t i on s t ud i e s . 

Re fe re nc e s :  B owe n ( 1 966 ) ; Brooks ( 1 972 ) . 

------

\,).1 
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on a dry wei Ght basi s ) evt: r age s ar ound 2-3 pg/g or 70 pg/g on a n  

a s h  we ight  b a sis ( B rooks 9 1 972 ) , 

Thr ou gh out history ,  l e a d  ha s be en wel l known and wide ly 

u se d b y  manki nd ( Gra nd je n n ,  1 975 ) and so ove r  8 long pt: riod has 

b ee n  d i spe r sed by m a n  in to thE: e nv i ronm e n t . Fu rth(j rm orc , 

:Mur o z wni e t ,  a l. ( 1 969 )  r eporte d ver y  g r e at incre a se& in the 

l e ad c once n tr a tion of snow and ice from l oc G tion s in nor t he r n 

G r e e nland and the !m t8 rcti c d uring t he past 30 ye a rs . Anot he r 

ge o chemi c al indics tion of inc r e a sing cont aminat i on i s  based upon 

the anal ys i s  of se awa te r  fr om d i ff e re nt de p th s  by PR t t e r son 

( 1 971 ) who s howe d tha t ab ou t  1 .  3x1 01 0  
g of d i schar ged l e ad 

e nte re d  the o cea ns pe r year , se v eral m i l l i on yea r s  a g o ,  whil st 

measu remen t. of le a d  i n  river wat e r  sh o ws that s ome 2 . 4x1 o 1 1 g of 

l e a d  a re cur rently ente ring the oce ans . Lnal ys i s of l e a d c o n c e n­

t r a tion profil �:: s  s howe d t hat young water s  in the B Rcific a nd 

Medi t e r r ane a n  Oca a n s  c on tain an e xce s s  of le a d  comp ar e d  w it h  

d e ep ol de r la y e r s  ( Tatsurnot o  a nd Pa t te rs on, 1 9 63 ) and th i s  i s 

du e t o  t he wa s bout of l e a d  a er osol s w i t h  r a l nws t e r  ( Chow and 
Pa t tLc rs on ,  1 966 ) . 

S i mila r s tudie s showing the in c re a s e d  contam i nRt i on by l e a d  
h a v e  been repor te d  b y  Schroe d e r  & Bala s sa ( 1 96 1  ) ;�ivurd e t, al . 
( 1 974b ) u si ng tr ee r l ng-co re sample s ,  and Ruhling & Tyl e r  ( 1 968 ) 
who analyse d mo s s  sa mple s of up to 1 00 y ea r s  of a g e  from Swe d i s h  

he  r·b a ria . 

I t  i s  e s t i mat ed t ha t a b out 1 8 0 , 000 t onne s of l e ad a re  

mobil i se d  na turally each year th r ou ghout t he ·�Jor ld a s  a r e su l t  

of w e  a t he ring pr oce s s e s. ( Br yce- Srni t h ,  1 971 ) • Pr oba bly 1 07� of 

t hi s  to tal is l os t  i n  tr e a tme n t of the or e  to p r odu ce t he 

conce ntrat e and a fur t he r 1 Qro  i s  l ost in makin g pig l e ad ( B rooks, 
1 9 77 ) . 

Ther e are two ma j or s ources of l ead p ol l u t i on :  i nd us tri al 

( in clu d ing m i ni ng acti vi t i e s , sme l ter s ,  re fining l e ad s c rap and 

ba t te r y  f actories ) , and e mi s s i on f r om m ot o r vehi cl e e xha us t s  

( a s  a resul t of lea d  8l k.;A . ad d i ti ve s  t o  p etr ol ) . 

The am ount of lend d i schar g ed int o t he e nvi r onmen t from 

smel t e r s ,  mining a c t ivi ti e s and s i milar indu s t ri e s has only 
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i n  re cent ye a rs b e en re c ogni s e d  u s  a mn j or s our� ce of ;> ollut i on . 

L e a d  ore s EJ v era t:;. e ab ou t 2% - 2 0; �  l t: a d  f r om .:: � 11 e h  a c on cen t r•a te 

a v e ro ging 60% - 8(1,>.; i s  ;;>r educ e d b y  6. fl ota t i on pr o ce s s . The 

c oncen tr�; t e  i s  ro8 s t ed t o  r e move s ul .)hur anu th e l e ad i s  then 

smel t e d . The Worl d ' s l a rge s t  b a s e  me tal s me l ter i s  s i tuated a t  

f: v onmouth , ne a r  B ri s t ol , .Engl and . Tt .. e ma j or i nve s t i ga t i on s  of 

heavy m e t a l  p ol l u ti on from thi s source ( �b d ul l a h e t . al . ,  1 9 72 ; 

Bu rki t t .£.1 . al . 1 972 ; Bu t te rw or th .£1. El l . , 1 972 ; L i t tl e a nd 

M a rten , 1 972 ) have sh own tha t  me asurab l e e ff e c t s  of he avy me tal 

pol luti on in s oi l s e xte nd ed t o  at l ea s t  1 0km from the smel ter 

a n d  tha t the pa tt8 rn wa s s t rongl y l i nke d wi th the preva il i ng wi nd 

di re c t i on .  Sim il a r  l 0a d  pat terns i n  the l ea ve s c ould  b e  de te c t ed 

up t o  nearl y 40 km away from th e s ou rce . '·Va sh i ng p rocedure s 

remo ved 85�b of the l e ad burden from elm l e ave s ,  indi c a ti ng t he  

a i rb orne nat ur e of the l e a d p ol l u t i on . Pa rti cle s i ze s  of 

me toll urgi cal dusts a nn fume s f rofll smel t e rs c a n  ran ge from 0 .  00 1 

t o  1 00 p.m . O t he r  inve s t i ga t i on s  nc:ar indus t ri e l  smel t e rs a t  

Swnnse a ,  S outh · .:a l e s  a na C o c kl e  G re ek ,  Nc weas tl e , ..::us t ral ia 

( G o odma n a nd Rob e r t s �  1 971 ; filBJm an , 1 9 72 ) s howe d simil ar e l eva t e d 

l e ad l t: ve:l s i n  s oi l  a nd a i r sampl e s  w i th i n  u i �> tanc e s  of 1 6km 
fr om t he s ou rce , 

L e ad p ol lu ti on f rom m i n i n&, a c tivi ti e s  ha s b e e n  s tud i ed to 
a l e s se r  d e g re e  tha n f or smel t e rs , S tve ral i nv t: � ti gn t ion s  on 

s oi l s , gra s s ,  ve ge tabl e s  a nd d ri nking vva t e r f rom l e ad - ri ch 

e nvi ronment s ( C rud ging ton e t  al , 1 970 ; Chi snal l a nd M a rkl a nd ,  

1 97 1 ; M :" rkl and and Val l an ce ,  1 9 71 ; Page e t .  al . 1 9 7 1 ; Brooks , 

1 972 ; Ward e t  al , 1 976 ) , showed 1 ea d  l e ve l s of up to 2-5 }lg/ g 

( d r inki ng wa t e r ) , 250-6680 pg/g ( s e l l ) � 4 �g/g ( ve g e ta b l e s )  a nd  

200 )lg/g ( g ra s s  : d ry we i gh t  b a si s ) . S u c h  m i n i ng a c t ivi t i e s d o  
n o t  d i rec tl y  8 ppear t o  p re sent su ch a la rge probl em a s  othe r 

source s of l ea d p olluti on d ue t o the ab s e n c e  of a g a s e ous 

c omp onen t  and the fa c t  th a t  op e ra ti ons a re re s t ri c te d  t o  a rea s 

well away from popul a ti on c e n t re s . However , dust from ope ncas t 

ope ra t i ons a nd ore t r e a tme n t  pl a nt s  c ould s ca t te r  f rom th e  

m i n i n g  a rea ,  l arge am oun t s  of l e ad a s  we ll a s  o th er heavy me tal s 

such a s  cadmui m , c opp e r ,  si l v e r  a nd  z i nc ,  thus p r ese nti ng a 
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p ol l uti on p robl em . 

Emi ss i on from mo t or ve hi cle e xha u s t s  i s  by ftl r t he m o s t  

seri ou s source o f  le ad i"l Olluti on. J;ntikno c k  l e ad al kyl s in t he 

fo rm of te tra e thyl l >..:El d  ( TEL ) a nd t e t r ame thyl l e ad ( TMI, ) a re 

a dded t o  p e troleum spi ri t in t h e  ran ge o f  2-4g of TEL pe r gall on . 
During d riv ing , 25% t o  75% of t he lead i s  emi tted into the 

a tm o s ph e re as a irb orne particul a t e s ,  d e pendi ng on d rivi ng 

c ond i t i ons ( H ab ib i , 1 973 ; Cunni ngham .£1 .  al . ,  1 974 ; Huntzi  cker 

e t .  al. , 1 9 75 ) . Ter Haar et . £1 .  ( 1 972 ) reported t ha t  1 8% of th e 

l e ad c onsumed i s  e xha u s t ed as  p ar t i cl e s o f  le ss t han 5p mean 

maximal diame ter. I t  ha s b een e s tima t e d  that m ore than ha lf the 

l e ad exha u s te d  in c i t y  d rivi ng i s  l e ss tha n  8p , 4Q% i s  le ss than 

2)1 w i th an incre a s e  in the pr op or t i on of p a rticl es o f  l a rge 

d i a me t e r  erni t ted wi t h  h i gh s pee d d rivi ng ( H i rs c hl e r  e t. al . ,  

1 9 5 7  ; Mu ell e r e t • a l • , 1 9 6 3 ; H i  r s c hl er a nd G i l b er t , 1 9 7 4 )  • h s a 

re s ul t o f  thi s  l e ad pa rti c ul a t e  emi ss i on , me a surem ents in 

S tockholm ( La vc s kog , 1 97 1 ) showed t he t  a e ri a l  t e t raalkyl l e ad 

i s  p re s ent in c oncentrt1 ti ons e xce e d ing 0 . 5pg/m3 in t he rush 

hours whil e otherwise i t  is e round 0 . 1 p.g/m3 . Ci t i e s l i ke L o s  

J;nge l e s  have a l e ad va l ue o f  ab out 5 )lg/m3 ( Ha l l , 1 972) in the 

a tm osp he re al th oug h  lead  l e vel s of 7 1 . 3  pg/m3 
ha ve b ee n  re c orded 

during p e a k  traffi c ptJ ri ods on L os Lnge l e s  frt: e\vay s (U . S.HEW, 

1 966 ) . 

The e xt e n s iv e  l i t e ra ture d e vo t e d  t o  l ea d  p ol l u t i on of the 

a tm o sphe re , soil s and ve ge ta t ion a l ong ma j or highwa ys as a 

re sul t of m o t o r  ve hicl e  e xhaust emi s s ions ,  gene ral l y c on clud e s  

t ha t  wind dire c ti on and ge nera l t raffi c m ovement pa t t e rns a l ong 

t he hi ghway influences  the l e ad l evel s mea su red ( 1:Va rren a nd 

Del avaul t ,  1 960 ; Cannon a n d  B owl e s 9 1 962 ; i� tkins 1 969 ; S inge r 

and Han s on ,  1 969 ; Ch ow ,  1 970 ; Smi th,  1 971 ) .  The d i s t ribu t i on 

and de gre e of a c cumul a t e d  l ea d  f r om m o t o r  vehi cle e mi s si on s  i n  

t h e  New Zeal and e nvi ronme nt ha s b een rep or t ed b y  \1,/a rd ( 1 974a ) . 

Al th ough l e ad p oll u ti on i s  di re c tly rela te d t o  e ith e r  

i nd us t rial o r  motor ve hi cl e emi s si ons , o the r s ourc e s worthy of 

me nt i oning are : the rel ease  of s ol ub l e  l ead f r om gl a z ed ea r t h­

e nwa re s u rfa c e s  i n t o the l i qu i d s  c onta ined in the ve s sel , 
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( Gilfil l a n ,  1 965 ; IU � ln _tl . a l . ,  1 9 70 ) and l ead p ois oning 

( :particul ur•l y in children)  from le ad  in pa in t r) i g me nt s ( C opeland , 

1 9 71  ) • 

I t  i s  c l ec. r thu t r.j a n ' s e ff o r t s ha ve s eriously up s e t  the 

nat u ral cycle.: of l e c.d  in t he en vi r onmcn t o s  sb o vm in Fi gure 0 . 1  • 

a nd a s  a re sul t of t hL c on t i nu i ng d i s cha rg e of' l e a d c omp ound s 
i nto th e e n v i r om:ien t ,  s e r i ou s  conside ra t i on ha s b een g iven to  the 

e ffe ct  of p re s e n t l ea d  level s in Man y. h i c h  a re closer  t o  t he 

t hresh ol d o f  pote ntial cl ini cal poi s oni ng than thos e f o r  any 

othe r t oxic c her.Ji cal _pollu tant ( Bryce-Smith , 1 97 1 8 9  b ) . 

Pa t te rs on ( 1 965 ) cal cul a t ed the natural daily intake of l ea d , 

b oth from the d i e t ,  t hrou gh food a nd d rinking wn t e r ,  a nd f rom 

the a tm o s ph e re , c onclud ing· tha t a·n e s t imA te of the na tural b ody 

burden i s  2 mg l ead I d o. y  I 70 kg of b od y  wei ght . 

L e ad m a y  b e  taken into  the  b ody b y  inhalu ti on, inge s tion or 

t hro ug h t he skin. Tht. U t)  ta ke of ony i nha l e d  pa r t i  cul a t e  ma t e r­

i a l  i s  n func t i on of it s si z e  an d s olubil i ty . The siz e of t he 

pa rti cle wi ll  de t e rmine the fract ion whi eh i s  deposi ted in the 

l ung . Pe r c e nt u g e  d e 1;osi tion i nc rea s t:; s wi th pc:1 r t i cl e  si ze  fran a 

minimum of 25 pe rcent for p ar t i cle s ap_proximn tely 0 . 5p. in 

d i ame te r  t o  a maxi mwn of a l m os t 100 pe rcent f or pa rticl es 

gre a t e r  than 25p . These  p a rt i c l e  s i z e s a re wi thin the l imi t s  of 

those a s s ocia t ed w1 th m o t o r  ve r1i c l e  e xnaus t emi s s i on parti cul a te s  

( i:tobins on t: t .  nl q 1 ·�67 ) . 

Inorgani c l e ad ( Pb 2"1"' )  i s  a general me ta o ol l c  p ois on whi ch 

may a c cwnula te in a numb e r  of b ody t i s s u e s  su ch a s  e ry throcy te s ,  

l ive r, a nd kidneys . I t  inhib i ts e nzyme sys tems ( d el ta- ami no • 

. l �vulinic a cid  ( i�L ... '.. ) d e hyd roge na s e ) ne c e r...; sa ry f or the f orma t ion 

i n  b one marrow of h G em ,  the pigment whi ch combines wi th p ro tein 

t o  make haemogl obin .  Young chil dren a re partic ularly a ff e c t ed 

and can suffe r mental re ta rcJa tion and semi-pe rmanent b rain 

damag e ( Viglic1na and Zu rl o ,  1951 ; Ea rri s on e t  a t . ,  1 969 ; 

Ca t t on et . al . ,  1 970 ) . This su s cep tibili ty by chil dren t o  l ead 

pois oning is re c ognized in the a s s e s smen t of t he t oxic level in 

the bl ood whi eh for  adul t s  is regarded a s  0 .  8 pgll b ut for 

child ren only 0 . 25 pgll ( Ziel huis , 1 972 ) .  Symptoms of lead 
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p oi s on i ng ra nge f rom mi l d  ( hesdn che , f r: t i gu e , c on s t i pn t i on ,  m i l d  

a na e mi a ) t o  seve re ( ne ph ri t i s , e nc e phal o pa thy ) . T h e  m os t 

i ns i d i ou s  e ff e c t  o f  i n orga n i c l � a d  i s i t s s b il i ty t o  re pl a ce 

c a l c i um i n  b on e s  a nd re m a i n  the:rc· t o  f o rm :� s e HJ i - pe rmanc n t  

re se rvoi r f o r  l ong te rm rel e' s e  l ong n f t t- r  t h e· i n i t i a l a b s orp t i on. 

The me t a b ol i sm and pn t h ol og i cal e ffe c t s of l t; El d  n r·e re vi ew ed by 

�al d ron & S t ofe n ( 1 974 ) . 
Organ i c  l e ad o s  Tf:'J... o r  Tr�L i s  t: v e n  m o re p oi s on ous t h an 

i n o rga n i c lead . L t::ad  n s  t he t ri e  t rlyl -l t:: ad i on ( E t3 Pb + )  
f ormed i n  th e l i ve r from TIL ha s a spe c i �·l a ff i n i ty fo r l i _i;loi d 

and ne rv e t i s s ue e spe c i al l y i n  the b ra i n  a t  g re a t e r  c once n t ra t i ons 

( Bry c e - Smi t h ,  1 9 7 1 ) . 1\ s a re s ul t ,  t he e n rl l c s  t symp t om s  of l e ad 

p oi s on i ng f r om th i s  s ourc e a re .t_' s�r chi c a l , su c h  �-1 s  e x c i t e me n t ,  

dep �e ss i on and i rr i ta b i l i ty . ( Hun t e r , 1 969 ) . 
�ve ra g e  bl o o d  l e ve l s i n  ad ul t s e r e re p o r t �d t o  ra n ge f r om  

0 . 2  t o  0 . 8 )lg/g l .:.. nd . ( Keho L:  e t .  01 . � 1 940 ; G ol d·Ha t e r  a nd H o ov e r ,  

1 96 7 ) . hany i nve s t i g a t i on s  h< we sh own b l ood l e ve l s  �:.� x c e e d i ng 

t he s e  v al ue s i n  s ub u rb an c m d  l fl rge c i ty c omruun i t i c.. s su ch a s  

M a n c h 8 s t er ( G ord o n e t . a l . � 1 967 ) , ?h i l a d e l ph i Cl. ( Lud wi g e t . al . ,  

1 965 ) a nd Tokyo ( T s u chi ya .£1. a l . , 1 9 75 ) . Othe r m e th od s of 

e val ua t i ng l e a d p oi s oni ng o the r t han b y  b l ood a � e  b y  u si n g h a i r  

or u r i ne s a mpl e s  ( K o r;>i t o  e t . n l . ,  1 S6 7 ; K e h o e , 1 969 ; Re e ve s  e t . 

r1 l . ,  1 9 75) . Ren s h R w  .:; t . eLl . ( 1 972) f ound t hC! t a nA lysi nrs h ai r 

s 0 gme n t s  n d j a c e n t  t o  the s c Al p n f t � r th oroug h WCl. sh ing wa s t he 

b e s t m ea su re of t he b od y  p ool of l e fl d a n d  c onc l ud e d t ha t  t h e  

c once n t ra t i on of l ea d  i n c ..: ea s e d  v:i t h  t h e  d i s ta nc e  f rom t he ha i r  

ro o t . 

S ome c a s e s o f m il d  l e ad p o i s on i n g  ca n be t re a t e d  b y  

" chel a t i on "  u s i ng e thyl e n e d i a m i n e  t e t ra a c e ta te ( EDTl. ) . Unf ort­

una t e l y ,  thi s proc e d u re  d oe s  n ut cure p e rm an e n t  b ra i n  d am a g e  

whi ch may h a v e  o c c u rred . 

I t  s h oul d be p oi n ted ou t hog e v e r  thn t a l t h ough th i s  s tudy 

i s  c e n t red ma i nl y  on t h e  l e vel s of l e ad in b i ol og i cal s ampl e s ,  

s ome me nti on of t he toxi c i ty o f  c a d m i um ,  ch romi um ,  c op p e r ,  

n i cke l , s il ve r a nd z i nc shoul d  b e  m a de . 
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The nb i l i ty of pla n ts t o  a b G orb a nd c on cen t ra te c a dm i um 

me a n s  t h<:1 t i t  i s  n re al d ang e r  t o  he rb i vore s an c..1 a p o ten t ia l  

d a n ge r t o  c a rn i v ore s . F o j_·tuna t e l y  r e t en t i on i s  ve ry l ow ( 1 - �6 )  
a nd a c c u mul a t i on i s  ne c e s s :, ri l y vr..:.ry sl O\v" . H o· ·.eve r ,  a tmos­

phe ri c c a dm i um f rom i nd u s t ri al e nv i ronmen t s  ( ore t re a tm ent 
plu n ts a n d  s me l t e r s  in pa r t i cu l n r ) c a n a c c ount f o r  l a rge r 

q u a n t i t i c; s  of e: o dmi um b e i ng re t e i n c d  b y  th� b od y . E xp os u re t o  

h i gh e nv i ronme n t a l  c a dmium l e v�l s can re s u l t  i n  pe rma ne n t  

hypE:: r te n s i on ,  c i rrh os i s  o f  the l i v e r  an d l ung d am n ge . S im i l a rly , 

c opp e r ,  chrom i um a nd ni c kel a rc s e ve re l y  to xi c t o  pl an t s  a t  

v e ry h i gh c onc e n t ra t i on s . 

Z in c  i s  a n  e s s e n t i a l  m i c ronu t r i e n t  f or mi c ro- o rgani sm s s  

pl a n t s  and an imGl s . I n  h i � h  c on c e n t ra t i ons , z i nc i s  n orma l l y  

t oxi c t o  l i vi ng sys t em s , al th ough th e re i s  c vi d �S n c e  th[� t s ome 

pl a nt s  s c c umula tc; a s  mu ch a s  1 5�·6 of t he i r  d ry ne i f' ht a s  z i nc 

and a r e  una ff(; c t e d  ( Il i g e:  i n s  a n d  B u rn s , 1 975 ) . 

S i l ve r i s  ve ry t o x i c  t o  pl n nt s  ( B r o ok s ,  'i 972 ) . L man 

v. c i g h i nt.:, 70k£" '  c onsumi ng 750g/dny d ry r e i g ht d h: t  w oul d have t o  

exc e ed 60 r:. g  s il ve r/u o y  to re e1 ch the t ox i c  l im it . �'Torma l s il ve r  

l e ve l s a r e  0 . 06 - O . OBms/dsy ( SG A ,  1 975 ) . � b s orp t i on o f  s i l ve r  

re sul t s  i n  a g ene ra l i se d  greyi sh p i e n e n t a tl on of the s k i n  a nd 

muc ou s  m emb rn n � s  ( nrgyri n )  a n d  d e p o s i t i on of si l ve r i n  the 

b l ood ve s s e l  wa l l s , ki d neys o n d  p i t :t.'C. ta ry gl r:md s . L c om p re he n­

s i v e re v i ew on sil ver i s  p re s en t e d  b y  B oyl e ( 1 976 ) . 

I n  vi ew of the e x t en si vc ev id e nc e of p ol l u t i on f r om he a vy 

m e ta l s i n  o th e r c ountri e s  i t  w a s  c on s id e re d  t hrt t furth e r 

su rv e y s  of the e ff e c t  of su c h  hea vy me tal s  ( p a rt i cul a rly l e a d ) 
upon the New Z eal a nd e nv i ronm � n t  wa s of some u rgen cy . 

L ead a s  n n  envi ronme n t al p ol l u tan t i n  New Z e al and i s  

a s s o c i a te d  ma i nl y  wi th i nd us t r i al op e ra ti ons ( m i ning a c ti v i t i e s ,  

b a t t e ry fa c t o r i e s and sme l t ing ) and a s  m o t or vehi c l e  e xhaus t 
emi s s i ons . 
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C a dm i um �  c opp e r , l e ad and z in c  \te re fi r s t  m ined i n  the 

C o r annn d e l  regi on of New Z e a l a nd n� n r  �e � roha in 1 8 84 wi th a 

vi ew t o su p ply ing fl u x  f o r  s m e l ti ng t he Vo i rone oma i oreR 1 b u t a s  

the o r.:.: wa s f ou nd t o  c ont <l.in n o t  onl y  l t:; �1 d b u t  a l s o  z i n c , i t  wa s 

unsu i t n b l e  for t hi s pu rp os t: . I n  1 89 7  th6 a re n  wa s t a ken ove r  b y  

th e Tui C on, pc:ny Cl.s G b a s e  m e V1 l  p r op o si t i  on . The re a r e two 

re e f s  knuwn Q s  tht Chnrnp i on o.nd Rn u lc�1 k<. . J : n :.1 Vt. r8. ge a s s ay of th e 
p ri ma ry ore ( 1"/il l i r nn s , 1965 ) shovll� d l e ve l s  of 0 . 62% c opp e r ,  

7 . 01 ;b l L; ad n nd 1 6 . 68% z i n c . From 1 964 the Tui l\ in e  wa s unde r the 

m8 na k em e nt of the . 1 o rpac f·:l i n i ng C ornp D ny , u n t i l  1 974 ( wh e n  the m i ne 
wa :::; cl osed ) ,  ore f r orr! the two l od e s WR S b t: inc, m i n e d  EJ t  the ra t e  ' .: · 

of 1 20 t onne s pe r ci ay ( \1;' od z i cki n nd '.':,�·e i s sb t; rs , 1 970 ) . 

Ge ol og i ca l  i nve s t i ga t i on s  ( H e nd e rson �nd Sa r t rum , 1 91 3 ; C och ra ne , 

1 969 ; · ··�t; i s sb c rt, El nd '."od z i cki , 1 970 ) ha v e  s h own th a t the me tal l i c  

l od e  b od y i s  b a s i cal l y  quo r t z- pyri t e , sp he:•.l e ri t e , ch al c opyri t e 

and gal e m. . �q,uc. r t z  i s  t h e  ma i n  g a ne,ut.: mCJ. t c ri :-3 1 . 

Th e b a s e mE t al ora lli i nt: u  i n  t h e  two l od e s wu s c ru s hed p ri o r  

t o  sepa ra t i on p r o c e d u rE::: s . 'l'he d u s t  l' r orr; s u ch op �:: rn t i on s  pre s e n t s 

a s::: ri ou s  p r ob l a m  of l e a d d i sp L. rs i on v; i  t l1 l n  t ll t· imill e d i a t e  e nvi r­

onme nt c ompos e d  of f or�...: s t ( l o rgt: Be i l r- c h.Jni e Q_i a  tcnv<c: t re e s ) a nd a 

d e n s e  t hi ck t:- t uf unC e rs t orey o nd  s c-; c uncJ n ry e., rowth sp e c i e s su c h 

a s  l111 e l  i c,ttu s £§:�li fl o ru s , He d�c s .r.Z£!.. o .r::9.£r�Q , B r<l Cl'bt.&l o tt i s  

repR nd a nnd �f f l_�� d igt_�a tEl . 

t.n ae ri .r1 1 v i e \v of t he Tui M i ne , Te : .. roh8 , i s shown i n  Pl a t e 

0 . 1 .  Re ft: re n c e  pos i t ions a re shown i n  Fi gure IV . 1 .  a n d  on t he 
a c e t a t e film p o si t i oned ove r t he pl a t e . 

F ol l owi ng the c rushi ng p ro c edure 9 t he b a se m e t a l o re s  we re 

c on c e n t ra te d  by a fl o t a ti on p ro c e s s i n t o c opp e r  '"md l e ad - z i n c 

c once n t r[l ti on s . These c on c e n  t ra t e s  we re th en e xp o rted f or 
sm el t i ng s i n c e  n o  s uc h indu s t ry ha s b e e n  e s ta b l i s he d i n  N e w  

Z e al and . The fl o ta t i on p r oc e s s  u se d  mo y al s o  p re sen t a ma j o r  
s ource of e nvi ronm e n t a l  d i spe rs i on of c admium ,  c oppe r a n d  z i nc 
i n  the f o rm of s ol ub l e  m e ta l s  i n  t h e  wa t e r . 

fl vi ew of th e Tui M i ne o re  t rea tme n t  plant , s e t t l i ng p ond 
( i n  f ore - g round ) R nd t he imn,ed i a  te e nvi ronme n t a t  Te J� r oha i s 

shown i n  Pl a te 0 . 2 . 



Aerial view of 

Plate 

the Tui 

0 . 1 . 
Mine , T e  Aroha. 





Plat e 0 . 2 . 

A vi ew o f  the Tui Min e t re atment plant , s e t t l ing pond 

and the immediate environment , Te Aroha . 
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I n  c vn t r<-� s t  t o  o s t udy of c c-, d m i um , c opp e r Ei nd ?. i n c  l e ve l s 

i n  s oi l s o nd v c g <::: t � : t i on <-• s :. :r·e s Lil t o f t ht:: n i rb o rnc.: E- x p o su re 

f rom t h e  T u i  i ' i nt! ore t r'8 < t t l1lc n. t _pl n. nt , e x:ptrim._;n t s  w,_:, 1•e 

prop o s t: d  t o  cJ e t ::: rmi ne t h e  c :-1 dm i u n1 9 c O['tJC." r nnd z i n c u p t n.Ke a nd 

a c c umul <:J ti on i n  v�..- c e t :1 ti on ( 3 . t mvG ) g r·owi ng ovc: r n b a se me ta l  

d e p o s i t R t Te .;··. re h a  ( t ht.o Rc-mk�tk[-t l od e ) . 'rhe pe s ul t s  of th e se 

i nve s t i gn t i on s  c:n• e  re p or-t e d  i n  Se c t i on IV 13 . J n  f': �::- c t i on IV. c .  

t he re i s  n n  D s s e  s sm en t of the o c c um •;l a t i  Gn of c n d m i um 9 c opp e r ,  

l bnd nnd z i nc i n the l o c a l  e nv i ronme n t ,  c n u se d  l A r� el y b y  a i r­

b orne p�1 r t i cul R t e s  f r om the ore tre fl. t rre n t  .Pl m t  fal l i ng up on 
ve ge tn t i  on and s oil s i n  a ne n rby p.· . s  tu re ove; r "' p c.: r i  od o f  t i me 

( n t cl o su r>e o f  t he; o re t re o tme n t  pl c: n t  n ril  6 mon t h s  l o t e r ) .  
Be c n u s e  of t he  known t o x i c i ty o f' s il ve r t mva rd s n n i rnal and 

pl s n t l i fe ( �)nx ,  1 975 ) , a nd b e c n u s e of the: vi rtlii-:1 1 8 b S t; n ce o f  

s tud i e s  on p ol l u t i on f r om t hi s c l e rn� n t  i n  t h� vi c i n i ty o f  

i nd us t r i n l  e s t �J b l i shrt ! l.; n ts n nd m i ne s 9  a s t ud y  V.'Cl s mo d e  o f  t h e  

t o t :1 l : . e r i ul s i l v Lr b <Jrd c: n i n  s u i l s c-1 r.d V c £ t..: t ,·. t i on d e r i ved f r om 
a n1 i n c a n CI  t rc; i l tu <.:: n t pL t n t  �:; t L << r:. t u t o 9  Vlhi c h  .J.. s 36 km N . of 

t he Tui B8 sc � i n e . 

The fi r s t  d L: c ove r,:,-- h t  �'. Jc• :::n t c.; to  �-, :: s !J.<.c -.. e i n  1 8 8 7  rvhe n  n 

Sp d c im t n � � S f o und �t th � r� p o rtcd  y i�ld  of e o  OZ � ol d  and 

2 , 1 46 o z  s i l vE: r p •. P t on ( · ; i l l i :-, ra s , 1 9GS ) . '.L'hd i1i s t ory of mi n i ng 

i n  L o rn t o t o  ( Be l l  c-1 :; 0 l·' r:· . s l_; r � 1 9 ·1 2 )  ,_ . .  s c-n e  c_, f :r·e: pt n t c;d fo il u re s , 

pn r t l y  ow i ng t o  t th.- l l ig h  c o:::: t of t £·v� t n g  l'Lol ' , t i v e ly l ow- g ra d e  
<J r g e; n t i ft: rous o re 9  n nd pa r t l y b e c !'.l U Sto t htJ OI'(:.: -,_.:� s f ound t o 

[, i ve pl :< c e i n  c e r t �J i n o f  t he l mJ-l e v el D d i t s  t o  b e rre n ca l c i ti c 

v e i n s  t on e . _The ro c ks of t h e- 8 rea <-H·e 1 ::1 rg t: l ,i ';'c r t i a ry cal c -

o l  k<l l i nt: v ol c n n i  c s t he-. t ra n ge i n  cornp o s i  t i  on f rom a nd e s i te t o  

rhy ol i t e ( We i ssb ·�: rg a nd ' .l od z i c ki , 1 970 ) . T h e  m� i n  e c on om i c  z one 

i s  c e n t re d a rou n d  t h e 8 i l v  : r  �uc e n  '{E.:e f ·,!; t; i c h c o n s i s t s  mn i nl y of 
c a v e rn ous q uR r t o z t� r0 pl n.cerne nt s a f te: r  c a l c i te ,  w i t h  m i n o r  ri b s  

of m a s  s i  v e  qus rt z ,  t r1t: w h ol e b e  -Lng D t: l i n ed ru s ty b r own and bln.  ck 

wi th i r on and m angA n e s E:  oxi d e s . Cert8 in  l e n s e s of the ve in­
s t one; s  c Et rr•y n rg e n t i  tr.; ( /;g2S )  o nd he s s i t e  (ftg 2 Te ) . 

f:n  R e; r i ;-J l v i e w  of the i1la rn t o t o  mining a rea i s  sh ovm i n  

Pl a t e 0 . 3 . Tht: n ce t o te f i l m  c ov e r i l l u s t rn te s  p n r t i cul a r point s 
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c orres pond i ng t o  Fl gu rc IX . 1 . Pl a t e  O . l.J. . s hO\·vs the imme d i a te 

a re n  surr ounding  the ;·.�n ro tot o or�;; t re :1 tmc-nt pl a n t  ( a b ove ) , and 

the Silv8 r  �u� e n  Re�f  n r ea �t:l o� ) . 

The sur r ound in�:, E:nvi ronrne:nt i s  ... · l"incipDlly se cond a ry r:, r owth 

v�ith o c olle; c tl on of l3t-il c' cQg_s d i u  _i�. t�l ini ng opc rn tions are 

ve ry S l lnil <; r  to th os e of t he Tui 1't i n e 9  '::.' .;; � . :c"'oh8 , whc r0 ore 

c rushing and conv� rsi on to a f inely d ivided c oncentra te ena b l e s  
l a  r·b e wn oun ts of  sil vc; r t o  b e  d i  spersec f r om the vi cini ty of the 

ore t re� tmen t plo n t . The pa t t e rn of s 1l ve r  di s trib u ti on in 

p a s ture s < J nd soils re s ul ting f rom fall ou t frcm ore t rucks wa s 

c owpared wi 't h thR t d e rived f r om the trc n tment plant . The re sul t s  

o f  these  inve s tig8 ti ons a rs re p orte d in Se c ti on IX . 

The a s se s sme nt of b a c kg r ound l e vel s for heRvy m e tfll s i n  

b ry ophyte s i s  of consid erFJ. bl e irnp ortRnc� t- sp e cia ll y in many 

c ountri es in indus t rial Eur ope , s ince a s  a re sult of e xtensive 

heavy me tal c untamina t i on from mining a c ti viti e s �  ind u s trial 

c ompl c:xes  e t c . ( Ruhling And Tyler ,  1 969)  t lx- ove r· :ll he Avy me tal 

content oi' b :l ck£.: r ound snt: . ��h: s h :-, s inc reo  s e d . T I'U e bA ck& roun.d 

vnlut:: s Ft re e r� s t l y  ob t<� i n ed i n  t he:' 1'� t: '.'J ZeEll'·: nd  l::' nvironm�::;nt ( a s  a 

re sult of th e red uced pre �ence of ind u s t ri�l c ontaminn tion) 

all owing f or c ompa r i s on 1. -.:i  th those he ::tvJ me t n l  c once n tr<1 tions 

d e ri ved from mining a c tivi tie s  o t  T c  f roha and Mn rn t o t o . 

Pa rticul a r  in t t;; re s  t wc1 s �:, i  ven to th0  b ry ophyto  lixE.E.l...� cu2_re ssi-7 

f orme ( Hc; dw . ) a s  va rious s tudi �.. s on h !;;�wy ntG tnl u p tnl{e b y  this 

b ry ophy t e  h.:t ve  be t: n  rep or ted ov c rf · o n s . The: conclusions of this 

in v e s t ig .1 tion u re pre; sented in S�:;: c ti on X .  
Finally , mt-nti on should b e  mnde of tht; two ITtO J Or si te s of 

u rb n n  lead p olluti on in New Z c: a l a n d  t h�:1 t ·,:e re inve s ti ga t ed in 

this  s tudy . 

The dis t ribution o f  le ad f r om indus t ri al a c tivi ti es  such a s  

ba t tery f a c t ori e s  a nd smel t e r s  i s  surveyed i n  Se c t i on VII .  The 

Te Po.pa pQ b a t ',e ry fa c t ory and smel ter i s  situa ted in the indus trial 

r�gi on of Au c kland C i ty ,  a t  the int�rs e c ti on of  two ma j or 

suburban th oi'ou ghfare s . The sm el t e r  a s s o c ia ted v-vi t h  the b at t e ry 

fa c t o ry i s  a se c onda ry smel t e r  ( i . e .  pr oce s sing sc rap f rom ol d 

b a t t e ri e s ) . The ma in c hi mney i s  a pp r oxim at e l y  30m h i gh 9  g i ving 



A v i e w  o f  the 

ore t reatment 

area ( b elow ) , 

P lat e 0 . 4 .  

immediat e area surrounding 

plant ( ab ove ) and the Silver 

C oromande l .  

the Ma!"a�te 
Que e n  Reef 
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a d ire c t sou r c e:  fo r l e ad f"o l l ou t  r� nd d i s tr i b u t i on t o  c o n s id e rab l e 

d i s t;1 nc. e s  from the b a t t t' ry f n c t ory 11 '.:'8 8 . 

l�n a e r i cll v i ew of t he Te Pn pG�<· t te: ry fE1 c t ory and sme l t e r i s  

s hown i n  ?l G te 0 . 5 . The c• c e t<. te f i l m  C OV t:.! r  i l l us t J:a t e s  the 

s o mpl i ng si t e s as s o c i � t e a  wi t h  F i �u rc VI I . 1 . 

Th e m n gni tud e snd d is t r i b u t i on of l (;; a d  pnr t i c ul n te . p ol l ­

u t i o n  f r om m o t or v e h i c l e  t;mi s s  ion s i s  b E:;  s t i l l  u s  t rn t cd by th e 

hucklan6  M o t orway ( ha v i n g  a m axi mum t rn ffi c d en s i ty of 63 , 500 

ve hi cl e s/24 h ours ) . i�pn rt 1� r om L:. t-• o ,  vu ry 1 i t  tl e a t  t e n  ti on ha s 

be e n pa i d  to t l lf: p os s i b i l i ty of p ol l  u ti on f ro1n o th e r  heavy 

m e ta l s a e ri ved from I11 0 t or vt; hi cl e; s  ( su c h  3 s c a d ��Ji wn , chrom i um ,  

c oppe r ,  ni ckc.: l .snd z i n c ) . The: r>c s ul t s  u f  t ht; s e  i nv0 s t i gfl ti on s 
aPe re p o r-t E:� J i n  S o c t i on IV . L v i e \,, of t h �:..- s u L: �;·l i ng s i  t c s on the 

m ed i an s tri p of t he ; ·. u ckl a ncJ il·! o t o rvvay i s  s h ovm in Pl r1 t e 0 . 6 . 

Ove rA l l , th f w ork: p r"•.· s e nt�:·d i n  tr; i s  th.:.. s i s  c · r� b e:: d i v i d e d  i n t o  

t he foll ow i n g  n s p(: c t s  of l1 C) VY mc tc-J l p ol l u t i on i n  New Z 0 a l a n d : 

( i )  th e d e v e l o pmen t of a t om i c nb s orp t i on te chni que s 

( fl o m e  a nd n on-fl 8 me ) t o  3 tudy l e: [1 d  i n  ·'-l nima l v.,rh ol e 

bl ood and h c:::a vy me: t£·1 l s i n  �:, ene ro l  in v e g e t o ti on ,  

m=t tu r.:J l wa t e:: r· , s oi l s , s trt· am s e d i m.:- nt s ,  wool a nd 

on imal t i s su e s ( Se:: c t i on I ) , 

( i i )  a s tu dy o f  t he g e n era l l e a d  l e vel s i n  d ome s t i c  a n i mal s 

( ca t tl e ,  ca t s ,  d og s , ho rs e s  a n d  s he e p ) a s  a f un c t i on 

of a ge , s e x  a nd  b reed , a nd sp e c i a l ca s e s  o f  g e n eral 

l e EJ d  poi s oning in c.a t tl e , d o g s  and h o rs e s  a s s oc i a t e d  

v;i th e xp o su re t o  l e a d  from wa t e r  t ra n spor· t e d  by l e ad 

p i p i ng and se rvi c e  s ta t i on a re a s  ( S e c ti on I I ) , 

( i i i ) a s tudy of the c on t ri b uti on of a i rb orne l e a d  par t i c­

ul a t e di s t ri b u ti ons from m ot or vehi cl e e mi ssi ons to 

the l e v el s  mEJ e sure d i n  sh e 8p wh ol e b l o od , o rg an s , 

mu s c l e  t i s sue , b ont;; s ,  a nd 'NOOl a s  a re:: sul t of exp o s u re 

t o  l e ad e i t h� r  b y  inge s t i OJl or i n hal a ti on ( Se c t i on ill) ,  



Aerial view o f  

Auc klan d .  

Plat e 0 . 5 .  

the T e  Papapa bat t ery fact ory and smelter , 





Plat e 0 . 6 .  

A view o f  the sampling area in the middle o f  t he 

Auc kland Mot orway , Auckland . 
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a study of t he n s s vc i n ted l c v e l s of cndmi um ,  chromium ,  

c oppe r, l t; a:d ,  n i c ke l r m d  z i  n e  f r om m o t o r  v e h i cl e 

t.:· m i  s � i  o n s  i n  r•el :; t i  on to t rr1 ff i t; d e n s i ty ;  pn s t u re 

s pc; c i t: s  :-md s o i l  d e pth �1l on g  the ,'.u c klnnd M ot orway 

( G e c t i on IV ) ; und the; d i s t ri b u t ion ;·1 nd o c cumul ::J t i on 

of le  r: c1  f ron: m o t or vch i cl e e n t i  s s  i ons in  r oo l'1  s i d e  

po s t ure R n d  s o i l s � i t h re s p� c t  tu l nJ i vi d u a l  pa s ture 

s p e c i e s  ::-�nd t o  s tu dy t h0 st- s son:�l V'· . ri n t i on i n  l ead  

L ;ve l s  ( 2 e c ti on  V ) , 

( v ) t o  s t udy t h t:  i nfl ut ncc  of l ead d is t ri b u t i on �nd 

( vi )  

D c c woul a t i on f rom i nd u s t ri '11 a c t iv i t i e s  suc h  R S  the 

Tc J. rohn b a G (;  rw · t::t l m i n< , n nci ore- cru sh i ng t r ea tme n t  

}?l n n  t ( SG c t :i. o n  VI ) i n  cl ud i ng t hEo � nv i  ronmcn tEl l l e ve l s 

o f  c n drni um ,  c o p 1_; c r ond zinc ; n nd from the Tt:: Pn pa pa 

C .ucl<:ln nd )  b 8 t t (;. ry fa c t ory c l r  ... d �me:l ter ( Se c t i on VI I ) ,  

t o  i uvc s t i t,; ' ' t c t he m od e  ,') f' up t n l{�;; of'· l e a d  b y  s eedl i ng s  

cf LQ"±_bQi;.:, P.2.:_�l}!l0 I" . ,  ;1 n d  ':;.'£..i f (Jl i �  £.:,_,2�1}£ L .  i n  

orvc: r t G  <. h t c rr::"l n c_: th::.: rs l � l t l V f.' i n • .:.l o r t �m c �." uf l e ad 

;; b s o  .f•_;: t l o ;:-.L  -..: i t h  .... r v Lt t t w  l'O O 't  sy s t t:- m  o r  by a i rb o rne 

pn rt i cul n tc:: d ..:: p o r. i t l O!J. in t 1'1c: r•;Cl l  ::;i tm· t i vn ( S e c t i on 

VIII ) , 

( v i i ) t o  s tu d y  t he d i s t r i b u t i o n a n d  d e p os i ti on of silve r a s  
1t .t:>E.: sul t of rn i n i nc !l c tivi t i �:: s s t  M o rt:l t o t o  ( -=-· c; c ti on IX)  

nnJ t o  C OJT'b i nc thi s 1:, .i th c-Ul n s s e s sm cn t  o f  nn tu ra l  

b c?c kg r cund �-t nd n n or:w.l o u s  l t; vc l s  ( f r :.1Il  l l l i n i ng a c t iv­

i ti es )  of c n d m i um , c opp.-:; r, l u1d 9 si l ve r nnd z i n c  i n  

vB r i ou s  N ew Z E:; D l �m d  b ryophyte s , i n  p8 rt i cu l a r  

lfypnum .£.£12l:QS F \i f' o r. Ie ( S e c t i on X ) . 
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A .  H�TRODU CTI OF 

1 6  

I n  r e c e n t y e n J:> s  th e t re me nd ou s :p r og re s s  mn d e  in e nvi ronmental 
c hemi s t ry l1 c:: s b e e n '" d i re c t  re sLJ l t of t h e  d e ve l o l!rrrent of atomic 

ab s o rp ti on spe c t r o ph o t on;e t ri c me th od c_:; ( u s 1. nc, fl a me a nd n on- fl a me 

d ev i c e s ) , d i r e c t - re a d i ng e m i s s i on spe c tL'orne t ry 1 a nd a nod i c  
s tri pp i ng v ol ta u!l; .e t ry ( ASV) . .Al t ho u gh t h e r e  a re many p os s i b l e 

a n aly t i cal t e c hn i y_u e s  tha t c a n  b e  u s e o  t o d e te rm i ne s u c h  e l eme nts 
a s  c admium, c opp e: r , l e a cJ 1 s i l  v.e r ,  a nd z i n c  i n  va ri Oil S e n v i i• onme n t ­

a l , bi ol og i c al a nd i n d us t r i a l  ma t r i c e s onl y  c ol orime t ry ( t o s ome 

d e g re e ) , e mi s s i on spe c t r ome t ry ,  2 ol a rog re �hy , ASV , and AAS ha v e  

any l i kel i h ood o f  fu l f i l l i n g  th e re qu i remen t s o f  spe e d , se ns i t­

i vi ty and rep r od u c i b i l i ty . 

The rna i n colorime t r i c me th od u se d  f or t he: d e tt' rn:i na t i on of 
such el e me n t s  n s  lead , i s  b a s e d  on a d i th i z one e � t ra c t t on 

( S tcm t c n , 1 966 ) . Di t l1i z one i s  ;; re n se: n t  of m or _· t han a d e qua t e  

s e ns i t i v;i ty an d ,  p rovid e d t ha t  c e rta i n  c owgl e x i ng a g e n t s  a re 

p re s e n t , i s  of re a s o na b l e s e l e: c t i vi ty . S ol u t i ons of l e a d 

d i thi z ona t e  i n  c a rb on t e t ra chl o r i d e  h a ve a wa x i mu m  a b s orp t i on a t  
a wa ve l eng t h  of 520nrn an d ob e y  the Be e :;.."'-L a mb e rt l a\'/ u p  t o  ab out 

3 �g/g Pb . R owe ve r , i f  the s te p s i nv ol v i ng the b uff e r i ng of t he 

s ol u t i on t o  p H  9 f o r  t h d  su b se qu e n t extra cti on of l ead a r e  n o t  

c a rr i ed ou t a s  ra p i dl y  a s  p o s s i b l e , sa mpl e s  c o n ta i n i ng s i g ni fi can t 

a m oun t s of cal c i um a nd ph o sp ha te ( e s p e c i n l l y  s i l i c a t e r o c.. ks a nd  

s oi l , an d wh ol e b l o od sa mpl e s ) m ay gi ve s oin e p re c i p i ta t i on of 

c a l c i um p h o s p ha t e t h a t  may o c clude l e a d  ano ca us e l ov:; re c ove ry 

value s .  A p a r t i c ul a r d i s a d va n t a g e  of t t1 e  di t hi z on e me thod i s  
i n t e rf e rence f rom c oppe r 9  i r on a nd z in c  ( Th omp s o n  a nd Na ka gawa , 
1 9 60 ) , whi ch a l th oug h no t re a c ti ng wi th d i thi z one in a mm oni � c � t 
c i t ra t e  med ium a t  a pH val ue g rea te r t han 8 . 5 when cya n i d e 

i s  p re s e n t ( wh e re a s  l e ad d i thi z ona te i s  re a d i ly f ormed ) , g i ve  

c ol oure d c ompound s whi ch inhib i t  th e ab s o rp ti on val ue of t he 

l e a d  c ompl e x .  

Anod i c s tripping  v ol taiiUI;e t ry ha s p r ove d to b e  a ve ry ve rsa t i l e  
t e c hni q ue f or the d e t e rminG. t i on of t ra c e el emen t s i n  ih e  c on cen­
t ra ti on range of 1 0 - 6 - 1 0-1<1 .  The appl i ca tion , sen s i ti vi ty and 

l i mi t a t i on s of t h i R t e chni que a re summ a ri z e d  b y  Sha i n ( 1 962 ) , 
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3a re nd re ch t ( 1 96 7 )  and El l i. s ( 1 J73 ) . Ea rl y <) ·pl i ca ti on s of AS�l 
'Ne re c u rri ed ou t b y  Ros s e 1  a l . ( 1 9.56 ) , De Mars £:t . _al . ( 1 95 7 )  

a n d  i .1a r ti n f: Sha i n  ( 1 958 ) . wi t h  su c c e s s ful d e te rm i na t i o n  of t ra c e 

me tal s i n  s u ch c om p l ex ti1 ed i a  a s  b ri n E: s  ( A riel s nd Ei sne r� 1 963 ) , 

f re sh wa t e r  ( ]1a rr i s on e t. a l . 9  1 971 ) a n d  b l o od �·:a t s on e t  al . ( 1 9 70 ) 

'-3l o om & N ol l e r  ( 1 976 ) . 

The ma J o r  ad va nt a g e of ASV i s th e i n c re a s e d  s e ns i ti v i ty 

a s s o c h> ted wi t h  t he J e c re a s t� d  c o s t  of in s trumen ta t ion . Sea rl e  

e t  a l . ( 1 9 7.J ) re p OI' tt; d a t e chni que re q u l ri nr 50 pl of b l o od f or 

l e ad a nal ,Y s is by il'd".J wht> re a  s t he b a s i c  p ol a rog ra ph i c p r o c e d u re 

of Nyl a nd e r & ii ol :u<:� u i s t  ( 1 954 ) re qui r·ed 5 t nl of b l ood w i th i ts 

p 2e c i s i on b e i ng ra t he r l ow und tht; t e c lm i que l tnb thy ond c ompl ex . 

I n  E:, e ne rEl l , the b e s t  re s ol u ti on & n o h i th e �: t  s e n :: i t l vi ty fo r ASV 

a re  B t t a i ne d  wi t h  a s m c. l l  F, rnpl i t uci e e x c i t<l ti on ( sinusoidal or 

pul s e ) ;� t a me rc u r;1 f i l m e l e c t rode ( C o �e l a nd e t. al ,1 973 a , b ) . 

C ol ovo s E...i 91 . ( 1 97.3 ) d f t e rmi ne (J t ra c e  a m ou n t s  of z i n c , c a d rni u m 9 

l e a d  a nd c or p e r  i n  a i rb o rne ,a rt i c ul a te ma t t e r  b y  A2V and re p ort­
ed  coeffi ci ents of va ri a t i on of 3 . 5'}� , 2 . ::Fs , 2 . 0;.� a n d  3 . 0/o re s p e c t ­

i ve l y f o r  the f ol l owl n b  c on c e n t ra ti on ra ne e s  ( � g/ 1 5ml ) : ca d illium 

( 0 . 0 1 -0 . 05 ) , c o[>p e r ( 0 . 1 0 . 5 ) , l e a d  ( 0 . 5 - 2 . 5 L z i n c  ( 0 . 1 -0 . 5 ) . 
A s  i n  m o s t  t ra c e m e thod s , s a m pl e  p repa ra t i on i s  of t en more 

t roubl e s om e  t han the n c tu sl m e a su reme n t  a n d  u sual l y  fl c c oun t s  f or 

mos t o f  t he e rr o r . Tw o i m p orta nt c ons i d e ra ti ons i nv ol ve d i n  t he 

u s e of ASV are t he i n t e rf e re n c e  f r om o th e r che m i c a l  sub s ta n ce s 

a nd  t h e  rey u i :r· e rn en t of c he m i c al p re t rea tme n t  s o  t ha t  the s a mpl e . . th Pb 2-r • t l S  l n  e l On s ta t e  a nd not  i n  a c ornb i ned 9 c ompl ex s a te 

( K oz l ovski i a n d  Z c b re va 9 1 9 72 ; Ne i man a nd B ra i n i na , 1 973 ) . 

Al though d ire c t -· read i ng e mi s s i on s p e c t r ome try a fford s a 

rap i d a nd  s en s i t i ve me thod for an a l y s i s of tra c e  c on s t i t u en t s  i n  

e nvi ronme n t a l  ma t e ria l , th e e q ui pm en t i s  ex t reme ly e xpe n s i ve and 

a s  wi t h A8V , 
l ab o ra t o ry . 

a t omi z e r  and 

t he R p () r op ria te  i n s t rumen ta ti on i s  a b sent  f r om our 

Th � r·e f ore s t h� a vai l a b i l i ty of th6 c a rb on rod 

l ts w el l - e s ta b l i she d  capab i l i t i e s p ro v i d e d  t h e  b a s is 

f or thi s a naly ti c a l  me th od be i ng a d op t ed throughou t  mo s t o f  th i s  

s tudy . 
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A t omi c a b '� o r ·:- ti on s p e c t r o;Jho t ome t ry ha s prov ed t o  b e  a n  

e m :L n e n t l y  sui t a b l e me t hod f or d E: t e rmin i ng l LO a d ( a nd m o s t ot he. r  

h e n  ''Y me to l s ) , e s .QE c i  al l y  f o.r• r1=.; ) i d  d e  te .err; i na t i cn of 1 ow 
c on c Em t r<. t i ons of t h e  rnL· t a l . 

::,, a rd ( 1 1.J 74a ) r·ep ort c;d on t he d e ve l o p nr c. nt cf ana l y t i c a l  

t e chni qu e s  £J s s oc i a ted wi t h  t n e l1 e t e rminr:i t i cn o f  le a d  b y  Ail'3 , i n  

:p a  r t i  c u l a  r i n  t te fi e l d  of s u mp l e  p re p a :L'n ti on , ( i n c lucJ i ng 

p rel i m i nary t re a tme nt ; wa s h i ng �  a sh i n&, ct n ·J a c i d d i [ e s t -L on of 

sa m pl e s ) . I n  t hi s  se c ti on the adv< m ta g e s  anti  d i s a d va n t a g e s o f  

fl a m e  a t omi c a b s o rp t i on d � v i c e s  a re d 1 � cu s s e d  wi t h  pa r t i c ul a r  

em;;;ha s i f' on nun- fl a me d e vi ce s , i n  pa r t i c ul a r  th e c B rb on rod 

a t omi z e r . 

Of 1na JOr i n t t;:; r e s t  i n  th i s  s tud y i t-} t he d e t e rmi na t i on o f  l e a d  

i n  vmol e b l o o d  san.pl e s . T8 b l e I . 2 . i n  Pa rt C of t hi s s e c t i on 

surmna ri e s tnc JJ10 j or c o n t ri b u t i on s  by vo ri ou s  a u t ho rs t o  the 

d i ff e re n t  o n o l y t i cal t e c h ni qu � s  su c h  b S  op t i c Al e mi s � i on spe c t ro­

s c opy , p ol a rog :caphy , c ol ori rr;(,;. t ry , ; t omi c fl u ore se n c e  a s  we l l  a s  

t h os e  n1e thod s al r e a d y  :ft t n ti oned i n  thi s i n t r odu c t i on . Spe c i a l  

a t te n t i o n  i s  t. i ve n  t o  t he v ol ume; c f  ·,-·ih Ol t� b l ood re q ui r e d  f or 

anal y s i s , the d e t e c t i on l i mi t s  a nd any p a r t i cul a r e xp e ri m e n t a l  

p r oc e du re c ·n. s e d . 
The w a.L n d i  s a d v a n  t a [.e of fl s w e  f!l� r3 i s  t tw vol wne of th e 

b l o od rc y u i rB d  f or e 8 ch an a l y s i s ; - o L+ wl . sa mp l e  of wh ol e 

b l o od may c on t a i n  l e s s  tha n 1 . 0 p g  l ea d  a n d  s o  t o  d e t e rm i ne t h e  

wh ol e - b l o o d  l ea u  c on t e n t  u s L n[) c onven t i onal AA S n,e t h od s  re qu i re s  

t he i ns t rume n t  t o  b e  ope ra t ed a t  o r  ne a r  i t s e x t reme d e te c ti on 

l imi t of the t: l t.: HJt- nt . .t..l t houg h wh ol e - b l ood l e ad c a n  b e  p re -

c on c e n t ra t e d  b y  c h el a ti on cmd e x t ra c t i on i n t o e:1n o rg an i c  s ol ve n t ,  

t h i s i n t roduc e s  t he p o s s i b i l i ty of re a g e nt b l a nk i n te rfe re n ce . 

The re fore i t  i s  n e c e s sa ry t o  d e ve l op a t e chni que f or wh ol e - b l o o d  

l e ad d e t e rmina t i on us i ng C1t.A me t hod s . The anal y t i cal a nd me d i cal 

ad va n t8 ge s  of t h i s  t e c hn i �ue a re a l s o  d i s c us s e d  i n  t hi s  se c t i on . 
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1· G b n� ra l  I n t r od u c t i on . 
--·- ___________ ___ .,,.._ 

The d eve l o1.mc: n t and use of a t oJni c u. b s orp t.l on s p e c  t roph o­

t o alc. t ry ( .,ii� ; ) s in ce i t s incep t i on •)Y ial s h  ( 1 955 ) ha s b ee n  

e x t re m e l y  rap .L d . B r i c  f l ,y 9 "a t om i c  u b s orr t i  o n  spe c  troiile t ry i s  a 

spE: c t r o c he m i c o l  p roct.· s s  '/\�e re by a free a t CJt;i ab  R O f'b S rad i a ti on of 

the sa m e  wa v el e nf th �� i ch i t  e m i t s  0he n i t  i s  in a s t a t e  of 

e x c i ta t ion . " IV� e a surement o f  t he e .. d en t  of ra d i a t i on a b s o rb e d  

e nabl e F  t ht:· c on cen t ra t i on o f  t he e l c�me n t t o  b e  d e t e rm i n e d  . 
.A ny l i te ra ture su rvey l f  JtAS would b e  r tl t h e r  e xte ns i ve . 

B r ook s  C.: Sym t he ( 1 975 ) rev i e •ned t he p r og re s s  of' .t...A S  f o r  t hE' 

pe rl oc1 1 95 5- 1 97 1 , d i s cu s si ng t h e:  fol l o ,-,i n�;, t o p::.. c s : the v olu me of  

l i  te ro ture , c ou n t ri e s i n  P l i i ch  re G e o. r ch ;>rn s cCJ. rri ed out and t he 

l a n guag t:: i n  -iJh i c h  t h e  ,_ ., ork • ;a s  pub l i s h e d � the i de n t i t y o f  t he 

p rincipal  J OU rna l s '"'h i c h  pu b l i s h r-1 t om.i c D b r-, o rp t i on pa pe r s , b road 
c a t e g or i e s  of rc s � a rch 9 a n d  the c c 0n omi c b e nefi t of th€ te chni que . 

Th e u v pl i co t i on of fl<:i me 1�A8 i s  •_- xtensively  outl i ned  b y  

Ma rg o sh e s  & S c rib n er ( 1 9 66 9 1 9 68 ) ; Ki rkb ri e ht ( 1 97 1 ) ;  � i n e f o rd ne r  

and V i c k e r s  ( 1 970 9 1 972 9 1 9 74 ) ; · l lieh J c  et . ·a.\. ( 1 976 ) . Th i s  

s e ri e s  o f  An§.l.¥..t.. t2fll CheJl}i s t_r...;i revi ews �-. i ve s n ll e t D il ed a c c oun t 

of pub l i c a t j_ ons d ev el op i ng the vari ous i n s t ru!ll e n t a l  appl i c a t i o:1 s  

a nd me th od s of fl a me c e l l s . I t  i s  not t he a im of th i s  s tudy t o 

c ond uc t  a d e ta i l l:' d re v l e w of t ht.' El l J."'e a d y  \ .:el l  e s ta b l l s hE:: d 

te chni que s  of fl ame i.LS . lns tead 9 fl a me und non- fl a inc me th od s  

\ d l l  be compa red anJ t n t.:i r rL=:sp e c ti v e  n d va n t o g -2 s  a n d  di  sadvan­

tac=,e s  rev ie wed . 

The adv c< nta g e s  of fl a m e .A.J."--.8 a tom c el l s  c a n o e  g e ne ra l l y  

outl i ne d  as foll ow s :  

( i ) the y a re c onv en i e nt to use 9 re l i a b l e  and rel a tively 

f' re e  from a tend e ncy t o  me m ory e ff'e c ts . M o st flom e s  i n  

c on1mon u R e  can  be made vi Ptuall y  noi sel e ss and sa fe t o  

op er r, te , 

( i i ) m o s t  b u rne r sys t em s a re sma l l , d ura b l e a n d  i ne x_p e r:­

Sive sampl e s ol u t i ons a re fa irly e a s il y and rap i d ly handle d  

b y  the u s e  of rel a ti ve ly s impl e neb ul i s e r  a s s e m b l i e s ;  
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( i i i ) a wi d e  vari c; ty u f  fl ame s c:,r c  a v<� i l a bl e t o  n l l ow 

t t1 e  s e l e c t t on of op t i mwn c o ncH t i on s f or ma ny d i ff e r e n t  

analy ti c al pur p os e s ; 

( i v ) t hG s ig m"l - t o - b a c..: ku roun d a nd si bna l - t o - n o i s e  ra t i os 

ob t a i na bl e a r e  suffi c i e n tl y  hl gh t o  a l l  m, ade ljua t e  

s e n s i ti v i  ty c-.n d  p re c i s i on t o  b e  o b ts i n o d  i n  a vvi. d e  ran g e  

of a naly se s a t  d i ffe rt n t  ,� ·a v el e ng t h s  b c; tw e e n  2 00 a nd 800 nm .  

Al th ough m o s t  of the s e  a dvan t B g e s  o f  f l m.,8 j�.AS fa c i l i t a te 

rou t i n e  a n 8 l y s i s  of m any el e me n t s a n d  sampl e ma tri c e s 9  a d e ta i l e d  

rev i e w  of t ne; d i  s a dvan t a L e s  o f  fl awe iv: S wi l l  1:) e  g i ve n  i n  Se c t i on 

I . C .  i n  ord e r t o  _pl a c e i t  i n  p e rspe c t i ve a g a i ns t  fl ame l e s s AAS . 

2 .  I ns t rurn�t-}..ti �r.h. 
E s so n t i nl l y s n  a t om i c  a b s o rp t i on s p e c t roph o t ome t e r  c on s i s t s  

of : -

( i )  a s t a b l e rad i a t i on s ou r c e  emi t t i ng � t omi c s pe c t ra 

i n cl u d int re s onn n c v  l i ne s ,  

( i i ) n n  8 t om i z i n&, d evi c e  p rodu c i ng ' 'n a to m i c v a p our 

(u s u o.l l y  a fl ::t m t ) , 

( i i i ) a m on o c hroma t or t o  i s ol a t e the re s ona n c e  l i n e 9  

( i v ) a r<-'l d i a  t i  on d e te c t or ( u sua l ly <> p h o t om ul t i pl i e r), 
c ou pl �.:!d t o  aul plifi c o t i on a nd re a d ou t  f n c i l i ti e s . 

Jmalys e s , , ..; rt; c R rr i ed ou t on a Vari a n  Te ch tron P.1�5 a t om i c  

a b s o rp t i on sp e c t r oph o t ome t e r  vv i th an a ir - D c c tyl e ne fl a me a nd 

Va r i a n  Te ch t ron h ol l OvY c ti t h od e  l amp s . 

T h e f Lt  e l/oxi d a n t  m i x tur e of a i r- a c e tyl e ne i s  pa rti c ula rly 

sui t a bl E: f or l e a d  w i d ch d u e s  fo r.a h i gh l y  re fra c t ory oxi d e s . 

T hi s flame al s o g iv e s  an a �p ruxirna t e  t e mp e ra t ure of 2450 °K wh i ch 

i s  i mp or t a nt i n  t i1e prod u c t ion of f re e Pb2• a t om s a nd re d u c e s  

t he c hem i c a l  e ff e c t s  o f  ra d i ca l s  and o the r sub s ta nc e s p re s e nt i n  

t he fl a me . 

C orre c ti on for n on- a t om i c a b s o rp t i on or b a ckground a b s o rp ti on 

( se e s e c ti on I .  C .  6b ) i s  a chi e v e d  b y  m e a n s  of t he hyd r o g e n  

c on t i nuum s o u r c e  vvi th a spe ctral range i n cl ud i ng th e same wav e ­

l e ng th a s  t he analyte . For rou t i ne a n a l ys i s a Vari an Te c h t r on 

BG 6 b a c kground c orre c t o r f i t te d  t o  t h e  spe c t r oph o t ome t e r  wa s 

u se d . 
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3.  PrepE�a t_i OIL_<?.L.E:J.nd a r��� 

i s t ock s ol u t i on wa s p repa red w hl cn c c nt a i ned 1 000 �g/ml of 

t he a na l yt e b cd n g  i nv e s t i gGI t�d , f r c 1:, w hi c h vvo r- ki nt, s t a nd a rd s  

•. : c; re p .r ..:· p EJ  red frc r-;hl y f e r  e r.� e h  d il.l 1 s a n<-1 l y sis  o :r s uc c e s sive 

d i lu t i ons to  gi Vr:; s t c u :da ro s  ove r  the rb n ge of 1 - 1 00 pg/ml . lH l 

the ch emi c a l s  u :=: e o  \ve rs of ant:lyt "l cal e::, r21 d e  puri ty . 

l l l  p o t en t i a l  s o u  re� s o f' c on ta1. :i na t i  on of th e s t and a rd 

s ol u t i on s � e re exami ne d . All c ont H i ne rs o n 6  e q ui pme nt we re 
th oroughly c l e a n e d  c md sol u ti on r. w e re s t ored in p ol yprop.:,rl e ne 

b ot tl e s  t o  avoi d c on t a n; i na t i on and t o  re du ce th e dang e r  of 

a !J s or Qt i on of l ea d on t o  th f: wall s of t h e  c onta i ne r. 

4 .  Prepa rc:t t l S?_n of _§f.Hnpl e s . 

S ampl e s  s na l y s e d  b y  f'l allJe Jtt S were p repa red b y  the fol l owi ng 

me thod s : 

( a ) Ll}_�JQ_�l _££g2_ll"_ �.am£�� s . 

( i )  orgnns 9 mu s c l e  t i s Rue a nd b on e s . 
J,l l ::mima l org8 n.s 5 mus cl e t i s s u e  ::m d  b one s we re prepa red by 

a s hi ng 1 . 0g ( we t we i gh t ) < '. t  45o · c in  a muffl 0 - fu r net c e  a nd re ­

d i s s olv ing i n  2hl . hyd rochl ori c a c i d  ( p re pd red from a re d i s ti ll e d  
re a g e n t ) for a na lysi s . 

T h e  a l t ern� t ive me t hod i s  t o  u se HC I 04 whi c h  i s  ra the r 

e xp en si ve and d an g e rou s ( � tan t on 9  1 966 ) . T h e  va ri a ti on i n  l e ad 

r·e c ove ry a s  a r e sul t of a s hing cm J  a c i d  d i ge s t i on o f  t he s ampl e 

wa s rep ort e d  by �a rd ( 1 974a ) . 
( i i ) wool . 

1 O crn l eng ths of s he ep ' s wo ol ( noti ng \Jb i c h w a s  t he i n si d e  
e nd )  we re di vi oed into  wa sh e d and unwa sht}d g ruu p s  a n (;  the n cu t 
int o 2 cm l eng ths . ;<fa s l1ing 'JVEl s p e rf o rm ed by plct c i ne; the wool i n  

p olythe ne b ot tl e s  wi th 1 50ml of 0 . 2'/b d e t e rge n t  solu t.i on . The 

b ot tl e s  we re sha ken f o r  30 mi nu t e s wi th a me chani cal s ha ke r . 

S ampl e s were e x t ra c t e d  a nd wa she d wi th 1 00ml of d e i oni zed  wa te r , 

pl a ce d on a Bttchne r f unnel a nd wa sh ed w i th e i g ht f ur the r 1 OOml 

por t i on s  of d e i oni z ed wa t er . Duri ng p rel imina ry trial s �  l e ad 

wa s und e te c ts b l e  ( < 0 . 05 mg/1 ) in the d e te rgent s oluti on b ef o re 
the wa s hing procedure . �fte r d rying f o r  3 hours a t  1 1 0 " C  sampl e s  

of 0 . 5- 2 . 0g we re a ah ed a t  450 " C  and red i ss olved i n  2M hyd r o c hl ori c 

, I 
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a c i d . 

( b )  S oi l_ samJ2]&.§ . .:.. 

S o i l  p r of i l e  S < 1 mpl c s  \le re c ol le c t t:J d  by me Em s of :1 c or e  

e x t ra c t or w i t h n d i nrnt; t e r of 2 . 5 cm . EA ch c or e  wa s d i v i d e d  i n t o  

1 . 0 cm l e ng th s . S oi l  s s mpl � s  Gn d s t re am s e d i me n t s  � e re d ri ed f o r  

3 d ays a t  60 °C a nd c i c v e d  t o  - 6 0  rn t; sh . Di e;. e s t i on of 0 . 1 g s a mpl e s  

wa s c n rri o d  ou t v; i th 1 Ornl of' a 1 :  1 r,;i x tu r e  of c on cen t ra t e d  ni t ri c  

and hyd rofl u ori c a c i d s  c un t a ined i n  501i1l p ol yp ropyl en e s qu s t 

b e ake r s . The s ol u t i on s  w o re t a ken t o  d r yncl s s  ov e r  a wa t e r- b a th 

and t he re s i d u e s re d i s s ol v e d  i n  2M hyd ro c hl ori c a c i d ( 1 . 0 t o  

1 0 . 01fll d e p e nd i ng u p on t he el e me nt a l  c on c e n t ra ti on s  o f  t h e  s ampl e 

b e i ng £m<ll ysed ) . Furthe r d i l u t i on 'Na s ne c e s s a ry i n  s om e  c a se s  

( eg .  s a mpl e s  f r om the Te Pap3p3 b a t t e ry fa c t o ry - r:·e c ti on VII ) .  

( c ) Pl an t (pa s ture2 na tural vege t n t�Qn a nd b rX9phyte) sample s 

( i ) pa s tu :r-e �md n EJ tu rEll v eg e ta ti o n  s a mpl e s . 

Pa s tu r e  and v ege t� t i on s a mpl e s  ve re d i v i d e d ( i n  m o s t c a se s ) 
i n  t o  vvn she d  n nd u nwa s h ed p or t i ons f or [ tn 8 l y s i  s 9 th e v-Ja s h i ng b e i ng 

c a rri e d  ou t b y  o g i  t :=1 t i on i n  s l owl y- I'u nn i ng t n p  wa t e r  f ol l owe d b y  

r i n s i ng i n  d i s t i l l e d  �a t e r . 

into  l ea v e s 9  ro o t s ,  s t ol ons 

Pn s ture spe c i e s  •,w re al s o  d i vi d e d  

e t c . Sam�l e s ( 5-1 0g ) we r e  d ri e d  a t  

6 0 0 0 C a nd a s he d  a t  450 C .  Su b s a m ple s of a s h  we r e  d i s s ol v e d  i n  

a pp rop ri a t e  v ol ume s of 2Vl hyd r ochl o :..."'i c a c i d . 

( i i ) b a rk o n d  twi g s o mpl e s  

Sam.t:ll e s  of B e i l s c hmi e d i a  t a ws ( Te A roha mini  ne 

VI a nd the Ma rA. t ot o  si l ve r  m i n i ng a re a - S e c t  i on IX )  , 
CJ. t  he i gh t s  of app r oxi m :lt e l y  2-3 m 8nd Wft Shed in  

a re a  - S e c ti on 

we re c ol l e c t e d  

d i s t i l l e d  

wa t e r  t o  rem ov e  a ny s urfa c e  c on tamina t i on .  Prepa ra t i on wa s t h e n  

c a r ri e d  ou t a s  ab ov e f o r  pa s tur e an d na t u 1.·al v e g e t a t i on sampl e s . 

T r e e  ri n g- c or e  sampl e s CJ. re so sma l l  t ha t  d i s s ol ve d  a s he d  
. . 

samp� e s have cadrni um and eil ve r con c en t ra t i  op. s 11 t tl).� . 1 owe r 
. "  . . .. ..... 

de t e c t i on l imi t f or fla;ne At.S . The re f ore t re e  r ing- c o re sampl e s  

were a na ly s e d  b y  u s e  of CRA ( S e c t i on I .  C4 ) for cadmium a nd 

s i l v e r .  C op p e r and z in c  le vel s w e re de t e rmined b y  n ormal fl ame 

AAS me t h od s  a s  f o r  pa s ture a nd na tural vege t8 t i on sample s .  
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( i i i ) b ryopnytE: snrnpl �. . s . 

The; g row t h  form cf' m :t ny o :r-y<O:phy t e s  t e nd s t c  e n c our� ge: 

a c cumul �·: t i on of c ons i (h ; r:. [)l L- o e b ri s  t h:' t i s  v �:; ry d l ff' i cul t t o  

St.:: ll 'n� ·-, te f r om tht· rl :l n t  ITl '�: t (! ri " l . Ti1 i s prub l 0iTI h: ' s  b c.: e n  

c x t c:: n s l v �:: l y  u i s c u m::� e d  b y  Sh: ckl t: t t t.: ( 1 965 ) . U n l l . f; s  t he ma t L; r i n l  

i s  c n �t: fu l l y  cl � nn s 8 d �  c on t� m i nn ti on o f  t h �  sr mpl � wi l l o c cur , 

yi el d i ng hi g hl y  v:-: ri c !b l .c n nd unu sunl l y  1 �  rge :.1 sh vn l u e  s . 

1';ll  b ryophy t e s � t tnpl t.: s · :c rt.; ove n d ri ed : t t  60 °C f or thre e.:  d nys . 

U s i n g  p r oc e d u re s rt.: c omme nd e d  b y  Shn c kle t  t c  ( 1 965 ) , tht.: m::  tc ri sl 

w:-: 8 te n se d , pl n c e d  i n n -60 mc:: sh si e ve and the ma j ori ty of the 
s o i l  or s u b s t r�: tE:: pn r t i cl c:: s re:Gt OVG6 by b l n s t s of c qmp r·c s se d  <li r . 

Sdnpl e s  \·, u :c�e th0 n ·.l < l Rhe d wi th h i g h  p r::.: s s ure t qp ',\' [1 �e r  for t\ve n t y  

m i nu t �:; s .  T h �:.;  vv.'1 S h wr: s t E.. rm in' . t ed o f t c: r  u g i t�l t i on for 2hr . i n 

d i s t i l l e d V'v'CI tt.. r .  T h e  snmple s ·,; c; re t h e n ove n d ri ed  n t 60°C , 
:; sh t- d  ;l t 450°C !'"' nd d i s s ol vL- d  i n  2U hJd ro c hl ori c .1 c id a t  il lY: t i o 

of o . o�g � sh t o  1 0ml of n c i d . 

I 
� ) \ c  

'l'he m os t  s u n s i  t t v0 r1 nr·l y si s l i n t:. S ( n, : t ) f e r  c <• dmi wn 9  

c hr om i um , c o 1,.�_p c; r 9 l 8 <'"�d 9 n i c .k:·� l , s il vc.: r  1-md z i n c  :n•e s hovm i n  

Tab l e  I . 1 . t og e t hv r  ··,; i t h  t he i r  se n s i  t i  vi t y  (pg/lill f o r  1 ;.:> 

n b s urp t i on) i n  � n  a l r- 8 c e t yl c ne fl � �e . 

The l i mi t s of d � t� c t i on f o r  th i s s t pdy , i n  g ene rA l , a re not 

i mp orta nt , f or the:: s e mp l e: s  i nvt:. s t i ga t c;d h:Jd ...;l erne nt n l  c on ce n t ra t i ons 

in s ol u t i on whi ch w0 re i n  mo s t cn se s  1 0- fold hi ghe r t hEm norma l 

e nvi ronment a l  ( b n ckg round ) vn lu� s . 

ne c e ssnry f or c.: o dmium a nd s il ve r a n e l y si s of 'vvn t e r  o n d  t re e  ri ng­

c o re sompl e s  and l ead i n  wh ol o b l ood sampl e s . Thi s i s  rc:: vi e wed 

i n  more de ta i l i n  S o c t i on I .  C . 4a .  
( b ) Ins t rument o l  opt. r '' t �£2.ll.d i t i  Q.�§.. 
Tob l e  1 . 1 .  gi vu s t h e  i n s t rumentnl  oper, , ting c ond i t i on s  for 

cadmium ,  chromi um , c opp e r, l e a d , n i cke l ,  s i l ve r  a nd z i n c  u si ng 

c onvent i onal flmne iJtS . 



Tabl e 1 . 1 .  

S p e c t r og ra p h i c Op c rs t i ng C ond i t i on s  

---- ·--

i; g 

Fill g a s  ne on 

;;,� i nd ow _p.; rex 
Ope ra ti ng curren t ( M.�·� ) 3 
S t rike v ol tage ( V )  28 0 
Ope ra t ing vol ta g e  ( V )  1 90 
Spe c tral b a nd w i d th ( nm )  0 . 5 

Sensi tivi ty • ( a i r-a ce tyl enb flarue ) 0 . 029  
i.nalysi :; l ine . ( nrn ) 3 28 0 1  

----------·-------------------------------

.ug/ml 

C d  

" 

El emen1 

C r  Cu r•i Fb 
·--�-·-----·--�-------- -

" " " " 

gu s r t z  pyrE::x qun rtz " I f  

3 5 3 5 5 
.300 28 0 280  300 290 
220  1 80 200 1 8 0 200 
0 . 5 0 . 2 0 . 5 0 . 2 1 . 0 
0 . 0 1 1 0 . 055 0 . 040 0 . 050 0 . 1 1 0  
2 28 . 8 357 . 9 3 24 . 8 23 2 . 2 2 1 7 . 0 

Z n  

" 

" 

5 

300 

1 70 

0 . 5 

0 . 009 

2 1 3 . 9 

f\) 
.+::-
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ri'h �,.; r�: <: r �  re l 1 ' t i vely f t.- \" i n t -. 'l 'ff: rG n CEJ S  i n  l!n n i r- - ·, c e; t yl c n c.: 

fl c nr, e f o r  c � a m i  un1 , c h r u d i  Ull1 , c opp t; r 9 l �:• :cr d , n i c k�,.; l 9 s i l  V t· r  :� nd z i n c . 

I t  i s  c on si clc r t.: d  unnece s s ;· rJ t o  rl.:vi c.:'i' � iny e f f e c t s  of i n  t c; rf .:; rt: n c e  

u s i n g fl 1 rn.;; .J �; .s  < l s th i s  i s  c ov .._- re d i n  d c t· < i l  i n  t h e  l i te rn t u re . 

The e f f e c t s of s c � t t t: r  b y  i n c i d (;; nt l i gh t  b � i ng d � fl � c t e d 

wi t h ou t b e i n g n b s o rb t:: d · 11i t i ;  tl1 t..: r.t- sul t i n g  spu ri ou s i n c re n s e  i n  

the: ct b s o rp t i on s i  gn._ : l 9 ·,·m s c crnp � n s >�  t c d  f er b y  u s e of t h <.;  c on t i nuou s  

Sp 8 c t rum o f  t [l c hyd ro g c:n l :ciHp �; t tho S ..-, m e  wn v e l c ng t h  [l Q  thE: 
a b s o rb i ng l i n e . ( r�f� r to S e c t i on I . C6b . ) ,  

Th� VD r>i ou s i n s t rurnt: n t r• l , rn;apl e <.' nd s tcmd n rd p r e p n ra t i on s  

n s s o c i n t c d  ·.-.- i t h  c unve n t l on:o_l f l nrn c  [j, :;) :1n v <.  O t  e n  <.l e s c ri b t: d i n  

th i s  s u b s L: c t i on . ; : l t h oue, h t ne llJt, t h od s cJ (:; s c ri b ;.; d  f or t he 3 naly si s 

of cndmi U<il , c il r Oiai um , c o_pp ..:. r ,  l t..<:: d , s i l vL- r  �- no z i nc n re qui t ·-' 
a d e y_u0 t e  l n  v.:·· ri ou s sn.hp l e  � . : ': t r i  C t.d  9 t h e.: appl i c � :  ti on of the 

c n rb on rod c-: tomi z. (; r  ' li ' S n c: c L: :-o s '1 r y  f or· VJC l t c r· ,  t re 0  ri n g- c o re n n d  
vvh ol e b l ood c-• I .<• ly s i s . Th t..: d i sr., d v<1 n t <ig 8 F  uf fl t t !H c:  L . S  lflt t h od s  s s  

the b n s i s f o r  d e v e l oping e nd i nv e s t i g � t i ng t h� U St; of n n on- fl n me 

J:..iiS t t: chni g ue f o r  t h e s e  St:'.!l!pl 8 m:" t ri c a E  i s  d e s c ri b r.: d in t he n e xt 

su b s e c t i on . 
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In t h <; p ;�l s t 9 a t omi c nb s o rp t l on srw c t r o s c ot_;y (i_i�S ) ha s b e e n  

wi d e l y  U StJ d 8 �-" t h e  ma i n  t e e  lln i cJUe fo r i n org < mi c t ra c e  a no.l y si s .  

J� s su c h 9 t he re q u i reme nt t o  p r o<Ju c t:: et p opnl ::-1 t i on of f r e e  a t om s  

w i t hi n n we l l - d e f i n ed OIJ t i c a l  o a th m u st i nv ol ve a n  n t an i z a t i on 

me th od thn t i s  si mpl e ,  ffl s t 9  rep r od u c i bl e n n d  e ff i c i t:: n t . I n  ord e r  

t o  i n c l"e a se tiw se n s i t i v i ty o f  1..!'. 8 9  S t!V e rn l  '..·' Orkc rs ha ve e nd ea v our ­
e d  t o  i n c re a s e t he e ff i c i e n cy o f  t h e  a t �1 re s e rv oi r by u s i ng m o re 

e ffi c i e n t  ne b ul i z e rs U l .el l e t . a l . 9  1 968 � V e i l l on n nd lii.R r g o s he s �  

1 9 68 ) 9 s l ot t e j  b urne r s  ( Hus se l l  t:: t .  nl 0 9  1 95 7 )  an d r� cJ u c i ng hi gh 

t emp e ra tu r e  flct m e s  ( • · ;il l i s 9 1 965 ; i.r.1 os end �Hll i s 9 1 966 ; M os s o t ti 

and Du g g o n ,  1 968 ; Pi ckc.; t t  r, nd K oL c·ty ohn nn y 1 968 ) . 

/i.l t houg·h t he re o r (: m n n y  c.; d vt:m t s g e s  i n  u s i ng fl D t  te c e ll s 

( a s  ou t l i ne d i n  2c c t i on 1 1  B1 . )  i n  p 8 J.� t i c u l <o r  t tle e fl S e a n d  

ra p i d i ty cf op G I';1 t 1 on 9  re c e n t s tud i t:C S  i n  1 ,i� S h o v e  b e e n  ce n t red on 

t he d e v e l opme nt of n on - fl mne ce l l s  i n  fi ll a t t em p t  t o  ov e rc om e  some 

o f  the d i s o. d v an t n g e s  of fl a m e  c e l l R . Th� d i s o d v a n ta � e s  of fla m e  

c e l l s c <m  be g e n e ra l l y  ou tl i n ed a s  f ol l o�,r s :  

( o. )  th \;; e ffi c i e n cy of '-ll1(; Ui::C1 ti c n e b ul i ze r sp ray c he1mb e r  

sy s t ems i s  l or.J ; onl y 1 0- 20;6 u f  th e c: n u l y t t: s ol u t i o n re a c h e s  t he 

flame u s i ng i nd i::e(: c t  ne o ul i ?. (� J."S 9 

( b ) fl ame c e l l s  <n·l.� onl y ra rel cv u b l c  t o  �t t om i z e s ol id sampl e s 

d i re c tl y ,  

( c ) the am oun t o £' sntnpl� f i nc, l l y  re a c hi n g the f l fl  me and 

hc;; n c e  t he p rod u c t i on of a t om s  in the g round s ta t e , i s  g ove rned by 

ru nny v a r i a b l G s  suc h a s  fl nme t e mp c ru t u re y  i n t e ra c t i ons b e tw e e n  

fl ame ga s e s ,  ma t ri x  c omp one n t s  a n d  n nn l yt e p ch emi c a l  i n t e rf e re nc e s ,  

and t h e  e x t e n t  t o  \.vhi c h  the o. n a l y t e  rn ol e cul R r s pe c i e s a re . .  

d i s s oc i a t ed . t s  t he z one of t h e  fl a me i n  vh i ch ab s orpti on 

a c tual l y  o c cu r s  i s  only a sma l l  s e c t i on of t he wh ol e flame , 

( c omb i n ed wi th the ove ra ll e ffe c t of ( a)), th e num b e r  of a t om s 

c on t ri b u t i ng t o  the analy t i cal s i gnRl i s  smal l c om p a re d  wi th the 

t o t a l  a m oun t of e l emen t a spi ra te d , 
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( d ) rl a m e  ga s e s  a l s o  prod u c e  b a ckg rou nd a b s orp t i on and 

elll i s s i on b and s a t  t hE:: w 8 ve l G ng th or' t n e r·G s Gn s J.c e  l i n e  of th E:: 

a nal y t e  e l e me n t . Th i s  � iv e s  r i s e t o  a n  una c c e p L � b l e  s i g nal noi s e  

w i th a c cn s e q u e n t  l o s s  o f  p re c i s i un ,  

( e ) ;? r e c i s e  c o n t i"Ol ove r t h e  c i 1t.; w i c al env i ronme nt of the 

a na ly t e  a nd c c n c om i t 8 n t  a t om s  .i n fla me c e l l s i s  n o t  p o s s i b l e . 

The d e g r·c:' e of c c, nt rol of che :Iti c £� 1  c omp o s i  t l on t l1P t c a n  b e  

ob t :1 i n e d  by va ri a t i on of t he f u e l - t o- o x i d a nt c on c e n t ra t i on ra t i o  

i s  a c c om pu ni e d  by si nul t Jn e ou s c h D n �:, t.' s i n  t he fla u1 c  temp e ra t u r e  

a n d  i t s spc c t rn l  a b s o rp t i on ch8 ra c t (; ri s t i c s . 

The a dv e nt of f l c:nnc l e  s :- cl t om i z H  t1 on h n r.; e.. rea t l y  re d u c e d  th e 

l i m i t E: t i on s  i mp o s e d  b y  fl a i11e n t om i z o t :L on p r oc e s s e s . I n  p a rt i cul a r  

i t  h a s i n c rea s e d  the e ff i c i e n cy of a t om i z a t i on and re du c e d  t h e  

u nd e s i r a b l e  i nfl u e n c e  of vn r i e:t b l e  phy s ic.o- c hefi1.i e: a l p rope r ti e s  of 

s ol u t i on s . T h e  b n s i c ac1 v a nt :1 gt:: s of i'l <' HJ e l e s s :·;u; ( i n  p ar t i c ul a r 

f o r  t h e g raphi t e  fu rn a c e  or cc:1 rb on rod & t OJni ze r )  c a n  b s  ou t -

l i ne d a s  f ol l ows : 

( a )  Pul s e  v a p or i z a t t on of tlw e l e m e n t  a c h i ev e d  b y  r a i s i ng 

t he t e mp e rn tui··e und e r  c on t ro l l e d  c on d i t i on s  p rodu c e s  a d e n s e r  

p opu l a t i on o f  gr ound s t c1 t e  ::: t oms , i n  a c o nf i ne d  sp a c e i n  c on t ra s t 

t o  t he l ow d c n s i  ty p opul f', t i on of t h e  fl a m e . ':'h i s  e no b l e s a hi g he r 

o rd e r  of P e ns i t i v i ty and l ow e P d e t c; c: t i on l i m i t s  al ong w i t h  p r e ­

c o n c e n  t ra t i  on o f  the s El m Jl e  o n  t h e  r od 9 

( b ) a smal l e r· s a m tJl e s i z e  i s  .r-e c,;, ui r e d  : l e s s  t ha n  20 pl 

( 0 . 020 ml )  of' s o mpl e i s  re y u i re d  f or a ca rb on r o u  a t omi z e r  

d e t e rm i na t i o n  wherea s a f l a me ana l ys i s re � u i rG R a b ou t Sml of 

sampl e ,  

( c ) whe r e a s e x te n s i  vc sa m.!)l e d i l u t i on i s  o f t e n re q u i  re d 

f o r  f l a n e  a n a l ys i s 9  m o.s t  l i qu i d  s a n t pl e s ( i n cl ud i n g o rg a n i c  

s ol v e n t s  a nd l i qu i d s  �;vi t h  ft hi g h  d i s s ol ve d  s ol i d  c o n t e n t  whi ch 

ca n n o t  b e  a s p i ra t e d  i n t o a f l ame ) c 8 n  b e  a n a l yz e d  d i r e c tl y  by 

flF<me l e s s  c el l s 9  

( d ) p ri or c he m i c a l  p re-t r e a tme nt o f  t he sam pl e i s  m i ni mi z e d  

the re by re d uc i n g  th e fl m oun t o f  s a m.pl e ha n dl i n g . The sampl e c a n  

b e  a s hed i n  s e c on d s  b y  e l e c t ri c al he a t ing , 
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( e ) th e ::."a p i d  re du c ti on of oxyt, ·-, n- c on tai ni ng c omp on o n t s  

i s  e n s u re d  b y  t ile p re s en ce o f  i n c and c- · , ce n t  ct:-t rb on . 

2 . ( a ) H i s t ori c a l  d e v e l opwc., nt of fl Ct r:le l c.� s s  
• .  r-. J w . '2_ • 

The np.tJl i c u t i on i n  .. L.i-: 8 of n uE - f l [ m, e  d e v i  c e P. i s  e xt e n s i ve ly 

ou tl i ne d  b y  K i  rkb r l g h t ( i 9 7 1  ) ; v l nc f o _ednc r' C:: Vi e k e  rs ( 1 S72 , 1 974 )  ; 

a nd l l i t': f i J e  e t . _Q}_ . ( F176 ) . Th e:: n uu:b e r  o f  _;_m o l i c n t l on s c OV (-; ri ng 

t h i s t op i c  i s  fa r t o o  l a rg e  to re v ie w  i n  d e p th , b u t  f o r  t h e  sake 
of c ompl e t e nc: s s  El b ri e f summ 1 ry of t h e h i st ori c a l  d e vel opmen t of 

n on- fl D r11e ch: v 1 co s 'd i l l  bt; g i  v t. n  h t:r e . 

The ma J or n on- fl ame a t omi za ti on m e th od s  th1:1 t ha ve b e e n  

i nve s t i g a t ed c om p ri s e  f ou r  d i s t i n c t  g rou p s  : f u rna c e s , fi l amen t s , 

cu p s  a nd r od s ,  a nd o the r d e v i c e s ( ca thod e - s pu t t � ri ng cell s ,  d . c .  

e l e c t ri c a rc , i nduc t i on coup�e d �lv smA � t c )  . 

.1\. s  e 8 rl y  n s  1 P. 73 � Cham p i on C; t .  _Rl . , who d ev e l op e d t he f i rs t 

fl a me e n1 i s s i on spe c t r ome te r , i n t r odu c e d  S 8 i u :_)l c · s i n t o  n fl ame on 

a m oun t e a  pl D t i num w i re . J� s i rr.i l ct r n p:.p :eoa c h  '"'a s o r i g i n o t e d  b y  

Ra mabe ( 1 92 ) )  f o r  s e m i - qua n t i t a t i ve a na l y s i s :  p owd e red s o mr l e 

wa s r ol l ed i n t o f i l t e r  pop� r nn d i n t r od u c e d  i n t o  a d iffu s i on 

fl ame . The Pt - wi re _p ro c c d u :ce wfl s ext e nd e d a nd c o n s i d e ra b l y 

ref i n ed by l:{am s fl y  a nd c O-\N O r·Ke rs ( 1 95 0 ,  5 1  9 53 ) a n d  appl i ed t o  

the d e t e rm i n �� t i on o f  sod i wn and p o tfl s s i u m  i n  m i c ro-volum e s of 

i nse c t fl u i d s .  _,n t hough th (;; T'E.; have b e en HJa ny e x t e n si on s u s i ng 

pl a t inum l oop s 9  wi re s nn d b oa t s ( Iitl l J a ma e  anJ L a 1. s s on , 1 968 ; 

Ka t z ,  1 968 ; Nc s t e rov a n d  Na um ov, 1 969 ) ; mos t 1.� e qu i re sam_1..l e s to  

b e  d ri e d  o n  ih e d e vi ce 8n d l n s e rt e d  i n t o a fl a ,u e . T h e  us e of 

thi s typ e of mi c ro- sampl i ng t�:; ch ni q_ue i n  J�i.S ·.va s d e vel op ed b y  

Del ve s ( 1 9 70 )  wh o a c cu ro te: l y  d e t e rmi ned c on cen t ra t i ons of l ea d  in  

1 0 p l  s ampl e s of wh ol e bl o od E, f te r  _pa rt i el oxi d ct ti o n  wi t h  H 2o2 
i n  m i c r o  c rucibl e s  mn d e  from n i ckel fo i l . The sampl es  we re 

v ol a ti l i s e d  by u s i ng an a i r- a c e tyl ene fl am e  and th e produ c t  wa s 

fed i n t o a n i c ke l ab s orp ti on tub e si tu a t ed i n  the fl ame . The 

"Del ve s sa mpl i ng cup " t e c hni que ha s  b ee n  d e vel op e d  by ma ny m ore 

wo r ker s ( Fe rnand e z and Kahn , 1 971 ; Fe rnande z ,  1 9 73 ; Hi cks e t . al .  

1 973 ) a s  wil l  b e  e xpla ined i n  m ore de p th l a t e r . 



( i )  furna c e s  
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The f i rs t  b a s i c  non-fl Gme furns ce  a t omi z e r  ·.vrc1 s d evel ope d b y  

King ( 1 929 ) . I n  1 95 9 �  L�vov and eo-worke rs a d A p ted th e King 

grAphi t t·- typc furn8 ce t o  s tu dy i ts .: .. · otcn t i b l  Cl :3 a source of a tomi c 

va pours f or a tomi c a b sorp t i on . l n  n s e ri es  of publ i ca ti on s  

( 1 96 1 - 65 )  t h�- pote n t i s.l o f  t hi s  cruc i bl e  Wcl S e xtend ed t o  the 

c-malysi s uf ne arl y  forty el c:mt::n ts . The ins trumen t c onsi s t c:-d  of 

a tube  of g r< ! .Qhi te  5 cm l une, , 0 . 25 t o  0 . 5 crn i . d . l i ned wi th 

ton tr-.tl urn f o i l  <md _pl n C L- d  i n  a n  i ne rt a tmosph�:." r'E: . I ni t i ally 

hea ting wa s e ffec ted b y  a s pnrk b e tween an auxi l i G ry el e c t rode and 

t he furna ce , but  lD t e r  work used  a s impl e re s i s ti ve hea ti ng of 

the furna ce . 

Fu rth er non -fl ame d t.:vi ce s \l c� re i nve s t i g G tcd  by Vidal e ( 1 960 ) , 

h i sl nn ( 1 963 ) ,  Choong l; t . a l. . ( 1 964 ) , iiud son ( 1 964 ) 9 a nd Tomki n s  

& �rcol i  ( 1 967 ) . The se b a si c ally v8 re � i thd r s i l i c a tub es  or 

s tainl e ss- s te el <l b s orpt i on cel l s  ht.'. � ted b y  8 :·:·e s i s t<1nce wi re . 

L ' vov ' s grH phi t e  fu rna ce  wo s furt her d evel oped by f1la s srrwnn 

( 1 967 9 1 968 ) who d e s c ri b ed a g rophi tc cuve t te d evi ce wi th 8 mi cro­

sa mpl e whi ch WEl s pipe t ted  d i r e c tly  i n t o  the fu rnn ce fol l owed by n 

thre e - s to be h <:;n ti ng prog ra mme of d rying9  cha rring Cl nd n t omi zn ti on . 

C o rre c t i on f or non- sel c c ti ve b ackg round sb s orpt i on i n  /'J: S wa s 

re Q o rte d u s i ng n t-v-, o- cha nnel spe c trom e t (j r  o.nd n�oni t ari ng t he 

ab s o rp t i on o f  a ne a roy elc-omc:n t�ll non- re s onance l i ne . The 

"llfw s srnC!lln-'type " g r•a p h i  t e  furna c e  used  b y  Vtannine,  & Fe rna ad e z  ( 1 9 70 ) 

t o  d e termine copper and s tron t i um i n  milk was comme rcially 

p r oduced a s  n hea ted g raphi te a t omizer  ma nufa c· tured by t he Perki n 

El me r C orp ora ti on . f. furna c e  on a much la  r6e r s cale  a nd devel oped 

by 1!/ood ri ff a nd c o-vvorke rs ( 1 9 68 ) wa s re s i s t i vely- hea ted , b u t  the 

sample wa s pl a ced  into the tube  by means of a smoll ca rb on cu.I:J . 

Re cent devel opmen t s  us ing non-flame furna ce devi ce s have 

b een rep ortea by Head rid ge & Smi th ( 1 971 ) wh o c on s tru c te d  a s i mple 

induc ti on fu rna ce f or d e t e rmini ng vol a t i l e  elemen t s  in  solu t i on s  

and vola tile  ma tr:ices b y  AJ, 8 . Omang ( 1 971 ) d e te rmined l ead i n  a i r  

usi ng a b raphi te tub e  furnac e  wi th a sens i tivi ty of 9 . 7 }lg/m3 . 

Hi gh frequency induc ti on gra ph i t e  fu rnace s were used for the 
de termina ti ons of l ead and cadmium i n  pul p and pap e r  ( Lu ngmyhr 
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tl• rtl . ,  1 974 a ) , rt nd cl e n tal mD t e rin l ( L :.: ngrnyhr E: t . :1 1 . 1 974 b ) . 

S imi l o r  s tud i e s h n v e  c en t rec'l on t he nn c 1l y s i:- 1  uf c on l D nd c oo l c-� sh 

( Bl o c k ,  1 975 ) ,  �: t e e l  ( F re c h ,  1 975 , 1 :17(; a , b )  8 nd ht·1 i r ( I. l --3 e r  e t .  

al . ,  1 9  76 )  . 

� '  dun l c h:l m b e r  fur n n ce w�. s d e ve l op t;d t o  d cm ons t r& t c the u s e 

of t h e  Zcemnn e ff e;  e t  f or b ;:• c kground c o rrc; c t i on i n  th e de te rmi n­

a ti on of l t:: od i n  3% s o l t Vl�1 t t..: r  s ol u t i on s  r1nd b ov i n e  l i ve r v.:i. thout 
the u su al d ryi ng nnd ::.� s hi n g s tep s . ( ; 1e: d c.: i s l i i  nnd !'!; cLau ghl i n ,  

1 976 ) . Th e l ovJ e r  l imi t of o e t t:. c t i on \ 'O S  50pe_� of 1 -=: a d . 

( i i )  f i l ame n t s  

The o ri g i nal v:i o rk b y  3un s e n  ( 1 659 ) l n t r oo u c .=; d  c. t om i z CJ t i on . .  

t e ch n i qu e s  i n  l hi c h o wi re l o op or o sn mpl o b on t  c o rry i ng the 

s a t�l c W8 S i n t r od u c e d  i n t o  thE: ho t fl a m e  l � s e s . S eve ral re c e n t  

n on- fl ame d e v i c e s  u s e n n  e l e c t ri c al l y h6 a t e d  f i l a m en t  o r  b oa t .  

Ufva rs on ( 1 96 7 ) , B ra nd � nb u rg c r  & B0 d e r  ( 1 967 , 1 968 ) me a s u re d  
nA n og rn m  a m oun t n of m e r cu ry b y  n m n l ;_, · t m<: t i ng i t  on a w i re a nd then 

h e a ti ng t h e  V1 i re t o  va p o ri z e  t he: m t-· r cu ry . 1'-. pl n t i n um l o op WA S 
u se d  b y  3ra t z el e t . � � 1 . ( 1 969 ) t o  a t omi z 0  el e me nt s  f r om a th i n 

f i l m  ob ta in ed b y  i mm e rs i on of t !1 ·3 l oop i n t o th t:: samp l e  s ol u t i on .  

'.Ve s t  & 1 li l l i [l m s ( 1 g69 ) n t omi z ed f-; ev..:: rn l e l L:: mt:: n t s  u si ng D 

hea t e d  c n rb on fi l a me n t  5 cm l ong und 0 . 6  era i n  d i .:t l ltt: t e r �vi t h  

sampl e s  u e i ng m i c r o- _p i pe t t e d  i n to n n  i na e n t n t i on u n  t h e  top o f  the 

r od . O t he r appl i ca. ti on s  s im i l c:; r  t o  th, ; t b y  '";'c; s t  \V i:;; I:'e mn d e  by 
J�m o s  ll · al . ( 1 9 71 ) . Yc1 p u r  & ' ' le s t  ( 'i ::J74 )  u s i ng a 3 . 2mm d i ame tc; r 

c a rb on f i l amen t Vl hi c h  c ou l d  a c c omtH Od B t e  e1 5 -pl snmpl t: d rop ,  

d e te rm i ne d  l e ad i n  1 1 i n s t an t "  c of fE: e  and t e a  p or.d e rs d own t o  0 . 02 
}lBI g . 

( i i i ) c up s , rod s and ta n to l um b oa t s/ s t ri p s . 

ThE:: d e v8l opme n t  of tne "De l v e s - c u p "  te c hn i CJ. U e  wa s foll owe d 

by i nve s t i ga t i on s  u s ing a g ra ph i te c up ( Dol in s e k  a nd ":� t upa r , 1 973 ) , 
g ol d  _pl n t e d  g ra phi te c ups ( l.e ch _e t . al . 1 9 74 ) , a nd g raphi te d i s c s  

( Rob i n s on e t . al . ,  1 975 ) . 

B r o d. i e  & Ma t ou¥ek ( 1 974 ) d e t e rm in ed c admi um i n  a i r by 

pl a c i ng cu t f i l t e r  d i s c s  i nto a g r1:1phi t e  sampl i ng cup . The 

pa r t i c ul a t e  ma t t e r  f r om sampl e s wa s c ol l e c t c; d  on the fi l t e r  b y  
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d r<:lwing the a i r  thr cugh the cup wi t h  a portab l e  p u tnp . The cups 
we re t he n  clnmp�d be tw e e n  SU Jp ort ing roa s a nd sub j e c ted  t o  a 

d ryinb 9 8shing and a t omiza t i on cycl e . 
The pred ominen t  o d v � n c e ment of non- fl nme d � vi ce s  ha s b e en in 

the use  of  c6rb on rod u t omi z� r cel l s ( Br od i e  
Mn t ou¥e k b nd S tevens , 1 971 ; Bra tzel  e t . a l . , 
o.ppl i  en t i  ons of the c a rb on rou .:1 tomi z c r  wil l  
dep th i n  Se c t i on I I .B. 2 ::> . 

- . t V k a no J\'ta ouse , 
1 97 2 ) . The 

1 97 1  ; 

b e  cov �..: red i n  more 

l"noth e r  n o n- g. r< t .2h l te a t omi z e r  w e .. s Dont- £>01 0. Buq; t: f> S '  s tantA l um  

b oa t  ( 1 9 70 ) vvhi c h  A ll ov:e d lo rge r volune sn mpl e s  t o  b e  u se d  f or 
d i re c t d rying,  a shi ng and a t omiza t i ons . Othe r  b oa t devi c e s  have 
b een inve s tiga ted by Ka hn & 8eb 0 s tye n ( 1 970 ) ; D�lves  ( 1 970 ) and 
Hwong et . ol . ,  (1 97 1 ) .  

( i v )  othtJ r n on-fl ame de v i c c; s .  

Other non-fl c:une me th od s of :t t omi za t i  on Vih i e h  hn v e  b e en 
inve s t i g<=i ted i nclud e c Et th od c  - spu t tL· ri ng cel l s  in .whi ch a t om­
i z8 t i on i s  pr·odu ced by : 1  s u t L ring n c t i on s imi l o r  t o  th c=t t of a 

h oll ow c a th ode l a mr . Extens i ons of thi s i d e 8  hn ve b t;en i nve s t­
ign t ed by '.c · ,Jlsh ( 1 g62 ) , G ol e b  & Brody ( 1 9C3 ) a nd Ma ssma nn ( 1 9 70 ) . 

The u f. e  of th t: d . c . a rc for S 8mple Cl tomizn t i  on in 1�./�'6  has 
b e en  d e s c ri b e d  by  eeve rc-tl worke rs ( r. . u r·i nkovi c e t . ,l l . ,  1 967 : 
KG n t or a nd ..2;rdey , 1 969 ) . Gpr-t rk sou rc e s  to  u t om i z e  the sa mpl e 
we re re p or t ec'J b y  ��(ob i n son ( 1 962 n , b )  . ..... iwil 8r  devi c e s  includ e  t he 
u se of  RF or mi crownve  pl 8 smo sou rc e s  ( ' e nd tl & Fa ssel , 1 965 , 
1 966 ; F ri e nd and Di efe nd e rfer ,  1 9 66 ) . 

The u se of l as e rs offe rs the possib il i ty of di re c t  a tom i z a t i on 
fo r the exc:uninat i on of sol id surfa ces  by  .U�S . The heat  p roduced 
a t  t he s ol id whc::n a focus s ed laser  beam s trike s i t ,  may vap ori z e  
the s ol i d  ma t e rial ove r  s srrwll o rt� a of s urfa ce . ( Rasberry _tl. al . 
1 967 ) . 

Final l y ,  Vengh i & t t i s  ( 1 967 ) p roposed a t e chni�ue f or th e 

d i re c t  c onve rsi on of sol id S Flmpl e s  into a tomi c vapour,  i n  whi ch 
the powde red sampl e is  mixed wi th a s ol i d - propell Em t  p owd e r :  
the mixture i s  then compre s sed and igni ted . 
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R\:; S e A r c h  ;i; s  s t i l l  c vn t i nu inf. i nto  th v d t.- Vt;l OQ!ilt.:n t cf nevv 

m e th o ::; s nnu t h e  p e: rf ormr'l t l C �e.: of c xi s t i n£ nt (� t h od s  cf n o n- fl a me 

3. t omi z e r· R  �H'l· v o ri ou sly d L; S i t-_. n <_" c) g r·:1 p h i t c  fu rn. l c t s D nd i n  
pa l."' t  i. cul B r c a. riJ on r od n t crti Z d' S . 

Tt1o  l i t <:. rr. t u rt; or' <l n ' l. l y t J. c al t G c h n i quc s i n  u s t.:  f or t h e  

d G  t 0 rmi n 1:1 t i on o f  l e a d  i n  c h -::m i c El l  n n d  b i  o l  og i c f' l  s y- s t e m s  c�:1n b e  

d i v i d e d  i n t o  : op t i c n l c mi R s i on sp w c t r o� c o }y ,  n n od i c  s t r i ppi ng 

vol tamm e t l,;y- � p ol :"J ro&. rap hy ?  c ol orimt: t r.; � a t om i c a b s o rp t i on ( f l a m e  

a nd n on - fl >-�me ) Em J a t omi c f l u o rt: :.=: ,  ne e: . L g t� n e rul rev i ew o f  t h e  

mn j or w o rke r· .. in t· !l c h of t h t: s c·· f L ; l _j s  i s  ou t l i ni...,d i n  l'a b l e  1 . 2 .  
t og 8 t h r w i th t ht: v ol umt.: u f  bl ood u scG , e L :: c t l on l im i t s  a nd 

rE:l evan t n o te s . 

Op t i c al l,; m i s ci i on s p �:. c t ro s c o �) y 9  n n od i c s tr i 1) }1 i ng vol tE.J mrllL: t ry 

a nd p oL:u"' o g rc1 phy g e: n.::.. rn l l y  8 t;u::1.nd lli g h  s1\.i l l , · =t r �:;  s on1o ·,:hE1 t t ime ­

c o n s um i ng ,  r c q u i r>c .:1 l n r g t.. r  �; a m _ .. l t;  L h a H  c<=JD b \.. u,e nt.; ru l l y  ob t c li ne d 

nn d in t i"le c a �, e  of' e;mi s s i on spc c t rus c Of' Y n�::; c �;; ; . .  ;:; l t u t c. s  ve ry 

The m<-, l n  c ol orimc.: t r i c me t hod u s t.o d  f o r  t.h'"' d t; t e rm i nE� t i on of 

l e ad i s  b a �-, e; d  on s ci i  t h i z onf· t:. x t rn c t i on ( �3 t.: rlil � � ,  1 S61 ; 8 ta nt on , 

1 966 ) . Di t l1 i z on t:  i s  <• rt: D t, c: n t  of n u e q u a tc st:.ri. S l t iv i ty a nd 
p � ovia e d  t t� t c � r t H i n  c ompl e � i ng 8 b �n t s  � r e p r � s e n t  i s  of re a s on­
a b lt; s e l �::: c t i v i  t y . The J J!H l n  d i sfl d vs n tEi.g t:: o f  th <..; c1i t hi z ont: 
t e chn i qu e  i s  t h � t  i t  i s  n on- sp e c i fi c  u nl 0 s s  t h e pH i s  ri g i d l y  

c on t r ol l e d . !� n o t h e r  m s  J O r fa c t or against  c .ol o ri me t ri c m e t h od s i s  

t he re qui rement of l a rg e  sampl e s  of bl ood o n d  b x tensi ve analysi s 
time s . 

The anti  c os gul <mt ve r se na t e  ( f;DTl ) , a c omm on c hel a t ing a g e n t  

u se d  f o r  t he trea tment of l e et d  p oi s oni ng , i nterfe res wi th m o s t  

e x t ra c t i on o r  c ol ori rn c  t r•i c me t hod s re qui r i ng sampl e s contc:l i ni ng 

i t  t o  be pre - a s hed b e f o re  a nalysis . 
Al t hough �f. S u s i ng f l Rme c el l s ha s p r ov ed t o  b e  a p ot e n t i a l ly 

a d e qua t e  m e: th od f or the d e t e rmina t i on of l e a d  in w hol e b l ood , 

b l ood p re t re n  trre n t i s  u s ua l l y  requi re d . Thi s is b e cau se wh ol e 



Tabl e I . 2 .  

Revi ew of Te c hn i qu e s f o r ' _Th ol e Bl o od L e a d  l: n8lysi s 

Analyt i cal 

M e t h od s  ( Re f e ren ce ) 
V ol ume of 

Bl ood u s e d  

( ml ) 

De tc:: c t i on 

L i m i t s  
(pg/ml ) 

t; ote s 
-- ..... � · · ·· 

-----·---- --'" 

OQt ;L�sl �m i §.§.i On Spe c !.£.<2 S.�.2N 

Chol a k  1 J35 1 • 00 

�7ell s & S e i d ne r· 1 :j65 1 . 00 

1 0- 2 0  

1 Cr.- 20  

Di rt.. e t  s pe c t 't'Og l'h phi c d ::;  t e rm i nA ti on . 

'J:GJ� prc: c i z) i t c� t i on uf bl o od ,  sul_} e r­

cn tan t �l s c � d  en � l e c t rod e . 

--------------- ----- ·-�· - -· �---"· - -- ·--------·---·- -----· ---- · -- ·---- ·----------

£!.n£d,_i c Strip�ing 'l ol ��lill.il�if'.i 
H or i u c hi e t . al . 1 968 0 . -:: 0 oJ-.. 30 L c i d d .�ee s t i on ,  ,:. s h  d i s s ol v e d  i n  :1 Gl 

r.nd I'Un . l'\.Z):') 1 C.� I) 

- ------ ------- - -· ------· --.. · · - · - --�--...--.... _._.. ......... - ------------� --�· ·- ·----·-· · · �-----·-- -- ··-· 

S e a rl e  e t . a l . 

M o rrel l  & G i r i d ha r 

Pol a r�&£.8 ph� 
Nyl and e r  & H ol mqui s t  

1 973 0 . 0 5 0 -2 5  :::' e rch l o ri c  a ci d r-1dd i ti on iwa t e d  d i s t . 

h20 � d d c d  J nd l e 8 d  i ons c on c e n t ra t ed on 

t:: l e c t rc � e  ( - 8 00 :;rv ) b e f OI'e " s t ri p pi n g " i n  

�2 ( o 2 - f r0 e ) s trn o s �h� re . 

----------- · ---- ---·------- �-- · -----

1 976 

1 954 

0 . 1 0  o-.os '3l ood s oni c A te d , d il ut e d  · ·i t h a lvt e tJ 

e xch� n g e  re n g c n t , pl A t e d and s t ripped 

- n o  d i g e s t i on s te p . 

---" ---- -·-- ·---------�-- --- ·· ---� --------- - -

5 . 00 0-;.20 N i t ri c  a c i d  d i & e s ti on , d i thi z one 

e xt rn c ti on i n  H20/HC1 . 
\)J \)J 



A na l y t i c al 

M e t h od s  

S and e l l  

Ke e ncm E: t .  al . 

C ol crime t r.r 

Be rm a n  

V ol ume of De te; c ti on 

( Refe r� n c e ) Bl o od U s ed � im i t s  

1 959 

1 963 

( ml ) (pg/r:,l ) 

- -·  _ _  ]_ .. 20 . 00 0 . 2 0  
-----·26 �-oo·-·- -·-·--···a· :2a·� - ) 

N o t e s . 

· �--- --

J � c i o  a i t � s t l on , d i thi z on� 0 x t ra c t i on ,  

b r cK L � t �n c ti on i n  �H . Cl . 
4 

··--------- · - - - · - · · 

1 961 1 • 0() 0 . 20 'l'�-·" G i [:; c s t i on , eH th i z OEc e xt ra c t i on , 

l u r:� u - d i tni z cnc c ot.!}!l c x , rt- a d  l n  spe c t ­
.r·o.:� h o t orl. t t � r  a t  > 9 5 2 0n:n . 

-------�--- ··--· ----··-- -- ------ -----

;; t om i c  llb s or n t i on : Fl a me . 
Be rrr1a n 1 964 5 . 00 c . 20 Prote i n  p re c i ; i t� t i on ,  � x t rn c t i on i n t o  

M I 3¥ w i t h  � r�c a nd � s p i ra t i on of o rg a ni c 

l � yc r . 
---------------------·----·-----· ·---··· -- -- - - --·----· 

S l a v i n  & G p ra g ue 1 964 5 . 00 � 0 . jL� TC. u i t-, e r� t i on ,  c h c l a t e d  r.i t h  1-� c·i ott; a nd 
Kc. t ont- . 

------------ � -- - - --- · -- - . --.. ·-- ------- --- -----·-----

Sprague & Sl a v i n  1 966 1 . 00 

Be rman e t .  al . 1 968 0 . 25  

B. e s se l  1 968 1 . 00 

0 . 1 0  

0 . 50 

0 . 20 

TC� p re ci p i t a t i on ,  c e n t r i fu g a t i on ;  no 

chel a t i on or e xt ra c t i on . 

· ----- �----·- ·-

a s  ab ove f or Be rma n ( 1 964 ) b u t  sm2 l l er 

v ol umt f o r  a s pi ra ti on .  

P r o t e i n  p re c i p i t a t i on wi th HC 1 o4 , 

sup e rna t a n t  f i l t e re d  a nd a sp i ra t ed . � +-



t.nalyti  cal 
Me thod s 

Don ovan & Feely 

( Re fe ren c e ) 

1 969 

V olume of De te c t i on 

Bl ood U sed L imi t s  

( ml )  ( pg/ml ) 
25 . 00 0 . 08 

Note s . 

J · Sh i n£ � d i re c t  e xt i'a c t i on wi th LPDC/MIBJ{ . 
------------------------------------------ -----
Fa rrelly <i Pybus 

1RJe s te  rl und -H elme r s  on 

Del ve s  e t .  a.l . 

Lyons & �uinn 

Z i nte rhofe r e t . al . 

Mi t chell  e t . al . 

1 969 

1 9 70 

1 97 1  

1 971  

1 971  

1 972 

2 . 50 

1 1  • 00 

2 . 00 

h- 1 0 . 00 

0 . 05 Di r6 c t  t::xtra c t i on \Vi th �· :PDC/l'iii BK a spi ra t i on . 
·----- ·  ---

0' . .; 1 0 

O . Oj 

Ex trn c t i on wi th Tri t on X- 1 00 ,  £PDC/MI BK 

u i re c t a nalys i s  of supe rno tant  i n t o  fl ame . 

l c i d d i c 0 s ti on 9  foll owed  b y  �I JK e x t ra c t i on 
( mu l t i �l � el b m u n t  s nal y s i s  te c hni qu�. 

L e n d  c on c e n t rG t e d  on u n i on- e xc ha nge re s i n  

: no <:·t sp i ra te d . 
______ _ __ .. _ __ _ 

6 . 00 0 . 05 

1 .  00 0 . 05 

Tri t on X- 1 00 � 1·�?DC c ompl t.: x v1i th rvli i3I\ 
e xt ra c t i on . 

" " " " 

------------------------------------------------· 

li.m ore 

A t omi c �b s o rpt i on 

Del ve s 

Fe rna nd e z  & Kahn 

1 974 

Del..Y£§_ Cup . 
1 970 

1 971  

5 . 00 

o .  01  

o .  0 1  

0 . 08 

o . 01 

0 . 02 

1 1  1 1  1 1  1 1  

Di re c t  3 nal y s i s , s&mpl e d riea , a shed w i th 

H 2o 2  i n  n i c ke l  c ru c i b l e , va p ori z ed . 

Sampl e d ri ed i n  ni ckel c ru c i ble , re d i s s ol ved 
� 

i n  H20 2 9 d ri e d  and vap o ri se d . � 



P. nal y t i  cal 
Me thod s . 

Edi ge r & C ol eman 

J O S  c l  0\V & B og_ d e n  

Ol s e n  & J a tl ow 

Ferna nd e z  

( Re f e re n ce ) V ol u m e  o f  
Bl ood u se d  

( P.1l ) 
-- - --·  

1 9 7 2  0 . 0 1 

De t� c t i on 

i, i m i  t s  

( )-l g/ fill ) 
< 0 . 05 

�i o te s . 

S t o nd R rd De l v e; s  pr o c o du re , b n ckgro u nd 

c o rr:.: c t i  on . 

---------.-� ----.--.-·-----· ----- ---- -·---- .. ·-----·---

1 9 72 0 . 0 1 -0 . 05 0 . 02 F i l t e r  �1s :p e r  s p o t , < · n a l y s t_; d  d i re c tl y  on 

Dc.' l ve s .  cu p .  
·--- -·------- -·---·--------··-- -...,.--· , ..... - ,___...._... _ __ . , _ _. . .... _ . . .. ___ .. _. __ __________ �-·�---------�----------

1 9 72 0 . 0 1 0 . 0 2 

----------------------------- ---------------

1 9 73 0 . 0 1 0 . 0 1  

J';l b u wi n- c oc-, t e d  c u :r' s �  H
2

o
2 

d i £:, e s t i on ,  

d ri � d  3 nd v� p ori z � d . 

Evol u � ti on of t e chni qu c s  u s i ng De l ve s  cup 

me t h od , b n c K� round s b s orp t i on . 

---------------------- --·· 

H i cks t:: t . nl . 

Rose & ,�ii l l d e n  

i• t om� c t b s orpt i on 

Kahn & S e b e s tye n 

H i l d e rb ra nd e t . a l . 

1 9 73 0 . 0 1  0 . 0 1 G t ond a rd �0 l v 0 s t e ch n i qu e . 

·------ ..,. ......,. -------- -.------------·--·------·-- r --·---�·---- ---- -· ----------- -

1 973 

� RIQ.Ql :l_l}g B o� 
1 9 70 

1 9 70 

0 .  01 

0 . 020 

0 . 1 0  

0 . OLj. 

0 . 0 0 1 

·--- -

0 . 00 2 

�� t n sh i n g  �ith � �u �  re [ i a ,  a na l y s i s 

d i r� c t  i n  m od i f i e J D�l ve s a b s or J t i on tub e . 

. -----

S a l i n� d i l u t i on , d ri b d  i n  sa mpl i ng b oa t ,  

va p ori s e d . 

7ro t e i n  p r8 c i pi t2 t i on ,  s upe rna tA n t  

pl a c e d  on T a n t al um b oa t  d ri e d and 

vn p o ri z ed . 
----------- ---------·- - ----------------

\.N 0'\ 



i\.nn l y t i  cal 

M e thod s 

hwang e t . al . 

hau s e r  £1 . a l . 

Hwa ng e. t . al . 

.£l.t£m i q 4 � b s 2.£.12. ti2.!2 
Norval & Bu t l � r  

( Re; ft; r�::;; n c e ) 

1 9 7 1  

V ol u�8 of �c �� c t i cn 

dl o od U s e d  L i ;d t s  
( ml ) (p;�/!rJl ) 

. _Ep_t��s_-�----·-··- ·--··-�·-·-
·- ... - ... -.--,. .. _.,.. __ r __ ,.. , . .,._,.,._, _ _____ __, . ., --,.-. .. - --�- ..-. . - -,-·- -- � 

0 . 1  0 700nc Di l'''l.;; c t  e: .�: t rn c t i on '-''i t h  Sn p oni n 9  f orma mi d e  
:. n J  J . ::.-'DC 1'(� - c: x t r, , c L d  :i. n  I-.T )K 9  V8 ;:; o ri z e d  

e n  l.' n b oc, t . 
�. --- -- ·---�-·- ----.. ---·--"·-�.._.. .. _ ___ #'_,_.... .... . ._.. � -�---·--� ..... _. .. ....... -. ..... ___... � ------... --.. .  .,...,.....b ·- · ----......------· ------�-- ---- O"R,.-.. - --

1 9 7 2  

1 J 73 

r.>u rnn c e :;;_ ____ _._.� .:t n .j 

1 9 72 

( \  ;: .'J .J • _) 

0 . 0 25 

C\!.Y.Y.'t. �.� 
0 . 04 

0 . 00 2 '-2,-:t s q ;,!pl i ng b oD t �  vc; cu .< •J •. d ri 0 d 9 o. s h0 d  s r..d 

fll :�t ul�,:; cJ i r1 : ./ ... :'3 : , p ;:_: rd tu s .. 
· ··-·..-..----------- --�- <r"'-'.lr _____ _____ .......,. ____ .. .__ __ ,, .... ----- --��· 

0 . �� ng 

0 .  _) n[� 

" ":·c, t •_· r· d i l u t e d , ?l C• C c; !) on :'a ri b b on o ri r:; d 9 

.:. , s ht: .:'! , < .• t omi z e cl on ri b b on i n  n2 atm o s phere . 

0 i l u t i on b y  �e i c h t a d d  t u  cuve t t � , d ri 0d , 

d i l u t t: u  ·:�·i t h  112 0 2  9 d ri e d a nr.J a s h e d  on 

C U Vt; t tc . 
--------------�------· -- -- --- ---- - ·� - - -- ----· 

:B;al y e t .  al . 1 9 74 0 . 5 0  

Fe rna nd e z  1 9 75 0 . 05 

K i l  roe -Smi t h 1 9 75 0 . 05 

0 . 1 0  

0 . 00 1  

0 .  001 

Di l u t t;d rH s t . 11 2 0 ; 1 0u l  C::Ip pl i e d  to 

fu rno c �;; G nd  d i.l'l' c t l y  6 r i t.. o 9  o s hGd a nd 

<:l t Of:! i Z e d • 

----------- -------·---- �--··-�· 

�i l u t i on �i t h  T ri t on X- 1 00 , d i re c t  appl i c ­

G t i on t o  HGJ: - 2 1 00 g ra ph i t e fu rnf1 c e . 

31 o od ·.:.: x t ra c ti on i n  i.�Cl ( 1 0  mol / l i t re ) 
D n d  e x t ra c t i o n  i n  p e rchl o r i c TCA and H 20 .  

\),j ---------------··- - ··--- --- ---.) 



i�n al y t i cal 

Me thod s 

Kil roe -Smi th 

( 2e fe:: ren ce ) 

1 9 76 

V ol un1t; of 
3l o o d  U se::d 

( ml ) 
0 . 05 

Dt; t <:: c t i on 

l. imi t e  

( p�.j,;Jl ) 
< 1 ng 

F a t e s . 

- - --- � 

Thre ec d i f f�,; r•_; n t  :na t r·i c c s ; � :c l 9 HN03 an d a 
�., i x t u .l:'e; of _p :; r c i:l o ri c 9  ':i: C.:. , \;'ie"t t -.:: r .  

f yri n g e d  i n t o cuve t t e . 
·-·-----�--------.. --·- --- ·---··---� -------..... --

1: t <2.!£d  g .': b s o r.t2_t i 2!l : Tu Q.s£9 �up:_ �:.!1.<:2. �;;'1_-_b_S2Q :r:_gc-1.§_ . 
V Ma t ou s ek & S te ve n s  

Kub A s i k  e t . al . 

Kub a s i k  & V ol os i n  

Ro se n  & Tri nidad 

Posma e t . a l . 

Koi zumi & Ya suda 

1 9 71  O . OG05 I 0 Llg 

1 9 72 o .  001 / o . 20 

1 9 7 2  0 . 05 < 0 . 07 

---�-- -----· -- - -

1 9 72 0 . 0005 0 . 005 

1 9 75 0 . 050 0 . 0 1 5 

Xyl �nG a J d 0 d  t c  p r� v� n t  s t 3 nG a rd s  f ro� 

s o� ki n g  i n t o  r �d 9 d � u t 0 rum l am )  us0d f o r  
b 8 c k� round o b s o rr t i on . 

Di l u t i on i n  T ri t un X- 1 00 a nd d i r0 c t  

s n c:.l ,y s i s  �:: r' t --· r  b a c kf; r ou n d  c orre c t i on 

d ppl i (.; d . 

D i l u t i on i n  �ri ton X - 1 00 a nd d i r�:; c t  

C1 n£1 l y si s .  
-�--

I'rL: s  t c: d  wi t h  x.rl c; n e  n n d  i n j e c te J  i n  G.Ji.L 
a nd su o sL:�u�ntly  d ri e J 9 a s n�d and a t omi zed . 

------

Bl ood t r�:; a t c d  wi th H�o3 i n  c a rb on- tu b e  

nnd s ub j ·� c tod  t o  o r.7 o sh a nd a t omi z a t i on 

C y(;l L, S . 
------ ----· ---... -· .. -·--·--- - -----·--.---... --- --- · -----·___,. · - · ·---- ------··--- � - -----

1 9 76 0 . 01 0  0 . 00 2 Di l u ti on v'ii t h  8 od i u!:l cit ra t e  snd ana l y s i s 
on a m od i f i e d  lv"a s smo nn t ype ca rb on A t om - � 
i z cr . 

----- � ---



Jma l y t i cal 

M e t hod s 

V olume: of 
( Rcfer��cG )  

Bl o od U s e d  
( r;1l ) 

.Ut. t o:-: c t i cn 
L i r:i i t s  
( pg/r1l ) :0� o t c; s . 

--- -�------ ·- ·---- ---�--- -----·· � ------

L t om i  c .L�b s_O�£.t-1-2Q 
H·'Va n&, c:: t .  a l . 

s Q.l. i q_ th [!·�-�. �2.'���1.�.2 . 
1 9 70 0 . 5 O . OVI 

D i :re c t  e; xtra c t i on ;vi th .1\?DC/MF3K org c, n i c 

l <. . yc: r .�:�l ; l c c d  on b oa t  d ri e d vc p ori z e; d . 
---�---------•• ·--- -·-- -· - · ·-•�·�-- --·--.. -- v �---�- ·- ·., �----·�-·-�-·--·�--

.t. t omi c ;:. b s S2..£.Q.!;i on. 

.C e rni k & Say0 rs 

C e rn i k  

?Cl.J?.:=-- r  f :L_l_t� d tS..£.12.. · 
1 971 ( V ol u w c  b �' S;_:d ) 

Bl ood i G  s y r� G d  en p 8 p c r  d i s c s ,  d ri e d , 
<:, 0 . 004 VP .[)or·i at:d cc: ca i'b on cu p b 8. c kg:round 

c o.:>:rc c t i on . 
·---------�--- ..-.-----··uo--· ---�- ·--· --- -- ----··--�--·--�------------· ------

1 9 73 " < 0 . 004 1 1  l i  1 1  

----·------------- --·------ ._ ___ ., ._.. ___ �" · -- -- . �  ... . ............... ---· - --- --- -------- -.-..-. ..-- ------------" "'  -· ----- --- ----

J. t orn i c Fl u_��££ 

11f.n os e t . n l . 

Huma n & Norval 

Fl n.�.l£2 fi .  
1 971 

1 9 74 

0 . 00 2 

2 -5 
j?.;V;J.,U.f� TI OF OF J.·�'l'OM I C L:.3E:\ i)ri.�·'..;: � o:.� :.;· y:..-; T __ ;I'" S : 

0 . 005 

o . 00'1 2 

:;)i rt." c t  :t n< j l y s i  s ;J f tt r d i l u t i on s i gnal 
!:i� El S Ul' t� d  --. t one \.'IC! Vc l ent, t h ,  b a c ke:. r ou no a t  

� no t hcr1  u s i n g  c 8 rb on rod . 

D i l u t1 on wi t h  d i s t i l l � d H 2 0  and nb b ul i se d . 

I n  t ·: rl ab oro t or J d e  t E:.  rrnina ti ons of .::..DT.ii , 
Kc: t_;p e r  �.1 · al . 1 9 70 " p o ol e d  8 00rr.l " p o ol � d b l ood a l l o� i ng e va l ua t i on of 

va r i ou s  mc t h oJ s . 

l:..n d  e rs on £1.. al • 1 97L-t < 5 0pl 
··-····---.. ---- -------·- ---- -·---�--

I nv C; s t i ga t e d  ;:, .. ;: �� f l o rn e , De l V(:; S n i ckel cup 1 
6 raph i t� rod � � l c c t ri ca l l y  hea ted Ta 
r ib b on and :fi l t t: r  pa p e r  d i s c .  Vl 

\,!) 



i� nal y ti ca l 

?vw th od s .  
( :rte fe re n ce ) V olume of D6 t �:.� c t i on 

K ou i  t o  e t . A l . ... - - 1 9 7Lt 

.Oa i l y  of Ki l r oe-8llt i t h  1 9 75 

'I,.;' 

V ol o s i n  y t . al . 1 ? 75 

i31 o od U s e d  L irl !i ts 
T·: o t e s  ( ml )  ( }1 Ll rll1 ) 

.._ _.. . .. __.__ ___ ,_._�·-·- � .... .___:. .. __ ...._ _____ , _______ �---·--·--- - ---- --··-..-......... ________ __ -----

� -L.pnl V3 � i a t i on s  � n  � x t rJ u t i on p ro c e du r 6 a  u s i ng 

r;:c"·� ;;,: ]_ t h  J ;JC/t. l ·-,:n, . ,·: r_; r c hl ori c a ci cj . 1-lFO -; � ' .:J 
cj s tcr:, 9 f ul l  o,v �. d o y  :.·, G Qi r'D t i  on . 

____ .._...._ ..... __ ......... _ .  _ __ ____ _ �- -- ----- -- ·----- ·�·--.. --------- ·- ---- -- -------- ---... ... 

0 . 5ml 

O . )ul 

C OL!lJ O ri s c-.r.�. ,:; f 7 d i ff.::· rcnt  �m y s  of 
J; :t· - p<- ri n t:  ) l o o c; s rq,·· :;:l �:.  p, : '.1i th a p�;l i c s. t i on 

t o  &. rr. ";hi t c.  ·:. u u L G ·, n !) t>l [J S Rm u nn-: cuve t t e 

C o. p<� r· .L s on o ::  j me thorl s : a s i mpl e 
d i l u t i on ·  �i t h  ?rt on x- 1 00 d i r6 c t  a na l y s i s  

·:i tl1 n '-'  :::· ::• r.::pl E:; p re pfl r: : t i on �  and G s t a n d ­

o r0 chc l q ti on f A t r� L t i on p roc u d u r� . 

+-0 



41  

b l o od , ev e n  if  d i l  u t v c. , c u nn o t b <.; o s � i rc� t c d  u i h; c tl y i n  t o  t he; 

b urn e r . r;! O�, t p r o c e d u rc; s d c.: C> C ri b e d i n  t tlc l i t c J. Cl tU r0 i:!, 8 11 C'; .L'& l l y  

i nv ol v e a s t e p  i n  v•hi c h  b l o od p ro t t:: l n ::> n r.: p re c i p i tu t <..: d u s i ng 

t ri c hl oron c t: t i c  a c i d  ( 'i'C�� ) , ,? l': r c hl or i c  or n i t ri c A c i d ,  o r  

c he l a te d  vvi t h  annnoni urn py r r ol i d i n(� d i  thi o c n r b al!l'"l t c  ( .. :PDC ) and 
e x t rs c t t' d i n t o  r:�t; t hyl i s ob u tyl kc t one ( i·,� I3K ) wi t h  t he o rg a n i c 

.1:•h8 S E;  b e i n g  �H� p i r n t c" J  l) i rt; c tl y i n t o  t h L- fl �:l !Tl t; . . "; t_ O od d ( · s c ri p -· 

t i on of t h '"� s�::. t c: c hn i q u t: f, i f', t? i V tJ n  b y :18 s se l  ( 1 968 ) . . ' p o rt f r OH! 

d i re c.: t  f', Ol v e nt c: x t rq c t i cn of 1 <:: '-t d f t' Om b l ood s :' rrt _;;l c s  f ol l ovrl ng 

:;> r o t c i n p rc: c i p i t2 t i o n 9 o the r rnc t hoJs cJ e s c r i b t... d "i nv ol ve t i mc: -

c on s urn i ng W(' t  or d ry- a s h i ng p ro c l  d u  rt.: s . Th;.:; m :--t j o r  J i snd v 8 nts g t� 
i n  n l l  t h.J S G  p r o c t.; d u rt:· s i s  the nc E..: c f o r  l {;> rt!, e  s :J :1pl e v ol uu: e s . 

M on t  of t he me t h od �  cu rr� n tl y  b e i ng u s u J  i nv ul ve fl nme l u s G  

n t omi c < · b s or1.)t i on d t: v i ct.: s . ThL rn:1 i n  .:t c.i v n n t :I L .; s  <J l' c  f' i mpl 

s c .u.:.pl t.:: p re t rG :-: tmt:: n t  :� n d  t h \.; n l.:' e c  f o r  � �  1 �  s s 8 .c  (; UDn t i  t y  O .p ' l.  

T h i s l a  t c r p oi nt i s  t..:: Xt r c rne l J  i mp ort:cd1 t "i n cu f:v s �;u c h  .:1 s the 

run cval o f  bl cod frur[ c h i l d re n . ':'h <.- s o  !td C PO - t.t.:: c hni qu;:; s  re;qui r :  
onl y 1 -50pl �·! ht:: rl:<� S � t; n d' : l l l y > 5  ml t. cJ S r c -:l u i _•t.. d f o T· o th,_; .:."' 

1n e t hod s p re v i ou sl y  ;J.... s c ri b c:d , On t:; cl LJ." r' L c ul ty �. ·[1l c h  h�1 s o c..: t: n  
invc s t i g u t c  et i s  t he• t .vh .i. c h  c c n c.t; rn s ·c L Lc  l) .L pl  t t i n t  o r  vvc i ghi n e;  o _-:. 
v� ry swM l l  bl ood sampl e s .  C crnlk � 2 ay l rS ( 1 971 ) p r o� os e a  a 

t e c hni q u e i nv ol v i n[; sp o t t :i. nt: b l ood un t o  fl l t v r J) 2 f_l •:� l'S 9 [-ll l o··;L . 
i t  t o  d ry �-t n(� p u n c; h i n L  ou t •j J. s c s  of c. 1:· .-·t... c i f· c' c:l i �· . n; '" t t.:: I' ( wi th u 

b l ooc1 v ol ura t:o <: .:t ?-1 ) . Th0 0i :-; c s  :·. c.: I'G t l l v n  LJ :i. r -:.. c tl y  '� n a l y s c U  b y  .;1 

n o n - fl a m e d e v i ce . 

li.n cvo l un t i on of n on- fl m:i c n t umi zl' rf:. f or• ,) e t L r;n i n i ng b l o od 

l e a c'l l t" Vt:· l s h n s b e e n mn d� b y  ·· nc: (:; r s o n  5: t .  [l l . ( 1 974 ) 9 Kopi t o  �: .... . 
a l . ( 1 974 L 3n il u y  & V i l roe-Srni th ( 1 S75 ) n n d  V ul o s i n � t . a l . 

( 1 9 75 ) . The ma j or n d v 3 n t '·J r: c: c omp�1 r (:; d  , , i t h i"� - �· u s in g  fl a m e  c �.:: l l s �  

i s  t he imp Pove:mE.; n t i n  d E; t L' c ti on l i m i t s  f rom 0 . 05 - 1 . 00 pr;/rnl t o  

0 . 001 -0 . 00 2  p.g/r l  l e �1 d f o r  non- f l a me d L: vi ce s . · , i t h t h e  u s e  o f  

c R  rb on r od  o r  fu rnn c.: e  t e  chni g u c s ,  s e  l e  c t i ve t e m p \) r fl t u re s  c an b -:: 

u s l: d t o  c on t r ol the c ombu s t i on of orgR ni c tHa t c:; r i s l 9 p ri or to t:- -.. 

a t omi za ti on of' the l e n d . Thi s provi d •.:: s b e t te r preci s i on than c :- ·1 

b e  ob ta inl: d w i t h a f l a me . 

The re f ore � i n  thi s work ,  t he c e1  rb o n  r od « t omi z e r  wa s US t"3 C 
f or the de t e rm i n8 t i on o f  l ea d  i n  wh ol e b l ood . I n  ord e r t o 
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a chi eve rB pid r outine analy se s by thi s me thod va ri ous a spe c t s  o f  

the e x pe ri men tal p roc edure � n d  methods we z� i nve s t i ga t e d  as out­

l i ned in tbe next subse c ti on .  

3 .  I n P t rume n ta t i on 

( a )  Carb on rod a tomi ze£ a 8 sembll• 

i; V.a ri a n 'l't c h  t ron ; -;15 ;; t ouli c J: b sor j) t i  e n  Sp e c  t r opl1 o t om 0  te r' 

a s  ou t l i ned i n  S e c t i on 1 . 33 .  wa s us e d t h ro ug h ou t  a l l  e xpe rimen t s . 

The.: b urn e r  ( used  f o r  oi r- a c e tyl t;n�_; fla :-ne w ork ) wa s repl a c ed 

b y  t h e  worKhC:ad of t h e  M od e l  6.3 Clli� : Ca rb on �{od .L:: t om i z e r  

( Va ri a n  Te ch t r on ) f or fl am e l e s G a t om i za ti on ( ?la te 1 . 1 . )  

:!?owt: r wB s suppl ied  t o  the workheEJ d  b y  t he CRi: p owe r pa c k  a t  

th re e di ffercm t  va ri abl e v ol tagE.: s ;
* 

d ry 0- 1 . 8V ,  a sh 0 . 4-4V and 

a t om i z e  2 - 9V � f or va ry i ng l e ng th s of time  ( 5-6os , 5- 60 s  a nd 0-1 0 

s t; c ond s ,  re sp e: c t i vely). 

� n  i ne r t  a tmosphe re wa s pr ov i d e d for t he rod b y  suppl ying 

a rg on t o  t he w orkhe a d  via o [ Et s  fl o,,.: me te r . -'� rg on 'i:c) S al l ow ed t o  

fl ow ( 3 . 8 l i t re s/mi n . f or al l e xpe riment s )  th r ough out the e n t i re 

cycl e  b u t  hyd rog en ( supp or t i ng o hyd roge n d i ff u s i on fl ame ) wa s 

pe rmi t t e d  t o  fl ow b y  menns of � sol e noid Si"i tch only dur i ng the 

a shi ng and n t omi z a ti on p o rt i ons of t he cycl e ( B;2 fl ow ra te wa s 

2 . 2 l i t re s/mi n . ) 1:"va t e r  n s  a c o ol :t nt fl ovve d n t  11 ro te of 0 . 5 

l i t re/min .  

Th e re c orde r  used  wa s fJ fi.ika d e nk i  K ogyo fa s t  r e s p onse ( 0 . 35 s  

f . s . d . ) M od e l  B1 61 . T h i s wo s c oupl e d  t o  t he ; . .  C . ampl ifi er read­

out t o  g ive a fu ll - s cal e d e fl e c t i on wi th a 1 0mV s i g nR l . The 

a t t enua t i o n  \Jas V El r ie d  when a mpl i fi c a t i on of th�:: si gnal wa s 

required . The re c o rd t.: r  'YVu S of the nul l - b a l a nce - p o i n t  z e r o  typ e  

whi ch p reven t ed b a se -l i n e d r i f t  d uring c o n t inui ous op e rc.t i on . 

Cha rt speed s us ed we re b�:: t\. e en 4cm/hr and 1 0 Ci! t/h r . 

:lr NOT� : - the se v ol tEJ ge s a re D c t ual vol t a g t s  a n d  d o  n o t  c or re sp ond 

t o  the range  o f  v ol ta ge c on t rol se t t ing s vh i ch �t re repre sented 

b y  a l in ea r 0- 1 0  s c a l e  on t h e  i nstrument . 



Plat e I . 1 .  

The workhead of  the Model 63 , Carb on Rod A tomi zer 

( Varian Techtron ) . 
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The el e c t r od e s y s t e m  c on s i s t e d  of a 551: 'm l e n g t h  of P o c o FX9 I 

( Poc o GrcJ ph i te I n c . , De c a tu r , ':2c xa s , U . f> . " · . ) 4 . 5mrn i n  d iame; t e r 

wi th a rr. n c hi ne d pl [-i t u n u  1 ::::: - 1 5mm l ong i n  t h e  ce nt re of t he; r od 

re d u c i ng t h e  th i c kne s s i n  t hi s p o r t :l un t o  np p r o x i m £1 t c l y  2 .  2mm � i n  

o rd e r t o  l o c al i z e t h e  h e a ti ng . An i nd � n t a ti on 1 . Smm d � ep A nd 

3 . 5mm i n  d i amt: t e r  d r i l l (:; d i n t o t he t op o f  t h e  ;)l a t e a u  a l l ow s  1 -5 
ul o f  s ol u t i on t o  b e  re t a i nc d on th t: r od . 

( b ) E :xpc ri m e n t n l  pro cE-: d u r�...:.. 

The s ol u t i ons re q u i re d  fo r e o c h  s tu d y  �J d'� p re pa rc:;d 1 n  5ml 

p ol y �ropyl � n� v i a l s i �n ed i � te l y  p r i or t o  an olyP i f . I n  ili os t ca se s 

a 1 p.l s a m j_Jl t: o f  t he s ol u t i on v·,n f'. 1;, i c r o p i p e t t c d  on t o  th e rod by 
m e a n s  o f  an "�:x. c 8 l i b u r  s c: -li - v ol unt c p l p c:; t t e e qu i p p � · d  \ vi  t h  d i sp o sab l e  

t •_: fl on t i p s . Th e s s  t i p s  ·;.1 e r e:  rr: pL':t cl.:d v; he n t l1c:: v ol wne d i spe n s e d  

wa s n o t  r e p r od u c i bl e D s wh e n  t he t i JoiS Y H  re dama g ed i n  a ny wa y 
( f o r  wo. t e P  analys i s ) a nd n f t e r  e v e ry s p pl i c a t .l on ( for 1N h ol e  bl ood 
a na l  y s i  s ) . 

De c un t �-Jrni nfi t i on o f  t he rod w·�: s tj f i t: c 'Cl:. d  b y  he a t i ng i t  t o  a 

t empe r �� t u r�..; n b  ove t h e  o _1 t i mum a t om i z !i  t i  on t t: mp ( . ra ture of t h e  
' 

e l emen t mv ol vt:: d a n d  re p t:: R ti ng th e p ro c e s s  un t i l n o  m o re.. n tomi c  

va p ou r  c o uld b e  d e t e c t ed o y  the i ns t rum e n t . Thi s p r oc e s s i s  
re qu i re d o t  t h e  b l:': g i nn i ng of e v �c: ry s c:::: ri e f'. of ccn c<:mt ro t i on 

s t a nd a rd s  ( e sp0 cially  c on t a i n i n g  h i gh l eR d  l 0 ve1 s ) wi t h  new r od s 

a nd w i th e x c e s s  c n rb on i z a t i on dur i ng 1'\lh ol e b l o od a na l ys i s . 

Pri o r  t o  n p n r t i c ul a r  S 8 r i e s of el eme n t a l  d e t e rm i nR t i on s , a 

te mpe ra tu re -v el t a ge pr og ru mm e •·Vr-1 8 ch os e n v;h i c h  s u i t e d  t he 

va r i a b le s of d ryi n g  t he s amp l e  w i t hou t spu t t e ri n g , a s h i ng t he 

s ampl e wi th ou t c au si n g l os s  of the e l e me n t  and t h en a t om i z i n g  the 

sampl e ef'fi c i e n  tl y . The ch o se n R t cm i z i n!S t c mpe rR ture wa s hi g h  

e n ou gh t o  a void m em ory e f fe c t s b ut not s o  h i gh a s  t o  red u c e  

a p p re c i a b l y  the l i fe of t h e  rod . �ach r od  h a d  a n  ave ra ge l if e  

of ab ou t  3 00 d e  te rm i na t i ons . 

· •  l�f t e r  e a c h  s a m.J:)l e th 8 r od \\ a s  all ow e d  t o  c ool b e fore
· 

pl a c i ng 

a n o ther s a m pl e  on t o  i t . The e ff e c t  t h i s c ool i ng t i m e  had up on 
,i . • 

s i gnal p rofi l e s ( anal yt i c al ab s or p t l on cu rv e s ) i s  de s c ri b ed i n  

Se c t i on I . C . 5 . e  • 
•' . . .. .  
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t l l n b s orp t i on s i gna l s w e re r L c o rd � d  u s ing the � t ra n s­
l i ii s s i on m od e  o f  th�:; ;_1mp l  i f i t: r  u n i t . I n  . v':!. ry cA s e 9 a nli ni mwn of 

thre e � b s orpti on p 0 a kG w e re us e d  f or 8 ny one re su l t . I f  r e prod­
u c i o i l i ty wa s g ood ( � . L . D . �/ T 3� ) 1  the n t hr�e p � a k s  w� re u s e d  but 

u sua l l y  f i ve o r  more peakR \'l t_: rt:.: nc c c: s s n ry t u  g ive n re c. :=:: unnb le 

l t.-vel of c o nf id e n c e  t o  t h<e rt:: sul  t :; .  Tht: a b s or �l t i on p e n ks ',i!G re 

t h<.': n  r� a d  ( t o the n e a .c'� s t 0 . 1 r,; ) , avt:; ra t, e d  9 a nd ii.i e re tl Hm c onv t.J rted 

to a b s orb s nce val u e s  by tabl e s . 

f o r  

4. :: rena r.c1 t i on Q.f_.s tand a rd s  and s c:Hnpl e s •.. 

( a ) i'i'a te r .�:.?) .. ;zs i s 

The u s e  uf' C 1v� te c hni qu e s  f or ·,v u t c::: r El nRlysi s Wv :r•e ne c e s sa ry " . caamlUJtl , th < .  c ourse of s t udy ou t l i ne d  

i n  t hi s  �'; orr..: . 'l'h<:: · e t c c t i on l i m i t s  f o r  fl DiM; .. ;.: ;S f o r  c r. d m i wn , 

l ead and S ll v�.:r a r e  �) . 0006 }lt:/ral Ccl 9 0 . 0 2 }J C}t:il :Fb and 0 . 002 ,ug/wl 

J\ g re s �e c t i v el y  ( ?a rl{i:.: I' ,  1 97 2 ) . P. o e  n Spl '.::.r; :dl.'l t:: 9 t h e; d c t c: c t:i. on 

l lm i t s f u r  Cl(;·:. t ( c hn i g u l,; s ::� r e l t:; ss tha n 0 . 0000 2 pg/ml Cd 9 0 . 000 2  

p�;;/G!l Pb c: n d  0 . 00004 t-1 !:-/rnl 1 . g  ( Pr'l rke r 9 1 9 72 ) . The:: s e  1 imi t s  may 
b e  l ow e red by i n c r<:' A s i n g  t h (;; sc:u . . pl (_; vol ur;J ... or p .ce c 0n c e n t rn ti ng the 

s a rnpl <:; on the r od . 

a nd R na l ys e d  i mn Jed i fl t e ly on l,e tu .r n  t o  t ht..: l q b ors t o ry . 

ol . ( 1 966 ) re p o rt e d on the l o s s �._. s  of S'il vc.· r d ut.: t o  i t s  ab s o rpti on 

on c on t s i ne r  su rfEJ c e s  ..:spt.- c i fllly :J f t (;; r 1 0  C w :,rG s t o rn g e . 1.1 th oug h 

s i l ve r i s  ad s oPb ed on t o  b o ros il i c v t e  f,l n s s - fl i·nt1p ol ye thyl e n e ­

o nd s i l i c one- c on t ed c on t ai ne rs p t,; xpe: r• i mt; nt s hn v.:; sh own t ha t 

s od i wn t hi o s u l phR t8 preve n t s  s il v e r  l o s s e s . The ref ore t he r e  i s  a 
re al n e e d  t o  A nc i l yse v;a t e r  s a m pl e s  imJn(:- d i r. t e l y  a f t e r  coll e c t i on .  

S t o c k  s ta nd a rd s ol u t i on s  �� e re  :r;repci red b y  c1 ..i s  s ol v i n g t he 

a p p r op ri o t e  R m ount o f  El nA l y t e ( i n  th e f orm of t he c omp ound 

c ont a i ni ng the a n i on of i n t G re s t ) i n  d i s t il l e6 d oubl e-d e i oni zed 

wa t e r  t o  g iv e  a s ol u t i on 1 000 pg/ml wi t h re sp e c t t o  the added  

i on .  �11 t he c he mi c al s u sed  we re o f  an aly t i c a l g ra d e  p u ri ty . 

The more dilute  sol ut l ons re qu i red w e re the n ob ta i ne a b y  suc cess­

ive d il u ti on s v d t h  t he purif i e d wa t e r . 'i'he s t o c l{ s olu ti ons were 

s t ored i n  polyprop.fle ne b o ttlt: s whi l e  the w c a kc.: r  s ol ut i on s wGre 
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f!'f:;shl y pre:pa r,�d p r i or t c  ana lysi s . 

J·· f t e r  ti"J e  d t: t (; rmi nn ti on of a t er.Jp.._-o r<; turt: - V<)l ta g c  prog ra mm e 
s ta r�d s rd c al i b rr, ti on c u rv� s "'e re ob tn i nc:Jd whi ch ob e y e d  B e e r ' s l aw i n  

th-::- c oncv n t r•fi ti on r·D ng e s of 0 . 1 t o  1 . 0 pg/ml u '·'.i ng th...:: A b s orpti on 

l i ne n 2 28 . 8 run Cd , 2 1 7 . 0  nm :?b Eln 'J 3 2 8 . 1  nm " . g  • .: , s a rt:: sul t of 
t h 8  sampl� ma trix  not b 0 i ng c o�pos c: d  of th e s a me m8 tri x  a s  t h� 

s to.nd A P(3 s olu t i on ,  c't C C U l'< , cy ,,-, a s  c on t rol l e d  b y  u s i n g t ile s tandt'l rd 

add i ti on s  mo thod for  cal ib ra t i 0n c u rv� s .  '-.io t·-' I' sa rn_!Jl e s w e r e  then 

n na l y s e d  d ir e ctl y 'I'Ji thou t  G ny pri or c ne l!l i C cll pl"e t r'-:<-:t tmen t .  

( b )  T ree ri ng- c ore anaJys i s1 
Tree ri ng - core smupl e s o f  !:k i l s�h,mtegi a t"!''!2 ( .t3L: n th .  & hook 

f . ) h n v e  a sh sa mpl e s  �hich  i n  s ol u t i on � }pros ch the conce n t ra ti on 

l i mi t s  of (i e: t t:: c ti on for cadm ium ,  :m d ai l ve r . Thc rt: fore 9 to ob ta i n  

a c c u 1�a tt. :� ncl m orc p i'if c i s e el c:ment< l l t: v� l s f O i:' trl: e  ri ng � c o re 

8 <-, J. ipl t:: s , c�·(..: ; ·,-; : , s  ne ce s s< l�y . :J t�md Cl i'd C < i l i o rE1 ti on c u rv t: s  Wt: rC 

o� tai ned a s  e xpl a i n ed a b u ve f o r  �n t u r  G na l ysi s . 

C opp 0 r  ::md z inc l eo vc l s  ·;c· c ' r(; d e t e:; rm i n c d  b y- u s_L nfo tll c:: fl <" ;m� 
1�!: ::: p ro c e d urt.' outl i ned 1n pEJ rt  B . 4 c .  ( S(; c: t i on 1 ) . 

The mea sureme nt. o f  l e ad i n  whDlt; b l ood b y  u s e o f  c:.-�.-: h�J s  
b e e n  I't::: V i e , ·: e d  u s .Lng rn F�n y  d i f f 0  ren t  rne th od ' of s ,'m_pl e preparo t i  on , 

I n  a r ev i ew b y  3a i l � � Kil roo -rm i t h  ( 1 975 ) 9 s e v e n  m� thod s of 

s ampl e p rc. pn ra ti on 1:1 I'L� d e s c r ib ed . Of nume rou s sut; g e s ted , the r e 

D l' e  three mn jDr m e thod s : 
( i )  simpl e d i l u ti on ( vl'he;rc:; on t:: vol uine of v..-h ol e bl ood 

i s  d i l u tt:::d wi th 1 -5 v ol urnE:� s of su rf'8 c ta nt solij.ti ol\) ;  

( i i )  d ire c t  a nalysi s of whol e b l uod ( no sampl e prepar­

a t i on ) . 

( i i i ) a s tn nd n rd c hel a t i on ex t r8 c ti on p r o c e d u re in  whi c h  

sodium d ie thyl d i t hi ocn rbc:trM-l te a nd m e t hyl i sobutyl 

ke tone ( i s opropyl a c e ton e )  are used . 
V ol osin e t .  ?1 . ( 1 975 ) ln  a revi ew of the se thre e me thod s ,  
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c oncl ud e d  tha t m t;; t hod ( i ) u si ng ·�ri t on X- 1 00 A s  the s u rf A c ta nt 

s ol u t i on ht' d tho m os t adva nt�g e; s  for rou t i nt: bl ood-lc o d ;-; nalysi s 

i n  D c l i ni e nl l sbor n t ory . 
OriginAlly l i c s s e l  ( 1 9 [8 ) Gdded  5:�s •r r i  ton X-1 00 ( n n  a l kyl ­

phe: n oxy p ol ye thoxy d<::: ri v cl t i vE- of t.- th a n ol ) t o  bl ood t o  g ive 

s ol u ti on s d i rt: c t l y ,  re  nt ovi ng t ho.;; n�:- � d  to cR rry ou t prel i m i nu ry 

p r o t e i n  p rt -' c ip i  tfl ti on . KubR s iJ.:  & V ol os in ( 1 974 ) A l s o  d e s c ri b e d 

the d L "ec t d e te rm i nn ti on o f  l c fJd  i A  vvh ole b l ood u s i ng C"JJ: . Ln 
' -

eva l un t-L on of th e m i c ro- t� c hni que  "i nvol v i ng T :f.'i t o n  X- 1 00 f or l e 8d 

i n  wh ol e bl ood ha s b een re cent l y  re p o r t ..;d b y  ?- ol l e r & Bl oom ( 1 975 ) .  

The t e chniq ue ad op t ed i n  t h i s w ork f or' t he d e te rminn t i on of 

l e ad i n  wh ol e  bl ood i s tho t inv ol ving Tri ton X-1 00 . .i st ock 

s olu t i on of ':'Y"i t on X- 1 00 ( Rohm nnd Boa s ,  Phi l a d el ph i R ,  ?a ) ,  57·� by 

v ol ume l n  d i s t i l l t:: d vun t e r wns pre p� l rtJd . L t.:: =1 ci s t 8 nd a rd s b a se d  on 

a s t ock 1 000 pc;/ml d na l .  g rRde le8d  n i t rc, t c i n  d i s t ill ec wn t er ,  

vve rc:: dilu ted w i t h  eyunl  vol wn e s  of 5% T r i  ton X- 1 00 solu t i on fi nd 

a d d e d t o  ' !!OOl ed ' whol L; ill ooc.: i n  th� rs t i o 1 : 1  by vol wne ..,... t o 

g iv e  wu rki nt, s t anda rd s c or· rc: s _p onJ l ng t o  0- 1 . 0  }1&,/r;Jl Pb . The s e  
vulue s rep:t' t.:: "'- e r.t ' n d d ui l e a d ' only . '- i nc e· t l J <., illt : t hod o f  H d d i t i vns 

· ,.,CJ S u se d  in p r'C pCJ .L'i n� c o l i o r·a t i un cu rvt.:: s , tht' o ri � i n[t l l t· ad  

c on t e nt o f  t h l; ' p ool e d � whol e: b l ood ( ,....., 0 . 20 }ll:'./ml ) \-:EJ S c orr(:;cted 

f or .  The 'i'.rorki ng s t s nd A rd s · . .' tc rtJ s t o r"c C i n  pol y r ropyl c ne b ot tl t s  

Fl nc1 ma d e  f re sh p ri o r t o  ov v�. ry gro u p  of EJ n n l y s e,; s . 

'Vh ol e  b l o od s n mpl e s  b <:; i ng �"' nalyscd ... .,. e re: �-. l s o d i l ut e d  ( ra t i o 

1 : 1  b y  vol ume ) w l t h  �ri ton X- 1 00 a nJ n ppl i � d  t o th e c a rb on r od 

[� t omi z e r  ( 1  }11 ) .  Dc tE.c riE i nn t i on of the t rue l c:nd  c ont e n t  f rom the 

c al i b ra ti on cu rvt; Ym s ob tn ine d  u s i ng tho s ta nd n rd add i ti on s  

me t hod f or c a l i b rCJ t i on . 
!1 n e vo l ua ti on of thi s m i c ro- t e c hni y u e for lead  i n  whol e  bl ood 

u si ng Tr i t on X- 1 00 i s  de s c rib (:; d i n  th e n 3 x t  su b se c t i on . 

* NOTE : "pool e d "  �-�hol e  bl o od i\fa s obtai ned by addi ng vo ri ous 

n ormCJl wh ol e b l ood s am [)l c s c ol l e c ted .f rom a V e t t; ri nary Cl i ni c .  
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5 . Devel 0,!?1!,l�n t uf _ nn a l_.t_t i c aJ: b:_s: n n i c1u-:::. s  f �.; r  t he d � t c rm i n­

'' t i un of l G ad i n  nt; t U  rQ)_:i,:} t Q£. 8 ':!_n d _:,,, n.o.l c; g_J:.QOd • 

I n  oro e r  t o  d c; \ e l op o r cu t 1 ne me t h od f or t he.: o e t e rini na t i on 

o f  l e-l d in nn turRl  '.· a t e r::> Emd w h ol t:  ol o o •"J .:, a mpl c s u si ng Crt./: a n  

c va l u a. t i on c f  the e f fe c t s  o f  vEl ri ou s  n ri c'ii t i vc s F-J nd mn t ri x  i n t t:: r­

f � re n t s  on the a b s orp t i on s i g na l  for l c; Rd �a n m� J e . Tho i nflu. ­

G n c e  e n  ab s or p t i on s i g n A l s a nd A nfily ti col ( n b s orb n n c � ) p rof i l e s 

t hroug h v a r i :.-l t i on i n  i n s t ruwc n t :1 1  s e t t i ng s  w� : s  ol s o  i nve s t i g a t e d . 

( b ) i� na lyti c n l  ( a b s o rb� m c �) cu:r..y�_.'2_ . 

( i ) l e n d  i n  ns t u rnl wG t e rs . 

Op timum :pc� ram e te rs for the ci ry � a s h  ::t nd EJ t om i z e  cyclt.: s of 
t he �i.t od e l  V:S C �.t.t 'v e; re d E..: te rmd. ne d by ul t e ri ng the t ime An d v ol t et g e  

s G t t i n& �: u n t i l sm oo t h  curv�= s · . .  : c rt: ob ta i n L d .  'I'hi:: n sh a n d  a t om i z e  

vol t . t g c= s t: t t i nLs w! l i c h  <I :C"'e tbc : : 1 os t c ri t i c & l 1 . · t:: re nc l ju s t.:; d  t o  
g i v e  t ht: b c; s t  a b s or � u n c �  rt: a d i ng f o r  l � a d  u si nL b n cKg round c orr­

e c t i on f or non- ::::t t orn i c  �i b r; orp ti on ( mul (;! c ul ar n b s orp ti on a n d  l i gh t  

s ca t t t. I'i n e:;  eff c. c t s ) . i. ong d ry t .L m G  se t 1; i nb s  we re found t o  g i ve 

m o re re �rod u c i Dl e  r8 sul t s . 
In orc� e r  t o  d e t .c- r:u i ne t h e  o_;; t i mun, GR. . .  ptr ra r:K t e l.,P. f o r  d t: tc! r­

mi n i n£ l end i n  nA t U I � l  wa t � r s , g n  i n i t i al s t ud � or t h �  u rJ , u sh 

A ncJ a t Oill i z ·� c: vcl c s  f c :r lE:J'cJ e �. ( ?.b ( ''03 ) 2 )  i n  o i s t i l l e d wa t e r  

s ol u t i on s  W t.: re i nvl' s t i e:.a t ed . Th 0 va r i <l t i on i n  a b s o rb R n c e  ob ta i ne d  

from 1 pl s am pl t.; s  of the; Bc D CJ Ut: Ous l 0a d  s t o nd o. rc'l s A t om i z e d  on t he 

r od u s ing s e v e ra l  d i f fe re n t  e s hi ng Flnd , t omi z i ng v ol t El g E: s a re 

s h own i n  F i g u r e  1 . 1 . 
The op t i mum l n s t rume ntfl l pA ra me t e rs fo r l ead  a na lys i s  i n  

d i s t i l l e d  wa t e r  u sing th E; wavel ength  2 1 7 . 0nm , s l i t  wi d th 1 50p , 
a nd s l i t  h e i g h t  4nrn OV(� r  a l t:a d  c on c e n t rR t i on range of 1 -5 p.g/rnl 
a re  5 . 0v ( a sh i ng ) R nd 4 . 0v ( n t om i z e ) . B e c au se of t he l ow 

v ol a t i l i ty of le a d , v ol tA g e  s e t t i ne s bel ow the s e  re s pe c ti ve 

val u e s  f o1.' e a c h  c y c l e  we re i ne ff i c i en t  i n  p r od uc i ng ma ximum 

a b s orb A n ce . Thi s i s  a d i re c t  re s ul t  o f  i n c ompl e te a s hi ng of 

ma t ri x  c omp one n t s  dur i ng the ash s tage: ( whi c h  i s  s h own b y  a sl ow , 



F igure 1 , 1 .  

Analytical ( abs orban c e ) curves ob tained from 1pl samples 

of lead ( as Pb ( N 0
3

) 2 ) atomized on the rod us ing several 

d i fferent ashing ( ab ove ) and at omi z in�_ ( b elow ) voltages . 

The standards were prepared in dist illed wat er and had 

a lead c onc entrat i on range of 1 -5 pg/ml . 
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b rond a :J h  n n a  " tc;I: ti z u  �_) t: c:l<:  on tb ,_. rt: c o rc; t;; r  �:; i ;>,!1 :.-1 l P . ) 
i::i imiL :· rl y , v ul ttJ t:, . > ; _;t t i nr, s � �:f:J.:_J.L'Vi C I'l l n.;., C . Ov oms e: tl l ..:  

s ol vt.. n t t u  ·_·vn p orn 'L t.: r�; �· t d 1 y  f oJ l o·;;u3 .:; ;yr r·t<Ll l t l nl:.. s ,_;u t k l· l ne, Et nd 
re d u c t i on o:L' c_-, o f Ol"'b u n c c; . Tl1i r ·, i r-. u r u<.1l l J P r1(''';, ; ·: b y ,, 1 V C:: ry f n s t ' 

U p h p .; D k  or mul t i pl .._: a t (JEi i Z O  �J t. n1 ]G.:; C Offil_)OH.:d <)l t h e., :-: t uift i C S 1 L tl�-l.l 
'f· ol l o� ··.'(; ' 1  b y  1 • • l ( ' . t .  f-, • . ' 'I .._ .  ;tc ) + • u .. �, s,1U l'P "' lfl l S ;:·: :u,;n :} , J1 . :  1 . : c-: 1 1 l e.; <: O ,/ � • . .. - c on u l nUUin .JJS''1JO:P • 

L 

L SUJillfl �t ry (, C t [j t.:;  i n s  truril < ! l1 t ·· l  ]<' .c: . .  •: ,:; t (: P:: f or' c> .  t ,_ rml ni ng 
l c. a :;  i n  n '1 t u r: ' l  . n t <... rP. i :::; g iv o n  ..u1 7: ;_, c t�. on 1 9  G .  7 .  

( l i )  l L;::H:; i n  \?(l ol � b l oocJ 

Tht.: p ce c i s i un :t n · i . I C CUI·n cy c f  C0': r, . .. sul t s  : > r.:.. 8 ff .. · c t c.:cJ by 

th0 n · • t u ,;,�e of th '-' :nll t ri x  c:Jurin: th · d ry y  :1 sh LH:.'3 C1. t omi z i nb c y c l '-" s . 

,:;h ol e bl ood i s  u ! i• El j or ��XS lt'. l_':'l '--' · 3 ..c :.. ng . �  c ornpl x , : 1� 1 t 1'i x. \'ih i c h  

c cm n vt b L: e :l s i l J  :.> ln:ul � : t ,_, c� �  v.-h ol t.= l)l oou c o n t , , ins 1.!c1 ny vul cl t i l c  

::: ub P t � 1 :1 ce D  t h<: t c �· n  i nf'l u( nce: t cl!. ... pruOu c t l on ui' t he: �J t om i c  vn p our 
of l t.: u d . 

whi ch i n  u F; �c. l'o r  p.r'-; �x� .L· i nb t ht.. s tc-,rw :-:J r f, i t-: c:i �.; r i v:... (1 fro;;; Ei l ow 

n�J tu r�'l l c; �:; <.J t. nv i .l."'L nii:cn t . 
In (;:; dl i..� :L·�·� l , n<: tu ·:. -c::l l c; :l u  1 -:. Y0 l �: •. n"' ' > fl lll <.· b .l uou �c J''l b 0 l ow 

1 · 0 yc/ml . 'i'h (.... r0 f u.t•(:; unl i ;  .. 0 t ..LL· rr. nt ':_;; o r  l e : > (J. c: c . ;. c e nt r�:, t � on s  
i n vt:: � t i ga t � (j f' o r  \111ft t t;; r �• nD l .>r s i  s ( 0-5 ,us/,· !1 �\J ) y <-J C \.. :.:.d r<- . D l E:  l c: nd 

:t <-• n g e; for '.'i � 1 0l t:: b l ood Emal y s i R \ ' Ould b •; 0 . 1 - 1 . 0 }lg/ml . 

V n l"' i e t i un i n  t hl: [l O S OJ."' b n n c c  si �_nn l  ob tn i ne; d  :;_, rem 1 pl 

S B ; .Ipl t:; s  ( T ri t on X- 1 0 0 9  ' l en C - sp i .lwd ' ·, r}J.Ol · ... · Dl ooi: s t a nd<1 rd s ) 
0 tomi zc d  f r om the.: r o.:J usi n g  s e v..: :r>o l  1 L fft-. ru n t  fi S h i n g  <:m d n torn i z i ng 

v ol tng t: s A rc; s h o •;m i n  F i g u re I . 2  
J� t omi :r.n t i on of thl" wh ol e  bl ood 8(lntp l t:  sh cw s o : ) t i mum i n s t rum­

ent;nLL �a rarnw b e ±"s of 5 � 0v ( c.:.s h )  c.� nc1 4 . 0v ( a ton; i z t:J ) . L ong d ry nnd 

a s h  tinw s o t  t i n g F. 'iV \:.� re f oun d t o  g ive m o re r•..;; p r cx'!u c i b l t.J  re sul t s . 
Thi s  Ct pp � o rs t o  b t;; c onsi s t e nt wi t h  a n t c c. d y  l�el tJ a s e  of l e o d  a t om s  
f r om n n  a s h<::J mR t 1·i x }< , yE; r  s pre nd e vt! nl y  c; l on g  t h t_;  ca rb on rod . 
:-Juring the d ry cycl e- ? to p re ven t fro t hl ng of the s ol u t i o n s  th e 

d ry vol t n g 0  s e t t i ng, r;,u s t  b � , m s i n t : 1 i n .,;d ti t a nli nimurn 



Figure 1 . 2 . 

Analy t i c al ( abs orban c e ) curves ob tained from 1pl samples 

o f  lead ( as Pb (N03 ) 2 - ' spiked ' whole blood d i luted with  

Trit on X-1 00 ) 1 at omized from the  rod  us ing several 

d i fferent ashing ( ab ove ) and atomizing ( b elow ) voltages . 
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l e vel ( 4-5 v ) . J.'hi s e n n b l :;; s tr�t. s ol vc.: nt to c V: l p or.' . t0  ge n tl y s nd 

i s  d t: mons t r6 te r. b y  n .�." ...: c ord i;:; r  t r0 ce t h: : t d c c rc :W d� ·s o  t he· b c.l s e ­
l l n e- b ef o J.-'0 t h e  a s h  s t �l t::. e . V ul te �·, G s c t t i nt< i g :rl.;c l t c r• t ' 1' 1 n  5 . 0v 

o u r:L ng  t he.; a sh l ng c .r c l  t.; ,  cl t.· c omp o s �:;  a n..:: v c l ri t i l i z t; t!l l t he 01 ood 

ma t ri x  c �np one nt s t o o  ra p i d l y  cr us l ng t Gc Drod u c t i on of s � e a k  
si · �nnl n :·, i ch d o�.:. s  n o t  r�:.: t u rn  t o  t he bn s c l l nc b t.· forc t ht:: n t o;Li z e  
s ta & � b e g 1 ns . Thi s n u n - n t cmi c nb � o r p t i on �h i c h i s  b c n � r� t e d  

dur i nf., t h0 Ct s h i n�:: R t �l &., C � wht"' n c h •.; ckud by t ht:. 1 12- c cn t i nu un . l a mp 

sh ow s t h ,· t t h c. r• .. h0 s b c e:n <� n i n i  t i �i l  l oF. s o f  l c. s d A t t:>m s du r i ng 

a s hi ng or p r8 n t cmi z a t i on of l e n d  during th e.; a sh s tn b u . S i m i l a r  

ob s e rvr-:1 t i on s  :.:1 re tncl tk f or n t crn i 7. e  vol tn g e  s c t t l ng :=:- )> 4 . 0v r hi ch 

g e n e rnl l y  p r od u c e  c -: tomi z e  p ea k s  th : !  t r1 .r'(.:: n ot C Oi�Pl e te s o  t ha t  the 

r<; c o rd e r  t r� c e ha s n o t  rc:: turn c d  to th e b c: s el i n c  b ...::;,�or c: th�:.· _p o'.: e r  

c y c l e  i s  fi n i sh Gd . 

He c oro e r  t ra c e s  o r  s it� n a l  L'rofilG R oL' 1 �'.1 d i n  v;h ol e b l o o d  

d i l u te d  · :i t�1 T ri t un -z-- �00 n t <--· ·v·, :l Vcl e; ne t h  e; f  2 1  7 .  Orur. �'-li'c s h cwn 
in Fi g u :r'0 I. 3 .  V n r i �l t J. on i n  ob s OJ:>b < t nc e  :t'l: c o:c o c d  d u a  ng t h e  d r,y , 
rw h  a ncJ o tom i z c:  s t 3 g c s ;-t t th t:: o p t l f! JUiu L n P t r um.::n t :J l  v el t'l g t;  s e: t t ­

i ng s 9 :: t nd n t  s\:.: t t in g s  <1 b uve und t>r:: l ow t h e;  op t i r : ,w:: v o1 t� c:� �;:. sc..: t t i n g s  

Rr,.: sh own c cmp s ru1 • , i t h  t he:  n un -in:. cm i c  p �  - �z s  ( 1;: -_-:·, ::;ul't :d  u s i ng the 
H 2 - c vn t i nuvr,; l a mp ) . 

J;, summE r..{ of t hG i n s t  �··U i at:: n tal p n  J.C1 t.iJ �:.. t c r· s  U S L; d  f o r  t he 
::mal y s i s of l e a d i n  w � 1 ol c  b l Q OG l f\  t, lv E:: n i n  �<. c t i on l . C .  7 .  

Sl i b ht va ri a t i on� i n  t nc v ol L a g t.  s � t t i nr s  u �cd � t  � o ch s t a g e  may 

b e  n e c c s sb ry O\c'i nu to h u a t inc... -v a ri a t i ons c< 1 U Si.. d by c hang f.:! s in the 

g c om e t 2y cf t h·, · rod wi. t 1 a g .i.. ng . 

( c ) Ef'f9ct  of add i t i ve s  on signa�ofil c.; s ,  A nd �n olyt i�al 

( a b�_9rb�gctj 2 9.\f.�_e_§..!.. 

The nwn e r ous m e t hod s sug g e s t e d  i n  t he,  l i  t e rn tu r c  for t i1e 

p re p a ra t i on '  of s ampl t:· s for t he d c t e rmi n [t t i on of l e 3 d  in wh ol e 

b l ood b y  CR.t: introd uce me ny di ffi c ul t i t: s . .' 1 t houg h moet t e chni que s 

a re ba sed on d i re c t s ampl e an a l y s i s n vo i d ing scl v ont s s u ch a s  i n  

f; PDC/EDTf"- t y_pe e x t ra c t i on s ,  a c ompfl ri sen sh ou l d  he m:-1 d e  t o  
i nve s t iga t e  t h e  effe c t  o f  add i t i ve s  ( u s e d  t o  h� mol yze o r  di ge s t  

t he wh ol e b l o od ma trix)  u p on t h e  e ff i c i e n cy of l ead re c ove ry 



F igure I .3 .  

S ignal pro files o f  lead in whole 

Variation in abs orbances for three 

and ab ove and b elow opt imum ) for 

s t ages of the at omi c ( Pb .  lamp ) 

absorption  peaks . 

b lood us ing CRA . 

voltages ( opt imum;  

dry , ash and at omize  

and non -at omic ( H2 • lamp ) 
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by CW: . 
F our d i ff e r e n t  e; x t rr• c t i on w c.: t boc• 8 H.: . rc i nv e s t i g.'·, t .:; d i n  

c cmpu r 1 so n  t o  rih ol u bl o od t Hl u t e d  ·d t h T ri t on X- 1 00 n n d  wh ol e 

b l ood A nn lysc d <hr c.: c tl y  vvi t h out any c hy s l c[ : l  or c � lt ln l c s l  H'0 -

t re n tm�.:. n t . .1. .  s e rl t: 3  o f  l e < : G  s tGnd,l rd s W et S  p:eeyu r..:. cJ J' rorn El 

' p o ol e d ' \'!hole b l ood sF.m p l u  o ve r  th LC l t: aC.i c o n c... e n t rf', ti on ro ng c 
o . -i -- 1 . 0 pg/ml a d d e d  l e a d . Ea c h  s tEl l1lifl .i.."'d Wf! f'. t ht:: n d il u te d  b y  D 

1 : 1  v ol ume vv i th t ht:: fol l o," i nb f l d i t i v ;:: s : 

( i )  wh ole b l ood ( n o  ph,ys i c 3l or c h e m i c a l  .)re t :r't:a t me n t ) , 

( i i ) � hol e b l o od + d o u b l e -d i s t i l l ed �� t ..:. r 9  

( ili) w hol e b l ood � n i t ri c -p e r chl ori c 3 C i d � ( Ba i l y  A nd 

Ki l roc - �m i th , 1 975 ) , 

( iv )  vih ol v b l ood .,... c or� c . mrunonj_ a n ol u ti on , 

( v ) wh ol e  bl ood .,... 1 000 pg/ml N8 CJ  sol u t i on ,  

( v i ) v,.h ol c- bl o od � T ri t on X-1 00 . 
The i nfl u e n c e  of the; <:: e .- : d u i t i ve s ol u t i on s  on th 0 c o rre c t ed 

<1 nnl y t i cnl ( A o s orbe n c c; ) cu r·ve s f or l uu d  l r.:  s'ncr:n i n  F i � u rc s  
I . 4 . :; nd I . :5 • 

I n  a ll c:1 s e s , c o nq,_.1D I'l;d vvi th t nt.· '2 ri t o n  X- 1 00 rnt.; t hoc.l u s c; d  

i n  th i s  s tu d y y  t h t; n d d C; Cl ' i n t ,_: rf �:: re n t ' cJ -� PPv s s e s t h e  o b s o r·b a nc c.: . 
Wi th n o  phys i c al or c lluni c n l  _t)r e t n, o tn C:n t o f  tl1e �;;h ol e b l o od 

sorn pl l- � th (;; l t,;�Ci s i g n� l i s  r.:r r.lct: dl y d u p re s sc u , p r ob nb l y  d ue t o  

p:::'t3md tur�:.- l os s  of 1 \.; nd fr on! t nc <1 t um i z E.: P •J u rl ng t lK; tJ r.y nnd a sh i ng 

s t8 gt; s . '.l'h l s is sll ovm i n  l"l g U J.>(; I . 6 . r;h i c h  l l l u s t l'a t e; s the 
si g n G l  iH'O i'i l e: s  oo tf.< i n (:J f l'uf!J l 0 R d n t vw i z . U or. in thC: p .re r-> o n ce 

and a b s t.: n c t:: of t he vf. ri ou s  n o u i  t ivt: s . ?h e i!li.l J C  · 0flc c t  uf n o  
_!)rt: t rca tmc nt i s  t cJ tJ i nfl ue n c e:  o f  ' ce rb on i s <· t L o n ' f rum th e: b l o od 

m a t ri x on t h� rod c a u s i ng a c hnn g� in t h u  rP Lc of vap o ri z a ti on o f  

l e a d  a t oms . A densC: sm oke i s  prod u c e d  ou rl n g  th e a sh i n� s ta g e  

wi th t hl: rc 8 ul t i n[:, p rc- a t oiil i zn ti on of l E; o d  o t orn s . One:: m e t h od of 

al t e r L ng t he pre s en c e  of t h i s  'c o rb on-l i n i n g ' t o  t he ro d  i s  to 

i n c rea se t he d ry i ng o nd a s hi n g  v ol tBge s e t t i ng s ,  b u t  t hi s s t i l l  

re sul t s  in  a re ducti on i n  the ab s o rb a n c e . 

In ne a rly all c a s e s , the " i nterfere nt " c a u se s ei t he r  the 

p roduc ti on of a sl ow b.road d ry  and A sh ing peak ( as a re sul t  of 

inc ompl ete  a sh ing o f  the ma tri x  c omp onen t s ) or a r ed u c t i on in 



Figure I . 4  

Calibrat i on curves for added lead in whole b lood after 

addit i on o f  vari ous s olut i on s : double-dist illed wat e r  

( symb ol 0 ) , c one . ammonia s olut i on ( symbol 6 ) ,  T r i  t on ­

X- 1 00 ( symb ol :f, ) .  
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F i gure I . 5 .  

C alibrat i on curves for added lead i n  whole b lood aft e r  

addi t i on o f  vari ous s olut i ons : no physi c al/chemic al 

pretreatment ( symb ol 6 ) ,  n i  t r i c -perchloric ac i ds ( symb ol b.. ) 
and 1 000}1-g/ml NaC l solu t i on ( symbol � ) . 
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S ignal pro fi les 

a t omizat i on in  

Figure I . 6 .  

( ab s orpt ion peaks ) 

the presence  and 

ob tained 

abs enc e o f  

from lead 

vari ous 

s olut i ons added 

lamp ; bac kground , 

t o  whole b lood ( lead 

H2 lamp ) . 

at omizat i on , Pb 
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th e; hei g ht of t h·_ �, sh a n d  Ct t omi z t.  p e o.  ks ( t h ro u gh l os s  o f  l e a d  by 
' s �u t t t- ri ng ' o r  prt...n t om i zG ti on ) . T t-1 i c:: rl.:- sul t s  i n  p oor re n si :tl i vi ty 

and re p ro ' u c i b i l i ty . 

The me th od us ing Tri ton X-1 00 ovu r th� l � nd concen t ra t i on 
r·ange  of 0 . 1 - 1 . 0 p�,iilll h ad :'1 R . S . :U . < 5;·o ';; h�_; H.: El S  the: othL- r 

me t h od s  t; XC C t: d t: d  5�.& vri t h  o. ma ximuul .rt . S . D . u f  1 5�6 . 

C omp<; r i  son of t h1...= c-1 b c) orb one�:: me:: a su red o. t <:: a eh l e ad c onc e n­

t ra t i on n s  a rt:; sul t of th e p re s6 n c e  o f  sn ' i nt� rfc rent ' sol u t 1 on 

re sul ted i n  a p l:: rc entag c l ea d  ru c ove ry of l e s 3 than 6o;; ( ( i ) � 

( i i ) a ri.l  ( v ) ) u n d  up t o  94·� ( ( i i i ) a nd ( iv ) ) rel ative  t o  

the a b s orban c e  f or di l u t i on vi t h  T ri t on X- 1 00 .  

( d ) Effe c t  o f  EDTf. Rnd hepa ri n  (Whol e ql ood a nti  2 oagul nnts ) 
on r-ma�]Lti cal ( a b s o rb a n�l c u rv t; s . 

The cl i ni cal appl i c R  t i  on of CRi' .. f or 1 C: C1 d ana ly s i s  o f  wh ol e 
b l o od i s  v�:; ry mu ch d e p e.:nd i.;nt u �·on t h e  eff�, c t  uf �DT..'. Rnd he parin 

w i c h n re used a s  R n t i  c oa g ul an t s  er c he.: la ti ng 8g� nts and a re 

no rm8 lly _9 rc r� c n t  i n  cl i. ni cC\l V�1 c u t o i n e r  b o ttl t� s . Kahn & Sc;b e s tyen 
( 1 9 70 ) 1.'e _p ort t:cJ t h·:· t EDTA i n t c _ f tj r'-' s  · Ji th f!!OS t e x t rA c t i on or 
c ol orim<: t ri c m e th od s and thnt 2 am pl t..: �; contai ning i t  mu r; t  g ene ral ly 

be n sh -.�d . .:::DTJ� i s  a o c t tt: r  an t i  c oa.gul D nt tho n  hepa ri n . The 

advan ta g t;  of su c h  a nt i  e; oa gul n n t s  i s  i n  the preve n t i on of small 
b l ood c l o t s  f ormi ng r;h i c h  i ntL:: rfe ro \"i i th V 1 e R :"pl i ca ti on of wh ol e 

bl ood sa:uJl c s  on t o  t he: su rfa c e  of the  a t c,mi z e r . �: ol l c.. r & Bl oom 

( 1 9 75} rt.: p o rt0d c, me t n oc; r o r  rc 1nov ing cl ot s f o r.:1 c u  in whol u b l ood 

dur1 ng s t o ra g e  enD b l i ng t ile sain_t?l e to O t' a nalyse oy c.a.:� . T h i s 

m e t h od reyui r � s  th� sempl t.: tub � s  t o  be  d � p p e d  i n t o  a De wa r fl ask 

of l i qui d n i t r oge n 'J'iil i ch f' re € Z 0 S  the b l ood . �·;f' t t- r  thavlin g  o t  

room templ l, ntu re , bl ood c l ot s  . .  a re b roken u nd th <...: sampl e i s  rt;ady 

for a nalysi s . 

KubEJ s i k  & Vol osi n ( 1 974) reported thEl t a l t hough EDTl� cause s 

a s e ri ous l owe ri ng i n  th e a n8 l y s i s  of uri n a ry lead u til i z i ng a n  

e x t ra c t i on te chni que , the C RA  me thod s  they inve s t i ga ted sh owed 

n o  i n t e rfe r<:: n c e s f r om EDT1� . The re f o r e  the effe c t  o f  EDTJi. and 
he _pa rin  ( 0 . 005 t o  0 . 0 1 mol o r) a d d e d  t o  f re shl y  coll e c te d  'Nh ol e 

b l ood ov er t he  added l e a d  concen t ra t i on ran g e  of 0 . 1 - 1 . 0 rg/ml 
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w a s  i nv t.:: s t i g , , t�:; d . ;; s e ri e s  o f  1 � ,1 d  wh ol e  bl o od s t and a r·d s wa s 

_Q re _pa re d  i n  th t:: f o l l o�'J i ng 1 : 1  ra t i o s :  

( i ) whol L b l o od ,. LDT.f\. 9 

( i i ) \'!h ol e b l o od ..,.. SDTJ. + Tr i t un X-1 00 � 

( i i i ) wh ol lj b l o od + hepc1 r i n 9  

( i v ) wh ol t· bl ood ..,.. h epari n ..,.. T ri t on X- 1 00 . 

T he:; re sul t s  w e r e  c omp 0 r�:: d v,; i t n t llt.- s t A nd .:i rd CHI Jfte t h od u s e d  i n  

t �>i s s tudy ( d i l u t i on w i th T ri t cm X- 1 00 ) . 

The e ff ,_:; c t  cf EHl d e o  B.lJTL EJ. nd he pa ri n t o  w:1 ol t; b l o od i s  f? h ovm 

i n  t he  anal y t i c a l  ( a b s orb anct; ) c urvt s for adC:I e d  l t.: ad c once n t ra ti ons 

o f  0 . 1 - 1 . 0 pg/iJll i n  F i g urE: 1 . 7 . 
The: a b s o rb ::mc e of l c;a d  i n  t h e  prc s u nc e of .�D'I'i i s  va ri a b l e  

and red uce d , p n rt i cul z-,rl y a t  h i ght:: r l e E1 d  c onc en t ra ti on s . I n  

c on t ra s t ,  h e p a ri n sh m,.· s v .c ry l i t t l e e ffe c t . H m ;G v e r9 i mp rove d  

<-tb s  orb r-mc e  i s  ob t c:li nt; d · "  h� n 5:,; T ri t on X- 1 00 i c n dd c:: d t o  t he 

s ol u t i on · ·1 hi c  h c a u s ...- s p rtJl imi n:u•y h0 m ol,y s i  s . :Ju r i  ne, the d e t e r­

rn i m1 t i on wi t h  EDT1'. b y  C.l:'� t he:: h o i L;; h t s uf th e n on-<J t om i c p t; El. k s  

d u ri ng t h e  d ry Em Ci  n s hi nt;. s ta g e s  o .c·•;  s orne l;;"h[� t h i L· hc r  t h E m  th os e 

f or l e n d  s ol u t i ons ; . i  th EDT�-, a n d  a d r1 e d T ri -c on X- 1 00 . :wpa rin 

cau s e s a b r oa t� ..; n in e;  of the a sh i n g  non - a t omi c p e a k  '."J i t h ou t any 
s i gn i f i can t change in the o t om i z u t i on pe a k . The si b nc l profile s 

fo r l t: ad s ol u t i on s i n  the p re s en c e of E!)TJ : a nrj h e pn ri n 9 wi t h  a nd 

wi t h ou t  Tri t on X.- 1 00 a d oC:: d � a r- e  �:; , 1  own i n  Fi gure I .  6 . 

The ma j o r p r ob l e m �i th t he u s e  of �D� . and hepa ri n i n  

c l i n i c al wh ol e b l o od Va c u t a i nc rs d ur i ng ss upl i n g i s  t h e  r i sk of 

i n t rod u c i ng l e D d  c ont a n1 i na t i on . Th(; p re c i s i on of t h E:  Tri t on 

X- 1 00 Htt; th o6 i s  n o t  a ff t:: c tt- d 9  <.t s a ny si � n i fi ca n t  i n t c rfe re n c t: s  

c a u s e; d  b y  EDT.�.\ n r e  c o n t r ol l e d b y  th(;j pr t: se n c c;  of 'I'r i  t un X- 1 00 . 

( e )  Eff e c t  of va r i a t i on of t i m e  b e twe e n  so,upl e appl i c a t i on�. 

The m axi mum a t omi c ab s o rpt i on s i gna l i s  ve ry mu c h  d e pe nd e nt 

up on the t i me of ap pl i ca t i on of the sampl e on t o  the r od surf a c e . 

The d i sp e r s i on o f  l e a d  a t oms i n t o t he opt i c al p a t h  ca n b e  

i nfl ue nced b y  th e p o si t i on of t h e sn mple on th e rod surfa c e  a nd 

t he d e gree of s a mpl e s oa ki ng i n t o  the r od ( Kub a R i k e t .  a l . , 1 97 2 ) . 

A s  such , one p o s s i b l e fa c t or i s  the t ime i n t e rval b e t w e e n  the 



Figure I . ? .  

C alib rat i on curves for added lead in whole b lo od aft er 

addit i on o f  EDTA and heparin in the pres enc e and 

abs enc e of Triton X-1 00 . 
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Figure I . 8 . 

S i gnal profiles ( absorpt i on p eaks ) obt ained from lead 

at omi zat i o n  in the pres enc e of  EDTA and hepari n  with 

or without add i t i on of  T r i t on X-1 00 ( lead at omi zat i on , 

Pb lamp ; background , H2 lamp ) . 
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p rev i ous at om i za ti on �:m d tht: n ;,:Jpl i ca ti on of t he:· nt: xt s a mpl e on 

t o  t ht; s t om i z e r  surffl c e . 

I n  ord e r  t o  d t, m on s t r� l t e  t hi s  Vcl ri n b l 0 ' l ,:' n d - s pi ked 1 wh ol e 
bl o od s a mp l e s  ·:., i. th n n  El d d t: d  l e a d c once n t rn t i  on oi' 1 .  0 p.g/ml 

d il u te d 'rv i t h  'I'ri t o n X.- 1 00 \VG r� a p)l i c; d t o  tht: r'od i n  t he.: norm al 

m anne r ( d e s c ri b e d  i n  S ..:; c t i on I .  C3 a . )  n f t c.: r  v ari ou s  t i11w i n t e rv al s 
s i n c e  t he c ompl c t 1 on of tht: p r ev i ous a t omi z a t 1 on cy c l e . 

F i g u re  I .  9 .  s h ow s t il,; VD r i <J t :l on i n  a b s o rb nn c c  for  t he 
8 t omi z a t i on of' l e; a d  a s  a v t:: r i A bl c:: of t i m e:: ( i n s e c ond s ) b e t'ile e n  

t h e  c ompl , t i on of a n  (i t emi z a t i on c y cl e A nd sm<i pl c a Qpl i <.. :J t i on . 

F or e ffi c i e n t  rc pro6 u c i b l e  l e a d  a b s orp t i on s i g n a l s �  a s ta nd a rd 

t im e  i n t e rval of a t  l e R s t  1 20- 1 50 s e c on d s i s  r� qui red b e f or e  

s a mpl e appl i C8 ti on t o  t h e  r o d  i s  c a r ri e d  ou t . The ma j or l os s  of 
l ea d  o t om s i s  t hroug h 1 spu t t e ri ng 1 of t h ..:  sarr, pl c� on th e rod 

b e f or e  c ompl e te c ool i n g  h8 s o c c u rred frorrj t he p r' e v i ou s a t omi z a t i on . 

The v P. ri a t i on i n E"i enol p rof i l e s  i s  s h own i n  l" i g:ure 1 . 1 0 . 

The l ong e r  ti m c." i n t 0 rva l s p rod u c G  s.hR rp n tcrni c s i g n al r. , >v i  t h  

h i gh e r  pe 8 k  a b s o rb a n c e s . � t  red u c e d  t i mt: i n t G rvs l s ,  t he t emp6 r­

a ture i s  t oo h i gh on the rod s urfa c e  ca u si n g  p re a t �ni z a t i on w i th 

a recJ u c t i on i n  se n s i t ivi ty a n rJ  r e p rod uc i b i l l ty . The r·c. f o re d uri ng 

r o ut i n e a na l ysi s of b a t ch s D m .?l e s re:q_ui .i"i nc ov ·� r  50 - 1 0 0  de t e r­
m i n o ti on s ,  t he t i me i n t e rv al b e tw(; e n  El t om i z a t i on and sa!:1p l t; 

a p pl i ca t i on i s  imp ort A nt . Red u c t i on of thi s t i m e  i n t e rval t o  

reo uce thE: ove r 8 l l  op e: ra ti ona l ti m e  R l  s o  rvd u c e  s the e ffi c i e n cy 

of the CH1� me t h od . 

6 .  In t e rf e re nce s a n d  b o ckground nb sorJ?ti Oih_ 

( a ) 1.. n t.��:f.� r.:£Il£.E:lJl · 
The su c c u s s  o f  A t omi c ab s o rp t i on a s  Etn <>nA l y t i c al me t l1 od 

d e pe:nd s on t c1e .Qr odu c t i un u f'  un c omb ined ( f re t; )  non- i on i s ed g r ound­

s ta t e a t om s  i n  a n  a t omi c  va p ou r  f o r  ab s orp t i on of rad i a t i on a t  a 

uni que and s p e c i fi c  wavel e ng t h  f o r  a g i v e n  el e me n t . A ny sub s tance 
whi c h h i nde r s  or masks t he pr o c e s s  wi l l  b e  an i n t e rf e rent i n  

at omi c a b s orp t l  on . M os t i n t e rfe r e n c e  w or k  ha s b e e n  ou tl i ned for 

n on- fl a me ce l l s u s ing el e 1n en t s i n va ri ou s  ma t ri c e s ( L 1 vov , 1 961 , 

Ma s sma nr;t, 1 968 ; M a nn i ng a n d  F e rna nd e z , 1 970 ; .1\nd erson et_. al . ,  



Figure I . 9 .  

Variat i on in the lead at omi zat i on abs orban c e  as a 

func t i on o f  the t ime int erval ( s e c onds ) between s ampl e  

applicati ons . 
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Figure :' 1 . 1 0  

S ignal profilss ( abs orpt i on p eaks ) at t ime intervals of 

5 , 60 and 1 50 s e c onds b etween c omplet i on of at omizat ion 

and app l i c at i on of the next s ample ( lead at om i zation , 

Pb · lamp)" · ·bn•lt!jround , :  . H2 ·· . lamp ) . 
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1 97 1 ; Di p i c rro n n J  Te s s� ri , 1 9 71 ; 2 e e a r  a nd G onz�l e z , 1 9 72 ; 

Tak0 u c hi e t . nl . ,  1 9 7 2 ) . 

5 4  

I t  i s  n o t  t he p u rp o se of thi s s tudy t o  i nv� s t i ga t e  thi s 

s ub j e c t  w' , i c h  i s  e x t e ns i ve l y  ou tl i ned i n  ti1�.; l i tc; ra t ur· e  i n  pa r t ­

i cul a r  r-:t revi e vv b <y .;1· i n e f ord n e r  ( 1 9 70 ) . I t  s houl d  b e  p oi n t t: d  ou t 

howt; vu r , t h .:- t s ome c hemi cal i n  t �J rf t.: ren c� s plny n In8 j o r  rol e ·.vhe n 

non- fl ai;!E: c el l s  a re u s u d . 3c: ud i n  _s:_� . o.J:. . ( 1 97 1 ) :c ep o r t o d  t hB t 

the r• e a r c f our p o s s i b l e  typ e s  of' i n t e rl' e re n ce : 

( i ) . 1hy s i c al e ffe c t s  ( u . [, . v o r:t a t i on i n  t he v ol a ti l i ty of 

the el E:-Ja c.; nt s ) , 

( i i ) <1 b s o r_p t i on b .:r m ol e c ul a r  c ompound s  o r· s o  c al l ed 

s �e c t ral i n te rf e ren c e , 

( i .i i ) f ormn t i on of s t a ole c omp ound s i n  t . H� s ol i d  ::ha s e  
( Jurl n g  a s hi n g ) 9 

( iv )  f o r.n n t i on of c omp ound s i n  th o..; 5 . J S l" OUi::. pha s e  ( d ur i n g  

n t omi z s t i on . ) 
M e1 t ou�e k  ( 1 97 1 ) sh c:\•; c_ d t l'le e ff e c t  u n  thu fliJ s o rp t l on p ea k  

ht; i &. h t  ob t.:1 L n c<'l \ J l H:n �1n �� l y t c: s  w re fJ t om i z e<1 f rum s c:vu riJ l  s ol u ti ons 

of J i ffc: r�·, n t  r:w t ri c t• G  n nd men t i. on d1 t he e ffe c t  of s c m �  p a ram e t e rs 

( e . g . v ol t ag e/t imt... '..; e t t i ng s ) un t h e  p t: a k  he i g h t . lie c on c l ud e d  

t ha t t h e  pea k he i g ht i s  p r op or t i on8 l t o  t h e  vapor i z a t i on ra t � . 

n n d  t hu t t llli p re s e n c e  uf a ny e � t ra n e ou s i ons i n  t he Ham�l e 

d e c re n sed th� pt ak he i �h t  only b y  de c re A s i ng t h e  va p o ri za t i on 

ra te of' t ht' n nol y t 0 . 'l.' h i s ·NA S tJ. U �.- S t l ono...: d b y  ;_m o s  .£1 . a l . ( 1 971 ) 
wh o sug2 e s t ed tha t i n te rf e r�n c e  wa s c n u s ed b y  i n c 0mpl 6 t e  d i s­

s oc i a t i on of m Ol t.! c Ul cs f o rm ecJ e i the r i n  1h t;  s ol i d s t a te or vap our 

s ta t e i n  t t 1 t- p re s e n ce of l a rge nwnb e rs of e xt rEtnt; ou s i on s , 

ra thG r t hA n b y  d i f f e r e n t  va p o ri z A t i on ra te s . They s tud i e d  t h e  
a b s orp ti on s i t;nal s f o r  le a d  i n  th e: .Qru st n c e  of s e v e ral c ompound s 

( h3Po4 ,  N a Cl , KG1 9 MgC I 2 9  C a Cl 2 ) whi ch w ere a l l  p r e s e nt i n  bl ood .  

I t  w a s  o b s c:: rve d t h<.; t t he  d e p re s san-t i n t e rf' e r E; n c e  t ha t  o c cu rred i n  

vary i ng d e; g rt e s  wi th al l o f  t he c omp ound s c oul d  b e  red u c e d  by 

u s i ng an a rg on/hyd r og e n  a tm os ph e re and a l i mi t� d f i e l d  of vi ew 

i mmed i a t e l y  ab ove the rod . Ma t ou�ek & S te v e; n s ( 1 971 ) u s ed a 

s ynthe t i c b l ood s ta nd a rd f or t h e  a na l ys i s of l ea d  n nd o t he r  

e le men t s  i n  b l o od wi th ou t  en y d i r e c t  i n t e rfe ren c e  s t ud i e s  b e i ng 
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re por tBd . titnnn J. ng &. li' c, rn[-i nde z ( 1 CJ70)  s h o  .. ve u t hc1 t n Na Cl concen­

t ra ti on o f  300 mg/cmj rt.; cuct:d  o l cRd s i gnsl b.J 30� o . :- :1J hl c h  
i ndi c n t e s  th at  NnCl tn< I Y  b e  .:1 mn J or intc: rfc· ren t i n  n <·J ture l  wn tcr  

m; i tr ic e s . On t h-: o thu r hnn c'l 3(· i rd t': t . Rl_ . ( ·J J 72 L i n  <-t n  inve s t­

l g o ti on of tht; effe c t  of .._· lt: v cn ca t i ons  (_ n cadrn iwn de tc rr{Jinn ti ons , 

found nG  i nt e rfere n ce:: Vv i t h  200 pts/rrtl KCl ; 500 pg/ml I'IE1Cl sev<:: rely 

d�::p re s sed t ue s :,_ gmll v!hc: ren r-; 1 00 0  ,ue/ml KCl n nd 1 000 pg/ml NaCl 
e nhan c dd t he sl gnal . Th e oth� r rcp ortt. J inv �s t i gG ti on s  on n on­
fl ame cell  i n t e r1\:: re n c c :-; ho v e  O t; 8ll ma de f or cadmium ( Brs tzel  e t . 
a],_ . , 1 969 L l e o d  ( ii nd\:)rscm t..: t . �1 1 . , 1 9 7 1 ; �F1..l l1[, e t . ol . , 1 9 72 ) ; 

Silver  ( l�l J e r  nn cJ Je s t , 1 9 72 ) �: nd c:adrnl um , l t.: ad  o nd s i l vo r  •:; i t h  

othe r t:l t..:rn -:mt s ( .Ll e;, � r  e t . al . , 1 9 7 1 ; j c-J cksc.,n  c: n d  ' -' e s t ,  1 9 72 ; 

Reeve s tl · al  . 9 1 0, 73 ) . 

S c! VE:: rn l c on fl i c t i ng the oril) s  <> r..d re sul t s  on t nt::: e: ffe c t  of 

i n te rf e r,·= nce s us lng, fl ::; �!Jcl e s s [l t omi za t .i. on d E·vi cc s  can b ·� surnma r­

i st::d rt s :  
( i )  8 vr> I_10Ur rt: c cmb i nrl ti on t:�ffC; c: t ,  Ut 1J r:: 1 ng oc cl u s ion of 

n t oms  of tht': a rli"'tl yt t� , 

( i i )  t he fo:-cmt: t i on of c omp ound s v ol n ti l 1 Rt.: c3 c on curre n tly 

r;i  t i1 th ...-; �,., l t_; m t,nt but  not d i s · : oc i n t i nG , prt; Vt.: n t i ng the 

occurrence of a tomi c  a b so rpti on , 

( i i i )  ;; comb i n�1t i on of' c an)Ont·nts  i n  the ma t ri x  r·e sul t ing 

in ra tu- of-v8pori zn t l on chnng t.: s . 

On t h_ b A si s  o f  th is  J i t e rature  su rve y i t  '.Va s  a s sumed that 

i t  we. s n c.'C t; SS.:1 ry to  c ho ck the: chcrlli C c-11  i ntcPf(;r::mce of 1 000 pg/ml 
i on solut ions ( 2 s ni tra t e s )  on t he a b s oroa ncu ror cadmium ,  le ad 
and si l vu r  in na tural w:J t e r  �1 nalys is . The l onr:� i nve s tlg,ated Wt; re :  
� 13� B 2� B . 3� c 2T Cd 2� c 3T c 2� c 3+ c 2T F >3+  K+ .h , a , 1 , a 9 , e , o 9 r 9 u , e , , 

� ' 2T N T N . 2� Pb 2T ,..., 2-r d .., 2T u . . /h d Jll g  , a , . l  , ... , ur , an :Gn • Sln�:, nn a rg un y rogen 

a tmosphe re and a l imi ted fit.: l d  of vi e:w immedia tel y ab ove the rod , 

no i on showed an ' i nterfe rc: nt '  e f'f' e c. t  grea ter t ha n  5�-6 of the 

normal ab so rpti on si gnal . 

( b )  Ba cKground ab s orpti on . 

In f'l amel e s s  a tomic  ab s orpti on a ll pe a ks othur than  a t omi c 

a b S Ol"p t i on pe a ks are t e rmed non-spe ci fi c ab sorp ti on whi c h  i nclude s 



b n c k g r o und n b s or p t i cn ( l i gh t  s c a t t t r i n g  nnd m ol e cul D r a b s or p t i on ) . 

L i gh t  s c8. t t e ring f r.:)m c n rb cn p<=t r t i c l t:: s rel e t: se d  "l t  h i gh 

t e rnp e rn t ur e s � a � i n ve s t i g 8. t e d  b y  L ' v ov ( 1 961 ) ,  Di p i e r r o  & T e s s � ri , 

( 1 9 7 1 ) .  M ol e cul n r  a b s or p t i on hn s b e e n re p o r t e d  b y  L ' vov ( 1 968 ) ; 

T11 ke u c hi e t . n l . ( 1 97 2 ) � C u l v c r  & Su rl e s  ( 1 975 ) : JJri t c h<l rd & 
Re e ve s ( 1 9 76 ) . i1'1 0l c:: cul 8 r a b s ortJ t i on b y  org tm i c c omp ound s i s  

p re d om i n cm tl y  f ound d uring t h e  n s h  s t El g e  v;h e n  t h e  p re s e n c e  of mol e ­

cul a r  s p e c i e s  i n  the t> b s orp t i on c e l l  c E'. u se s 11 b s orpt i on of l ig h t  11 t 

t he same ws vel e n g t h  3 6  t he nn n l y t c  re s on a n c e  l i ne .  

iVl Ol E: c ul [l r  :.:. b s opp t i on c a n  e: ri s u  d ur i ng t il e  a t omi z e  s t a g e  vvhe n 

a s hi ng of t h e  ma t ri x  c omp one n t s i s  n ot c ornpl G t e d  dur i ng t he p ri o r  

a sh s t a g e  o r  i f  t ; l e  rn cc t ri x c cn t F n n s  l ::1 rge n m oun t s  of i n organi c 

s al t s .  Th e re mny a l s o  b e  l i g h t  s c a t t � ri ng c a u s e d  b y  c s rb on 

p a r t i cl e s d u r i ng the R t orn i z e  o nd a sh s ts g e s . 

C or r� c t i on for n on- � t om i c n b s orp t i on o r  b A c kg round a b s o rp t i on 

i s  onl y re qu i re d  i n  th os e i n � t on c e s  whe n a c om p o s i t e n on - a t om i c/ 
a t om i c a b s o rb a n c e  p e s: k  d u e  t o  i n c cmpl t:; t e  a sh i n g  i s  ob t ;:J.i ne d  d u r i ng 

t h e  8 t orni z e  s t p, g e . C oi' r c::: c t i on i s  n c hi c v e d  b y  t he 'LI.Aard· dohve m e a su re -

ment of t he n on-n t om i c s i gn A l  b ;v me n n s  of t he hyd r o g e n  c on t i nuum 

s ou rce . F o r  r ou t i n e  a na l y s i s o f  := n m p l e s d u ri n g  t h i s  s tudy t he 

BC 6 Ba c k g r ound c or re c totn t t n c hm c: n t  f or t he n t om i c R. b s orJ)t i on 

s p e c t r op h o trne t e r  wa s u se d . 

7 .  I n s t rume n t � l  ope ra t i ng c2nd i �i cn �� 

f. l th ou g h  t he i n s t rumen t a l  op e rn t i n g  ps :eame t �::; r s  a nd me th od s  

f or the d e t e rm i na t i on of l e a d i n  whol e b l ood a nd na tural \iJa t e r s  

have b e e n  re p or t e d  i n  d e t a i l  i n  t h i s s e c t i on ,  t h e  i n s t rumen t al 

op e ra t i ng c on d i t i on s  f or  t hE:: a nnl ys i s of c a dmi um a n d  si l v e r  i n  

na tuJ.."3l i;W t e rs a nd t re e  r.i n g- c o re samp l E: S  1ve re al s o  i nve s t i ga t e d  

u s i n g  t he same p ro c e d u re s  a. s ou tl i n ed f o r  l e o d . 

I n  s umm a ry ,  t i le i n s t rurne n  t .:J l  op e ra t i ng c ond i t i on s  u se d  f or 

fl a mE:: l e s s CRI: a na l y s i s of l sa d  i n  wh ol e  bl ood F.tnd na t ura l wa t e r s , 

c:md c a d m i um And s i l v e r  i n  na t u r c-1 1  wA t e r s  ana t r e e  r i ng- c ore 

s ampl e s  a. re shown in Tab l e  1 . 3 .  

The c a l i b ra t i on cu rve s ( a n a l y t i cal ::1 b s or b ance c urve s ) f or 

c a dmi um a nd s il ve r  ( na t u r a l  wa t e r  and t re e  ri ng- c 9r e  sampl e s  a nd 
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Table I . 3 .  

I n s t rume nt <) l  Opers t ing C ond i t i on s  U s e d  f or• :5'l arnE.:l e s s  ( CR.:� ) 

J'<.nnlysi s of L e fl d  ( i n  '.'< l i Ol G  i3l o oc1 ) ; C<-1 dm i u m 9  L 0 1:1 d  �m d Silver 

( i n  na tu ral .;ro t ·,.; rs n n(J T r e l;  Ri ng- c ore Sarnpl e: c.J. 
·----------·--

C n d m i um 
___ .... _.-

Wa vel e ng th ( n� )  2 2 8 . 8 

Sl i t  wi d th ( pm )  1 50 

Sl i t  h e i �_, ht ( mm )  4-5 
Lamp current ( m:� )  3 
Gu s fl ow rn t e  ( 1 /min )i.r . 3 . 8 

� i n  '�!h O_li..: "3l ood 
Dry 

J'. sh 

i: t cmi ze  

H 2 • 2 . 2 

5 
5 

4 t o 4 . 5 

· -- ----· 

El eme n t s 

2 1 7 . 0 

1 50 

4- 5 

6 

j . 8 

2 . 2 

Silve r _ ,.. .. , ____ _ 

328 . 1 

1 50 
l+-5 

j 
3 . 6 
2 . 2 

2 0 t o  25 
2 0 t o  30  

1 • 5 t o  1 • 8 
El ement s i n  .lli.:._turfl:J:_ -�f:...t..:.- r.£_ pn_g_ Tre u Ri.illi-.c or_y_g_ . 

Cadrr1iurn --- Dry 3 h 2 0  t o  25 . :J 
j: sh 2 . 5 t o  3 . 5  1 5  

L t or11i z e  3 r:; . :J  t o  4 . 0 2 . 5 

Dr'y 4 . 5 t o  5 . 0 2 0  t o  25  

/: sh 3 . 0 1 0  t o  1 5 

li t omi z e 3 . 5 t o  4 . 0 2 . 5 

Silver Dry l.j. . 5 1 5 t o  20 

!l sh 4 . 0 1 0  

�:. t om i z e  2 . 8 2 . 5 t o  3 . 0 

Va riati ons in v ol t a g e/t i me s e t t i ng depend ing upon g e ome t ry and 
a g e  of rod . 



l ead ( nR tu ral \·v.: t \:r  SI'LI:ple s )  D l" L; shown t n  ? L F_,u re s '  1 . 1 1  ( cudmium )  

1 . 1 2 . ( l ead ) [. nd 1 . 1 3  ( s i l v e r ) I' C:; Spt; c t ivc:ly . 'l,he c r: l i b ra ti on 
curve f or l e a J  flo dod t o  ,,, hcl t.: b l o od :J U utcd  •Yi th Tr"i t on X- 1 00 

i s  s � : own in Fi gure  I .  7 .  

8 .  �us i on .  

I n  th i s  SE:: e t  L On t he d c vt;l O i_)m c.mt of v::n•i ou s nn&l y ti c :-Jl  

k c hni q uE::: S a s s o ci c'lt c d  Jl! C: J.. nl y wl th t i l e. d c t c i•min ·c.· ti on of l 0 8d in 

whol e b l ood w ,'' I'O ou t l i n e d . F ol l o. i n< A revi cv.> o f  tt:; e nw :L n d i s­

ndvc:. n t8 £.:, e s  of fl a 1,.e a t omi c ::< b s o rp t i on spt; c t r01) h o t cm e:: t rJ 9  a ifl O l'e 

d e tA il ed inv o st i g n t".i .. on i n t o t he <J [' }Jl i cc-1 ti on cf non-fl ame _..-.,AS 

1nd i ca ted t ht.: a dv n nt 8 g E: s  of usi ng th ..::- c a rb on I'Od r.1 t cmi z e r  ( CRJ. )  
f o r  the d e t e rmina t i on of' l ecl d l evE::l s  i n  w . .  ol t.: b l o od v;: l t h  the 

a d d i t i on of Tri tun X- 1 00 ( a n 8 l kyl phen oxy ? Ol ye t h oxy de riva ti ve 

of e tlvm ol ) . 
The ma in  c oncl u si onn of t h i s  invest ign L on c u.n b e  swnma ri z e d  

a s  f ol l ow s :  

( i ) tho::; CRi: me thod r�;.; qui re cJ 8 1 : 1  cHl ut h ;n of whol e bl ood 
s'- dl l :)l c s  vv i t h  T I'i t on X- 1 00 b <.:O f o r•e sampl e a r•pl i c n t i on 
( 1 pl ) t o  t l1 e 8 t om 1 z e r ; 

( i i )  an �.:;vsl u n ti on of the op ti mum ins trmn ental po rum t; t c rs 
1 e d  t o  r-1 t tn i nm en t o f  rnaxin,um ob s o rb �1 n c e  wi th 8 re p rod­
u c i b i l i ty o f �, .±. s;; . 

( i i i )  wh en thb c l b s orb n ncc  o f  l eA c.l i n  whol e  b l o od wi thout 

ndd i t i ve s  wa s c ompa r.::d \V:L th sol u ti ons such a s  d oub l e ­

di sti ll ed wa ts r ,  ni tri c - p e r c hl ori c � c id , c one . 

8 �n on i a sol u ti on , T ri t on X- 1 00 , nnd 1 000 pg/ml NaCl 

sol uti on ; ma xim um a b s orbance in t he l da d  c once ntra ti on 
run g, e  of 0 . 1 - 1 . 0  pg/ml ··. · ·a s ob tc- li ned by 8 c1d i t i on o f  
Tri t on X- 1 00 ;  

( i v )  th e e ff e c t  of ED'I'l� a nd h e  •ari n ( whol e  bl ood a n t i ­
coogul ants ) i n  redu cing tht; a b so rbance o f  l ead wEt s 

el i mina ted by the 8 d d i t i on of Tri t on X- 1 00 ; 

( v ) a study of time b e tween sample appl i c a ti ons , showed 

tha t th e l onger  the time i nterva l ,  t he hi ghe r  t he 

peek ab s orb ance so t ha t  duri ng r ou t i ne analysi s ,  the 



Figure I . 1 1 .  

Calibrat ion eurve for added c admium us ing a CRA meth&d 

f o r  natural wat er and t ree  ring-c ore analyses . Added 

c ad ium c onc entrat i on s  were in the range 0 . 1 -1 . 0pg/ml . 
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Figure I . 1 2 .  

C alibrat i on curve f or added lead using a CRA method 

for natural wat er analysi s .  Added lead c onc ent rat i ons 

were in the range 0 . 1 - 1 . 0pg/ml . 
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Figure r . 1 3 .  

Cal!brat i �n eurve for added s ilver us ing a CRA method 

fer natural wat er and t ree ring-c ore analysis . Added 

s i lver o cne entrat i ens were in the range 0 . 1 -1 . 0pg/ml .  



N 

0 

....-:-
0 

38N\7'8t!OS8\7' 

0 

CO 
d 

ill 
d 

.....;t 
0 

N 
d 

0 

E 
......... 
0) 
::J... 

z 
0 

� 
0:: 
�· 
z 
w 
u 
z 
0 
u 

0:: 
w 
> 
_j 

lf) 



( vi ) 

5 9  

t i me i n t 1.: rval b e twt; en the lD r t  a t omi za t i on and t he 

n L-..zt S A i!lpl u Ct ppl i c u t i on i s  imp ortr. nt 9 < 1 nd there i s  

a c onsi a e ra bl e ru duc t 1 on i n  s8 n � i t i vi ty i f  th e t i m e  

i nt�rva l i s  r0 d u c � d  b cl o� 2 m i nu t s R :  
th e- p o s s i b i l i ty o f  i n t e rf.;; ri nt; i on s  vm s e xami n e d  and 

c o:er� c ti on f or b n  c kg r oumJ n o s  o rb c me:e wa � '  a c h i  evE: d  

b y  t h 6  u s e  of <-; BC6 b e c kG r ound c ol�re c t or a s  a 

suppl t.Hlvntc. ry uni t t o  t h.:- e:J t omi c 8.b �-, o r:p t i on spc c t ro­

p h o t orl tt: t c;  r .  

The o g t i mwn inE' trumt;n to.l op c r ·  t in[ l)ar.sm� tt. .. rs u si ng t hE: 

CR1'1 m e t hod f or cadm i wa r.nd s i l vtJ r  an::: lys is 1)f nn t ural VJa t e r  and --Lc eeo· 
Ping - c ore RG Jnpl e: s  an d  l e etd nn t' l ys i s  uf nn t u ra l  '":a t c:: r �  w e r0 al s o  

d e t c  rm i ne d . 
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sgC T I ON I I  

DOrvlESTI C r :nM;;LS . 



6 1  

1 .  INTRODU CTim; .  
D ome s ti c  an i mal s may b e  � x p o s c d  t o  s ub s ta nt i nl a m oun t s  of 

l dld i n  th e .L r  e nvi r onmE-- nt . Th i s  o c c ur s  f r c:; qut; !l t l y  i n  d o g s a nd 
c a t tl e , C3 no i :c� r e l r� tt d t u  t i lt:; hd b i t  of c h e . : i ng or l i c ki ng ob Jt.:: c t s  

i nd i  s c ri tnl na t t: l :r ( ':vD l d rC:n �� '10 �) t of0;n , 1 9 7 4) . 

I nd i  v i d u � l  su s c e _p t i b i l i  t i e s  i n  n n i w al s V8 rJ c c.n s i d c ri::i b l y . 

Cur!!ul a t i  ve l e o. d  p o i s on i ng of t h;) type c omm onl y  f ound i n  m2n h' s 

a l s o  b e e n  d e :::. c ri b ed i n  c e1 t s  a n d  d O !J S  ( Gc-. rne r 9  1 967 ; .3l o om et � ,  
1 976 ) . The s ou rc e s  cf l e �'l d  ;, v a i l o b l t' t o  d ume s t i  c a n i m al s  a re 

n wn e r ou s  ( Z o ol{ : :m J  CC! r;?<:;n t e r , 1 97 1  ) • :Dogs ef t e n  d e vel op symp t om s  

of' pl umb i em a s  8 r e s u l t of c hewi ng ob j e c t s  c ovt::: re d ·,:·i t h  l e a d - b a s e d  

p a i n t  o r  b y  e a t i n g  mc" to ll i c  lo ad . Co t s 9  V'h i c.. "'l :::. re sel e c t i ve 

e a te rs R re not d i  rt� c... tl y s u b  J Co c t "--'d to lead  p o i s on i ng l i k e  d og s  

a l th ou�h th ey may i nf e s t  l c � d � c o n t 8 i ni ng d u s t s  o r  o t h e r  sub s t a n c e s  

t h n t  c on t r-Hn l nn tc� the i. r c oR t s  . :  / n o t  h t· r  s ou r ce o f  l e nd p oi s on i ng 

fo r m o s t  d ome s t i c a nimal s i s  t 0 e  re su l t  u f  l i c �ing d i s c a rd e d  

b e t t c r i e s o r  d ri nki n g  �a t e r  t ra n s p or te- d b y  l � a �  pi 9i ng . Poi s oni n g  

of h o r• s c s  i s  nonnn l l y n s s o c i a t e d  '� i t h  l c :1 u  fronJ  l e ad lll i n i ng a nd 

s m el t i ng Op l- r: • t  ions . ]3 r;:1 z e l l  ( 1 971 ) re p or t e d  s c a s e  ·.v he re 1\iew 
Y o r k  ZOO anim � s d e v e l o p e d  l ead p oi s on i n g  o f t � r  che wi ng p a i n t  on 

b a rs o r  w o od v-:ork o f' c c-,e; E: s . J·� n oth <.; r  p o t e n t i ul s ourc e o f  l e ad t o  

d ome s t i c  .}t: k.; lTID J b e  the l ar g e  y_ua n ti t i t.' s of ca nne d food a r::d mea t 

c on s wn e d . Th� sE: me 8 t s c o nt h l n  a l � rge prop ort i on of off a l  su c h  a s  
l i ve r  a nd  ki J nt; y s  � v < 1 i  e h  t e n d  t o  n c c: wnul ; J  t e  l l- ::t d  ( Hanki n tl al . ,  
1 975 a 9 b )  • 

!: ma j or s o u r c e  of l ea c1 p o i s oni nt;. i n  d ome P. t i c an i rnal s i s  t he 

i n c rt.a s e d  a tia O s,;?ht.. r i c t'al l - ou t of l e fl d  d e p o s i t e d  d i re c tl y  on 

ve ge t a t.i on o l ong 8 i d e  l" O Rdv'.'a y s  <� S 3 r€• s ul t  uf r:1 0 t or v e hi cl e  e xha u s t  

em i s s i ons . Camp o ell e t � ( 1 S� 7 1 ) i nvto s t i g.J t ed th t" e ffe c t s  of l e ad 

chl o rob rorni dt: on g ro up s  of cynomol g u s  m o nkey s an d ra t s . Re p o r t s  

o f  i n c re a s ed l ead l ev el s  i n  r od e n t s  i nve r t e b ra t e s  a nd e a rthwo rm s  

w l  th i n  t he vi c in i t y  of h i gh\·m y s  have b e e n  made b y  Sm i t h e t  a). ( 1 970) - -

J e ffe ri e s  & F'renc h ( 1 972 ) ; 1"1i l l i aril s on & Eva ns ( 1 972 ) ; G i sh & 
C h r i s ten s e n  ( 1 973 ) ; Qu B rl e s  e t a1 ( 1 974 ) a nd Fr�sl i e  & N orhe i m  -- -

(1975). 
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�ildgoose ( 1 970 )  r � p o r t e 6  o n  l e a d toxi c i ty i n  d ome s t i c pe t �  

i n c l ud ing p a t hol ogy �m d symp t o nts a nd t rt.:; e tmen t o f'  ab s orb �Jd l e a d . 

l, e FJ d  en t e r s  t he b ody p r i n c i p a l l y  b y  l. nh.<:. l < � t i  on er i n g e s  t 1  on . On 

8 ;) S O .cp ti on 9  tl1t: b u l l{ of t , :t' l c: a d  L: n t e r �� t ht: _p o r t a l c i rc u l n ti on ,  

i s  e xc rc tt- d  a s  b ll e  n nd �:a s s t: s t hr oug h t n...: i n t e :::· t ine: s  u n c hr: n g e d . 

:L e a J  th o t  rea c tlL' G  t t 1 o,:;  :::p, t e mi c  c i r·c ul o t .. on i s  ln;; p o s i t e cl i n  b one 

a nd  l n  s of t  t l s s m� iJ·':i ."ti cul s rl y  t n e  l i VLT ,  Ki :.d1 8 Y ,_ >�..i :·l c re r-t :..� and 

b ra i n . 

F rom t he e x t en s 1 ve l i t �; r:: • tu rt. of C;l i n i cnl syn,p t o.:l s of l ead 

p o i s oni ng , m e n t i on s h ou l d  bt- nw d e  of w ork by Z o o l<:. u: C a rpe n t e r  

( 1 971 ) ;  Zook � al (-! 9 7 2 ) and . n l d ron & �: t ofe n ( 1 974 ) . 

Tabl e l i . 1 . summa ri e s  th e mn j or c on t rib u t i_ on s t o  the i nve s t­

i ga ti on of l {�a cl p oi soning n nc3 t oxi c i ty i n  vA ri ou s d om e s t i c s n i m al s 

over the: pa s t  f i v e y� a �s . 
Th t: e ff r: c t  of l e:· <:J d  o s  :1 p :-'> r t j. c ul 8rl ,y s e ri o •� s  J.") ol l u t a n t i s  

refl e c t e d  i n  w h ol e b l ood l e ve l � wh e r e  i n  s ome c n o e s c on c e n t ra t i on s  

i n  A n  irnnl s con d h u wa n s  n re c l o s e  t o  l c v �.· l s c t)n s i cJ c  red t o x l  c b J  many 

h e a l t h  c) U t h or i  t i c � . , �1 t houg h  t h t· l e ad c o n  te n t  of h urn a n  '.v:·1 01 e 
bl ood Reld om f8 l l s b o l m·,,· 0 , 20 p r,;/ml ( Ti nk�: r 9  1 97 1 L s r.-: f c: ty l im i t s  

ra ngi n r�  f r C1.11 0 . 20 }l �:jrnl ( lie rn b c.. J.'I], n nd !' Lm., ' nCl1 9 1 970 ) t o  0 . 80 pg/ml 

( Hun te r and ({u s se l l , 1 954)  hH vc b ee n  pro p os ed . 

For_ .. d ome s t i c n n i m R l  s 9 Z ook ..:;:_� al. (1 972 ) r e l_) o rt e d  0 .  1 9 ::t 0 . 08 

p.�/rnl l �::; ad for ''th ol e bl oo d o f  he al thy d o g s  a nd 0 . 94 ± 0 . 64 pg/ml 
f o r  a ni m a l s  s :1o ;vi ng s.y m :;. t om s  f or lE:'Rd  p o i s on i r.g . Z ook & C8rpe n t e r  

( 1 9 71 ) c on c l uded th8 t va l u �:.� s ove r 0 . 60 p g/ml :q_, re i n\J i c8. t i ·v-e of 

p o i s on i n g ,  \v be r<.:C:) S . -, Jl s on & Lt:. w i s  ( 1 963 ) re v e rt e d  n m u m  of 0 . 3 0  

p. g/ml f o r  h(;:: al t hy d o15 s  a nd 0 . 93 }18/rnl for <:-:n ·una l s  s h owi n g  si g n s  o f  
l e Rd p o i s oni ng . Thoma s t:� t.al !-(1 9 75 )  c cnsi oe red Cl wn ol e - b l ood l e ad 

c vn c e n t ra ti on >/ 0 . 60 }1 8/Hll a s  the l i mi t f o r  (.J i s gn o s t i c  l e ad 

poi s oning . I n  a :ee c e n t  s t u d y , Bl oom .:; t al ( 1 976 ) r(;;p or t ed me a n  

val ue s i nc l ud i ng 0 . 064 p g/ml f or l e 8 d  i n  t he v�holt' -bl ood o f  

h e a l  thy d ogs  ( c on s i d e r8 b l y  l m>�e r· tha n t ho se: re p oP t ed b y  a ny o t he r 

w orke rs ) . 

Le a d  d a ta f or o th e r d ome c t i c  anima l s o re rel a t i ve l y  s pa rse . 

H ow�..:; ve r , t;i l l  oughb y  & 3rown ( 1 971 ) l"'e p o r t e d  no rm al val ues of 0 . 1 1  

± 0 . 09 p.g/rnl f or h o r s e s . Da t a  f' o r  c o t s  a re s ome, ;hA t l a cki !lg , 
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Tab l e  II . 1 

Summt=. ry of t he M n j o r L i te ra tu re ( 1 9 7 1 - 1 976 ) C oncerning L e ad 

Poi s on i ng � : nd T oxi c: l ty i n  VEl ri ou s Dom e f' t i c  J·· nirnal s . 

-----------------------------·-------------------------------------------------
D olflt:; s t i c an imo]_ :-; ( f, ell.STs l ) 

Pri e s t � r  & Hay c s ( 1 974 )  

N e n t h e ry & r:! il l .:.. r  ( 1 975 ) 

Ne a the r.y & M i l l e r  ( 1 976 ) 

e a  t tl e  

Di n i us c t ·al j 1 ')73 ) 

1ii l l i 8JT1 S ( 1 9 73 ) 

Tol l e  s on ( 1 974 ) 

Lynch �im ( 1 976 ) 

Z o ok & C a rpent e r ( 1 971 ) 

Bl o om f....i n l ( 1 976 ) 

Z ook ( 1 972 ) 

Z o ok .tl Dl ( 1 972 ) 

8 t owe � t al ( 1 973 ) 

Zook ( ·1 9 74 )  

S c hal m & H ol l i d ay ( 1 975 ) 
Th oma s t: t nl ( 1 9 75 ) 

Dod d ( 1 9 76 ) 

l �ad p oi soni ng i n  ca t tl e , h o rse s ,  

cn t s  nn d d os s . 
ilJ.:; t n o ol i sw n n,: t ox l c .i ty ( i n c l u d i ng 

Cc.i � lig ) • 

m e. ta b ol i sr:1 u nd t oxi c i ty of l t! <J d . 

sub c l i n i c a l  l e � d  i n take i n  ca lv e s . 

l e o d  p o i s oni ng i n  c a t tl e . 

l t n rl t oxi c i ty i n  n n [ U S  c a l ve s .  

y ou nr c a l f re sp ons e  t o  l ow d o se s 

o f  l e 11 d . 

neurol og i c al a nd hEJ eiT!�l t ol og i c al 

s i gns i n  c D t :> . 

n go;:; and st: x va r i n  ti on f o r  c a t s  

n nd d og s . 

p ri t hol og i c a l  8 n n t omy o f  l e a d  

p oi s oni ng . 

0 nnl ys is of d o� ' s bl ood , u ri ne , 

hA i r  and l i ve r . 

OX''Jl le ad t o ��. i c i  ty t o  y oung d og s .  

u rb an d og s . 

hat:rua t ol ogy . 

3 g r ou � s  of d o t s  f r om a s u b u rb a n  

c ommuni ty 

l ea d p o i s oning . 

( c ont i nue d . . • ) 



H ors� 
J.t ron s on ( 1 972 ) 

i i l l  oughb;'l c; t e.l ( 1 9 72 ) 

Kni gh t & Burau ( 1 9 73 )  

Doll a hi t e  � a l  ( 1 975 ) 

She eR 
C a rs on e t_ a l ( 1 J 73 )  

G el d� r .!2.i c1l ( 1 9 73 ) 

Fi c l{ ( 1 975 )  
Fi ck u t al ( 1 975 ) 

r',i c k  e t al ( 1 9 7 6 )  

64 

l ong t ...; rm '-' x_p o s u rc; of l ea d  c a u s i ng 

P. O i s un i ng 

i n  t .. .-: r J c t i  ons of t oxi c cl mount s of 
lrs �:td r-md z i n c . 

c h:r·on i c L ; n d  p o i s on i ng . 

p o i s u n i n �  i n  h or s e s . 

l ow l t; VI.J l  l t; <l d  i ng a �� t i on . 

b � ha v i our�l t oxi c ol ogi c a l  a s se ss­
me n t  of t h 0  ne u rol og i c al e ffe c t  of 
l e nd . 

l c << d  t oxi c i ty . 

d i e t n ry l ea d . 
d i c L 1 ry l c n d 9 t i f' s u e  ra inc ral 

C OJ :J (' 0 S i  t i on r n<J : ·· o s orp t i on . 
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thou gh Bl o om e t� ( 1 976 ) £'c () Or te;d 0 . 05 .± O . OL� )J-t:,/rnl f o r 26  
nn i rn8l s . 1'�ll c roft ( 1 950 ) h[: p re; p o r t ed r. o .rm nl l e v e l s o f  0 . 1 4 ± 
0 . 01 pg/ml f o r• sh e e v  ?. nd 0 . 1 3 .±. 0 . 0 1 ,ug/nil fer ca t tl e . 

Be c a u se d n t n  fo r �vh ol l_; bl o od o f' d om e s ti c ' ' n i m<.-11 8 � re; 

some U:IIi e s  c on t radi c t c l'Y a. nd :i rt. un,_.venl y  d i s t ri b u t ed am ong the 

v a ri ou s cl o s s c s  cf c3 omc sti c a ni m o l s ,  t n b  ... c: i s  c l a o rl y  a ne e d  for 

n l R r,i _e - s c a l e s u rv0 y i n v ol v i ng a s i ng le c m o ly t i c a l  m e th od a p 1!l i ed 

t o  sp e c ime n s  f rom l n rg e  num b e r s  of sc.:vt. rn l d om 8 s t i c Rn imal s f r om 

a s i ng l e  g e o � rn )hi cal uni t .  Such a survey woul d avoid d i ffe r­
e n c e s  d u0 t o  cl ima te or i n t c ranul y s t  va ri a b i l i ty .  

2 ,  S tudy n rS! . 
Be twe e n  J o nuary 1 9 7j nnd De cemb e r  1 97 6 ,  whol e  b l o od s a mpl e s 

f or c A t tl e , c a t s ,  d og s , h ors c: s  en d shC: e !_}  W c f.'c c ol l e c t ed a t  t he 

;·�nimal li.t;&l t l1  �1e s e a rc h  Ccn t rt.. s ,  f.i a s se y  Uni v t r r i  ty ( ce n t ral N or t h  

I sl and ) a nd L i n c ol n Un i vo rs i ty ( n c rth c rn f-:5 ou t h  I sl nn d ) . Th t: se 

wh ol e bl ood SF innl C< s \"'I:; .!.'e p ; ; r t  of n orma l V e t e ri na ry Fi e l d  c ol l e c t­

i on s , A nd i n cl ud C; d  t, C nc r:1l i nf o rm. t t i on s uch a s  b re e d ,  s e x ,  a g E: , 
a nd h i s t ory . I n  rl l 1 1 42 d orr.t. s t i c  nn imr� l :s ( 252 c o t tl c , 1 1 3  ca t s , 

2 7 1  d o g s ,  258 h o rs o t:. ond 248 s bc·e u )  ·,� · . .:: re tc; s ted f ur l ea d  l e ve l s 

i n  ,� , ho l E  b l o od . The r\.� s ul t 0  of t h i s  E� urv�:;y a re rc portt-d i n  t h i s  

s e c t ion . 

3 .  Hc s ul t �  snd d i � cu s s i on . 

( a ) ThE: s g e  d i P. t ri b u t i on o f  l ea d  con c e n t rfl. t i ons i n wh ol e bl o od .  

The n g e  d i s t ri bu t i on of wh ol e - b l o od l e ad c onc e n t ra ti ons 

( ,ug/ml ) in d ome s t i c ani mal s i s  sh m-m in Tnb le I I . 2 .  F or the sake 

of c l :=t ri t y, only TTJL: Rns and ra ng e s R re gi ven • .  S t cmd et rd d e vi a t i ons 

a re sh own i n  th e t e xt wheneve r ne c e s sa ry . 

The d a ta s h owe d n o  s i gn i fi c a nt d i ff e re n c e s  f or cats ,  d og s 

a nd  s he e p ,  b ut t h e  la rge r rwninants ( c :=t t tl �:; a nd  h orse s ) c ons i st­

e nt l y  s bo wed l owe r 1 ead l e  vel s ( 0 . 1 2 a n d  0 . 1 3  p.gjml ) f or a n imal s 

i n  t he fi rs t n ge g roup c ompa red wi th t h o s e  ove r 1 8  m on t h s . 

Re s ul t s  of a 1- t e s t  f or di ffe ren c e s  i n  m ean vn l u e s  f or ol d e r and 
young e r  g ro up s  wi t hi n e a c h  an ima l cl a s si fi c u t i on w e r e  : 4 . 67 
( 250 d . f . )f.. fo r c a t tl e  a nd 5 . 8 1  ( 25 6  d . f . ) f or horse s �  a nd 

* N ot e .  d . f . : degrees . o f  freedom 



Tab l e I I . 2 .  

The f.ge Di s t ri b ut i on of  Whol e -bl ood L e a d  C on c E: n t ro t i ons ( pg/ml ) i n  :f'Tew Zeal::; nd Dome s t i c .t,ni mal s . 

L e u d  c on c e n t r<-: ti on s e.,y_ ng_c _ _lye ars) . 
�-qt§J 

Animal s No . 1 . 5 1 . 6-4. 0 4 . 1 =.§..�9 
C a t t l e 252  M e a n  ( 64 ) 0 . 1 2  ( 63 ) 0 . 1 9 ( 6 2 ) 0 . 1 8 

Rs nge 0 . 06-0 . 2 1 0 . 05-0 . 2 4 0 . 04-0 . 28 
Cats  1 1 3  roc s n  ( 38 )  0 . 23 ( .:S 2 )  0 . 2 1 ( 2 6 )  0 . 22 

Range 0 . 06-0 . 3 2  0 . 0 7-0 . 40 0 . 00 -0 . 3 2  

Dogs 271  M e a n ( 8 6 ) 0 . 2 1  ( 8 2 )  0 . 23 ( 64 ) 0 . 25 

Ra nge 0 . 08 -0 . 3 6  0 . 1 0 -0 . 40 0 . 06-0 . 35 

H orse s 258 M ean Q 78 )  0 . 1 _3 ( 70 ) o . 1 7  ( 6 1 )  0 . 23 

Ra nge 0 . 04-0 . 2 2 0 . 04 -0 . 20 0 . 03- 0 . 30 
She ep 248 Mean ( 65 )  0 . 1 8 ( 64 )  o . 2 1  ( 66 )  0 . 20 

Rang e 0 . 0 7-0 . 24 0 . 06-0 . 2 6  O . O.S - 0 . 2 6 

Val ue i n  b ra cke t s  i nd i ca te s thC:; numb e r  of .:-: n im:�l s p L; r  ag G grou ) . 

( 63 )  

( 1 7 ) 

( 39 )  

( 1-+':� ) 

( 53 )  

e . o 

0 . 23 

0 . 06-0 . 3 2  
0 . 1 9 

o . oG- 0 . 2c  
0 . 23 

0 . 06-0 . 42 

0 . 23 

0 . 03 -0 . 40 

0 . 2 1 

0 . 05-0 . 26 

· -

0\ 0\ 
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i nd i c8 t e d  n V<:..: ry - h i ghly G i t;ni fi c t, n t  (l• l c � s s  t h:_·. n 0 . 001 )  di ffe re n ce 

b e twee n t ht�m . 
M e a n  l c.; a d  c on c t; n t rr: t i cn �: 9  p.g/r.1l ( f o r  r,l l  <.� g e s )  ·,;vt:: re : 0 . 1 8 

.:!. 0 . 1 0  f o _.,_.. c a t tle ; 0 , 2 '1 ::_.._ 0 . 05 f o r  c �l t s : 0 . 23 .± 0 . 06 f o r  d og s ; 
0 . 1 9 .3:. 0 , 1 0 f oi· h oN; t; s  a nd 0 � 20 J:. 0 . 05 f op sh :.: c: p . The s e  VC Jl u c: s 

R re s imi l a r t o  t ho s ..:: ob ta ino;_;d b i  m os t o th e r wo rk 0 r s  a l t h ou g h  i n  

t he c a s e  o f  c a t s  o n d  ::J og s the y  a re c o n s i d c:; r:1 b l y  hi g he r  t ha n  the 

vol u e  s ob tEl i nc d  by Bl o or:1 c't§l_ ( 1 9 76 ) . 

( b ) The s e x  d i s t ri b u t i on of l���£��n trt�i o n s  i n  wh ol e 

.b l o od . 

The s e x  d i s t r i b u t i on of l e r-:d c o n c t:n t ro ti ons i n  w hol e b l ood 

1 s  s hown i n  To b l e II . j . 
The rL �a s s o m e  e v i d en c e  thn t mn l e  c a t tl e  h3ve s i gni f i c 9 n tly 

l OWt' r l ea d  l E.;v el s  t hn n  fema l e or n e u te r(.; d  c e:1 � tl e . 'I'ne re wo G o 

ve ry - h i ghl y s i � n i f i c n n t d i ffL r0n c e  i n  the m o n n  of mn l e  c a t tl e  

c on s i d e rc: d  :: s  onE.: g r ou p  :'l nd ft- rr . .: , l e 1'Hid .- 1 e u t c r0 d  a n irnR l s  C L·:l.s id · · 

e:: re d :=; s c: n o tht., r , i, .1- t c:; t g a ve 3 . 8 5  ( 250 d . f . ) . N o  o t h er 

d i ff 6 rc n c c s  a c c ord i ng t o  SL X � � r(.; n o t � d  f or o th �r d om e s ti c 

n nima l s . S i m i l a r  fi nd ing s  h<... Vc: b � e r• re p or t e d  f or c .'i t s a nd d o ·, 
by Z o ok & C n rp�:-:n t e r ( 1 9 71 ) nnJ Bl o om f t - �  __ ( 1 9 76 ) . 

( c ) V<:t r i t:l  t i  Ol}__Q.:C .. Y�Qg_� s:::-b + .C2.29_ .l..S..2C:l__ __ �9D_.S:£!}_trn ti  OI}_§__f1 mOD__& 

d i ff_e- rt; n t _.Q._!:.£<::.d s . 

The VE.i r i s  t i  on o f  r h ol e - b l ood l t:: Etd c '-'n c t:: n t r "  t i  o n s  m n ong 

d i f f t.o rcn t b re e d s of d orn tJ s ti c n n i m n ::_ s  L; G�1 0\'m in T:'l : )le  II . 4 .  

The re v1e r e  n o  d e t e c t<:� bl e d lff . ru n c e s  BJ;Wng d iff e re n t  b re e d s  c·:' 
s he e p , h o rs t s or c a t s . H oweve r ,  S�b ep d og s  f r �n rurn l n re a r  
h n d  onl y ;:; u s t  ov c:; r  hal f  t h e  l e ad c o n t en t  ( 0 . 1 5 :t 0 . 08 }Jg/ml ) of 

ped i g re e dogs , 8 7..:; of v1h i ch ..-.'e re f r om c i t y  a re n R and wh i ch ha d 
<-1 u1e a n  l e ad c on t e nt o f  0 . 27 1 0 . 07 }lg/J .l .  This  d i ffe re n c e  wa s 
ve ry-hi ghl y s ig n i f i c 8 nt ( 1  = 3 . 1 f or 80 d . f . ) . I t  s hould b e  

n o t ed th a t  only 8 2  d og s ·Ne r e  i n c lud e d  i n  t h i s s urvey b e c a u s e  i -� 
wa s re s t r i c t e d  t o  sh e ep d og s  an d t he thre e:: c OHHnone s t b re ed s 

am ong c i ty d o gs . 



Tabl �  1 1 . 3 .  
The Sex Di s t ributi on Q.f _ _ 1)hlli.::.Bl oqd L ea d  C o,g_c.� �i�ll.�-{y_d_!!!1 )_il}_::'�c���RJ.\�nd D m� e s  t�..£....=.!.ni rrwl s .  

. t.nim�!§. Mal e 

Ca t tl e  No . 1 1 8  

M e a n  0 . 1 4 

Rang e 0 . 06-0 . 2 2  

Cats  N o .  44 
Mean o . 21  

Ra nge 0 . 08-025 

Dogs No . 1 56 

?·!lean 0 . 22 

Ran g e  0 . 05-0 . 28 

H orses No . 8 7  

Mean 0 . 24 

Ra n g e  0 . 0 4-0 . 34 

She e p  No . 1 48 

Mean 0 . 1 9 

Range 0 . 08 -0 . 24 

Leaq C oncentra t i on by_£�x . 

Ft;rnal e 

92 

0 . 1 8 

0 . 06-0 . 26 

46 

0 . 23 
0 . 08 -026 

90 

0 . 22 

0 , 08-0 . 30 

90 

0 . 23 

0 . 04-0 . 3 0  

1 00 

0 . 2 1  

0 . 08-0 . 26 

r·;�:;u t t:red 
- --

42 

-

0 . 1 9 

0 . 0 7-0 . 3 1  

2j 
0 . 2 2  

O . O b -0 . 24 
25 

0 . 20 

0 , 06- 0 . � t  
4':7 

0 . 20 

0 . 08 -0 . 2 6 

0"\ 00 



':i:'a bl e II  . 4 . 

Va ri a t i on of · ·,n ol e -Bl ood L ea d C on c c n t rn t i ons ( flg/ml ) 1:mont:, Di fft;rent  B re ed s  of !·Jew Z8al and 

Dome; s t i c  1-mi mRl s 

ln.Q i yi d.�_G l 
;L t; a d_ .son c e n.!.!'.Q.tLon s  b � e;d 

T o tal B rtt;Q ----
.Anim�l s No . B r e e d No . lli \] aD, Rang_� 

Ca t tl e  46 !.ngu s 1 0  0 . 28 0 . 08-0 . 36 

. F ri e s ia n 1 2  0 . 1 3 0 . 06-0 . 30 

J e rse y 1 4  0 . 1 7  0 . 04-0 . 24 

Fri e si a n/J e rs ey X 1 0  0 . 29 0 . 08 -0 . 40 

C a t s  23 S i Clme se 1 1  0 . 20 0 . 07-0 . 25 

O t he rs 1 2  0 . 1 9 0 . 06-0 . 24 

Dog s 8 2  C o r•gi 20 0 . 26 0 . 1 0-0 . 33 

Ge rman Sheph e rd 25 0 . 2 9  0 . 1 4-0 . 3 8  

L a b rad or 1 5  0 . 2 5  0 . 1 1 -0 . 3 2 

She ep d oe; s  2 2  0 . 1 5 0 . 06-0 . 22 

H ors e s  66 S tanda rd bre ed 40 0 . 20 0 . 05-0 . 26 

Th oroughb re d  2 6  0 .  2 1  0 . 06-0 . 2 6 

Sheep 60 Pe re ndale �0 0 . 20 0 . 06-0 . 26 

Romney 28 0 . 20 0 . 04-0 . 2 6  

S ou t hd own 1 2  0 . 1 9 0 . 06-0 . 28 

0\ 
\D 
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Th8 "'i gni f i  ca ntl y l cme r 1 0 o d  l e ve l s  in fa rlfl d og s  c omp a re d  

wi th c i ty d o g s  has � l rt: s dy b t: e;n ob s t: rve d b .i  .Dl o om ..s_t a l.  ( 1 976 )  

wh o rep or t e d  m..:: a n  vEll u ._·s of 0 . 045 s r..cJ 0 . 066 pi- /ml re sp e c t i vE:! ly . 

Ra t i o  Wi s� t h e se va lue s ore s .liu i l a r  t o  o u r  own , b u t i n  A b s ol ut e  

t e rm s  a re c o n s i d e ra b l y  l owe r . 

Thoma s .£.1 a l  ( 1 975 ) rep o r t e cJ th at t h e re vw e  no s i gni f i ca nt 

a s s o c i a t i on: b e twe en whol e - b l ood l ea d  l � VE:! l s a n d  si z e  e xpe c t e d  a t  

ma t u ri ty o r  b re E.� d  of d og s ,  i n  pa r t i c ul a r te rri e r , p oodl e ,  c ol l i e , 

And mi xe d . 

· L m·ie r l �ad l e vel s me a su re d  i n  t h e  wh ol e b l ood of ru rul d og s  

mu st s ure l y  b e  a re fl e c ti on of red u c ed a c c e s s t o  p ol l u t i on f r om 

motor veh i c l e t· xhau st e m i s si on s ,  si n c e  o the r f o rm s  o f  p ol l u t i on 

such A s  l e ad f r au  p i p i ng and po i n t s  woul d pre s um n b l y  n o t  b e  

g re a tl y  d i ff e re n t  i n  b o th t yp e s  of e nvi r onme nt . 

t.m ong d iffe rent b re e d s o f  ca t tl e , th ere wa s a si gn i f i c a n t  

(P 1 e s s  t h.."l n 0 .  05 ) di fft; re n c e  in t h e  means o f  .\ngus and F ri e s i a n/ 
J e rsey X c a t tle c on s i d e red as  on e g r oup and the rem ai n i ng b re ed s 

c ons i d e re d a s  a n o t he r . !,i e r m  v al ue s  we re 0 . 29 .± 0 . 0 7  a nd 0 . 1 5  ± 

0 . 08 }lg/ml rt: sp.::: c t i v t: l y  a n d  t h e :  val ue of 1 wet s 1 . 8 7  f or 44 d e gre e s  

of f re e d om . 

( d ) �Vh ol e -bl ood � e a d  c on c en t ra ti on s in d<;>:ne s t i c  .a.n imal s Wi th 

aus12e c ted l e G d  poi s S?n i ng .  

Ta b l e  1 1 . 5 . g i v e s d a ta f o r  a nwnb e r  o f  d om e s t i c  a n i m al s 

s u sp e c t e d  of ha vi ng d i e d  f r om l e a d  p oi s oni ng . 
In al l ca ::H:: s l e ad l e vel s i n  wh ol e: bl o od e x c e e d e d  0 . 50 p.g/ml 

a nd the h i g he s t vc.t l ue s  we1•e i n  d o g s  from s e rvi u0 s ta t i on a re a s . 

The se h i gh val u e s  mu s t  sur e l y  re s ul t  from p o i s on i ng f rom l e a d ed 

pe t rol e i th er f r om fume s of i d l i ng mot or s  or by c on t a m i na t i on of 

f o od o r  wa t e r . 

The re we re n o  r e c ord e d  c a s e s  of p oi s on i ng of c a t s  or she ep , 

p robabl y be cuuse t he y  t end t o  b e  l e s s  h i g hly re g a rd e d  th a n  d ogs 

or la rg e r rumi nan t s  so that  p o s t m ortems a re s el d om ca rri ed ou t 

on them . The si fnifi cantly hi g he r  l ea d  l evel s f ound i n  d og s 

c ompared wi th l a rg er animal s ma y b e  8e cause d og s  w il l  re qui re 

mu c h  l e s s  l e ad tc g i ve e l e va t ed c on c e n t ra ti ons i n  t he wh ol e b l ood 
t han wi l l  c a t tl e  or horse s . Ob v i ousl y ,  th e h i g h  val ue s found in 



Tab l �  11. 5 . 

Wnol e-Bl ood L e a d  C on c e n t ra t i on s (pg/ml ) i n 1\ c.:w Z t; al and Dom e s t i c  .. lmi mo l s  wi th 1\.n own H i s t ori es of 

L e n d  Poi s vni ng 

------------·------- ·---- ---- · ----· 

i�ni mal 

Dog 
2 -Y"-" C orgi ( m /'  
2 -yr G- . Shep . ( m ) 
5 -y r G . Shep . ( m )  

7 -yr La b r . ( F )  

C a t tl e  
1 -yr F ri e s i a n ( m ) 

3 -yr Je rs ey ( F )  

H orse 
5 y r  - S td . ( m )  

S ou r c e  of P o i s on i ng 

�a te r ( Pb p i p i ng )  

Va ter  ( Pb _:)i ping ) 
S e rvi ce s t r:· ti on a re a  
Se rvi c e  s to t i on o r� a  

Wa t e r  ( Pb p i p i ne ) 

1;il'l t e: r  ( ?b p i p l ng ) 

1Va t e r  ( ?b p i p i ne; )  

� Se x  d e n o t e d i n  b ra cke t s  ( m : mal e ;  F :  fcllial e )  

------------·---------------

P_b i n  �l_g_od 

3 . 67 
i...j.. . 8 2  

6 . 42 

7 . 40 

0 . 5 2 

0 . 70 

0 . 54 

l'� ormal Pb 

0 . 26  
0 . 29 
0 . 28  

0 . 25 

0 . 1 3  

0 . 1 7  

0 . 2 0  

.....,J 
� 
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ani mn l s n e a r s e rv i c e  s t fl t i on s  must c a u s t- .:> On1c c o n c e rn ab out th e 

he al th of huma ns wo rk i n g  i n  t h� se a r0 a s . 

4 . C on cl u s i Oil:_ 
The d e vel oQmen t of a rap i d � p rd c i s e and re p r od uc i b l e m e t h o d  

to de t e rmi ne whol e - b l o od l e n d  l e ve l s u s i ng t h e  c D rb on rod a t om­

i z e r  e na b l e s  su rveys i nv ol vi n g  l a rge numbe rs of s a mpl e s  t o  b e  
ca rri e d  ou t .  I n  t hi s se c ti on t h :� re s ul t s of n survey t o  d e t e r­

m i ne t he l ea d  l G v cl s  of wh ol e - b l o od of "'f''ew Ze a la nd d om e s t i c 

a nimal s wa s re p orted . 

I n  sumrrJ e ry J c a t s , d ogs an d she ep showed  no s i g n i f i c a n t  

d i ffe re n c e s i n  l e a d  l e ve l s B c c ord i ng t o  a ge ) wh e re a s  l a rg e r  

rumi nan t s  s u c h  a s  c a t tl e  ( t  = 4 . 6 7  f or 250d . f . ) an d h o rs e s  

( .1 ::: 5 . e 1  f or 25 6 d . f . ) ShO'iV G d  8 Ve ry -h i. ghl y s i e;ni fi c a n t  

(P < 0 . 001 ) d i ff e renc e b e, twe e n  t h o s e  e:m ima l s  y oung e r  th: H1 1 8  
m on ths c ompo re d  '. J i  th a l l  o the r .::1 g e  g roups . G ene ral l y  the re i s  n o  

s i g ni fi c a n t  d i ff L re n ce i n  l e a d  c on t e n t  a s  n re s ul t  of s e x  f o r  al l 

a n i m al g r ou p s  i nve s t i g n t e , J ( Rl t h ou g h  c a t tl e  s t10we d a ve ry - hi g hly 

s i gn i f i c a n t  Ci iffe rt.- nc t:: b e tv,•e e n  me:1 l e  a nd feilla le  - nL. u t e re d  Rnims l s� 
De te c ta b l � d i ffer e n c e s among d iffb re n t  b reed s � e re only me a sured 

for d og s  a n d c�-1 t tl e . 8he t;p d o�. s  f r an rura l Cl r e a s sh owed 8 v e ry­

h i g hly s .1 gn i f i cn n t d i fi (; re n c e  ( .1 = j . 1 .f or 80 d . f . ) c om pa re d ':-Ji t h  

pe d i g re e d og s  f' rorr. c i t.:r a rt: a s . I t  sh uul d b e  e t;;pha s i z ed t h< t t he 

whol e -- b l ood l e n d  l e vel of (-i. d om .::; s t i c  a n i m a l  i s  ve ry m uch d e pend e n t  

u p on the e a t ing/d rinking ha b i t s  of t h e  a n i m n l  a n d  t he ty p e  of 

environment i n  vvhi ch i t  l i ve s . 

The l ov, e r  l t· a d  l e vel s m e a sured i n  t he wh ol e b l ood o.f rural 

d og s  i s  obvi ousl y ( a s  a l re a d y  p oi n t e d  ou t ) a re fl e c t i on of t he 

red u ce d  c o n tB c t  w i t h  l ua d  p ol l u t..L on p re d om i na n t l y  f rom m o t or 

v e h i cle e xhaus t e mi s s i on s , i nd u s t ri a l sme l te r  fum e s  o.nd serv ice 

s ta t i on p ol l u ta n t s . Th i s  i s  s up p or t e d by re sul ts f rom nl oom e t  al - -
( 1 976 ) , and Th om a s tl al ( 1 975 ) \ii'h O i nve s t i g2 t ed the l e ad c once n-

t ra t i ons i n  th r e e  g ro up s of d C£  s f r om a subu rb a n I l l i n oi s 

c ommuni ty whe re normal u rb a n  d og s  ( t ota l no . 89 ) s h ow· e d  a mean 

wh ol e -b l o o d  l ea d  c once nt ra t i on of 0 . 07 .±. 0 . 073 ( S , D . ) c ompa red 

\Vi th d og s  f rom t he c i ty p ound ( t o tal no . 50 � mean Pb 0 .  262 ±:. 
0 . 1 57 )  a n d  d og s  owne d by f 11 mil i e s  from l ow i n c ome a re a s  o f  the 
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c i ty ( total no . 98 , mean  P b  0 . 1 7 2 � 0 . 1 74) . Thi s  c l �a rly show s  

the i nfl u e n c L:  of t h e  typ e o t  e nvi r vrunc nt u-w i'L: d og s  from c i ty 

p ound s A r e  d i re c tl y  su b J e C t 8d to h i g h  l e vel s of m o t or v e h i c l e  

e xha u s t  t:: m i s :=d ons 8 n d  c i  t ,v l C; o d dus t s/fume s 8 nd th os e d og s  f rom 

1 Q\;, i nc orn e a r e n s  ·.;:t.. r e  ;n os t o f  t he h o u :: i n g  c onsi s t ed of ol d ,  

de t e ri o ra t i ng ovve l l i ne_ s i n  wn i c h pe el i nt, o nd c h ip )i ng l e o d -- b a se d  

pa i n t s  a re t h e  mn in l ea d  s ourc e . 
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SEC T ION I I I . 

LE./'.D LBVE.LS IF SHDEP .:�XP02�D TO MOTOR VEH ICL E EMI 2S IONS . 



li .  \''mOLl; BI.OO ) :L..r.u.,D L-.v .:::,l,S UT 3HJ�P :::.:XP02E.:D ·-:'Q M.O'l'OR 

�I�':IO:t-72..!.. 

1 . Int r uducti on . 

75 

El e v a t ed l e: ad c u n c e n t ra t i on s  in t h e  w hol e b l ood of d ome s t i c 

nn irnnl s a s  a re sul t of l t;; a cl p o i s on in g , have b e en ,_·;e l l  d o c ume n t c d 

f ol l owi n g the or i g i n<:l \7 ork of Bl o x tt;; r ( 1 950 ) n n d  .':.l l c rof t ( 1 95 1 ) .  

These a n d  l a. te r  papurs ( P ri gge 8.nrl Ba plu:: , 1 972 ; Hspke 9 1 973 ;  Fi ck 

e t .  a l . ,  1 976 ; Van Gt::l d e r ..Q_:!;:_ . a l . ,  1 973 ) ha ve b �.:; e n  c o n c e rn e d  

mn i nl y  wi t h  l ead p o i s vni ng f r an c ontamin<'l t e d  wa t e r  nncl ot hc; r 
simil a r  s ourc e s ,  a nd hove i nv ul v c d  nume rous a rt i fi c i a l  e xp erim en t s 

i n  wh i ch l e n c3 S D l t s  ( u sua ll y  a c e t a t e s ) W t.; r e  ft:d t o  d ome s t i c 

a nima l s . J : l t h ough re cen t wO I'k ( Bl o om e t .  n. l . ,  1 976 ; \·iJA rd e t . al . 

1 977a - S e c t i on II ) on wh ol e b l o od l e: ve l s i n  va ri ou s d ome s t i c  

a nimal s h8 s by i nfe re n ce , t aken  int o n c c oun t the p o s si b i l i ty of 

p oi s on i n g  f rom m ot or vehi c l e  l e EJ. cJ emi s s i on s ,  it i s  s urp ri s i ng 

that very l i t tl e  wo rk: hr:t s b e en d on e:  on INh ul t: - b l oou l ua d  l e ve l s i n  

G nimal s g ra z i n g  L·r l i vj. nto flrJ j o c c: n t  t o  b u sy w o t o rwn y s . : '/he re such 

i n ve s t i g a t i on s h n v e  b e e n  lltn d 0 � t h z.=- :y t1n ve m :·:linl y i nv ol v eJ ro d e nt s 
and ot h e; r  small anirnnl s ( W,un rl e s et_ . [:11 . , 1 974 ; J effc ri e s  and 

F ren c h , 1 972 ; ·,:i i l l i r.tl11 son a nd .itv Em s ,  1 97 2 ) . 

Be c a us e o f  t he sp 8 r s i  t y  c..,f cl a tR on l e s d  up t n ke b y  rmni n sn t s 

g ra z ed n 0n r r oaC! s ic:i e s ,  o.n d  b c c s u s e of t h e  p o t e n t i al s e ri ousn e s s  

of such up t a k e  t o  " coun t ry su ch s s  New Z c nhmc1 , v·: hi c h  i s h eav i l y  

d e pende n t o n  a g ri c ul tural e xp or t s , t he fol l o� i n g  s e ri e s of s tud i e s 

we re cA rri e d  out t o  inve s t i g c : t e th E: e:; ffe c t  of m o t or vehic l e  e xhau s t  

e m i s s i on s  u p on t he l e ad c on t en t o f  t he b l ood of sh e e p  grs z i ng near 

r oo. d s i d e s . Th e e xp e rimen t s  v.-c.; re de s i gn e d t o  simul a te real 

c ond i t i on s  and to A voi � fee d i ng a r ti f i c i a l l y wi t h  l ead sa l t s 

whi ch can n e ve r rc! semb l e the e n d  prod uc t of mot or vehi cl e 

emissi on s . T he r e sul t s of the se e xp e rim e n t s a r e  re p ort ed in 
t hi s S e c t i on . 
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2 .  De s c ri pt i o� o f  G XRL ri me n t s . 

L e a d  l <..: ve l  s i n  wh ul e b l ood ·1e re c.ie t t:! rm i!l�;; d b y  u s e  of t t1e 

c a rb on r o d  a t omi z e r  a s  ou tl i n e d  i n  S e c t i on I . C . 
The f o l l owi ng l : xp.::: r i m c:o nt s v.;l : re c a r ri e d  ou t :  

( a ) The l t- ad c on t e n t  of t lle nh ol t:· bl o o c:l  of n fl oc k of 6 2  

s he e p  ( Romne .y b re e d  of va ri ou s  s e xe s  a nr1 o gc s ) -va s d e t e rmi ne d . 

Thi s fl o ck ha d b e en gr� z e d  f o r  n e a rl y  s i x m on t hs a l ong the v e rg e s  

of a m a j o r hi ghwa y ( 5000 v� h i c l e s/24 h ou r s ) . C ompa ra t i ve d a t a  

w e re ob t a i n ed f or an o th er fl o c k  o f  sh 0 e p  from th e same a r e a  b u t  

w e l l  rem ove d f r c m  ti.1e eff�c c t  o f'  m ot or ve h i cl e  e xho u s t e m i s si ons . 

( b ) F our sh � ep ( Romney e we s cf 2 ,  2 9  4 nnd 5 yea rs of a g e ) 

w e re  rem ov ed f rom t h e  ab ove c on t nm i nD t e (J a rea a nd t rEm s f e rred t o 
a pa d d o c k  w ell a way f r om m ot o r ve hi cl e s , The l 8 n d  c on t e nt of the 

whol e b l o od wa s m on i t ore d o.t r�.: e u l El r  i n t e rvo l s  f o r 1 85 d a y s . 

( c ) Fou r  s he e p  ( Rom n e y  ewe s of 2 9  2 ,  4 u nd 5 ye a r s  of a g e ) 

f rom n n  un c on t a m i n a t e d  n rL a  w e re pl n c e d  i n  n p a d � o c k  a t  M a s se y  

Univ er s i t y ,  'l'h i s  p;-J s t ur·e <W s  a d j o c e n t  t o n b u sy roa d  ( 8 000 

vehi cl 8 s/24 h ours ) . T h e  YJh ol e - b l ood l en d  l e ve l s we re m oni t ore d 

a t  re gul o r  int e rvol s .  

( d )  Ten sh e e p  ( Homn e y  ew0 s a nd we the rs of va r 1 o us age s ) we re 

ke pt in a p e n  wel l own y from In o t o r  ve hi c l e s  and were f e d  wi th f re s h  

g ra s s  c ol l e c t .:.;d f r om the V\::: r�� e c f  a b u sy rca dvmy . The whol e -b l o od 

l e ad l t- vel s 1;;r e r e mvn t t ored ove r [J 9 doy  11 c ri od , 

( e ) F our s he e p  ( .2 omne y  e 1v e s  of 2 ,  5 9  5 � snd 5 y e o. rs of a g e ) 

w e re p l n  c e d  in n p t: n  nc o. r  a bu sy hi g hwa y ( 8000 ve h i c l E; s/24 hours ) 

wi thout a c c e s s  to l oc :::�l f o rn � e . The s he e p  were i'ed wi th f e e d  f rom 

a n on- c on t nm i no t ed a r e 3  nnd t h t:: vvhol e -b l o od l ea d l ev e l s v.• e re  

m on i t o red for a p e ri od of 5 d a y s . 

3 .  Re sul t s  a nd d i s cus s i on . 

( a ) The wh ol e b l o od l e ad c on tent of sh eep gra z i ng ne a r  a 

h ighw�z. 

The l e a d  c o n t ent of wh ol e bl o od  of a fl oc k of sh e ep grazed for 

6 m on ths nenr a hi ghway a t  Danne v i rke wa s compa red wi t h an ad j a c ent 

fl o.ck in Fi gure I I I . 1 .  The oth e r fl o ck wa s from a n on- contam i n a t e d  

a re a . The me a n s  and s t a nd a rd  d e via t i on s  of the two p opul a ti on s  



H ist ogram o f  

grazing near 

Figure I II . 1 .  

whole-blood lead levels 

t o , and away from , a 

( �g/ml ) in sheep 

ma j or highway . 
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we ::. ... e 0 .  90 ± 0 .  05 pg/@l a nd 0 . 20 ± 0 . 0 1  }lt;/ml rt; sp <.; c;  ti ve l y . 

The h i s t ogr m s hcws t �: t b o t h � � JUl � t i on s  c an b e  s epa ra t ed 

c ompl e t e;l y  on t h,:; b ,:·; s i s  of t he 1 <.:-�l (l con t E::nt of th e i r  whol e bl o od . 

E i g ht e e n  sht;; ep had l 0<1 U l t- vel s e x c e c.: d i n g  1 . 0 }lg/r:-11 . The S t.;  

c on c cn t rel ti on s :,• re e x t reme l y  hi gh 3 n u  e re; c ciilp n r : : b l E:: wi t h  l �vel s 

f oun d i n  sh e ep fe d a r t i f i c i 3 l l y  wi th l � a d  sa l t s a s  r o :p c rt �d by 

Bl a xt e r  ( 1 950 ) . The same nuthor f cund a m a xi 1nwn of 1 . 30 p.g/ml in 

th e:. whol e bl o od of o sh eep ferJ wi t h  3 0g �vf l e P.d n :-:: a cc:; ta t e . Th i s  

l � ve l  wa s re a c he d b y  one th i rd of the sh�e p  i n  thi s s t ud y . 

The m e a n  l en d  c ont e n t  of t h�' c on t E' minc:J t e d  pa s ture 'NR S 60 pg/g 

( d ry we i g ht ) and corre spond s t o  a n  i n ge s t i on of 7 . 2g of l o ad eve r  
a p e ri od of 1 5 0 clAys i f  a d a i l y i n  take o f  800g of f e e d  i s  a s sum ed . 

The mean l e ad c on te n t of a ' b a ckg round ' :p a s t ure wa s < 5 }lg/g 
( d ry we i gh t )  s nd c o rre sp ond s t o <0 . 6g of l e ad i ng e s t e c1 ove r the 

s ame t im e  p B ri od . 

( b ) The r8 te of a t.! c rc a s e  Gf \'l'h vl c - b l o o:3 l e D (� l t: Ve l s  a f t e r 

rern ov<ll of n n il_!JD l s  f r vm n _ _££I}j;J2!!l� n '1 t dcJ c:req. 

':Vhen 4 sh e ep f r ur;-1 the; Dannr:.vi rke L� xp e ri mc n tal 8. rea ( s e t: a b ove )  
we re re m ov� d t o  D p<'h .. :J ock ·NC;: l l  a'v1ay from m o t o r  ve hi c l e  erni s si ons , 

t he wh ol e - b l ood l e ad l e vel s d c c r� 3 s e d  d u ring a p � ri od of 1 8 5 days . 

The c. a to. :> re s h ov;n in Fi gure I I I . 2 . 

The c onc e nt ru t i cn J e c rcEl s ed f r t;m n b ou t  2 . 00 t o  0 . 60 }lg/rnl 

during tht; fi rs t 1 0  d ay s . Ba ck t,Pound vo l uc s ( 0 . 20 pg/rnl ) 9 th oug h 

app r oo che d 1 hc d s t il l  not be en  re; a c hed a f t e r  1 85 days . Unfortuna tely 

1 s h e e p  u i e d  a f t e r 85 days a s  8 rc- sul t of i nha l a t i on p n e um on i a  

a n d  sep t i  c n emi a f ol l owi ng rou t i n e:  s heep " d i p  Q i n g " . 

L e R d  i s  kn own t o  b t; s t o red i n  th e b on e s  o f  s he <::p ( Fi ck e t . al . 1  

1 976 ) a nd th e se f o rm a c onve nie nt re s e rvoi r f o r  gradual r el e a s e  

o f  l e a d  i nt o t h e  b l ood ove r a l ong pe ri o d . 

( c ) Uptake of l e a d  by she ep b r ough t from an un c on taminat ed 

area t o  a pa dd oc k �r a hig_�w� 
When 4 she e p  f r oro an unc ontamin� t8d n ren ( l ea d  c ont en t  of 

p a s ture 5 pg/g , d ry we i gh t ) w e re p l n c e d  in a :pad d o c k  ne a r  a 

ma j or highway ( l ead c on tent of forage , 1 9  }lg/g d ry we i ght ) , the 



Figure I I I . 2 .  
Deerease of whole-blood lead levels ( pg/ml ) i n  four 

sheep aft er removal from a c ontaminat ed area.  
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l e ad c on t e n t  of t he  wh ol t.:; b l o od rose from 0 . 2 0  t o  ab ou t 3 . 00 pg/ml 
d uring t he f i r s t  24 h ou r s . Th e r.'e t=t fto r9  t h.:: re vvt=t s R g raduR l  

de c re a se ove r 1 4  days t c  a val ue cf n b ou t  1 . 5 }lB/ml . Thi s i s  

sh own in F i gure I I I . 3 . 

The pa s tu re us ed in thi s e xp e rime n t  w0 s l u c e rne ( M e d i C R &Q  

_sa t i  va L . ) .  During the i n i t i a l  po:.;ri ud the she ep w e re  c onsuming 

l e a fy mn te ri al e.lrnos t t::xcl usively . Thi s ho. d b c; en e xp os e d  t o  l ead 

c on taminc-,t i on du ring th 8 pre c e d ing re s t  JE: ri od . _;"; s the; e xp e riment 

c on t inued 9 the d ie t c on t a i ne d  a g ra n t e r  p r oporti on of s tem ma t e ri al 

wi t h  a l ow e r  l e ad con te n t . I t  wa s al s o  l i ke l y  t he-: t intake was 

redu ced sl i gh tly a s  the pal a ta b il i ty of t he f ee d  de cl ine d . The 

comb ina t i on of the se tvv c  fR c t o rs i s  sugge s t e d a s  the cause of t he 

p o s t  peak  re d uc t i on in wh ol e-bl ood l e:: ad . I t  i s  al s o  p o s s ib l E:  t hc9 t 

l eA d  .\Ta s b e i ng re mov e d  from the bl ood for s t orage in o t he r  b ody 

orga n s  a s  will b e  ou tl ined in Se c t i on I I I . B . 

( d )  Upt a k e  o t:  l e ad by sheep pl <1 c c d  e.w:?.;£ from motor vet;i cl e 

c; mi s s i on s  b u t fed v: i th p�P. s s  f r ol)1 roe d s i d e  v� rge s . 

1\ih en 1 0 sh e e p  '. le I'e pl ::-t C ecJ in n con c re t (· pe n well nwsy from 

mot or ve hi cl e e xh8 u s t  emi s s i on s  o nd we re fed wi th g ra s s  fre s hl y  

c u t  from th o v erg e s  of t=t b usy hi ghwa y 9  the re wa s a n  immed ia t e  ri se 

in t he wh ol e - bl ood l e a d  l e v(:; l s n s  sh ovm in F i g ure II I . 4 . 

The rn t:: c1 n value s i n c re a s e d  from 0 . 1 7  }Jg/rnl t o  1 . 1  p.g/ml ove r  

a pe ri od of 9 do ys . The l e n d  c on te n t  o f  t h 8  f e ed va ri ed from 

40-70 yg/g ( d ry w e i eh t  bR s i s ) Fi gure I I I . 4 . nl s o  shows ( b roken 

l ine s ) t he t otal do ily int� ke of l ead . I n c re a s e d  i n take s t owa rd s 

the end of t he t � s t  pe ri od a re due p a rtly to t he h i gh e r  l ead c on te n t  

of l a t e r  fu e d s  an d po rtly t o  i n c rd1 sed c vn surnp t ion uf gra s s  a s  

t he an imal s b e came us t:: d t o  t he new env ironment . Tht: re npp e a red t o  

b e  s ome rel o t i  on b e tween tht l ee.d con t e nt of the whol e b l o od and 

the dai ly i n t ak e of le a d . 



Figure I I I . 3 .  
�e.bL&ed lead l&Vels ( �g/ml ) i n  sheep transferred 
frcm a backgrouDd area t o  a c ontaminated paddock. 
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Figure III . 4 .  
Whole-blood lead levels i n  �g/ml 

in sheep plac e d  in a background 

grass from roadsides . Daily uptake 

as a broken l in e .  

( c ontinu ous lin e )  

area and fed with 

of lead is shown 
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( e ) Uptnke of l e n d by s h c..: ep pl a ce d  nt;a r a b u sy highwny 

EJ.nd given fe e d  f rcm ::�n un c on t t-:.mi nn t c · 1  �-

The c xp ,.riment s so fn r hc:d shown th a t  t he l ead conte nt of t he 

fe ed WA S an i mp ort an t fa c t ur d c t e ru1 i n ing t h �  l e a d  con tent of 

t he wh ol e bl o od i n  the e xp e; rime n t n l  a nimc-J l s . In ord e r t o  

e s t a bl i sh wh e t h e r  i n h A l a t i on o f  l e a c1 p el rt i c ul G t e s wa s a 

c o n t r i b u t i ng fA c t o r 9 4 s h t:; e p w � re pl a ce d  n �a r  a bu sy hi ghway 

wit hout ac c e: s s  t o  l e c a l  fe ed . The sh e e p  we ..ee f e d  wi th fora g e  

( 2 . 5 }lg/g l e a o - d ry vv e i g ht ) f rom an un c on tamin a t e d  a re R . A s  

b ef o re the re wa s an imme d i a te i n c r<:] o. s e  i n  the wh ol e - b l o od l e ad 

l e: ve l  R s  s h own i n  Fi gure I I I . 5 .  

The ra te of up t ake was ve ry sim i l G r  to t hfl t  of t h e  pr evi ou s 

e xpe rime nt and woul d  s e em to ind ica te t ho t  i ng e s t i on b y  fora g e , 

and i nha l A t i on of p e r t i c ul a t e s  in the air we re e qua l l y  important 

in af fe c ti ng the l e ad con tent of t he wh ol e · b l ood . 

4 .  Gene r al dis c us s i on a nd summn ry_._ 

Enhn n c c d  l e n d l e ve l s in t he whol e bl o od of s he e p  a re i n  

t he m s e l v e s  only symp t '-�ma t i c  o f  e lcvn t ecJ c on c e n t ra t i on s  i n  b on e s 

an d re s e rv oi r orgnns such n s  l i v e r o nd ki d ne y s 9 ru l of whi c h  

hB v e  b e en found by Fic k £1 . al . ( 1 976)  to have e nha n c e d l e ad 

l evel s after f � e d i n g a rt i fi c i al l y  wi t h l c.., ::>.d sal t s . ?lhe t h e r  or 

not l e R d  wil l  be f ound in the sa rne re se rvoir s a f t � r  c JCp e ri m e n t s  

und e r na tu ral cond i ti on s of gra z i n g  ne a r  highwa ys i s  s omewha t 

un c e rt a i n a n d  on inve s tig a t i on into t hi s  sub j e c t i s  d e s c r i b ed 

in p a rt B .  of th i s  se ction . 

I n  summA ry , the l e a d  con tent of wh ol e bl o od o f  62 she ep 

graz ed c ontinuousl y  f or 6 m on t h s  n t: a r  Cl IJ)a j or h i g hway waa 

c ompar e d  wi th 38 s he ep f r om a ne a rby�.t�c ont <lm inated R re R. M e an 

v alue s of 0 . 90 snd 0 . 20 p g/ml we re ob t R i ne d . F our she e p  fr om 

the c ontamin a t e d  a �ea w e re p l a c e d  in an unc ontaminated padd ock 

and th e l e ad c ontent of the wh ol e bl oo6 d e c re a s e d  rap i dl y  

d uring t h e  f i r s t  1 0  days a nd the re aftt: r m or e  sl owl y . .i�f t e r  

1 8 5 d a y s , whol e- bl o od l � ad l e vel s had s t i l l  n ot qui t e  re ached 

normal l evel s . 



Figure III . 5 .  
Whole -blood lead levels i n  

shown as d i f f erent symb o ls ) 

sheep ( four individuals 

placed near roadside but 

fed with unc ontaminat e d  f orage . 
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.1\ n i mn l s  f r o m  c:m u n c cn t nm i n <:t t e d  n .cc 8 s h cwe c1 c�n i mme d i 8  t e  

ri s e  in t he w hol e-b l o od l (: n d  l t_; vel s 1Nhe n  pl n ce cJ n e A P q �h j o r  

h i g hwa y . S h � e p  pl o c c J  i n  P. c on c re t 0  pe n 8 W� Y  f r om motor ve h i c l e  

e xhn u s t 0mi s s i on s  sh O\.vc d 8 ri s 0  i n  l cfl d  l e vel s ·1-"vhen fe: c1 vl'i t h  

f or a g e  c u t f r om t he v c.:; rg(:; s o f  s b u sy hi ghw< 1 y . S h e ep pl a ced n e a r  

8 hi ghwa .v a n d  f e u  'Hi t h  f oret g e  frcm a n  un c on t flmin Cl t e d 3. rca s howe d  

an i n c re a s e  of l �a d  l e v el s  i n  th e wh ol e b l o od ,  c ompa rs b l t:: t o  t ha t  

o f  t h(:: prcvi ous oJ Xp L:: rim ent . 

I t  wa s c on cl ud e d  t ha t  l e q d  up t a k e  b y  ing 8 s t i on of p ol l u t e d  

for s g e  and b y  i n h c-::.l u t i on o f  o i rb orn e  p n r t i c ul a t e s  ar e b u t h  

me c han i sm s  re s 9 on s i b l e  f o r  enhan c ed l e n d  l evel s in ovi n e  wh ol e 

bl ood . 



8 1  

B . L�.�- D L3l:;LS I}T S · iBE P OD.G.t:.nr) ,  T:lU ' ; CL�·� 'i.'I ::;SUZ2 B OIJ:SS _',liD 
·-;o oL . 

1 • I n  t roc1u q_ t t2.!l . 
� s  ou tl inv d i n  th e pre vi ous sub - se c t i on ,  n um e rou s expe riment s 

ho ve b e e n  c a rri e d  out on l e a d  l 0ve l s  in org an s of d ome s t i c  

nn i mn l  s s ince the e a rl y  work of ..ro l l  c ro f t  & Bl o x t e r  ( 1 950 ) n nd 

Bl axt e r ( 1 950 ) who founG e n h A nce d l e v e l s of l e a d i n  b on e s , l iv e rs ,  

ki<:'l ne y s  n nd l un g s  of she ep a ft e r  A rt i fi c i al d o sa g e  ( ora l l y and 

i n t ra ve n ou sl y ) with l e a d s al t s . S i mi l a r  s tuJ i e s  w e re ob t a i n e d  

i n  re c e n t studie s ( Pri gge a nd Haplu� , 1 9 7 2 ; F i c k e t . Q.l . , 1 97 6 )  

al th ough o g n in ,  d osa ge wa s c a rri ed ou t a r t i fi ca l ly wi t h  l � ad 

s al t s . 

S i n ce mot o r ve hi cl e em i s s i on i s  env i r onmen t n l l y  by f a r  t h e  

g re A t e s t  sour c e o f  l e 8 d  p ol l ut ion 2 the �e i s  cl e arly a n e e d  f o r 

re s e n rch o ri e n t a t ed sp e c i fi c �l l y  t o t h i s p robl e m  an d wi t h 

e xpe r i m e nt s c� e s i gne d t u  ro;::;p ru d u c e  a s  c l o s e l y  a s  p o s s ib l e  t o  the 
n n tural c cmd i ti un s  e n c oun t e re d  by El n i mal s g rfl z i ng c l O S Q  t o  r oa d ­
s i d e s . Tll e ·o ha vt.:! b 0en f v H  exp �_; rili1E::n t s  o f  thi s n:'t ture ; Fl l th oug h 

�ua rles e t . 8 1 . ( 1 9 7 4 )  i nve s t i g E' t ed tht:: l e o J c on t e n t  of Sr!1!:-1l l 

mnmmo l s l i vi n g  ne a r  ron.d s i dc s . O the re s tud i e s  ( ha.pke , 1 97 2 ; 

Gcl d e r  � · ol . ,  1 9 73 ; Fi c k  � al . ,  1 975 ) b a s e d  on t he e f f e c t  of 

d i e t o ry l e A d  on s he e p  ha ve b e en re l A t e d  to ne u r ol og i c al A nd 

p E1 t hol oe; i c 8. l  effe c t s  v.ri t h  l e a d  1 �.:.- ve l s of wh ol e b l ooc onl y b e ing 
re po rt ed instend  of a m ore u e t � i l ed a c c ount of t he a b s orp t i on a nd 

d i s t ri b u t i on of l e R d  i n  t he b ody o rgan s , mus c l e  t i s sue; an d b on e s . 

B e c a us e  of t h e  kn own � c c umul a t i on of l �a d  i n  human hai r  

( Re ns haw e t . al . , 1 972 ; Re e ve s e t . a l . , 1 9 75 ) � th e r e wa s the 

pos sib il i ty thR t el evR t e d  l ead l e vel s in  sh e e p  organ s  woul d b e  

re fl e c te d  in the w ool . I f  t hi s  we re t ci  b e  the c n se � w ool sampl ing 

would of fe r a mu c h  si mple r method of a s se s s ing t he l ead b urde n  

i n  she ep . F or thi s ren s on , th - l e a d  c on t en t of sheep wool wa s 

inve st i gR ted in a d d i t i on to t hn t  of othe r organs of the an imal . 

I t  wa s con si de red tha t t he Rb ove w o rk wa s ne ce s sa ry b e cause 

of the r i sk to domc: sti c pe t s  and humans of me a t c on tam i na t e d  wi t h  

lead (Hankin e t . al . ,  1 975 ) and b e c a u s e  of the potential d amage  

t o  e xp o rt ma rke t s  o f  c uun t ri e s such a s  N e w  Z e a l a nd whi c h  a re 
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he avi l y  d e p e nd e n t  up on the cxp o::.:• t  of mt A t . � e c ti on 1 1 1 . �·, . re port e ,l 
the a s s o ci n t ed l e n d  l e vel s i n  th�..:; ;;vhol L: bl o od cf the:: s e  she ep . 

2 .  �o t e ri �l s 3 n� methpd s . 
Thr.:. e e xp e ri m ent s we toe ,_. R rri L; d  out <1 s fol l ow s : 

( i ) .:. fl o ck of s h e e p  ( Romney ewe s of vnr 1wu.s a ge s )  wo. s 

g ra z ed c o n t i nu ou sl y f or 6 m on t hs ��1 ong t he grEt s s  vu rg e of a 

hi ghwny ( a v e ra g e  d o i l y  t ra ff i c d e n s i ty c f  5000 ve hi cl e s ) n e a r  

Danncvi rke , N o rt h I sl and . The fl ock wu s c on t:J. in e d by El move8bl e 

el e c t ri c fen c e . The lead  c on t en t of eD c h  of 62 s he t::; p  ·wA s m on i t ored 

a nd t en i n d i vi d ual s wer e sel e c t �d on t h e  b a s i s of r�l 2 t i ve l y  hi gh 

bl ood l e ad l c; vel s as re p or t c d i n  Sc.; c t ion I I I . 1� . 3 a . S i x  of the se 

sh e e p  w e re iwmc d i a t e l y  slAughtered a n� t � e ir organ s an a l ys e d  f o r  

1 ea d . Th0 rema i n i n g  Lt. s he ep we re kep t for o f ur t hc r 1 85 days in 

a p a d d ock \t;rcl l a;u ay f r om m o t or ve hi cl e emi s si on a nc t h e n  sl n u gh t ­

c red , The l e ad c un t e n t  o f  v.::1 ri ou s  o rg a n s  '"-'a s  nga in d e t e rmi n b 1 . 

( i i ) Ten s h e e p  ( R omn ey c;wt; s anr.:J w e t  he rs of va r , ou s  a g e s ) 

w e re ke p t  i n  n pen wel l fl \'Jay f rom m o t o r  ve hi cl e emi s s i on s  and we re 
fed w i th c on t amina t ed ft;; L d from th ..:: g r1:.1 s s  ve rge uf a b u sy h i ghway 

( 8 000 vehi cl e s/24 h ours ) t·· t PEll m e r s t on N o r t h . "·: f t c r  9 d a y s ,  4 

of the she ep ( i nd ivi dual s wi th the h i ghc· s t  bl ood l ea d  l e ve l s )  w e re  

sl augh t e r ed and t he i r  o rgAns ana l y se d  f or l e nd , 
( i i i )  F our s he e p  ( R omn ey e w r.:: s )  wt:: rc pl :1 ce d i n  .'J pe n n ea r  a 

b u sy hi ghway ( 8000 ve hi cl es/24 h cu r s ) ':1 t Pe1l me r s t on N orth Et n d  fed 
w i t h l u c e r .nE; hay fre-m a n on-c on t aminFl te d a re a . The sl1 e e p  w e r e  

sl a ughte re d R f t e r 5 days and t h tj  orgtms ans l y B e d R s  b e f ore . 

The n b ove exp e ri me n t s w e re d e s i gne d t o  t e s t th e e ffe c t s  of : 

( i ) l ea d  re c e i ve d  via the lungs and d i g e s t i ve s y s t em ; 

( i i )  l e n d  inge s t e d f r om t h e  fe c: d  al one ; 
( i i i ) l e ad in . .1al ed v i a  t he 1 ung s nl one . 

Ba ckground value s f or l ead in s he e p  organs we re ob tained 
by anal ys ing rand om sampl e s from a free z in g works . She e p  organs 

we re p re pared fo r anal y s is and analysed a s  outl ined in Se c ti on I . B .  

Le ad l ev el s  i n  th e wo ol of 1 2 she c:: p were al s o  anal ysed a s  an al t e r­

na t i ve m e t hod t o  whol e  bl o od analysi s f or d e termining t he p o t e nt i al 
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l eR d  burc'len i n  she e;p . :=:' :-::m_pl int; ;.: n:J t h e  me t h od of �=m ::1 l ys i s f or 

wocl i s  ou t l ine d in Se c t i on I . B . 4( o ) ( i i ) . 

3 . R.s sul t s  r�nd cJ i 8 CU :3 si UQ_._ 

( o. ) L e n d in orgn n s  of sh l:' CP gr::t z l:d n v a r n highvm,y. 
Lend  c on�e n t ra t i on s  f or org a ns of 6 sh � ep g ra z e d n e a r  a b u sy 

hi ghwa y  P. r e  sh ovm i n  Tn bl e I l i . 1 . S t o nd n rd d c.. v i c1 t i on s re p r e s e nt 

r 8 D l  d i ffe ren c e s a m ong t h e  int.'l iv i J unl s cf Pc P Ol!ul o, t i on b e c a u s e  

o f  t he e xpe rimen t'll e rr or ( ob tained by anal y s i s of 1 0  re pl i c a t e s  

and n o t s h cwn i n  th e tL'- b l e ) a c c oun t s for cnl y ab ou t 1 0�b u f  t he 

ov e ra l l  s t ::1n da !"J d e vi o t i  on . 

� s e ri e s  uf 1- t � s t s  w � rc u s e d  t o  e s t a bl i sh t he s i gn i fi c an c e  

of d i ffe renc e s  o e tw e e n  g r oup s . B e c a u se t he y  � re self D e i gh t ing , 

1- t e s t  a r t:: vnl i c.1  c. vc:: n fe r ve ry smRl l p opul a t i on s . 

F rum LJ b l e I I I  . 1 . i t  c EJn b e  n ot ed th ·· · t vc ry - hi f; r..l y s i gn i fi cant 

d iffe ren ce s ( P �0 . 001 )  e x i s t e d  b e twe L n  m c nn s of l ea d  l e ve l s  i n  

o rg a n s  of ' C l.m tnmi nEt ted ' 8 n imnl s nr.J i n  crgnns of ' b a clcground ' 

o. n ima l s . The onl y c xc � p ti cn s �e re i n  t h (  ki dn � y  medul l a  a f t e r  

6 m on t hs ( o )  n nd i n  the sh ort d i g i tal e x t e n s ()r ( .i". ar:.d B )  • 

In flb s ol u t C;  t e rms e a s i l y  t he hi sh c: s t h .: CJ d  c on ce n t ra t i  on s 

w e re i n  t h e  ki dne;y- c or t ex ( 1 54 pg/g 'Ne t  we i ght ) , l iv e r  ( 20 pg/g ) 
nnd b on e s ( ".I 3 0  pg/g ) . The s E:  f i n d i nE; S  p<� rnl l el the d a ta of 

Pri g g e  & Ho Ql-ce ( 1 972 ) cm c1 F i c k  e t . o l . ( 1 9 7 6 )  i n  e xp (:; ri ment s 

invol ving n rt i fi c i �11  fe ec i n g ·· · i t h  l e nd s:·� l  t s . 

Wi t h  nnimc.1l pr oc.lu c t i  on nnd me a t q u:tl i ty i n  mind 9 i t  i s  

f or· tunn t e ths t mus c l e  t is sue sh ows the smal l e s t  c on c e n t rR ti on s  of 

1 ead in Ab s ol ute terms ( though n ot re l a t iv e t o  b n c kg r ound va l ue s ) . 

B one s ,  b e c aus e of t he i r h i gh p rop c rt i on of t o t nl b ody we i ght , 

rep re s e n t  the gre a t e s t  re s e rvoi r of l e aJ wi t hin t he a nimal s . 

The i r  rs t e  of l e ad l os s  i s  a l s o  v e ry sl ow . i�ft e r  6 m on th s ,  l e ad 

c on c e n t ra ti on s  in b on e s  hn cJ not chcme e d  a ppre c i ab l y  al th ough 

the 1 eve l of t hi s e l emen t i n  ki dnuy c or t e x  had d e  c r e a s e d  f r om 1 54 

to 1 2  pg/g . 'l'h e  hi gh l e ve l  of l ead in b vn e s wi l l  cl e a rl y  -·n sure 

t ha t  the an im nl s w il l  have ab ov e -n o rmal l e vel s of l e ad in the i r  

o rg a n s  prob a b l y  for t he wh ol e of the i r n a t ural l i f e- span . I t  

i s  p r ob abl y  these hi g h  l e ve l s  i n  b on e s  t ha t  a c c oun t s f o r  t re  ve ry 
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Ta b l e I I I  . 1  • 

M enn L e ad C on c f. m  trn ti ons ( rg/g we t wei e:h t )  i n  O rg Em s  of :;>hc e:p 

Gr2. z0 d  �'1 e n r  El Busy H i � hway . 

1� - i wm uJ  i :1 t e l y  8 f t <::: I' r�Ll OVEl l f r cm rou d s i d e  ( 6  she e p )  

B - 6 m on t h s  a f t e r  PE; !iJ OVc.i l f r om rosd side  ( 4 she e p )  

c - b n c kg roun d vnlue s ( 1 0 s h8 e p )  
---

Orgnn f. B c 

i\ b d orn i n o l  mu scl e X 0 . 6 .,... 0 . 2 )f 0 . 5 T 0 . 05 0 . 1 1  + 0 . 0 2 

3 on e  ( s h ould e r ) * 24 . 4 + 4 . 0 * 2 8 . 5 T 4 . 5  o . 1 2  + 0 . 02 

Bone ( ve rt e b rae ) --< 36 . 5 T 4 . 6 ¥ 34 . 4  .:t 5 . 0 0 . 1 3 + 0 . 03 

Brn i n  ( c e re b rwn ) )\· 1 . 5 .,... 0 . 3 ."t 1 .  4 -1" 0 . 04 0 . 44 .:!:. 0 , 1 0 

CA.e cum � 1 . 9 .,... 0 . 4 * 0 . 6  T 0 , 2 0 . 30 T 0 . 09 

H e a rt mu scl e  � 1 . 3 - 0 . 4 * 1 .  0 .,... 0 . 2 0 . I..J.-5 ·r- 0 . 1 4 

Inte stine,  ( 1 arg8 ) �( 3 0 
. � + 0 . 8 � 0 . 9 + 0 . 1  0 . 41 T 0 . 09 

I n t c; s ti ne ( srnnll ) -)(- i+ . 0 .,... 1 . 8 � 1 .  5 + 0 . 4 0 <: C) . ..) / + 0 . 1 0 

Ki dney ( c ur t e: x )  * 1 54 . 0 + 34 :ll· 1 � . 0+ 8 . 4 0 . 8 1• 0 . 1  

Ki dney ( me d ul l a ) -}f 3 . 0 .,... 1 . 0 2 . 0 .:t_1 . 5  0 . 7 + 0 .  1 

Livt: r  � 20 . 0  + 6 . 0 * 5 . 0 .,. 1 • 0 0 . 7 T 0 . 2  

Lung � 2 . 0 + 0 . 8 * 1 . 7 T 0 . 2 0 . 6 + 0 . 2 

Pancrea s � 2 . 2 T 0 . 7 ·1<· 1 . 3 .,. 0 . 4 0 . 25 + 0 . 1 3  

Rumen -K" 3 .  1 T 1 . 1 * 1 .  4 + 0 . 5 0 . 26  + 0 . 08 

Sh oul d e r  mu s cl e  .:K 0 . 45.::_ 0 . 1 4  -¥ 0 . 45_t 0 . 06 0 . 1 4 .!. o . 0 1  

Sh ort o i g i tal e x t e n s o r  0 . 29.,- 0 . 07 0 . 28.:!:. 0 . 06 0 . 20 + 0 . 04 

Spl e e n  -� 'i • 8 + 0 . 6 "* 1 . 8 T 0 . i+ 0 . 6 T 0 . 1 

* Ve ry- hi g-hly signi fi cant d i ffe 1•e nc e s  from background a s  de t e rmined 

by 1 t e s t s  ( P � 0.  001 ) 
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sl ow reduc t i on of wh oh : - b l o o.J l e r, J  l t.�vel s t o  b D cke; ruund val u e s 

when the sou r c e  o f  p ol l u t i on hD s b l,;e n  I'emoved ( S.:.; c t i on I II . J� . ) . 

hl t h ou g h  the l 0 sd l eve l s of ed i bl e  mus c l u  t i s su e  � e re 
p rob a b l y  wi t hi n  c xi s t inc s2fe ty l imi t s  for humnn c on sump t i on ,  t he 

h i gh l Gn d  c on t�n t of o th � r  urg 0 n s  c cul� a� re fl e c t ed i n  una c ce p t ­

a bl e  c o n c e n t rn t i •)n s in p e t f o o d s  ( Hnnki n e t . _al . 9 1 975 ) 9 s i nc e  

1 i v e r  a nd ki dnC:;ys fonm r, hi gh :;?rop orti on uf s u ch food s . L i  'Je rs 

and ki dney s a _.,e al s o  c c  e a  s i on al l y c vn sum e d  by hurncm s ,  imp o s i ng a 

d i .e e c t  t hre :t t  on humn n l e n o  up tske: . 

( b )  Le nd i n  orga n s  of s h c.; ep avv�t,y f r om m o t or v e h i cle e m i s si on s  

bu t f ed w i t h  c ont c1m i n0!ed gra s s _!_ 

Tht:: da ta for l e A d l e vel s i n  s he '-� P  ke p t  awo y f r om m o t o r  

vehi cl e e m i s s i on s  b ut i' e c.l  wi th c ont ami nn t e(J pA s ture c--� re sh ovm 

i n  Tab l e  I I I . 2 . 

!. s b ef ore , nc:: a rly nl l org�: n s  show c; d  c v u ry- h i ghl y  s ign i fi cant 

i n c re a se of l e a d  con t e n t  c ornpci re d  vti t h  b :=t c kground . The Gnl y  

e xc e p t i on wn s t h0 k i d n �y m e � ul l o . ?rob a b l y  b � c a u s e  of the 

sh or t e r  e xp os u _�..--C; to 1 end ( 9 u <1 y s  ins t l,j nd of 6 m en t h s ) 9 the 

a b s ol u te c cn c e nt r3 ti on s .-:-'f th i s  el e me n t  1, ri.:; :c-e n ot R s  grea t 'a s  

i n  th e p re v i ou s  expe r im-::n t . Thi s p: n· t i c ul a rl y  i s  evL:.'l en t i n  

b ont: s whe re vs l ue s we re t e n  ti me s l ov"ve :e t hEm i n  th e p revi ou s 

e xp e r i m en t , t h ough s t il l  v e ry m u c h hi gh�:; r thnn b a c kgr ound . 
H i ghe s t  ab s ol u t e  val ue s  \v-c re i n  t he k i d n e y  c or t e x  n nd l i ve r . 

I t  i s  cl e n r tha t a c c urnul :1 t i on in t hc; s e  o rg cm s  t a ke s  pln ce very 

rapi dl y . 

(c ) Lead i n  orgQ_n s  of s h e ep oxpo s e J  t o  JTIO t or ve h i c l e  

e mi s s i on and f'e d w i t h  un c on t amina t e d  r:,ra s s . 

Th� da ta f or l e ad i n  orgs n s  of she e p  e xp osed t o  m o t o r  

ve hi cl e emi s si on s  and f e d  wi t h  un c on t ami n a t e d  g ra s s  a re al so 

sh own in Tab le I II . 2 .  



T a b l e I l L  2 . 

Ivie a n  I. e a d  C on c e n tr�:. t i c·n s  ( pg/g w e t  VJt;; i g ht ) i n  Org n n s  

of f-:!hee p 
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D - n o t  e xp o se d  to m ot or ve hi c l e  e m i s si on s  b u t  fed wi th e ra s s  

f r om n r on.cJ s i d e  f or 1 0  da.ys ( 3  sh8ep ) 
E - e xp os e d  t ·.J m o t or ve hi c l e E; m i s s i on s  but  fed w i t h un c on tflmi na t ed 

g ra s s f o r  5 d n y s  ( 4 she ep ) 

O rgan D E 

A b d ominru mu s c l e  .J( 0 . 44 .:!:. 0 . 22  * 0 . 44 + 0 . 04 
B one ( s h oul d e r ) -K 1 . 9 .i. 0 . 2  * 1 . 6 + 0 . 07 

B on e  ( ve rte b ra e ) -¥ 1 . 4 + 0 . 2 � 1 . 4 + 0 . 03 

H e n r t  mus cl e � 1 . 1  + 0 .  1 � 1 . 5 + 0 . 4 

In t c.. s t in e  ( smAl l ) * 3 . 1 1- 0 . 2 ;If 1 . 5 1- 0 . 2 
Ki d n�::y ( c orte;x)  � 3 9 . 7 1- 8 . 3 � 3 . 5  1- 0 . 8 
Ki d n t; y  ( me d ul l a ) 1 . 1 + 0 . 1 * 1 . 6 + 0 . 3 
L i ve r  * 8 . 4 + 1 . 9 * 4 . 0 + 0 . 7 

Lung � 2 .  0 T 0 . 05 � 8 . o  1- 3 . 6 
Pnn c re a s ir.: 1 . 4 .,.. 0 . 4 X 1 • 6 1- 0 . 4 
Rume n -* 1 . 3 T 0 . 1 � 1 . 2 + 0 . 3 
Shoul d c; r  mus cl e .� 0 . 3 7z_ 0 . 01 :lE 0 . 46± 0 . 03 

Spl e en � 2 . 3 + 0 . 1 * 3 . 6 + 0 . 9 

* Ve ry- hi g cjly si gn i fi c an t  d i ff e re n c e s f rom b a c kg r ound 

( se e Tn b l e I I I . 1 . ) a s  d e t e rm i n e d  by .!- t e s t s  ( P � 0 . 00 1 )  
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fi.l thoug h t he e xp o sure t i me wa s onl y 5 cl ay s , � si gnifi cnn t 

ccn cen t r2 ti on s of l o 'l d  w 0. r c:  appn rcn t i n  t h e  b one s r:�. nd o t h0 r  

org an s , al l  of wh i c h hn.r:J l <..: ve l  s '.'ih .i e h  we 1:r.:; ve ry-hi g hl y s igni f i cant \y 
( P � 0 . 00 1 ) hi ght· r t h Em bti Ckt:, rounJ . The e s s en t i el di ff\ :ren ce 
b e twe e n  t hC; d r: to. fur th i s  e X.Q ;:; r i rnc; nt n n d  f o r  thL- p r� ce d  i ng on e 

l i e s i n  t he hi gh r0l n ti v e c on c t- n t ru t i on of l e; fl d  i n  l un£ S ( 8 . 0 p.g/g 

c ompa re d wi th 2·.;0 p.t;/g f or e xp e ri m t) n t  B )  a nd thlj l o-...r rele1 ti ve 

a c curnul 8 t i on s  i n  th e l i v:.:; r U+ . O an d 8 . 4 p�:,/g ) a nd k i dn�y c or t e x 

( 3 . 5  and 3 9 . 7 pg/g ) rc sp8 c t i vel y . I t  i s  cl e � r  from t hi s e xp e ri me n t  

ths t a rel fl  ti Vt.. l y  hi gh l e nd b u rd e n c rm b e  a c cumul n t e rJ  by s he e p  

b y  in ha l a t i on t h rou gh t h e  l ung s i n s t ead o f  t h0 � l t e rn a t i ve 

m e c hani sm of i nge s ti on . 

( cl )  L c s -:.1  C t�n t t:: nt c f  sh�!:.J2_wool ��LS�_rc sul t of ��2os ure t o  

m ot or ve h i c l e e rn i s  f> i  1: n§-:.. 

T h e  s h e e p  e xp o s e d t c. m ot or ve h i c l e  omi s s i on l ead whil s t 

g ra z i n g  nl ung the g r·�• s s  ve rg c cf :J t A  t e  H i ghvii'-J Y 2 ,  n e:1 r  Dann e vi rke 

a n'i f r om b a ck2.rcund n l.� c: R s ( P:-. rt B 2 ( i ) )  w c:: re s<Jmpl ct3 by t a ki ng 

1 0 crn l en g ths of the i r  vv col ( n o t i ng \V l1 i ch wn s the i ns i lle encl ) . 
F igure I I I . 6 . sh ow s th t:: lne a n  l <.: A.d c un t e nt (pg/g d ry we i g ht ) of 5 

repl i ca te s f er unwn s he d  ( c on t in u ou s  l ine s ) and wa s he d  ( b roken 

l i ne s )  wo ol snmpl e s  from sht: e p  su b je c ted  to m o t or ve hi c l t;  e mi s s i on s 

( ab ove) r =m d  t h o s e  frGm 8 bfl  ckground a r \:: a  ( i) e l  ow ) , e xp re s s ed as  a 

fun c t i on of d i s t a n ce ( e rr: ) JTic; a S U I 'e d from tht- i n s i de to t he ou t s i d e . 

The me CJ. n  wh ol e:. - bl ood lutd le v el i s  Dl so sh cwn . t..l l  4 sheep we re 

2omney e we s  rang ing in o l:• e  f rur: 4-5 y\..:o rs . 

I t  is app ar e n t t ha t  t he re i s  n o  e vi d e n c e to s ug g t; s t  tha t 

s he ep in fa ct ' excre te ' l c: a d  f rom thtj b udy o r�:.:an s ,  m u s cl e  t i s sue 

a nd b on e s  in t o t h e  wool . 'I'ho s tJ  s h e e :o  gPa z i ng i n  l e ad- c on tarn in a ted 

a reas s h ow a p red ominflnt  p a t t e rn of t.:l .;;va t e cJ l t:vel s  t ovm rd s t he 

-H The e xp eri me n t wn s cf ne c e s s i t y l imi te d t o  onl y 5 days b e ca u se 

of the ri sk of l e aving sh e e p  unn t tended ove r  a we ekend whe re 

t he re wa s s ome ri sk of i n t e rfe re n c e  from � "anti - s ocial " el ement s 

of t he popul a t i on . 



Figure III . 6 .  
The mean lead e ont ent ( }lg/g dry weight ) of waeh&d 

( broken lines ) and unwashed wool samples from sheep 

sub j ec t ed t o  mot or vehi c le emission lead ( ab ove ) and 

low background lead levels ( b elow ) , expressed as a 

func t ion o f  distanc e ( cm )  measured from the inside to 

the out side . 
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vu t s i d e  vvi th ctn a s s oc i:1 t ec1 in c re n s e in the: ::1m ount vf' l e a d  

re n10VR b l e  by wc:• sh inc ·.r.:hi c h  SUfs £· , s t s  t h<:; t su c h l t: v J  l e ve; l s a re du e 

t o  the i mDn c t  cf :_. i rb ,) r1lt: l t; o. d  pa rt i c u L� t c: s  a d h e rin z:, t G  t he; wool 
f i b re s ( whi c h  n e t  rn t h � r  l i ke nn a i r  f i l t e r ) . Obv i ou sl y s om e  

p e r e tJ n t Ci g e  of the s e  pf, r t i cul c.1 t e; s  i s  c h t; rr;i c .::t l l y  o r  phy si c D l l y  

b ound i n t o  t he 'do ol f i b rL; �ov hi l s t thv rt... s t  c ;:;n b E.' r.:;mov ed b y  

wa sh i nt; . ThoG c s h�:- C::p samp l t; .;_: i n  bn c kg r v und a :;,� dl S  s ,; ...:,w n G  rel a t ive 

p a t t e rn of l e a d  ab s cPp t i cn t ovm rd s t h o  sk i n - c on t.?J c t  o r  ou t s i de 

e n .J s . /, n ormn l  l o sd l ev e l  f c;r sh eep wool woul c� b e  5 pg/g ( d ry 

we igh t ) . 

The re �a s 8 n  c x t re;me l y  [ C Od c orrel a ti on b e twe e n  the l e a d  

cont e nt of t h e;  out i;; r 2 cm c f  wo ol an d t h e  c un t e n t  o f  wh ol e b l o od . 

Thi s i s  sh cwn i n  F i gu r e  I I I . 7 .  t o t o:�l nwnb o r  of' 1 2 sh e t:lJ v1e I'e 

s a mpl e d  f rom c on t n rn i nu t e d  o nd b ·J c kg rounc a rc! A S . The c orre l a t i on 

wa s ve ry-hi ghl y s i gni fi e a n t ( P � 0 . 001 ) . The c o rrel a ti on wa s 

p re s e; rv ed even f o r  w0 s hed \"� ucl s ampl e s . The s i gn i f i  cr.m c e  of th i s  

f i nd i n e  i s  t b u t i t  i s  R p p ·J rc:: nt l y  po:3 s ib l c  t o  u s e  t: ? s i l y  s a;:.pl cd 

Vi'G Ol rno t t..- ri e l  in pl ·; cE:o cf wh ol e b l o lxl t o  a s st::. s s  th t; l ead b u rd e n  

O f  sh e e p , 1 t tnr' ./ b e  �1 rgu ed thEl t 1 2  inJ i v i d U <l l S cl u n et re p re s e n t  

a ve ry l n rge s ampl e bu t t h� a s s a s sm�nt uf s i gn i fi c a n c e  i s c a rr i e d  

out by a s el f-we i gh t i n� s t n t i s t i c n l t e chn i q u e  whe r e  p rog re s s i ve l y  

h i ghe r val ue s of r :J re ne c e s s n ry t o  0 s tr: bl i s h a t, i v E.: n  d e g re e  of 

s i gn i fi c an c e ,, s thl num b e r  uf s n m pl \j s  d E.; c rl: n s e s . 

The e xpe ri me n ts s how thr' t s i gn i f i cG n t l e 8 d  c cn c e n  trB ti ons 

, c an be f ound in organ s of' s h e e p  gr� z ing a d j a ce n t  to b u sy hi ghways . 

Pn t te rn s  of l e ad up take f ol l ow cl o s 0 l y  t h c...'� se found i n  e xp e riment s 

i nv ol v i n g art i f i  c i nl f \j cll i ng wi th l ead sal t s . I t  i s  c l e a r a l s o  

t ha t t n i s  l e a d  ou rden i s  a c qui r e d  pa rti a ll y b y  d i re c t  inha l a ti on 

of a i rb orne l e n d f rom m o t o r  ve hi cl e e xha u s t s 2 nd p R rt ial l y 
ind i re c tl y b y  c on sump t i on of c on ta mino t e d  f ora ge . Jil t hough i t  i s  

d i ffi cul t  t o  e s t a bl i sh whi c h  m e chani sm i s  t he m ore imp or t ant 1 i t  

i s  appa ren t  tha t b oth c a n  re sul t i n  l e ad l e vel s i n  o rgans whi ch 

a re w e l l  a b ov e  b a ckground vR l u  s . The ma j or d i ff e ren c e s  a re 

i n  a c c umul a t i on of l ea d  i n  th e l un g s in the f orm e r  c a s e  a nd in t he 



F igure I I I . 7 ,  

The l ead c ont ent o f  t h e  out er 2cm wool ( pg/g dry 

we ight ) o f  twelve sheep from lead c ont aminat ed and 

background areas as a func t i on of the lead c ont ent 

o f  t heir whole blood ( pg/ml ) ,  
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kidn ey c o r t e x and l i ve r i n  t he l fl t t e r . 

The j'C i s  n o  evi ci en e e  to  s u g gt,; s t  th -- t she ep ' ex c re t e ' l e fld 

frcm the b ud y o rg a n s  in t o  t he: w u ol . , � l  t h oug h w::; s hing r e m ov e s a 

s igni fi c ant  pc r c e n t :J g c;  o f  l e n<}  frcm t lle  wo ol of she ep 8 Xp o s e d  t o  

m ot or vehi cl <.:.! emi s s i ons , o i rb orn c;  l l) ad p<J r t i cul a te s  a u hc re a nd 

ma y be come incorpora ted i n t o the w o ol f i b re s ,  e s pe ci n l l y  in the 

outer 2 cm of \vo ol (; Xpo s c d  t o  fgll out . �-. normal l e a d  l e v e l  f o r  

s heep w ool woul ci b e:  5 )l l_/8 ( rl ry '.ve i gh t ) wi th el ,::v :., t ecJ l c�vcl s of 
> 1 5 ug/£� b e ing r0n ch c d . J� ve r.v - h i g hl y s i gni fi ca n t  c orrc;l a ti on 

( P < 0 . 001 ) VU1 s ob t -:l i ne d b c t·.�·e en the l e r, d  c on ten t of t he out e r  

2 cm u f  wool o nd the content of the wh ol e b l o oJ . 

Be c n ue e of in c rea s i ng worl d wi de c un ce rn ab ou t m e a t  qual i ty ,  

i t  w oul d  s e em t o  b e  odvi s n b l e  t o  a v oi d e rn z i ng s t o ck on the gra s s  

v e rg e s  Cl d Ja cen t t o  hi g h\'n · ys . I f  s uc h  e;riJ zint:, h<< s t o  b t:  d cne due 

t u  e c cn om i c  c i rcwr. s t Elnct: s ,  ci t l . .. 1 s t tht; offnl shoul cl be d i s ca rd e d  
i n  � m  effort t o  ::. ... e J u c i�; l t:ci d l t:vel s i n  I'-.:: t f u cd c ·· i1i c h i s  s ome t ime s 

c Gn sum ec1 b y  huma n s  ( Ha nl<.i n .£..� · pl_ . 9 1 97� ) . I n  o.dC: i t i  vn t v  t he 

pe rha ps min e r  hR z a r·:1 p re s t::n tt. (: b _y p <:.:t fc, Gcl , t he: :c•e I'(-:mc=t i n s  the 

_p o s s i b i l i tJ L f  d i P�_; c t  c • . n surnp t i cn ... f C\.Jntc.lmin�-. t e J  l iv0 rs or 

k i dne y s  b y  hum2 ns . i': s �mmi nc A n  : .l c c.!c:.; p tn b l u d.s i l y  i n take ,_.f 0 . 4mg 

•Jf l e ad ( W . H . O . , 1 9 72 ) by A dul t huma n s  ( ch i l cl re n  sh c ul d  hnve a 
mu c h  l cwe r i n t iJl{ e ) , i t  i s  cl < : n r t h0 t  a s ingl �· s e rving �._;f 200g of 
l i v er c vn tA i ni n g  20 )lc/g h :-. d  w c ul d suppl :r the mflximum p e rmi s si b l e  

� l emental in tnke f u r  a peri ud 0 f  1 0 d ny s . 
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SECTIO!'T IV , 

BE..,VY Mi�Ti\ L ( Cd ,  C r 9 C u ,  Ni , Pb And Zn ) POLLUTI ON FROM MOTOR 

VEHICL.:'� 'Sr�l ls :-: J  ORS , ,,�D ITf-' .".F:2'EC'l' ON Ru. _mO:: IDB 20ILS .�·�ND P.' STURE 

SPE C L  - �  .'\LO!';G rrfl _j . ·· uC I<.L..::·T'JD MOTOR .:J�Y 9 NE''.! Z.�j ;L..'�l';D . 
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1 .  Ih t rorJ u c t i Ol} . 

The ma gni tud e tmd d i s t r i b uti on of l e a d  part i c ul a te  

p oll ut i on f'rorn motor ve hi c l c: emi s si on s  ha s b e t; n  extensi  vt;:;l y  

i nve s t i g a t ed i n  r e c e n t  yea rs . T h e  pr e s ence of' l e a d  i n  s o il s a n d  

p a s ture spE.: c i e s n e n r  h i g llwe y s ha s b ee n  r e l<: J t e d  b y  m a ny rm th ors 

t o  su c h  v a r i a bl e s ! l S t ra ffi c d e n s it y ( Cannon and B owl t.: s , 1 962 ; 

Kl oke A n d  Ri � b a r t s c h , 1 964; Da i n c s e t . &1 . , 1 970 ; Pn g �  and Gan j e , 

1 970 ) and p re d om i na nt 'Ni nd d i r e c t i on s ( "Va rd � . Q). . 1 974b ) . The 

pos si bl e h a � a rd t o  he al t h b y  lead  pol l u ti on f rom tt-li s  s our c e h a s  

b e en h i g hl i gh t ed b y  wo rk on le ad l e ve l s in s oi l s  ( C how , 1 9 70 ; 

Ol s on a nd Skoge r·b o� , 1 975)  a nd hi g hv�a y pn s tu re s and pl an t s 

( La g e rwe rff' , 1 9 70 ; S chuck a n d  L o c ke ,  1 970 ; Te r Ha 3 r , 1 97 0 ;  

R8b inowi t z  ond "le t h i.� ri l l , 1 972 ;  c-md Wa rd u .  al . , 1 975b ) 

.Ap a rt f r om l ead , ve ry l i t tl e  R t te n ti on ha s b ee n  pa i d  t o  t he  

p o s si b i l i t y o f  pol l u t i on f r om o th e r he a vy mL: tEl l s d e ri ve d  from 

m ot o r ve h i c l e s . S tud i e s on pe1 r t i culn t e:  c omponE.:n t s  i n  m o t o r 

ve hi cl e emi s s i on s  have b t; e n  c en t rC;d  on l t.:: ad , s u l pha t c 1 n i t ra t e , 

hal id e s ( the i r  a s s oc i :1 tcd ga sc c.u s ni xturc s )  a nd hyd ro c n rb on s 

( H a b i b i ,  1 9 70 ,  1 973 ;  L e; .;:  Q.t .  al . 1 9 7 1 ; lie i c ht::l a n d  HDnld n ,  1 972 ; 

l'vl oyers e t . al , 1 972 ; Tc HaA r e t . fll . ,  1 972 ; L onnerrmn � ·  a l . � 

1 974) . H owe v e r ,  La gervverff & C:·lk c h t  ( 1 9 70 ) re p or t ed the p rc. sen ce 

of cadmi wn ,  n i cke l D nd z i n c  ( Et s  wel l a s  l c:; n d ) in so i l s sn d 

g ra s s 0 s  a t  r oa d si cJe s . 'l'h c.; SC el eme n ts \ii/C rt:: pl't; s uma b l y  d t; r i v e d  

f rom ltl O to r vehi c l e  ewi ssi on s and for [.1 s i t e  YJi th 4C$ , 000 vehi cl e s 

p �..-r d ay ,  h a d  t he f ol l ow lng rang '- uf con c e n t r�1 t 2 on s  ( pg/g d ry 

w e i g ht ) f' or surfa ce s oil s i n  t h e  i n t e rvo l 8-3 2 IJte t c: rs f r om t h e  

road : cadmium ,  0 . 94-0 . 24 ;  l e ad , 540-1 40 ; ni cke l , 7 . 40- 2 . 40 ; 

z inc , 1 62- 1 1 4 . C orre s p ond i ng val ue s f o r  g ra s se; s  1-ii e re  : c ad m i um , 

0 . 75-0 . 48 ;  l e a d , 51  . 3 - 1 8 . 5 ;  ni c ke l , 3 . 8- 1 . 3 ; z in c �  40-30 . 3 . 

G i s h  & Ch ri s ten s e n ( 1 973 ) a l s o  m e n sur cd concen tra t i ons  of the se 

e l e ment s i n  s oil s a nd v a r t hw orm s D...Yl cJ  showed a d e  c r ea s e wi th 

in cre a s i n g  d i s t a n c e  f r om t h8 ro ad . 

T he t oxi c i ty of a l l  the ab ove el emen ts t ow a rd s  huma n s  ha s 

b een wel l  d ocumented C"-' . Ii . O . , 1 9 72 ) and b c: c a u s 0  of the pauci ty of 

d a ta on p ol luti on b y  thE se el emen ts  ( e xcept in the ca se o f  l e ad )  

f rom mot or vehi c l e  exhaus t s , th ere .l s cle a rly a ne e d  f or fu rthe r 
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s tud i � s on t he se 8nd o t h� r  hea vy m�t al s . Thi s ne ed i s  further 

re i nf or ce () by  t h0 ff.i c t  thn t n one of th.:.: pre v i ou s s t u d i c: s h ad 

in cl ud e d  ch rom i um or c opp er  ( b oth o f  whi ch a r e c omp one nt s of 

m ot o r v e h i cl e s ) , R nd n ,_; n ,_, l1a cJ a t t emp t c u  t o  correl :·-t t e  e l e men tal 

con cen tra. ti ons wi t h  t rn ffi c d e n  si ti f; S . 

Therefore , i n this se c t i on ,wo rk i s  rep o r t e d  on c once n t ra t i on s  

of  cadmi um , chrornii.urr1 9  c oppt.: r ,  l e a d , n i ckel and z i n c  i n  soil s and 

pa s t ure sp e c i e s a l on g ::1 b u sy l!l ot orway i n  ..:�uc klan<1 C i t y p  New 
Z e a l an d . El �rn c n  t Al c on cen t re ti ons we re a l s o  c orre l B  t e d  · wi th 

t he  t ra ffi c den 8 i ti c:: s n t  each col l � c ti on l ocal i ty . 

2 • S t ud ,y _ o rt2_� 

The " '. u c kl n nC i\t o t o r· . a y  i s  s i t un t e L! t o  t he s ou t h  of :r--rew 
Z e a l and ' s l r. r£,C:: s t  c i ty ,  " uc ld. a nd ( popul n t i on app ro.x:imG tely 

700 , 000 ) . T t1t: smn pl i ng s i t e s V: 0 r c.  s c l G c t ed en e1 1 me t e r  wi de , 

gra s sed m e d i �n s tr i p  l o ca t e d  i n  the c e n t rd of th e m o t orwa y , 

whi ch 8 t  scm0 l oc n t i ons hn s th ru e  l n n � s on ei t h� r  sid e , ( Marke t 

Roa d  t o  El l e rsl i 8 ) . S e ve n t � e n  s i t � s ,  c o rre s p ond i n g  t o  t he 

V9. ri ous rn ot orw"ly i n t e r> c h fm g c:: s G re  l i s t E..; d i n  T a b l e Dl . 1 . 

Surf:OJ ce  soil s ( 0- 1 cm . ) W t ! r e  c ol l e;  c t i.;d a t  a ll s eve nt e en 

s i te s  a n d  so i l profile s � � ru s ampl e d  n t  s i t e s 1 ,  3 ,  5- 9 , and 1 2 . 

Ba ckgrouncJ soil sample s ., c ·re  t a1cen from t h e  s am e  soil type a t  

d i  s t E:t nc �  s v• e l l  ::wm y  f r om the 0 f f c  e t  of w ot o r vehicl e erni s si ons .  

The pu s tu re  s p e c L. : s s A mpl e d  from the med ian s tri .f! of t h e  

JiU c kl M d  r1� 0t orway w .::: re 

L ol iurn J2_e ren� L .  ( pt-. renni al ry0gra s s )  � Tr.ifol iurn repe ns L .  

( \.lfhi te cl ov er ) , Poo annua L . , Dqc tyl i s gl �me ra t� L . ( C ocksf o ot L  

H ol c us l an0;_t u� L . ( Yorkshi rt- f og } , Bel l i s �Q11i s  L . ( d a i sy ) , 

Pa spalum d i l o t a t urn L . ,  ond " fl a twe e d s " of t h e  gene ra : Pl an tago , 

Be l l i s  8 n d  C repi s . 

Sampl e p repa r� t i on an d a nalys i s  of the se  sampl e s  we re 

ca r r i e d  ou t a s  e xpla ine d in Se c ti on I . B . 

. .. c I 



N o .  

1 

2 

3 
4 
5 

6 

7 
8 

9 
1 0 

1 1 

1 2  

1 3 

1 4  

1 5 
1 6 

1 7 

Table I V . 1 .  

Il!ean Conc entrat ions ( !lg/ g dry weight ) of HeaV".f Meta) s in ::urrace So ils from Var i ous In t erchanges 

of the Auck land Motorway , 

Int erchan� 

Symonds St . - Khyber Pass 

Khyber Pas s - G illi e s  Ave . 

G i llies Ave . - Market Road 
Market Road - Greenlane 

Gre enlane - Rac e c our se 

Race c our se - E ller slie 

E llerslie - Mt . We llington 

Mt . We llingt on - Ot ahuhu 

Ot ahu.lJ.u - O t ara 

O t ar a  - Papat oe t o e  

Papat oe toe - Wiri 

Wir i - Manurewa 

Manurewa - T akanini 

'rakanini - Papakura 

Papakura - Drury 
Drury - End of Mo torway 

background 

�:ew Zealand . 

Onening Distance (km ) 
:::late fr o m  Central 

P . o . 

1 . 4  

1 2/66 2 . 0 

9/6 6 3 .  1 
6/6 5 4 - 5  

4/6 5 5 · 8 

1 2/6 3 6 . 8  

1 2/63 8 . 0 

7/53 1 1 . 2  

1 2/5 5 1 3 . 8  

1 2/5 5 1 6 . 7 

1 2/5 5 1 7 . 2 

1 2/5 5 2 0 . 6 

5/6 3  2 3 · 4 

5/63 25 · 7 

1 2 /6 5  2 9 . 8  

1 2/6 5 3 1 - 9 
1 2 /65 32 . 5  

Traff i c  Dens i ty 

Vehi clesL21 hr .  

28 , 000 

4 7 , 500 

6 3 , 500 

5 0 , 000 

57 , 000 

54 , 000 

5 1  , 750 

4 3 , 000 

4 5 , 000 

43 , 000 

43 , 000 

2 8 , 600 

2 8 , 500 

21 , 500 

1 9 ,  000 

1 4 , 000 

1 2 , 000 

C o ncentrat i ons (me an of 2 re2l i cates2 
Cd Cr Cu Ni Pb Zn 

<0 . 6  6 0  4 0  4 0  800 1 44 

2 . 5  75 70 90 2 3 30 3 38 

1 • 9 75 50 1 1  5 2798 5 5 0  

1 . 3 80 2 50 70 22 64 663 

3 · 8 1 1  0 1 3 0 1 50 3 064 4 50 

2 . 6  70 480 1 1 0 1 2 6 5  400 

1 • 2 6 5  1 2 0 70 1 665 3 50 

<0 . 6  5 5  1 1  0 70 1 332 2 7 5  

0 . 7  60 4 0  9 5 2 000 263 

<0 . 6 6 5 3 5  1 20 1 400 1 75 

<0 . 6 75 3 0  6 0  1 200 2 00 

0 . 7  6 5  2 5  70 1 3 98 2 50 

<0 . 6  50 2 5  6 5  1 2 32 1 56 

0 - 7 50 20 85 1 46 5  1 7 5  

<0 . 6  60 25 85 800 1 75 

<0 . 6  4 5 2 0  2 5 533 1 1  3 

0 . 7  4 5 2 0  70 1 000 1 3 5  

<0 . 3 9 ·  1 2 8 1 4 64 
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Th t: me an c cn cc: n: rn t i on s  of cndm i ur.1 9 c hr om i um 9  c oppt; r ,  
1 (: 8 cJ , ni- ck e l  .-1 nc'l z i n c  i n  su rf' Cl c t:  s oi l s snwpl e: d f rom t h8 va r i ou s 

i n  t e r chEmgt:;; s o f  the � � uc kl EI  nd h o t o rv1G y a r.:; pre: scn tE: d in 'I'a b l  e 

IV . 1 .  hl l s i x  e l o m 0 n t s sh o �  s i & n i fi ca n t l y  hi gh e r l e v6 l s al ong 

t he m o t o rway c omp n re d  v! i th b a ckg r ound B l' CEl s . M e a su rem en t s of pH 

gBve value s o f  6 . 1 0  t o  7 . 40 ·;vlli c h '.v c r·e suffi c i e n tl y  high t o  

e n su re  n i nimun . m ov e'Ti c.n t  of t ra ce: (;:l c;me:n t s th roug h t h �:.. s oi l  

p r of i l c S  ( C h ow '  1 970 ) . 

:. 1 th ough e l e rn e; n tal l 0 ve l s a re c on s id e ra bl y h i gh e r  t h an 

b a ckground f o r a ll e l e mt..:n t s , t he re ·vvfl. s a p o s si b i l i ty th El t  i n  s ome 

ca s e s ,  t he so il h8 d b � e n  t ra ns p or t 0 d  f rom el s�whe rc i n  the c i ty 

du ri ng t he c on s t ruc t i on of th(; m o t orw o y  and t h at t he hi gh l e vel s 

we re due t o  n .::-. t u rol l y  h i gh c o n c e n t rfl ti on s of s omt: e l e m e nt s  i n  the 

b a s al t i c  s o i l s of t he.: i-.u ckl :mc o rc.; [l . T ! l i s  c oul d :1 p pl y  t o  

c h r omi um an cJ ni ck.:.;l , th oug h  n ot to tht;:; ot h · r  t.: l t:mt.-n t s Yihi c h  a re  

no t u s ual l J  en ri c he c1 i n  b a sD l  t i c sub :::. t rr: t e s . In orci e r  t o  c on f i rm 

tl"k:! true o ri e; i n uf h:c; c:: vy trtG t e. l s  in th t..:: s o i l s , o n un1 b e r  of s oil 

p rof' i l C: s ;.; . _ r e  anal ys e d . De c r8 D s e  o f  e l (:;]n cn t <.-1 1  c .:)n c en t rG t1 on s 

w i t h d E: _p t h  woul d indi ca te su rf a c e cont g.mi nc.1 t J. on f'rcm m o t or 

veh i cl e s ,  wh�.,rc n s  un c han g i ng c one en  trP t i  on s \Voul d show tha t 

anornnl ou s hc fl VY m e tal l ::.: v el s  w �.:. rf.; a fun c ti on of t ne sub s t ra t e  

i t sel f . 

F i gu re s IV . 1 and IV . 2 s h ow c on c en t ra t i on s  of si x Eo l erne n t s  

i n  s o i l  p rofi l e s from n i n �  i n te rcha ng e s d iv i d e d  in to t hre e group s 

a c c ord i n g t o  t ra ff i c  d e n s i t i e s . 

I t  i s  cl e a r fr orr t .. 1 e s t:  f i gu re s  t ho t el emen t a l  c on c e n t ra ti ons 

inva ri a b l y  d<J c rease v.-i th dep th of al l s a mpl ing si t e s and t ha t  

thi s  i s m o st a pp a re nt a t  t he in t e rc han g e s wi t h  t he hc;avi e s t  

t ra ffi c d e nsi t i e s . J: t t h e  b us i e s t  s i t e s ,  e leme nt o l c on c e ntra t i on s  

d e c re a s e  b y  n n  ord e r  o f  ma gn i t ud e in n depth of onl y 1 0 cm . 

C on cE::n tra ti on pa tt e rn s of e l e me n t s  i n  a l l  s o i l  p rof i l e s , 

ind i ca te th < l t  the se el t::vfl ted l e ve l s i n surfa c e  s o i l s a re d ue t o  
e x t rfl ne ous s ou rce s ( p rt; suma b l y  m o t or ve hi cl e erni s s i  on s ) a nd 

a re n o t  a f un c t i on of s oi l typ e . 



Figure IV . 1 .  

C on c entrat i ons ( pg/g dry weight ) of  lead , c opper and 

z in c  in s o i l  profiles from nine interchanges of the 

Auckland Mot orway , N ew Zealand . 
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Figure IV . 2 . 

C on c entrat i ons ( �g/g dry weight ) of  nicke l ,  c hr omium 

and c admium in  soil profiles from nin e int erchanges 

of  the Auckland Mot orway , New Zealand . 
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( b ) P: • s tu:ee sp(; C i tJ s . 

El e m e n t a l  c o n c en t � � t i on s  i n p A s tu r e pl nnt s ( w i th out rega rd 

t o  s p e c i c; s ) G.re shv,;n i n Tnb l e  IV . 2 . The d A tn d ce s  n o t  in c l ud e  

f i gu r e s  for ca d n: i u rn  b 0 c �m s c  c un c c.- n t r[. t i on s  we re at or be l ow t h e  

l imi t of i ; L: t e c t i on ( 0 . 2 yg/g ) and w�:.:: re s c 0 r ce l y d i s t i n gui s ha b l e  

fr om b a c kg r ound . Z i n c  v 0 l  ue s hr:1 ve n l  s o  b 0 e n  e x  cl U<.k d  b e  c a u se 

the n a t u rA l  c on c e n t ra t i on of z in c i n  v e g e ta t i on i s  r-cl n t i ve l y 

h ig h ( 50 p.g/g d r,y W<:; igh t ) a nd i t  wa s n o t p o s s i b l e  t o  d i ffe re n t ­

ia t e  va l u e s  from b a c kg r ound / 
I t  i s  c le n r f rom Ta b l e  IV . 2 . , t h � t  w a s hi ng rem ove s ab out 

one t hi rd of the he c vy rnc t � l b u rd t: n  of the vcge tn ti on a nd  

ind i c a t e s i t s  supe rf i c i ol d e pos i t i on up on thE; pa s tu re s p e c i e s . 

For unwa s h �o ma t e ri t1 l ,  c on c e n t r:� t i on s  un th e bu s i t: s t  i n te rs e c t i on s  

a Pe ab out e i gh t  t i me s h i g ht.: r f o r c hr om i u m, thr e e  t i m e s  as  hig h 

f or coppe r ,  si x ti rn t; S  h i gh e r f o r  n i c ke l  an d onL: h und red t ime s 
-than bO<.: k.g.-ounOI -

ci S hi gh f or l va C 4\ ;.\ s  ITHJ Y,.' b l;  L Xp c c t e d , l e cl d  i s  qua n t i t i ve l y  t h e  

g ri.:: a te s t  pol l uts n t  n m ong t h e  f our e l d[, .;:;n t s  s t ud i l:; d . 

The s e  vu l U ;.; S  f o r  ht; 2VY mt: tn l s i n  so i l s  and ve g e  t a  ti on wh e n  
c o mp a r�d wi th t h o s e  ob tai n e d  b y  La g e rw u rf f  & Sp u c h t  ( 1 970 )  f or 

a si te w i t h  s im i l a r t ra ff i c  de n s i t y ( 400 , 000 veh i cl e s  pe r 24 

h ou rs ) o r �.� hit, hc r f or l e a o  fm d n i cke l i n  s oil s <md hi g he r  fo r 

l e a d i n  ve g e t A ti on . Thi s d i ffe rence c a n  b e  0 xpl a i n � d  b y  t he 

g re a t er p r oxi m i t y of th e se s i t e s t o  t he l i n �  of tra ffi c , 

1�l t houg h  e l e m en t a l  c un c e n t r· a t .i on s  \V e l,e ob t F> i nc d  f o!' a l l  

.Pa s tur e  spe c i e s  a t  e a c h  s a mpl i ng s i t e , f or th 0 s a ke o f  b re vi ty , 

v al ue s  f o r  only on o s i t e  ( tro . 5 ) a rt: s h own in TD b l e  IV . 3 ,  The 

da ta show ob vi ous i n t t::; r s p e c i f i c d iff e ren ce s i n  up t a ke o f  

pol lu tan t s . ..':1 1  pa r t s of wn i t e  cl ov er ( r oot s , L , ave s and s t ol on s ) 
u sual l y sh ow c o n s i d e ra b l y g re a t e r  up t a ke of c h romi um , c opp e r , 

l ead and n i ck el . Thi s e nhan ce d up ta ke d o e s  not a pp ear t o  b e  

a fun c t i on of t he sh ape of t h e  le a f , b e cCJ u s e  o th e r  b road -l e afe d 

spe c i e s  s uc h  a s  d a i sy a nd  fla twe e d s  ha ve c on s i d e rabl y l ower 

a c c umul a ti ons of m os t e: le rn en t P. . Wa s hi ng u sual l y  rem ove s about 
one th i rd of t he a e ri al b u�J e n f ro m  le av e s  of a l l  s pe c i es . 

Pa spa l um g ra s s  t end s t o  h ave t he l mv e s t a e ri al b urd e n  of any of 
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Tabl e IV . 2 .  
M e an C on c e n t ra t i on ( p-g/r, d ry 'He i gh t )  of he a vy i·h e ta J. s i n  ''la s hed 

nnd Umv'OJ s he cl f'El R t u :ee L t:Rv e s  ( Wi thout Pe g ·- · rr�; t o  Si) <..� ci l' S ) Sampl ed 

from th e VEl ri ous ln t c rch<mg c s  of t he " -u c .td_ .-�n t:i r.w t o nvny , ::'Je w  

Z e a l<md . 

C on c e n t ra ti on s ( r.� enn of a 5 I'epl i cA t e s ) 
---

N o .  C r  C u  N i  Pb 

'.'Vn shed Unwa sht:: d 'la shed Unwa s h Gd . .  ;a sl led U n'�Iia shed iiiJa shed Umvash ed 

1 1 • 0 

2 1 . 9 

3 2 . 2 

4 2 . 0 

5 1 . 5 

6 3 . 7 

7 3 . 4  

8 2 . 4  

9 1 .  8 

1 0  2 .  5 

1 1  1 . 7 

1 2  1 .  4 

1 3 1 . 7 

H� 2 .  0 

1 5 1 .  7 

1 6  1 .  0 

1 7  1 . 3  

Ba c kground 
0 . 4 

1 • 6 

3 . 8 

3 . 0 

2 . 8 
2 . 3 

5 . 1 

7 . 1  

3 . 2 

2 . 5 

3 . 7 

2 . 6 

3 . 0 

2 . 3 

3 . 3 

2 . 9 

2 . 0 

2 . 2 

0 . 6 

8 . 6 
1 4 . 2  

2 2 . 4 

23 . 6 
1 9 . 4 

1 5 . 6 

1 8 . 6 

1 8 . 3 

1 4 . 6 

1 7 . 7 

1 3 . 0 

1 c • 1 
8 . 9 

1 2 . 6  
9 . 1 

6 . 7  

6 . 5 

9 . 0 

1 _5 , 6 

22 . 6 

j2 . 1 

32 . 2 

25 . 6 

22 . 0 

28 . 1 

26 . 5 

24 . 1 

25 . 6 

1 7 . 0  

1 8 . 9 

1 4 . 6 

2 0 . 9 

1 3 . 6 

1 1  • 8 

1 2 . 6 

9 . 5 

1 • 5 

2 . 2 

2 . 0 

1 • 8 

1 . 7  

3 . 0 

3 . 0 

3 . 4 

2 . 3 

2 . 5 

2 . 2 

2 . 1  

2 . 3 

2 . 2 

1 • 9 
0 . 9 

1 . 6 

0 . 7 

2 . 3 

4 . 8 

3 . 2 

2 . 5 

2 . 6 

L� . 7 

5 . 4 

4 . 8 

4 . 0 

4 . 9 

2 . 9 

3 . 1 
3 . 9 

3 . 0 

3 . 8 

L 6  

2 . 3 

0 . 9 

1 53 

23 6 

267 

221  
3 41 

1 3 2 

203 

2�1 7 
254 
1 99 

1 75 

1 71 

1 60 

245 

99 
63 

86  

3 

236 

3 63 
3 7 1  

3 05 

5 1 0 

250 

297 

399 

3 1 8  

2 7 7  

248 

2 1 8 

303 

3 29 

1 55  

99 

1 65 

5 
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Tn bl e IV . 3 . 

M e :=m  c on c e n t ra t i ons ( y.g/g ci ry wt=: i gh t )  0f H e avy M c; t s l s i n  F n s t u re  

S p e c i e s ( r oo t s 9 l � uve s o �J wld t e tl ovc r s t ol on s ) Snmpl ed n t  Si te  N o .  5 

( Gre enl a nd I n  t--· re h u ng e )  of t he .. ': u c kl A nd i ·: o t o rvv' -'Y  9 !Te '.V Z <; c: l nnd . 

Vege t a t i.2Q_ 

Sampl e d  

1Nh i te C l  ove r  ( -7c ) 
ro ot s 
l ea v e s  
s t ol on s 

l' . Ryeg ra s s  
( PR )  

ro ot s 

l HlVe S  

Poa .:� nnua 

( PJ' )  
r o o t s 

l e EI VC S  

Y o rk s hi re 
F og ( YF ) 

ro ot s 

l e ave s 

Fl a twe e d s  
( F'': ) 

root s 

l e ave s 

Da i sy ( D )  

r o o t s  

l e o ve s  

Pa s p a l um 
( P )  

r oo t s  

l eave s 
C o cks f o o t  

( C ) 
ro o t s  

l ea ve s  

·----------�----------

C on c en t rn t i ons ( m e n n  of 5 repl i c a t � s )  

C r  

U n-

3 . 1 3 . 9 
2 . 3 3 . 8 

1 . 9 3 . 4 

1 • 9 

1 • 6 

1 • 0 

3 . 1 

1 • 0 

1 • 6 

1 . 1 

0 . 5 

0 . 6 

1 • 0 

1 • 1 

0 . 8  

1 .  0 

1 • 2 

5 . 8 
2 . 3 

1 • 1 

3 . ') 

2 . 9 

2 . 3 

2 . 2 

1 .  7 

0 . 9 
1 • 6 

1 • 7 

1 . 0 

2 . 2 

1 . 9 

29 . 7 

3 7 . 8 

2 7 . 3 

1 5 . 2 

1 4 . 3  

C u  

Un-

60 . 6 

50 . 4 

4j . 9 

28 . 8 

20 . 8 

1 6 . 0 22 . 0 

23 . 4 3 1 . 2 

1 2 . 0  

1 6 . 9 

1 5 . 0 

2 0 . 9 

25 . 6 

2 7 . 3 

2 7 . 0 

22 . 6  

7 . 5 9 . 2 

1 5 . 7 1 8 . 3 

9 . 6 

1 1  • 7 

1 8 . 0 
1 8 . 3 

28 . 8 

1 5 . 6 

1 . 9 

3 . 8 

1 . 3 

N i  

1 . 4 

1 . 9  

2 . 3 
2 . 6 

0 . 8 

1 . 3 

0 . 6 

1 . 3  

0 . 7 

1 • 1 

o . 2 

1 . 3 

1 • 0 

0 . 6 

Un-

5 . 2  

4 . 7 

3 . 3 

}-+ . 0 

2 . 6 

2 . 5 

3 . 3 

2 . 8 

3 . 3  

1 • 8 

3 . 1 

0 . 7  

1 . 5 

0 . 7 
1 . 3 

2 . 0 

0 . 7  

1 55 

365 

48 1 

360 

306 

3 1 5 
501  

228  

390 

1 86 

3 52 

1 22 

248 

8 4 

2 78 

1 52 

286 

?b 

Un-

645 

638 

707 

48 0  

345 

460 

546 

408 

553 

225 

1 044 

1 65 

3 1 3 

2 1 3 
305 

3 76 

3 3 2  
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th� p ol l u t n n t s s tud i e d . T h0 e xp� ri mc n t s i nd i c a t e t Xp e c t ed 

e l ement nl l � v�:: l s  in :p n s ture sp t- C i L; s  c:d j n c t, n t  t o  ma j or hi g hwa y s 

nnd i t  i s  cl \) o r t hc.r t  i f  e: re z i n g  cl o s t  t c  su c h  sour c L=; s of p ol l u t i on 

m u s t  b t.:  und c rto ke n 9  th e n  ' ' hi t o...; cl ov ..:· r s l-J oul d b 0  "l v oi d E. d  and g ra s s e s 

su c h  a s  pa s p o l wn cn c ou r·n r. cd . 

( c ) S t a t i s t i ca l  a nRl y s i s . 

I n  o r� e r  t o  a s se s s  tht_; r ul a t ion shi p b e twe en t ra ff i c d en s i t i e s  

a nd t he:: two fu rth e- r V<J r i o. b l e: s  c f  p ol l u t D n t  c on c e n t rn t i on s  i n  soil s 

and v e g e t n ti on , Sp'-· o rrnr:• n rn nk c orre l a t i on c ot: ff i c i en t s  vve re 

c omp u t e d  for f:-tl l p o s si b l e p a i r s  of va ri ::! b le s i nv olvi ng e n ch of 

the s i x  h e u vy rrll_; tnl s s tuu i c:d . The s� re l :J t i on sh i p s  a re  sh own in 

Tabl e IV . 4 . 

In a l l  ca s e s  the re i s  8 t  l ea s t 8 si gn i fi c n nt ( P  � 0 , 05 )  

r•e l a  t i on s h i  L-' b ;:;  tv,: E: t: n  t ra ff i c  d e n s i ty o nd (; l er.1c:n te:l l  c on e e n  tra t i  on . 

i n  s u rfa c e  s oi l s . Th • G l': rc:le t ion s hi p s  art:: vt:: ry- h i e, hl y s i g n i f i c a n t  

f o r  t he 0 l 0 ltl <: ; 1 t s  ch r omi u:a 9 C; 0 Qp c r 9 l t.: :==l d r:m d z i n c . The; l E' s s  

d e f i ni tt.: c or r e l a ti ons f c :c' C f:i C!fil i UL! i s  protJ s b l J  b t- c n us e- tht.. rc. �·re re ­

re l n t i ve l y  f (;, .,:,, s i t e; s  E; t \V ( , i ch U:.. i s el c.;mt; n t  c oul d D e  m e; ;:, s u r(; d 

a c cu ra t el y . 

Th e:: rel a  ti on s h i p r: b e t v,'c.: t:: n  t rs f  i c  fi e n s i  ty D n d  con c e n t ra t i on 

in v e g e t c ti on 9  s ho;;, t lw t  th e [: Pu s s , yo rksh i re f og 9  i s  u s u Al l y  tht: 

b e s t  ov e rD l l  i n  J l c 1:1 t.or of t ra ffi c " Em s i ty f r om i tc c on t e nt of 

f ou r  he 0 v y rn t: t o l s . By c cn t r':! S t , onl y t h�e: c o.Q_p € r con t en t of 

c o c k s f o o t  refl e c t s  t ra f f i c d e n s i ty . 

i'. s may b e  e xpe c te d , t he v e g c t n t i on/ s oi l  rel a t i ons hips whi ch 

d o  n ot i nv ol v e  a d i re c t corre lEl ti on wi th tro f f i c de n s i ty , a re i n  

g enera l weakt: r  a nd f c  ·•'e r in numb e r . h os t  sp8 c i e 2,  s ho 'l o mutual 

re l a t ion s hi p fo r c o pp e r , l en c; on e n i clH:: l ,  b u t  only whi t e  cl ove r  and 1 
pe spalum g i v e  a pl an t/s oi l re l a ti on s hi p for c hrurni wn . 

4 .  C on cl us i on . 

F rom th e d a ta p rE: s e n t e c.l in Tab l e  IV . 4 . , th e re c a n  b e n o  d oub !; 

tha t  m ot or v e hi cle traffi c i s  re ;:; p on s i b l e  f or t he b ui l d -up of al l 

si x he a vy m e t ol s i n  s oi l s an d v ege t a ti on al ong t he m ot orwa y . The 

s ource of t he l e a d i s  o b v i ou sl y  l eade d g a s ol i ne a s  ha s b e en so wel l  

e s ta bl i s hed i n  t h e  l i te ra ture . La g e rwe rff & Sp e c ht ( 1 970 ) have 
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Tn b l c  IV . 4 . 
a 

S i g ni fi ce n c c s of .2c1 ·1 t i on s hi p s  b 0 t·. •· c e n t ( k' '!:'h rc:. e VR ri s b l (:; s  of 
T ra ffi c D� n s i t i e s ,  C on c u n t rs t i on of P ol l u t G n t s i n  Ve g c t n t i on 1  

( unw.s she d l c't ve: s ) n nlJ i n  .'·;urf. J. c E:: :-::: o i l s fru11 th t.;; J� u ckl s nc1 l'ii o t o rMly y 

Hew Z e 8 l r.:nd . 

Pol l u trm t F i rs t  - - · - c�;�nt�; ti ��s -i�·.;;�=t�:t� onb 

(se c ond v n ri a b l s )  

fl 

b 

C r  

Cu 
N i  

Pb 

C r  

Cu 
Ni 

Pb 

Cd 

C r  

Cu 
Ni 

J?b 
Zn 

--·-

Va ri n b l e -- --- --

C on c e n t rfl ti on s 

in 

su rfn c e 
s oi l s 

T raffi c 

d s n s i t i L; s 

n t  
i n  t L: r cha n g c  s 

T ra f fi c 
d e n s i  t h· s  

a t  

i n  t e r c ha ng t; s 

rJc 
Q u 

s 
S * "' 

s -- lt 

WC 
s 
G )t 
( . • )  

r. Jf 
, ') 

PR Pl4 YF F· ' D P C 

s 
s 

s 

s 
s ""  s �  • s )HI s s • • s 

P_.:� 

E, 

S *  

C on c eQ.t!:.��t i ol}_� i n_ vljge t <.; ti onb 
( se.: c ond vn ri G b l e ) 

P.;. 't'F F ·i D P C 
2 *' C"; lf- (", 'lt 

. .. I,) 

S ��'- ;� -)t- -,t  r * S I(;  .... 
-· 

c• c:: 'f 8 • )  -· 

s -- l' Q -· s c:: • · - ·  . ,  

C on c e n tra t i ons in s oi l s 

( s G c c.. nc vn ri a b l e ) 

s 

C.• j( • 

s 

Signi fi crmces  c<tl c ul u t ed f rom Sp e 8 rmn n ra nk c orl�el n ti on 

c oeffi cients  
ve ry-hi g hl y  s i g n i f i c e. n t  

h i g hl y  si gn i fi cnn t 

s i gni fi c�:mt 

p "  0 . 001 

0 • 001  � p � 0 • 01  

0 .  0 1  � p � 0 . 05 

See Tab l e  IV . 3 . f or we a n i ng of SJlllb Ol s .  



s ug ge s t e;(. t hG t c 8 Jm i um nnd z i n c  a r e f ounC t oge t h e r in l u b ri c a t i ng 

oi l s n s p�l Pt of ni ftn y nC: 6 i  ti ve s su c h  a s  z i n c - O i  t h i  oph o spha t e: s  ; 

whl� re c A dmi um rnny b e:  cm i rnpuri ty i n  thl; or i g lnnl z i n c u se d  t o  

p rcpn rt; t h o:.;  a d c� i  t i  ve . Th (; sam..::: s u t h o r c;  r0 9 o rt ,xJ 20-90 p-g/g 
cad m i um i n  c F; r  t ;yr\j s a s  8 p ro b a b l e I' (;: SUl t of t r1c u se of z i n c -

d i e  t hyl - c a r b  ono t e  (nnd a r.� s o  c i a t c c'l  cadrrd urn c on t am i na t i  on ) in t he 

p ro c e s s  of vul c cm i za t i on . 

N i c ke l �:mu chromi um 'j J:' '  f rt=; q u{; n tl y  u se ·: :  i n  dl i•ome -pl o t in g 9  

and c opp � r  i s  a c aom on c on s t i tue n t  o f  p i p i ng and o the r c omp one n t s 

of e n g i n e s �m r1 chas :: i s . 'l'he 1:-' Pc se n c e of the se t;;l \jme nt s i n  s o i l s 

a nd ve ge ta t i on A l ong m ot orwa y s  i s  p r ob a b l y  d ue t o  me chani c a l  wea r  

a n �  t e a r w h i ch d a p o s i t s  th� s {;  me tal s i n  t h e  fi n e  d u s t of t he roa d ­

way and f r om t he r e  t o  soi l s onu v�g e t �i ti on . 

The e x t e n t  t o  •.'Jll i ch t he a o ove he Avy me t a l s ( apa rt f r om l ead )  
co ns ti t u t 0 a ha z a rd t o  pub l i c h t; n l t h  i s  o qu � s ti on s omewh a t  ou t side 

the s c op :.:: of t h e p re :3 e n t  work, b u t b e ca u s e  of the i r kn ovm t oxi c i ty 

t o  human s ,  t hi s  que s t i on sh oul d b e  s t ud l ed f ur th e r . I t  i s  n o t  

l i ke l y  t h<:1 t zi n c  wi l l  p r c: se n t  muc h o f  c, p r ob l e m  btJ c a u s e  n orma l 

b a cK�: round l e v�_.l s i n  s oi l s ,  o ni mn l s nn J ve g e te:1 ti on ::L 'e s o  hi gh 
t hn t  f u rt 11e r c on t r i b uti on s f rom m o t o r  ve '1 i c l o  t.: mi s s i on s  wou l d  

n e e d  to b e  e x t remel y h i gh t o  cau s e  s i gn i fi c an t  e ffe c t s . L e vel s 

i n  s oi l s ,  of chrom i um a n d  n i ck(; l , th oug h much lli g he r t hrm b a c k­

ground , fl rt: ne- ve r t h el e s s  s b ou t t he s nm(; a s  i n s ome sp e c i o l s o il 

typ e s  su ch a s  th o se d e ri v e J  from b a s i c a ne1 ul t rsb a s i c ro c k s  a n d  

pre sumab l y  c ould b� t ol e ra t e� by m o � t o rg a n i sm s . T h e  e xc e e d i ngly 

hi gh c opp e r  l eve l s  ( 48 0  p.g/g ) C'l .L'e f'. ome ca use f or c on ce rn a s  a re 

al s o  t he c a o m i um c on c e n t ra t i on s  of up t o  3 . 8 p.g/g i n  s oi l s . The 

l e1 t t e r  c o n c e n t ra t i on ma y s e em l ow in ob s ol u t e t e rm s ,  b u t  wh en i t  

i s  rememb e red tha t a l e vel of 1 . o  pt/g c sdmi wn f or f ood stuffs i s  

a l i mi t a dv o c A t e Ll b y  mfln�{ heal th a u t h or i t i e s  th r ou e:_ h ou t  the worl d , 

e ven a c on � e n t ra t i on of 3 . 8 p.g/g i n  s oi l s sh oul d n ot b e  i gn ore d . 

I n  summs ry the fol l owing c on cl u si on s  sh oul d b e  p o i n t ed out 

f rom t h i s i nv e s t i ga t i on :  

( i ) Cadmium , c h r om i um ,  c op_pe; r ,  l e ad , n i cke l and z i n c  were 

mea su r e d  i n  s oi l s and pa s t u re spe c i e s  al ong t he t u ckl and M o t o rway 

a t  enh an c e d  l evel s a n d  c orrel a t ed we l l  w i t h  t raffi c d en s i t i e s , 
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( i i ) c o n c en t ra t i on s  in s o i l  p roiil � s  G t: cr�o s e� �i t h  d e p t h  

and s h owed tha t the sour c e  of p ol l u t i on � a s n e r i n l  d ep o s i t i on 

f rom m o t or ve hl cl o s  9 

( i i i ) u b �u t  on8 t hi rd of t hb a e r i u l  b u rj e n  of e a c h  e l eme nt 

wa s remov a b l e  b y v.'n sh i ng 0f vc g e t �·· t l cn sp s c i e s 9  

( i v ) h i ghe s t  n. c c umul a ti on of h �. El vy rn •.:: t R l s W1" S u sua l l y  

f ound I n  whi t e  cl ove r  1:1nd th c- l o\'1 \.: S t  i n  p�l s p n l um e, ra s s �  
( v ) c l e mc.: n t A l  c on c e n t rn t i  on s i n  po s t u re s ) ec i e  s ';,• e re 

u suAl l y  we l l  c oPrel G t ccJ : 1 l th t ro ff i c  (i en si t i e s s  p1:1 r t i cu l R rl y  i n  
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1 . I n:t;roo u c t i on . 

The a n a lysi s cf vc:; g t; to t ion <md s oi l s t o  show th t- d i s t rlbuti on 

·3 nd a c cumul n t i un of l ut d  e s  a rE: sul t of p s t r cl c omb us t i on c:md 
di s c ha Pge fr om m o tor ve h i c l e e xhau s t  enli  s s i on s  Dl ong mD j or h i g h­

WRJS hEI S be en i nv c P t i c :c t c:; · :: t:; x t e; nsi vE; l y  i n  rt: c e n t  'fC !1 rs . �ct rl y  

ob s e rv �-:t t i on e  by  . nrr .. , n  & De l e va ul t ( 1 960 ) �  C .s n n on & B owl e s  ( 1 9�2 ) , 

r-m d  Ruhl ing & Tyl c r  ( 1 9 68 ) showe <J ti1n t l .;; �1 c l � vc;l s i n  v e g e t a ti on 

aocJ sv i l s n c..a r mn j or hi g h��ays Wd'C: i n o rd i n<-� t ;:; l y  hi gh d e pe nd ing up on 

the Ji s t a n ce f r om t l1 t'  h i ghv · �1 Y 9  t r< 1 ffi c v ol ume n n d  d i re c ti on of 

t he; p reva i l i ng •.·J ind . 

J1 p p ro xi m� J t t:;l y  75r;� of t ht:: m e t o ll i c  l t.. a d  in ga s ol i ne comb u s ted 

by a m ot o r  v c- h i  c l c  i s  e xha u s t e d  in t he f o rm of 1 c.; ad p a  rti c ul a t e s  
in to t ht.: s tmos phere ( U . 8 . D . H . r, . '·;� 0 9  1 970 ) . E i ght y- f i ve �b of t h e  

u i rb o rn e p :: rt i cl t: S  n r e  l e s s t ho n  4p i n  d i a.rn�:: t e r  ( D?l in e s e t . al . ,  

1 9 70 ) . hl of� t  of th r_ s e; A rt: re m oved f rom t h e  n tm o s pht:: P e  w i t h i n  

a pp r ox i m �-1 t e ly 3 5  ine t c r s  of tht h i g hw:.i y r2 ue t o  gr< : Vi t :">. t i onal 

s e t tl i n g  oncJ i Li pn c t i on t:m vc:1 ri ou s ob s t s cl l: s . ' :n rd e t . nl . ( 1 9 74b ) 

ind i c ,1 t �_; j  th: ;  t t h e  mngni tul; e ::md di s t r i b u ti on of l e o d  i n  t r.::: e s 

s i  tu <:-t t t: d  'Vi 'thi n  5 m e t e rs of t h e;  sL·)e of ::: b usy Pol m e r s t on F ort h 

t hor oughfa re vlf-I S a f un c ti en of t he s L:l u  c f  t he. t re t: fa c i ng the 

hi ghwfly 9 t h e:  he i ght o b ove:; �::, round l �_; vt: l R i1r1 t r1t: b a rk l ayer sampl e d . 

The d i s t rib u t i on of l t: a d  i n  t h e  t rL e ri n g- c o re s  ind i c a t ed the 

relea sed c cn t ri b u ti un o f  l E: c1 d fron m o t or ve hi cl e E. xha u s t s . I t  

wa s Rl so obse rvtd  t ha t  si gn i f i c an t e l �vn t t d  le a d  l e v el s � o  n ot 

oc c ur b el ov,; a d t, p t :� of S ew i n  th8 soil c; t  d i s trm cc; s of 7-3 0 r.w t e r s 

from t he hi ghvm y . 
1 V o rk on l cEl d  l e vel s in ve g e t a ti on grov;i ng , ,.i t h i n  1 00 me te r s  

of a Nevv Z e a l c.m d  8 t f1 t e R i ghvva y 'di t h  a r•e l s t i v e l y  l ow t ra ffi c 

v ol ume sh owNJ t hc t El c c wnul G t i on g D ve a cl ose f i t t o  curve s showing 

an e xpone n t i al de cay wi t h  d i s t Anc e , f or nb out 50 meters on e i t he r  

si d e  of the h i ghwn y ( Wa rd e t . !il · , 1 975a ) . Simil a r  pEl t t e rn s  of 

l ea d  c1 i s t ribu t i on in the swe e t - c orn p l cm t  VJtH'e a l s o  me a sure d , 

( '.Ya rd e t . al . , 1 9 75b ) . 

The re sul t s of Se c t ion IV ind j cB t e d  tho t t he su rfa ce - s oil 

l c;a d  c on t ent i n  the med i a n  s t ri p  of t he A n � '�<l R nd Nl o t o rway 9 

sub je c tc::d t o  maximum t ra ffi c v ol um e s of > 60 , 000 v e h i cl e s  pe r d ay ,  
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re E< ch e d  l ev t: l s  a s  hi t;h a s  3000 flEIG ( dry we ig h t  b a si s ) . 

I. s s oc i a  t ed pa s t ur·0 spt.! c i e s  < 1 t the s £; ll! c s i t( c on t <: n n e d  480 EJ nd 345 

pg/e:, ( d ry vv e i c,ht b a si s ) in Ln.: r o o t s  t ; n�� l e A v�; s re: s_p�:;; c t ive ly of 

ryc: g rP, s s  ( L <;:1.1-� P0£i:::.r.�n e � . ) . Of' t iJ.c l t; o. f-l e.:nd c c on ten t 9 s o1nc.; 

30�;; i s  re rn ov c-. b l �:;; by ViD sh in[, . T h i s f i'<-1 c t i on i n  a fi e l 6  s i tua ti on 

c oul Cl b e  wa shed o ff b y  ra infn l l . H o•:lt.: Vt: r , �11 1  t he l 0u d 9 whe t h e r 

a s  su r f n c e d e p o si t or b oun d t o  t he l u A f 9 i s  i n g v s t e CJ  b y  the 

g ra z ing an i m al . 

The w ork r e p  o r t c cJ i n  t h is se c t i on vva s C 8  rrie d ou t t o  de t c rmi ne 

the d i s t ri b u t i on of l e FHJ  'Ni th i n l)t:H; tu rL s a d j n c e n t  t o  a re a s onabl y 

b usy New Z <J a la nd i3 to te H i g hwa y ( a ve r,1 g e  cJ £d. l y  t rn ff i c d e n s i ty of 
5000 ve hi cl e s/t. a y )  nnd t o  ob c=:e rve any s e n s o n :-1 1  pa t t e rn s  whi c h 

m8 y o c c u r  i n  t he d i f f e re n t  p o s t ure 2. pe c i e s  a nd s oil . 

The s i t e s e l e c t ed wa s on :.::: t :·-�. t e  l-H g lw:1 J '1 9  b e t Jd m  Bul l s a nd 
rr: a r t on i n  the cc n t ro l  n: gi on uf the N o rt h  l f;l c; nJ . I t  of f e re d  a 

rt;;' a s ono b l y  flr t c on t ou r VJi t h  p<� s turtS on c: i t he r  si :J e  e;f t h e  hi g h­

vvay ·wh i ch n t  t hi s  p o i n t  run s m oPE) or le s s  n ort h/s o u t h 9 a t  ri gh t 

a n gl e s  t u  t he p rtoci om i n £m t  v.t i nd d i re c t i on ( \?c., s t t:. rl y ) . The re we re 

n o  he d g e rovv s ,  t rc c: s  o r  o t hl: r ob r.> tru c t i ons t o  n i r m oveme n t . 

Be t \v e e n  the e d g e  of t he c n rri R ge wny n n d  t ne 1'e n c 0  on e i  t h c r  si d e  

wa s a 6 I!16 te rs s t ri _p of c ru s h e d s t on e  c::n c1 r oug[I g ra s s . Thi s  a re a  

wa s i g n o r t- d  i n  tni s s tuCy a s  {he. p ri m e  ob j c  c t i  v c  w c-. s t o  s tud y the 

p a s tu re s  g ra z ed b y  s t 0 ck . 

T o  th e e a s t  of t h e  h i g hr:ay , t he pc1 s t ure di s �m ol d - e s tab l i s he d  

b rown t o p  ( ).g!:Q_£�i s te nui s )  - d om inFmt ohc cp 1 w s t ure \�hi c h  h<" • S  b e en 

sub j ec t e c1 t o  8 s e t  s t o c ke d  reg i me "vi t h  l i t tl e  or n u  f e rt il i se r 

appl i e d for many ye a rs . T o  t ho we s t 9  wa s a m ore re c e nt p e re nni a l  

rye g ra s s  ( L ol i um pe renn e  L ) , whi t e cl ovur ( T ri f.91Ll:!!:!! _re££_n s  L . ) 
pa s t ure wh i e h  ha s b e en regul a rly t opd r e s se: d  and ':•' a s  ro ta ti on all y 

g ra z ed duri ng t he c ou rR e  of the s e  ob s e rva ti on s . 

The s oil typu of t h e a re a i s  a n  Ohn kt:: El si l t  l oam 9 a we a kl y  

l ea c he d ,  rn o d e rEl te t o  s t r ong gl eyed ye l l ow- g rey e a rth . 
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3 .  M e t h oJ s  • 

. r'l p c. rmo n en t t ret n cc c t  w-1 s c:; s t :·l o l i s ht; d p e r•_p e nd i cul& r t o  t ht.; 

hi ghw::� y a n d  e :Jo.. t e nd i ng 50 m c t L r s  in to t h_..:.; p a s t u rE! on e: i th c: r  s i J e . 

1'i. t i n t <:; rva l s  nl ong t hi s ,  SRJ;!pl t:: s '.V .-j r e  coll c c t l.." d  (Ju r i n g  t he f ou r  

se a s vn s . T h e  yo s tu re · .. -;a s  g ra z ed f ur onl y  2 n1 on t 1 s  d ur i n g  t he 

sU!7l.JiJ(.:: r on tht� cn s t-.:: rn si J t; . 
S oi l  sa;apl c; s  i'Pl·,m t h e  t o p t\ i G  c t:; n t i iD l: t <J r �  \/8 1"' ·- tn kcn un al l 

o c c a s  ion G 9  wh il e 3 u i l c ui"'c;; S · · e rt.:: c.: .zt r<:1 c t e c u &i ng a 2 . 5 cJ!l s t a i nl e s s  

s t e el c or e r  d uri ng t he a u  t uran B nd r-.;i n t c  r Sh!!ipl ing _p c ri oc! s  f' or 
p r of i l e d i st ri b u t i on s t ud i e s . 7rof il e s � e re t B ken t o  a d ep t h of 

4cm El t  d i s t a n c e s of 1 ,  3 ,  5 ,  2 5  a nd 48 mc.: te rs from the.:; r oad s i de 

f en c e  du r i ng t he a u t umn sampl i n g  a nd t o  n d e p t h  of 1 O c m  n t  

d i s tn n ce s o f  0 ,  5 ,  1 5 , and 3 5  m d t 6 r n on e i t h� r  si de of t he h i gh­

W3 Y d uring th e � i nt � r  p e r i od . 

'Pn s t m:·e snm ,�l e s c ol l e c t e <.'l �uri n g t h w  i n i  t i n.l s o m pl i n g  

( o u t umn ) c om p ri sed l e 'l f m•· t c ri D l  onl y ,  -,v h i c h  w;·: s s e [)n r�, t e d  i n t o 
vv o. sh ed o n t:� um•fn s h ed su b s :' rnpl e s  p r1 o r t o  n n r., l y s i c . 'I' h e r eD f t e r , 

c ornpl c;; t e  pL-: nt c; n mpl c_: s ··� e r• t.  c ol l e c t e d  n n d  t he s �J Vile re s p e n ro t e d  

i n t o  r oot s 'HlCJ l �:.. n ve s . L c: n f' pn r t s w c:; rc.: n o t  \VO s he l'i  b ut I' O O t s v;e pe 

wa s he d  t o  r�m ovc n d h er i n g  s o i l  p 3 I' t i cl L s . 

Sampl e _p rep� I'<'l t i on nnd :J nnl ys is \'i:I S ca rri e cl ou t o s  d t; S C I'i b e d  

i n  f;e c t i on I . �� . Emd Pe s u l  ts 8 rc: e x pre s se d n. s  t he rn e Em  of 5 d e t e i'­

mi ne t i on s . 

( 4 ) Re su l t s �md '--: i s c u s s i on . 

( a ) �o i l  l e 8 d  l e v ..:;l s 

The lll t; n n  le n d  c on t en t of surfe1 c e  S lJ i l  ( 0 - 2 cm ) 1' ur t ho f ou r  

s e a son s i s  s h own i n  Fi gure V . 1 . 

Th(;! d R t o  s h cw a d e cl i ne i n  l t; 8 d  c on t e n t  'Hi th d i s t a n c e  f p om 

the fe n ce , A nd se G s on a l  d i f f b i'en c e s  a re a p p a re n t  n(; o r  t he f e n ce , 

i n_pa rt i cul A r ,  the h i gh f1 u t umn vn lue s . 

S oi l  p r of il e a n -'=t l ys i s f o r  t he nu twnn s ompl e i s  s h own i n  

Fi g u re V . 2 .  The mos t n o t i c e ab l e  f e a tupe of t h e s e  d a ta i s  t he 

rn pi d redu c t i on i n  l e o d  c on t e n t  wi th de p t h , pa r t i c ul a r l y  n e A r t o  

:1n d  on t h e  e A s t e rn si d e  o f  t he h i ghwa y . Thi s  i nd i  c G  t e s  the p oo p  

m ob i l i ty of l e a d  �i th in t he so i l  s y s t e m  a s  hns b e en nl r e ady 



Figure V . 1 .  

T he mean lead c ont ent � f  surface s o i ls ( 0-2c m )  s ampled 

at -vari ous distances ( met ers ) on b oth sides of a busy 

New Z ealand stat e 

( symb ol & )  , wint er 

( symb o l  0 ) .  

highway f or the s eas ons : autumn 

( symb ol � ) ,  spring ( symb ol � ) �  and summer 
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F igure V . 2 . 

( pg/g dry we ight ) in s o i l  pro f i les depth Lead 

( cm ) 

levels 

sampled during the autumn , at vari ous distanc es 

along a trcms ect  ac ross a busy New Zealand stat e 

highway . Symb ols repres ent 1 met er O ,  3 met ers n ,  

5 met ers e ,  25 met ers [1 7 and 4 8  met ers � o  
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rep ort t:. d  by C h ow ( 1 970 ) ,  ?rq:c: & G : n je ( 1 9 70 ) "nd · ·1 rd �- t:.l . , 

( 1 975n 9 b ) . Th i s  >' i gn i f i c : m t :::: c c urnul '1 ti on c,f l 0 ?1 J  en the e et £l t e rn 
sid e cf t h e  hi ghwa y el l Sv re fl e c t s th e.-; i nfl u 8n ce of t h..:. '"l nnuol 

p re vn i l in g w inu cJ i r(� c ti on ( Yve stv rl y) . 

On t he w c.· s t u rn s i u; of t h o  h i g h\'·, n y 9  �1 t h oush thu p rof i l e a t  

1 m e t e r  f r om t hE: fe n e e  f' ol l GVv S t he c; x p e; c- t c d  pu t t c rn 9  t h e re i s  t he n  

l i t tl e  o i fft.> r\.:On c ... : b e t . .-:L;cn  t h G  ot h(: r p o i n t s  on t he; t r:. �n s e c t  �:md 

t he re i s  l i t tl e  c.� v i d t: n c e  of o b ui l o  up i n  til e s u rf�1 c e  s v il . On 

i nq u i ri ng , i t  w:··, s c.; s t .:J b l i s ht.: "! 'L lY t t il e  p r:: d d ock hnd b e en pl oug h e d  

s ome f i ve ye u rs p r�.;vi ou sly o ne: i n s p c; c t i on uf t h e  p G d d o c k  re v e n.l e cJ  

fl n  un pl ough c d  he a d l f·md s om e  2 me: t e rs v1i cl c  � �1 ong t 1 10  ro<.�d s i d e f en c e . 

Thus , t h e .:profi l e  f! t  1 me t e r  fell on thi s  he2dl and a nd wn s s imil ar  
to t h o s e  f r om the  ol d p A s t ure a c ro s s  t ht:: h i gh\V !'l.)T 9  whe re<:H." those 

p rofi l c;; s r:wre d i s t r n t  f r om th e high';:8 y on t ho ·we s t e rn si de  h · -. d 

n o t  ye t re - e s t o bl i s hc l] [, s i gn i f i c f.l n t l e mJ b u i l d up i n  t he upp e r 

ho ri z on s . The rc; f or e  a �,;; ri c ul t urr. l n c t i v i  t i e s  s u c h  FI S  pl ough in g mRy 

prev t.:n t t he n e  cumul rc� t i on of h i g h l e <::td l t.J vel s in the upp e r  m o s t  

5 cm of  s bi l 9 t he reby re c1 u c in g t h e: uv::1 i l .'l b i l i t .y of l e ;-i d t o  t he 

supp o rt e d  po s tu re . 

In ord e r to e s t c:t bl i E� h  :; m ore n b s ol u t e d e p t h  t o  \1, h i c h  l e od 

m<w b e  d i s t ri b u t � c1  in the se  pn s turt:: s , s D il c ur c:: s -�J t:: re; t nken t u  a 
d e p t h  o f'  1 Ocm  du ri ng t h e  wi n te r p cri od . The re sul t o  a r<.; s hown 

i n  Fi gure V . 3 .  

El ev .-:t ted l c �1 d  1(.. ve l s o c cur t o n. d e .t;, th of 1 O crn on b oth s i d e s  

of t he h i ghway a t  8 O i s to n c e of 0- 1 m e t e r ::-� f r om t he f en c e . How­

eve r , the d e p t h  d i s t ribu t i on o f  h ; e d  i ::; si gni fi cc-u1 t l .'l  red u c e d  

e spt: c i 3l l y  [I t d i  s t Em c e  s app roc"l eh i n g  3 0  m e t e r s  from the r oa d s i d e  

f en ce . Sea s on al  vn r i a t i on b G twe e n  n u tumn n nd win t e r s a mpl i n g  i s  

part i cula rly n ot i c e a bl e a t  d i s tn nc e; s of 0-3 me t c:; rs on t h e  e a s t e rn  

s i d e  o f  t he hi ghway . ill t h ough the; p red omi n an t wi nd d i r.;; c ti on 

during b o th the se se a s onal p t: ri od s i s  we s t e rl y �  a si gn i f i c ant 

s vu th e rl y  wi nd c omp onen t o c curs d ur i n g  t he w i n t e r  1Nl1 i ch mfiy 

redu c e  the d i st ri b u t i on of' l ead d uring t h i s pe ri od t owa rd s t he 

e a s t e rn s i de of t h e  highway. 



Figure V . 3 .  

Lead levels ( pg/g dry weight ) in s oi l  profiles : d epth 

( c m )  sampled during the wint er at vari ous dist anc e s  

along a t rans e c t  across a busy New Zealand s t at e  h ighway . 

S ymb ols represent  0 metl=-r � ,  5 met ers � ,  1 5  met ers fj ,  
30 me t ers O . 
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( b ) Lt: ."-J d c un tent of---12.Q}� t�re spc c i�. 

( i ) ryt: grc. s s  ( L ol i_1;1E1 .Q.t.: r_sll.Q� L .) 
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F i gure V . 4 .  s h cNv s tht: l 8 n d  c on t ent of rye g rn s s  : Jl ong t h e:;  

t ra n s e c t  dur int, t he S t..'Fl S G n s  A u tumn n n cJ  wi n t e r ; Figu re V . 5 .  f o r  

s pr i ng a nd s wnm c: r . ;� gn i n  t h e  p re vn il ing wi ncJ e ffe c t  i s  d i s ce rnab l e 

p n r t i  cu l :t. rl y du r in g  th e: �:fin tu r p c ri ocl vvh e n  t h e  1 c.. n f  c on te n t sh ow s  

a marke d d i f f e re n c e  b (; t '. ! e en t h e  e n s t emu we s t  si d t:  o f  the r o ad 

wi thin the f i r s t  few m e t e rs of the f L:n c E:: l i n t: . T h e re ·,'v e re n o  ro ot 

s am pl e s  c ol l 0  c t L: d d u ring t h e  a utw!ll1 p 0 ri ocJ so t ha t fo r the o th e r  

s e A s onal p e ri od s and a t  nl l di s t :=m ct::: s s t ud ie d  t he l e n d  c on t e n t  of 

the l e ave s e x c e e d s  thP t of t h(:; r o ot s rmd i "'  in6 i c n t ive of the n i r­

b o rne n � tu re of the s ou rc e  of l ea d . 

( i i ) whi t e  cl ov c:o r  ( Trifol i um re2� L .) 
F i gure V . 6 . sh ov s t he l e 1:1 d  c on t en t  of wh i t e  cl ove r  a l on g 

t he t ro n s e c t  d u r i ng the se fl s on s  au tumn nnd wi n t e r . F i g UI'e V .  7 .  

f o r  s p ri ng a n d  s u mm0 r . f ga in t h � re n re n o  roo t � n t o  f o r  the 

c:tU t wnn s runpl ing . In wh i t e  cl ove r th e re  i s  l i t tl e  o r  no d iff e ren ce 

i n  l end  c on t e n t  b e twe �n pl n nt p 8 rt s . The win t a r  p eak i n  l e a f-l e ad 

ob s e rve d in r ye g ra :� s  i s  ag�1 i n  p r e s e n t  in ��h it e cl ove r  cl ose t o ,  and 

e a s t, of t he h i g hw0.y fen c e , A nd i s  s ug ge s t e d  th:·: t i t  i s  c a u s ed in 

t he same way El s  ou t l i n 0 1J f o r rye g ra s s . S e a s on<:tl d i ff t; ren c e s  

o c c u r  and the ,J o t a  f o r  t h e  s umme r SCJn !'l :i. ng snovv h i ghe r l e v el s t o  

t h e  wes t  of t h e hi gh vn1 y  thR n  t o  t he e n s t . Thi s i s  t he onl y  spe c ie s 

whi c h  o e rn on s t ro t e s  t h i s rev0 rs CJ l . i� s i nc. U c n t ed b y  t he fre que n cy 

liv ind d i re c t i on d i 3 g rnm s r c.: p rc ' · e n  ting the t o t :=! l  se a s on sl wi nd run 

( Gnrn i e r 9  1 958 )  shown in Fi g ur e s  V . 4- 7 . i t  i s  sug g e s t ed tha t t he 

p red ominan t wind d i re c t i on d uri n g  t he a u tumn 8 nd win t e r  s c; a s on s  

i s  we s t e rly \'\•he re a. s  i n  t hE.: s �, r i n g  t h or8 i s  a c on s i de ra b l e  e a s t e rl y 

c omponen t  and the surmr1e r  a reLt t i ve r(.;du c t i on i n  t o t n l  wi nd run 

w i t h  l i gh t  an d v a ri ab l e w ind s wi t h  n o  p red ominan t wind d i re c ti on . 

Ther e f ore th e si gni fi c an t b al a nc ing out of l e 8d m e a s u re d  i n  the 

l e ave s  of rye g ra s s  duri n g t he summer a n d  thu el e v a t i on of l e El d on 

t h e  w e s te rn s i d e of the highway f or wh i t e  cl ove r d uring t he summ e r  

ma y b e  a d i re c t re s ul t  o f  t he cha ng e  i n  t h e  d omi n a n c e  of t he 

preva i l ing win d d i re c t i on durin g t hi s  s e a s on c omp a red wi th t he 



Lead 
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Figure V . 4 . 

dry weight ) 

o f  perennial 

of leaves ( symb ol 0 )  and 

ryegrass ( Lolium perenne L )  

at d i fferent dis t ances alon g  a t rans e c t  across a busy 

New Zealand stat e h ighway sampled during the autumn 

( ab ove ) and wint er ( below ) . 
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Figure V . 5 .  

Lead levels Cfg/g dry weight ) o f  leaves ( symb ol � ) , roots 

( symb ol 0 )  o f  perennial ryegrass ( Lolium perenne L )  at 

d i f ferent d istances  along a t rans e c t  ac ross a busy New 

Z ealan d  state  h ighway sampled during t he spring ( ab ove ) 

and summer ( b elow ) . 
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a u tumn a n d  w in t � r . I t  wa s al s o  ob s e rv ed t ha t  the whi t � cl ove r 
l e n f  c A n c:py on tn t: w e s t ,. rn 8.i. u e:  0f the.: h i th·;·.-.:.:y o ur .ing the sumrn c; r  

wa s u um i nn t '-' d b y  l o rg.::: l e n vt::: s c omp� r8d ·,vi th t hL� r:-� t h c i'  smnl l e r 

l t: �1 VcJ 1'V i1 i t e  cl o vt:: r ( w i th n u t.; n s i  t y  o f  l c: ::; s  t ll'l n  s a ·b of t h e  

c a n opy ) on t hE:- l:J s t crn s iJ t:: o f  t he h i g hwn.y . 'I'hE.: l·u f ore t n c re n s ed 
l e a d l t; Ve l s i n  t h o;:;  l e n vt.: s cf w hi t ::;  cl oV(;' r en th e vue s t t3 rn s i dE: 

d u r i ng the s wnrnt::.: r rn;'l y b e  n r t..:: sul t of t hi s i n c r,_:, n �;e r'i l e :-1 f' a .ce a  
i nd e x . 

1Vt'l s hi n g proc o..; du r �  s rem ov e d  fl b out on e- t hi rd of t h G  l e ::1 d 

b u rd e n  of t h os e  1 0 a v e  s S l:l.H!pl �.:; d  fo r b ot h  spe c i c  s . .t:a e vs t ed 1 eAd  

1 eve l  s ( p<-1 rt i cul n.rl y i n  su rf<:: c e  so i l s  dur ing thu o u  twnn ; wh i t e 

cl ove r  l e a v e s  in t he s. u t umn <m Li ryq :, Pn s s  l e: < J v e s i n  the a u tumn an d 

win t �;:;r ) c l os e t o  t he rond s i d e  fto n ce on t he cJ owml i n d  ( e a s t 0 rn )  s i de 

c ould b e  c a u s ed b y  o. "rw d - s:pl s s h" f rom pn. s s i n t,  llt O t  or ve h i cl e s 

d urinG t h e w e t WE: A t he r p e r i o0 s . �he S t.; n s 0nal r0 i nfa l l  fo r th i s 

s tudy a re A i s  > 1 Onun dur i n g  t ht.; 1-: u tumn and ; 1 i n  t �;:; r ; D nu < 1 mm 

f er t h0 sp ri n g emu SWTi fY1CI, l per  weel<} 
( i i i ) othc·£_ 12.0..�t�.r:.�:: .f..Q.t.:_�!-�§.. 

B r own t op (LE..��.9..S'.t� s J_�_l)_i u s ) r r ov.ir:! t: d  3 pE1 t t.L: rn v e ry s im i l R r  

t o  ry e g ra s s �  9 8  d id Po� 9 nn� L . 8 x c 0 p t  in th i s  spe c i e s  t he re wa s 

s i gn i fi c n n t l y  g re a t e r  ( 25:.b ) l e n d  in th e ro o t �  t h 1' n  t t1 u  l e a ve s  up 

t o  5 me t e rs from th0 f e n c e  on the e a s t e n1 si d e . Fl 8 twe e d s  

( 1 .1 rgely Be l l i � p e £�Qn i s  L . ) a ga i n  shO\-, e d  o si m i l :: l r pn t t e rn to 

rye g ra s s  e x c e p t du r i n g  the s u mru e r  �,-.'he n wi t h i n  5 m �:; t e rs of t he 

f e n c e  1 in e on the e n s  te rn s i d E"· , t h�;:; l t: :l f  c on t e n t wa s more tha n 

twi ce  a s  l a r� e  a s  t he rv ot c on t c � t . 

(.5)  C onclus i on . 
Th e re i s  e x t en s i ve evi d e n ce t o  show thn t s i gn i fi c an t  amoun t s  

o f  l ead f rom m o t or ve hi c l e  e xha u s t  em i s s i ons a re f ound i n  soil s 

and pa s tu re spe c i e s wi t hin 3 0  me t e rs of t he road s i d e  f en c e . S oil 

profil es  showed a ra pi d re d u c t i on in l e a d  c on te n t  wi t h  d e p t h , 

parti c ul a rly n ca r t o ,  and on , the en s te rn ( wind wa rd )  si d e  of t he 

highway during b ot h the.; o u tumn cm d w in te r. S i gn i f i c r:m t  l eRd 

a c cumul o. t i on o c cu rre d t o  a d e p t h  o f  1 0 crn . I t  i s  su gg� s t ed t h[l t 

sea s ona l va ri a t i on s i n  ti1 e l eR d  c on ten t of tni s s o il a re d i re c tly 



Figure V . 6 . 

Lead levels C pg/g dry weight ) of leaves ( symb o l � ) , roots 

( symb o l  0)  o f  whit e  c lover ( Tri folium repens L )  at 

d i f ferent d i s t ances along a transec t across a busy 

New Zealand s t ate  highway s ampled during the autumn 

( ab ov e ) and winter ( b elow ) . 
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F i gure V . ? . 

Lead levels ( ug/g dry weight ) of leaves ( symbol • ) , root s 

( symb ol 0 )  o f  whit e  c lover ( Tr i folium repens L) a t  

d i ff erent d i s t anc es along a t rans e c t  

Zealand s t a t e  highway sampled duri ng 

and summer ( b elow ) .  

ac ross a busy New 

t he spring ( ab ov e ) 
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rel >, t c d  t o  t h t:;  J? ' : I• t i culf! r pr E;v :: i l i ng \Vi nd -d i r<:.: c t i on d uring t hc t 

S <:; <· s on nnd t he i nfl u �.. n c e  of 1 1 ro: J c� - spl .rt s h " from _pf'l ::j s:i ng m ot o r  

v ehi cl e s �' Spc� c i <J l .l y  d u r i ng. t he n u t umn 0 n: '  w i. n t G r . 

:"1 1  t he po s ture �:< pt:o c i e s  s t u 0 i t: ( ! 9 i n  p•• r t i cu L 1 r rye:grn s s  

( L ol i � pc.: re nn tJ L . ) :m ri whi t e  cl ov c.: r  ( Trif2.1 tYJ.U. rt: Ot,.;DS L . ) , 
i n d i c o t e d  e l e; vn t � ri  l � qd l e vel s � l th i n 3 0  m � t � rs cf t he r oa d s i d e 

f e n c e  vv i th t he <• t rn u S t.>hc ri c nEl t u ro..: of tlk l e n d  s ou r c e  b e ing 

r e fl ec tt:d i n  t h':l t on e; - t h i  rcJ of t he l e n,) b u rd e n  of (1 t: ri n l  pl a n t  

c omp onon t s  b e in g  rc.:!E Ovod b y  \7CJ s hi ng . Genc; r'l l l y  thu l e t:td c ont e nt 

o f  t h e  l eciVe s e x c e t:: cJ e cJ thr; t o f  t h ..:.  ro o t s . S e a s on a l  d i f f e re n c e s 

o c c ur r ed b ut i t  i s  s u g �.;e s t e d  thn t n s  s h uwn with s o i l s , t he p rc­

d om i n .:-m t  s c; u s unn l w i nd d i r t"; c t i on r,ro n tly i nfluen c e d  tht: de gre e of 

l e nd a c cumul o t ivn on b u th s id t.; S of t ht." h i ghvm y . 
I t  wa s ob s e rved t h� t  A g ri c ul t ural 8 c t i vi t ie s s u ch n s  pl oug hing 

ma y p r t:ve n t  t he o c c um ul n t i un Cif lu s h  l e :'l d  l e vel s i n  t l1 L. uppe r 

m o s t  5 cm of s oil n nd t hE:. rc; uy r0rl u c i n g  th e.; nv�i i l :l b i l i  t :1 of l t: Rd t o  

t he s upp o r t e d  p<t s t u.e e , Si mi l n rl y th e ind i v i cJuG l spe c i e s  C: en s i  ty 

wi t h i n  the pn s t u re m :1y i nfl u e n c e  1:1 p <1 rti cu l :. r sp(;; e: i c s  21 c c uwul 8 t i on 

of l c; nd :_-� s sh own by v1hi t e  c l ovu r ':·>h e r� d ur i nE, the swnmC; r,  t h e  

in c r e c s e d  d e ns i t y  and l � s f  2 r� 2  ind u x  0f o n e  p � s t u re c omp8 rcd wi th 

t hn t on o t hc r si Je uf' th-:- hi gh · c· y � p rod u c e d  e1 si gn i fi c s n t  re ve rsal 

i n  t he d e g rc \0  of l e A d  c H s t ri b u t i on on t ht: we s t wa rd B id e  of t he 

h i ghwn y . 

Ove rEl ll i t  cnn b e  cl c n rl y  se e n  t ty-, t th::: se el e vn t ccJ l e n d  

l 0 vel s i n  tn e p n s tu rc: s  nd j fl c e n t  t o  i-! rt;l A t i v e: l y  b u s y  t1 e w  Z ea l <1 nd 

8 tn t e  Hi gh\VR Y w i l l  i n c rc o  se t h� d e g re e  c1 f l c :--t c:l nv:� i l  :-: b i l i  ty t o  

g rn zi ng a ni mA l s . 
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Tht; d i s t r i b u t i on ' 1nd n c c wnuh t ion of .::: 1 rb orn c he A vy me t a l s 

f rom i ndu s t ri r•l sourc e s hCJ s b t:. c n  wi J c l y  .r·q ; ort t_; d . P o s t  i n t e re s t 

hn s b e  E m  c on e  e n  t rr 1  t c d on s o i l  end v e g t::t:J t i  en c on t a m inc1 t i  ons b y  

z i n c , l e a d , c opp t.. r nn<J r(; c e n t l y co u rni um . ( Hr: r t c::: n El nd H a mm ond , 

1 966 ; j�nd c r ,  1 969 : C o s t e s cu n nd hu t ch i n s on ,  1 9 7 1 ; L i t tl s  a nd 

Ma r t i n , 1 97 2 ; Buc h:·mu r ,  1 973 ) . Otht: r c::: nvi r onm8n t c:l c omp on e n t s  

s tud i t d  vvr_: re : m o s se s ( GooJmEin <m d i �ob e r t s ,  1 97 1 ) ,  l e 8. f  su rfa c e s  

( Rob e r t s , 1 9 7 2 ; L i t t l e , 1 973 ) y  s t r� 2. m  �:m o  m E�ri nc s e d i m en t s 

( G ol d b e rg ,  1 965 ; Pre s t on e t . n l q 1 9 7 2 ; Hel l s\�'ort h  and t d a ms , 

1 9 73 ) ,  <ln d  wn t e r s  ( But t '-' rvv ort h  e t . al . ,  1 9 7 2 ; Bu rkc t t  e t . a l . ,  

1 9 7 2 ) . 

El e va t ed l e vel s of he avy m e tal s hn ve b e en c onne c t e d  p re d o­

m inan tl y  wi th cmi s c:; i on s  from sme l t ing c ompl e x e s ( i':.b d ul l ah e t .  

a l . ,  1 9 7 2 ; Burke t t  e t . al . , 1 9 72 : But t c . rw or th e t  • .£1,. , 1 9 7 2 )  and 

t o  n le s st; r d e gre e f r om mi n i ng n c t iv i  t i c s  ( Chi snR l l  a nd Ma rkl an d , 

1 971  ; 1\w rkl .:: md n ncl Vr. l l  o.n c e , 1 9 71 ) . Pol l u t i on f rom t he l o c al i se d 

a rea nea r min� s un d i t s e ffe c t  on n g ri c ul turt: have be e n  s tud i e d  

b y  C rud g i ng t on � t . al . ( 1 9 73 ) . 

The pri n c ipal ob j e c t  o f  t hi s s t u dy w a s  8 c ompa ri s on of b a s e  

m e ta l a c c umul £t t l c·n s i n  p l o n t s  g r ow i ng d i rt: c t l y  ove r ore d ep os i t s  

wi th t ho se: i n  pl an t s  g row i ng on dep os i t s  a s s oc i n t ed wi t h  t h e  

m in e  a n d  i t s  o rt: p ro c e s � i ng . H e avy me t E� l c cn c t::n t ra t i on s  w e r e  

a l s o !TIL: r-t sured i n  s c d i m c:: n t s  .J nd w:-- t e r  s :'l m ]:Jl e s  in [ l  s t r e a m  

o ri g i n a t J. n g  from the vi c i ni t y  of the ore b ody . The re s ul t s of 
t hi s  s tudy f or cad m i w n ,  c opp e r  an d z i nc a re rep o r t e d  in pa rt B .  
( l e a d  l e vL:: l s ·we re p r tj vi ou sly r·--- :Dort ed , �·la rd , 1 9 74a ) . 

I n c o n tra s t , p a rt C .  re p o rt s th e a c curnul <:l t i on s  of c a d m i um ,  

c opp e r , l ea d  a nd  z i n c  i n  the l oc al e nvi ronme nt � c a u s e d  l a rg el y 

b y  ai rb orne pa rt i cul a t o s f r om a n  ore- c rus hing t re a tme nt pl a n t  

p r od u ci ng a f i nel y-d i vi ded c onc e n tra t e � The e ffe c t  of thi s 

pl a nt on v e g e t a ti on a nd s oi l s i n  n n ea rb y  pA s tur e ha s al s o  

b e e n  i nve s t i ga te d . 
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TJ.:.: j · _;_Wa .. : . 

The Tui Ht in-.; c omr:1 t; llced  op c rn t i on s :..1b out  1 0  yeA rs flgo . I t  
i s  a b ou t 3 Km n orth/c; n s t of t he t ownshi p  of Te: J� roh D fln("j i s  f'l t  

3n a l t i tu d e of R b ou t  600m on th •:: \"11C! R t  s i u 0  of t ht; southb rn 

b xt en s i on of t h �  C oromn nd e l Pen i n s u l �  Hnnge of the fl nnk of 

Te !: roha Pe ak ( 95 2m ) . The C oromn no el Ptmi n sul P.  i s  i n  t he 

n o rth/e n s t of the North I sl <"• nd of �Te w  Z c.AlcmJ . 

The re gi on i s  s t e ep ( sl op e s  o f  up t o  45 ° ) wi t h  b u sh- cl ad 

hi l l s i d e s . The country rock  c on si st s of n rel 'l t i ve l y  ha rd 

p ropyl i t i s e d  a nd t; s i  te  of the ITii oc..:: ne p e ri od . Th e re a re two 

mine rnl i s e d  ree f s  kn own ns t he Chnmp i on Et nd Rnukaka . The 

Rua k::1 ka L od e  hfls b e; e n  t ro. ce d fo r n s t r i ke l e ngth of ab out 600rn 

and hR s n d i 2  of 60 ° s ou th/e 8 s t . The Gh n mpi on L od e  hns  b e e n  

t r.':\ c e d  b J  surfn ce ou t crop s f or El s t Pi k e  l 8 n g t h  of ove r 450m an d 

hn s n di p to the n ort h/eA s t . 

Th e m i ne ral i s a t � on c on si s t s p r i n c ipn l l y  of ga l e na , sphal e ri t e 

pyri t e ,  a nd  chal c op,yri te ( "il l i �lms 9 1 9 65 ) . !.,)u::-� r t z  i s  t h e  mo in 

gangue m 3 t � ri n l . 

T h t:  cl i mn te i s  warm-tlwui d wi t h  h ll nnnunl ra i nf8l l uf 1 50-

200cm . Th e p r(: d om i nan t v dnu d i re c t i on i s  vc� s t c: rl y . 

T h e: fl o rR c un si s t s  of o t y:p ic :�l n e w  Z c:. n l a nd b ron dl c1 f , 

eve rgre e n  fore s t  w i t h  t a l l  sp e c i e s such  o. s  3e tl s chiQi e d i ['l t mva 
( Be nth . & H o ok . f . L ' t u-va ' b e i ng d om innn t . Srnal l er tree s a nd 

b u s h e s  su c h a s  �h;i_gl_ot t i s  rep8nd a ( ' re.ngi oro ' ) and 8cheffl e ra 

digi ta ta ( ' fi ve f inge r ' ) a re  c ommon b e ne n th t h e  f ort; s t  c a n opy� 

The s oil s are cl a n s i f i ed as ye l l ow- b rovm en :..•th s ,  and vary 

i n  depth from ove r 200cm on the g � nt l e r sl ope s t o  almost  nothing 

on t he s t e e p e r  hil l s i d e s . A so il survey of the a �e a  ha s be en 

ca rri e d  out b y  W e i s s b e rg & Wod z i cki ( 1 9 70 ) . 
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SamJ:)l '"' s  ·�. � re  c ol l c-..: t e d  in  f ou r  mu j or ret::, i on s  et s  shmvn in 

F i g ure: VI . 1 . : sampl e.' s 1 - ·1 2 �1��u.Knk:, L oo c  n re<· ; 1 3-2.3 Val l ey Road 

a r0"' ( b a ck�::,r ound) ; 24-3 9 t r," :. tmt.; nt pl e:, nt ; (·.n d 40- 1 30 Chsmp i on 
L od e  a re a . Smuvl t- s 1 - i 2  n nd 40-1 30  Vvt; re c ol l .:; c t �;..; d i n  1 967 b efore 

-.:xten s i ve d i s t.uro once of th e  a rt.. a s  a d j n c e n t tc th e out c rop s of 

t he two l od t; s . 
L t  e [i C h  sat,;pl l ng p oi n t 9 l e :cw e s  ( B  t nv_;a_ nnc 1?, . d ig:Lta ta ) 

we re ta ken from h e i g h t s  of 1 -3m , ond so i l s we r e  ta kL n wi thi n  5 cm 

of t n� s urf s cc . Tree trunk- cor� sampl e s  ( 6mm d i 8me ter)  of B 

tawa w8 re taken s t  s n mpl i ng s i te s  3 ,  5 ,  1 2 , 1 3 9  1 7 9 22 , 26 , 33 

and 36 , 
S t re a m  s� d im e nt s and wa tLr sc mpl e s  we re ob t�i ned a t  si te s 

s ,  t o  s 1 0 a l ong a s tream a n d  s 1 �  in  t ho s e t tl i ng p ond ad jncent 

t o t ht: e ·H ;  t si  d e  of t he t r.:; n. tme nt _gl A nt . 
Sa mpl c p rc:p8 rn t i  on And nm1ly-::: i s ·,vc re cn r.t•i c d ou t a s  out­

l i ned i n 8e; c t 1 on I . :3 . I n  pD r t i cul nr t hu u s "'  of the c c:1 rb on r od  
a tomi z c r  t o  d e; t·erm 'l ne:: cr, dr:� i urn l e: vel s i n  t rtJ c·, r'l n g- c ore and wa t e r  
sampl e s is  c? Xpl a i nL; d in S �:.; c t i on I . G . 4 . C opp .:.c r n nd z i n c  l evel s 

w e re d e te rmin � d b y  conv�nti onal fl 9me �:S me th od s . 

3 . 
( a ) 

Re sul t s  an d di s cuss l on . 
S oil s . ----

The b asL me tal cont �nt of s o i l s a c ros s t h e  Rcu ko ka L ode i s  

s honn in Fi gure VI . 2 . Be caus e; t h e  d a ta we re 1 og -normal ly 

di s t ri buted , they L re s nown vvi t h  l og n ri t hm i c  c o- ord inn t c;; s . 

The highe s t  el emen tal l evel s oc curred a t  the b a se of t he 

Raukaka L ode out crop , si tua t ed at sampl ing si te  1. In thi s 

a �e a  t he me tal c ont ent of the s oi l  sampl e d  to th e south ( 3 ' )  
wa s twi ce tha t t o  t he n or t h  ( 3 )  of t he out c rop . Sampl E:: s al ong 
th e d i re c t i on o f  t hL: l o de showed va ri a b l e  me tal c oncen tra t i ons,  

wi t h  the highe s t  le v el s B t  s it e s  6 a nd 1 0 . The me tal c on tent s 

for the Raukaka L ode we re : 1 5- 2 8 0  p.g/g fo r cadm ium , 1 5- 2 8 00 

p.g/g f or copper , a nd 70-2435 pg/g fo r z in c  ( d ry weight s oil ) .  
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Tui  Mine area , 

C hamp i on ( C ) and 

Te Aroha , 

Raukaka 

showing 

( R ) lodes 

sampl in g  

are 

shown as broken lines . Ridges are s hown as dot t ed lines . 

( T . P . ) represents the ore-crushing t reatment plant . 
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F i gure VI . 2 .  

C admium , c opper and zinc c onc entrat i ons ( �g/g )  in s o i ls 

from a t rans e c t  across the Raukaka lodes , Tui M in e , 

T e  Aroha . 
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Ba c g round vnlu�..:. s f o r  th i s ft l'c a \!e r·� <-: b out 0 . 5 pg/g cadmi urn 9  

40 ps/g c oppe r  a nd 5 0  pg/g z i n c . 

Thu e:l emc ntfl l c onc0n t r::1 t i on s  l n  so i l :::� from t ht_· Ch ar:lp i on 

Lodt  a i-.. . .: a we re 1 2- 1 75 }l t.:itS e: n cimi u n 9 5- 8 0U ,ug/g c oppt; r 9  A nd 30-

5300 }lg/ g zi n c . 

Sam �;l t..B f rom t h  c: vi c: i n l  ty o f  th e.; Val l c; y  :.:.o-'td a rc' a ( si t c s  

1 1 - 1 6 ·.,vhi c l1 n rt.. not s h o vm i n  .i!' i gurt_; VI . 3 . ) sl1 o·::e u  me tnl c on t e n t s  

of 0 . 5 - 2 . 5 pg/g coCmi um 9 41 - 1 90 p�:: . g cop p e r tl nd 61 -33 6 }lgJg z inc . 
Val ue s wit hi n t hi s a r e a  sh oul �:J hove p r c. sum[: b ly b t..' e n  ne a rc: r  t o  

b a c kground l t;Vel s y  b u t  si te s 1 5  Rnd 1 6  sh mve J h i g h  e l ement al 

c once ntra t i on s ; t h e s e  w e r 0  p r ob a bl y due t o  roa d  con s t ru c t i on w i t h  

c on t am i n9 t ed ro cks 9 and wi ndb o rn e d u s t  d t; p os i ti on from mining 

a c ti vi tie s acl j n c e n t t o  t h l:  t rer· trn '-' n t  pl D nt . 

Th e d i s t ri b u t i on of cR dmi wn , c oppu r a nd z inc i n  s oi l s a round 

the t re D tme nt pl nn t i s  shovm i n  F i gu re  VI . 3 .  Th e se s oi l s a re 

d e rived from n on-rni n E: ra l i s e G coun t ry rock c m d  .:;l c v·) t e d  c onc en­

t ra t i ons of b �1 s e  m ..., t ol s m us t hr; v e  b ·.- G n d ue to d e pos i t i on of ai r­

b orne mn t(; ri al f rom t h e  t r�� 8. trnc nt pl on t . 

The el t; m e n t �l c ·  n t e n t s  of so i l s d � c re a se d  mJ r� G d l y  wi t h 

d i s ta nce f r om t hu tru h tmL:. n t pln n t  a l ong s a mpl i ng s i t e s  24 t o  29 

( whi c h  al s o  i nc r.::: H s e  i..n l>l t.: va ti on ) . L eve l s  r, l ong the ridge  

d e  c .!.'e a s ed tovvarc: s b c-1 c kg r ound vo.l ue s ;= t a di "' t nnc e of gre8  t e r  t han 

1 5 0rn . Hi g hly c ont amin.J t e:d so i l s o c c ur' rt; d 9 a s  o re su l t of di r e c t 

d v  p o si t i on of ·wi ncJ b ornt: d u s t  f rom t h e  t r t J1 tm t:Jnt pl An t ,  wi thin 

30m of  th \.;; s ou r c e . T he ra ng c u f  m�.;:tE;l c on ce n  trn t i  on s in soil s 

n d  Ja cen t t o  the pl an t was 5-5 0  p.g/ 6 cndrn i um y  48- 1 45 p.g/ g c oppe r  

and 7 7-3 26 p.g/g zinc . 

( b )  Vege t o t i un . 

El eme n t al l ev el s i n  th e  l e a v e s  of Be il sc hm:i_�d i n t s v;a and 

S che ffl c: ra d i,_ i  t� are sh ovm in Figure VI . 4 . i� c cumul a t ion of 

al l  t hre e me t al s  show s  a pa t t e rn simil n r  t o  th <""l t of the 

corresponding  s oi l s ( Fi gure VI . 2 . ) 

Ba ckground val u e s  i n B . tnwa l c:ave s from t h e  Val l ey Road 

a re a  we re 0 . 05 p.g/g cad mium , 2 . 0 }lg/g coppe r, 6 . 0 p.g/g z in c , 

( d ry we ig ht b a s i s ) . 'l'he c onv (j r s i on fac t or f or exp re ssing d a ta on 



Figure VI . 3 . 

C admium , c opper and zinc c onc e nt rati ons in s oi ls (l;lg/g ) 

in the v i c inity of  the treatment plant , Tui M in e , 

T e  Aroha . For s c ale  an d sample s i t e  i dent i fi c at i on s e e  

Figure VI . 1 . 
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Figure VI . 4 . 

C admium , c opper and zinc c onc entrat i ons ( pg/g dry weight ) 

in leaves of Beils c hmiedia t awa ( symb ol A )  and Sche fflera 

digi t a t a  ( symb ol � )  from a t rans e c t  across t h e  Raukaka lode , 

Tui M in e , T e  Aroha . 
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a n  ash  we i ght b a si s i s  1 0 . 2 

In t h �.;  vi c i ni ty of t h t.: t r �.;; < •  tmt.: n t pl £-:l nt ( I•'igu re VI . 5 . ) t h e re 
wa s 3 pn t V:: rn of z i n c e; on c en t r:J. t i on s  i n  B .  t a ws l c: n vt: s  which wa s 

simil El r  to thn t Ell rc. Bdy not t:. d i n  s oil s . 

Th� h i g hG s t  m� t� l a c c wnul a t i on s  V 8 re wi thin a 1 00m ra � ius 
of t he.; s ou r c e , al th ough � v..:· n u t  g rl; :'l te r  a i s ta n c t.: s ,  val u � s  a b ove 

b a ck g rouno IJ; t: r�...- ob t ai ned , e; spc. c i ally fo r zinc . Di s t ri b u t i on s  

s � eme d  t o  J tp � nJ mu �nl y  on t he 0 i re c t i on of t ht.: p reva il i n g  wi rtd . 

El Gme ntul 1 "-. v� l s a t  sl t,-' s  j8  anc! p f-l r t i c ul n rl y  3 9  w � re hi gher t han 

expe c te d  b t; ca u se th <:':se S.;;B c i mc n s  g r .__w 'Vi thi n 1 0m of t hov se t tl ing 

pond . I t  i s  s u g ge s t ed thn t ab sorp t i on f rom the ro ot sy ste-m may 

o c cur [, t th l: Se si te s ,  £1 S onl y 8- 1 5�"b of the m e t nl b ur d e n  c oul d  b e  
remove d b y  wa shi nt:, th e l t; a f  su rf�1 c e s . 

The d e g r�;; t.: of ab s orp t i on or fi xa t i on of the  me t8l i n t o B .  
t nvia l t aves  i s  shown i n  Tabl e VI . 1 . a s  th e:: p er c en ta g e  ( me an o f  

5 de te rm i nA ti on s )  rt;move d b y  vva s hi n � \',? i t h  w�: t e r . 

I n sp •:: c t i on of the t2blc.  show s  j d i s s i m i l n r  p <-; t tG rns . J''ea r  

t h e  t r <. a t rre n t  pl An t , 55- 71 "'; of [Il l 3 me t [l l s WA. s removed b y  

wa s hing . Thi s sui.. ge s ts the a c cumul E1t i on :L s d t; p o s i  t s  of ine rt 

ma terial  upun t l lt; l t; 8. Vc s , 'H: l i  e h  h8 s b c E: n  p re v i ou sl y  r·epor te:d by 

L i t tle &. MEn "t i n ( 1 972 ) f or fal l out f rom a smel t e r . Th..:; l O' t'e r 

p ropo r t i on of co.dmium n n d  z i n c  re:Jt ova b l e  by '1W <"i hine; su�_ge s ts tha t 

t h e st: e l emcn t s �" rt: m or e  r' i rmly b ound i n  t o  tht.; l �:.; a f  s t ruc ture t han 

c oppe r . Ready inc orpora tl on of c n d ruium Em d zinc int o the g ua rd 

cel l s  R nd cu ti cl t: s of l ec1 ve s t 1fl S b e en r e p or t e d  by Bulc ova c & 
'iVi t twe r ( 1 95 7 )  a nd F'ranc ke ,· ( 1 967 ) . 

The sa mple s  f rom t he Rauka�a L ode 9 wh i eh i nv ol ve a c curnul a  t ion 
p redomi nn ntly v i n  the root sys t ern s 9 s i10w a p re d i c ta bl y l ow 

e leme n t a l  com;_:Jon�n t rem ova bl e by v-va sn ing wi t h v; � ;  t e r . "'-1 t hough 
a b s ol u t t;  conc(;;n tra t l ons of F.i l l  e lt.mGnt s i n  l t.; Five s ····t; re app re c­
ia bly h i ghe r thB n in  sampl e s  t o ke n  f rom ne a r  the t re a tm en t  pla n t , 

the per c e ntage reJnovabl ..; by wa s hi ng vva s l� or 5 tim e s  l owe r . 
The sampl G s  from t m  b a ckg round a re a  s howod th ,:, t a ve; ry 

hi gh pc.. rcen tag�.:; o. · the m e t a l  b urd e n wa s rem ova b l e  by wa shi ng ,  

p a r t i c ul a rly ( a s  b e f or e ) in t ne case of c oppe r. I t  i s  sug ge s ted 

t ha t  e ve n  the se ' b ackground ' sampl e s  c on t a i n  an appre ciab l e  



Figure VI . 5 . 

Cadmiu� , c opper and zinc c onc entrat i ons ( pg/g dry weight ) 

in Be i ls c hmiedia tawa leaves i n  the vic ini t y  of  the  

t reatment plant , Tui  Mine , Te  Aroha . For s c ale and 

sample s i t e  i dent i fi c at i on see  Figure VI . 1 .  
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TR b l  f; V I . 1 • 

iv1 E:: El n  Pe rcen t a &, e  Bl t: rri�:.:n t <1 l  Cont e n t :i1ua o v (.;d by · ;a shi ng Bcil  S£hmied i a  
� L t:::'.I V C; S  

----- --·- --- - -- - --· 

L o c ;-1 t .i o n 

T re 2:..Y.!l�n t Rn uka ka ---·-

Pl D n t  L ode ---

C R dmiurn 
Rem oved b y  wa s b i ng 56�; 1 5�� 75% 
C OQJ2<.::r 

Removed b y  Wb Sh i n[. 7 1  �0 1 2;�  

Z i nc 
Rc;rn ovc: d by wa s h i ng 55''b 1 47b 

Ta b l e  VI . 2 . 

Cadmium C on c t;  n t r.s ti ons (pg/t:, d r y  W•. ight ) i n  2 cm L e n g t h s  o f  Tre e 
T runk Ri n g - C orc: s of :3c i l  s chrllitd i D  J:.o Vi§. 

Di s t s nce fr orri cen t re of t r t; C  t runk ., ___ ( cm) . 
S i t e  0- 2 2-4 4- 6 6 - 8  8 - 1 0  

T re a t m e n t  � 
26 0 . 1 1  0 . 1 9  0 . 1 7  0 . 3 1  

34 0 . 1 5  0 . 1 1 0 . 1 4 0 . 20 

3 6  0 . 04 0 . 08 o . 1 2  0 . 08 

Ra ulm ka l od e 

3 1 .  72 1 .  92 1 . 3 2 1 . 41 

6 1 . 68 0 . 9 1  1 . 3 5 1 . 29 

1 1  0 . 03 0 . 07 0 . 08 0 . 07 

Val l esY r o a d  

2 2  0 . 1 4  0 . 1 8 0 . 1 8 0 . 22 

1 7 0 . 1 8  0 . 1 0 0 . 1 5 0 . 1 9 0 . 22 

1 3  o . os 0 . 1 0  0 . 1 0  0 . 1 0  
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c om :] onc n t  of a e ri s l fo l l ou t , rmc1 thc1 t t rue b a c k g r ound sampl e s 

w il l  pr ob n b l y  b e  foun,J G t  c on s i d c-; ra b l y  t:rc cJ t e r  d i s tn n c e s a woy 

f rom the m i n� and t re 8 t rne n t  pl u nt . 

Th E· c onc e nt rat i on �; of c opp �:; r r md z l nc ( p.t;/g d ry vv t: i ght ) i n  

2 cw l ( :;n g t h s  of 6:iuii u i <ua c t e r  c or e s of 3 • . t mv� c.t r e  sh own i n  Fi gure 

V I . 6 . , L; xp rc; s sc d  8.S a func t i on of u i s t anc c from the ccn t rt: of t he 

t rt.: e  t runk . C o rr<..! s .J:) ond i n6 6 o ta f o r  ca 61Jl i um Ell' t- sh own i n  Ta b l e  

V I . 2 . Th e c unvcc� r s .L on fa c t or f o r e xp r c, s s i n e ( o ta on a n  :J sh 

we i 8h t b a si s  i s  7 . 9 . 

F i gur e VI . 6 . sh 011'if' 2 mB i n pc; t t e rn s  o f  up ta ke . Sam.t)l c s f rom 

n e a r t he; t ro;;:n trne n t  pl a n t s h ow el t: vfl t c; d con tent s  of b a s e me t al s 

t owa rd G  tht; ou t s i d e o f  the t re e , wh e re a s  sp e c ime ns g rovJin g i n  t he 

Rauka kn L ode s h ow n o  s ig n i fi c an t  t re nd t o  i n c r8 a s �  or de c rc b s e  

t owA rd s  t he t: xte ri o r . 'i'he 'b a ckg round ' sGmpl 0 s  al s o show a 

t end e n cy t o  i nc rea s e t o�a rd s t h L: ou ts i d e . 

I t  YJ i l l  al s o  b e;  not <.;d t rn t  t h., t r·e nu t o  h.9 ve i n c re a s i ng 

c onc e n t ra t i on o f  b a s ..:  mt.: tal s t mvD rd f'. t l1e ou t s i d e  o f  t he t re e  

t runk d e  c rs o  se s p r og rE: s r. i v e l y  w i t h  i n c r e a s  .i ng d i s t a nc e from t he 

t re <1 tmen t pl ant . 

Up t a ke p at t e rn s of b Rs e  rne tal R i n  t re t:  ri ng- c ore s s e t:m t o  

refl€ c t  t he m ec ha n i sm o f  up ta ke . \'Vhe re R c cwnul a t i on i s v i a  t he 

root sys t e m ,  d i s t r i b u t i on s  a r e  rel a t i v e l �  uni f orm � hu r e a s a e ri al 

fal l ou t ru s ul t s  i n  l1i g h 0 r  l c v vl s t owo ru s t h e  t.: Xt e r i o r  of t he 

t runk . Thi s a c c umul u t i on i s  p rob ab ly d ue t o  G b s orp t i on v i a  the 

b a rK ,  whi c h  in t he ca se of Be i l s c hm i e cl i a  t aw."i i s  c ompa ra t i v e ly 

t hi n .  

( d )  S t rt.: u m  s e d im c: nt s a n d  wa t e: r s . 

T h e  c o n c e nt ra ti ons of ca d m ium , c oppe r a nd z i n c i n  s tream 

s e d ime nt s a re  s hown i n  .L' ig u re VI . 7 .  Sample s <l t  s i t e s1 1 are 

f r om t he se t tl i ng p ond n t  t h G t rt a tm en t pl a n t . Th e g e ne ral 

pa t te rn i s  f or a d e c r ea se of v al ue s wi t h  i nc rc n s � ng d i s ta nc e s 

f r om t h.;., R our ce . H owe v e r ,  even a t  t he fur the s t  si te shown ( s1 0 ) 



Figure V I . 6 . 

C opper and zinc c onc entrat i ons ( pg/g dry we ight ) in 

tree  t runk ring-c ores of Be ilschmiedia t awa express ed 

as  dis�anc e from c entre o f  the t r e e  t runk .  N umbers 

re fer to sampling s i t es s hown in Figure VI . 1 .  
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Figure VI . ? . 

C admium , c opper and zinc c onc entra t i on s  Cfg/g ) in 

s ediments of a s t ream originat ing from the v i c i n i t y  

o f  t h e  bas e m e t a l  depos it s , Raukaka lode , T u i  M in e , 

T e  Aroh a . 
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1 1 6 

t he c onct:nt ro t i ons A re s t i l l  ext r<C·mely hi g h . 

The c or re spond i ng Cbdmium 9  c oppe r  And z i nc l {jve l s  f o r  wa t e r 

snmpl � s  a re s nown i n  Fi gu re VI . B . L g o i n  th ere i s  evi dence of a 

d e c re a se of WJl u c s  vn th i n c r'-' n s ing d i s tn nce f rom the source , 

a l t hough the d e c r0 � s 0  i s  mu ch l e s s a pp n rent th an for sedimen ts . 

The val ue s a r e  e � t rem e ly hi gh And even a t  si t e  s 1 0 a r e  a t  l e a s t  

an O I"3 e r  o f  ma gni t ude ab ove n o rmal b a c kg round l t: ve l s  • ..1�nnlys i s  

o f  wn te r sampl e s 8 ft t: r  fi l tra t i on vin. n mil l ip ore fi l te r  ( 0 . 80pm) 
s h owed tha t 3 5 . 7!o of the c oppt: r  a nd 9 . 6% of the zi nc vvs s re tai ned 

b y  the fi l t e r . 

4 .  C on cl u s i on . 

I t  i s  c l c El l" th�-1 t t h c}· e i s  ::1 wi d c sp rc n d  d i s t r i b u t i on of a i r­

b orne ca dmi um , coppt;; r a nd z i n c  frol;; d u s t  pa rti cl t:' S  e ma nG ti ng f rom 

the; ore t re a tme n t  pl a n t  [l t  the 'I.'ui Mi ne . �; trL' a m  st::Llimen t s  and 

vw t t.: r s  a re nl s o  heavily p ol l u t�.: d  in t he.: immed i n t t.:  a ren of t he 

mi n e  and t rc.' n t rn c:nt pl nnt . I t  i s  al so c vid t: nt th.c1 t tre e s g r owing 

ov e r  the ore b od i t: s  c cnta i n  no turol l eve l s of t he s e b c> Se metal s 

i n  am ount s t.;: Vt::n gre : · tc:; r t h::m t h o se d e ri ve d  fr om windb orne s ource s .  

� nalysi s of t rc: e  ring- c ort;; s e c t i on s  s h owu d A d i s simila r 

pa t te rn b e twt:en  a i rb orne d e p o s it i on nnd a c cumul a t i on of me t R l s 

vi a t he ro ot sys te m . 1.:'/i th 8 i  rb ornt: n c c umul n t i on 9  tree ri ng - c o re s  

sh ow ed 8 s i gni fi c ant i n c rt.: a s e  of l evel s t o,,, 2 rcl s  the out s i de of 

the t runk . ' '/he n  el eme n t s  W t T e  s c curnul n t �.::d v:l8  t he ro ot sy s tem , 
c on c e n  tr� '  t ion s we re appre c i Dbly uniform through t h e  entire  t runk . 

A t  t hi s  s t a g e  i t  i s  impo rtc nt t o  R S S(:; S S t he ove ral l envi ron-; 

men tal im l a c t  of op t: ra ti on s n t  Te .: ; roha . In p o r t  C .  a n  inve st­

i ga ti on is  re ported thn t re ve D l s t he R c c wnul o ti on s  o f  c a dmi um ,  

c op pe r , l e ad and z inc i n  the 1 ocal envi ronme nt 9 caused l a rgel y 

by a i rb orne p ollutants  ( a s  f i ne ly-d ivid ed c Lmce n t ra te :pa r t i cul B te s ) 
from the ort;;- c rushi ng t re a tme nt pl ant . The effe c t  of thi s pl Rnt 

on vege ta t i on and s oi l s in  a nearby :pasture i s  a s se s sed and an 

e va luA t i on i s  m ad e  of t he t otal h e avy me tal burd e n  b ef or e and 

aft e r  1 2  mont hs from the; cOHipl e t i on of m i n i ng a c t ivi t i e s  in the 

a rea . 



F'ig.UI\e VI . 8 . 

C admium , c opper and z inc c onc ent rati ons ( ?g/ 1 )  in wat ers 

of a s t ream originat ing from the vic inity of the bas e  

met al depos it s , Raukaka lode , T u i  Mine , T e  Aroha.  
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1 1 7 

The Tu i M i ne b eg a n  ope r a t i on s a b ou t  1 0  ye a rs a g o  a nd cl o s e d  

in ; ;ugu s t  1 975 b e ca u s u o f  e c on onl i c p rob l em s . /�s a re s ul t  o f  t he 

work rt: p or t e c1 in t h e  pre vi ou s sub s e c t i on ( for c a d m i  urn , c opp e r  and 

z in c ) a l ong w i t h  th:J t f or l e ad ( ';;!n rd , 1 9 74R ) , the e ffe c t  of a i r­

b o rn e p a rt i cul a t t  d e p os i ti on f rom t he o re - c rushing t r e R tmen t 

pl Rn t on a nea rb y  pa s t u re and s o il wa s i nve s t i g a te d . The 

pa d d o ck u sed f or t he e xperi men t s  runs i n  an e a s t- �e s t d i re c ti on 

d own R ve ry S t e e p  Sl Ope ( c .  30° )  Dnd i s  8 b OUt 500rn l ong and 1 00m 

wid e . The up sl opc:: e n d  of the pad d ock i s  8 b ou t  700rn n o rth-w t: s t of 

t h e  t rt:t1 trne: nt pl o n t . 

2 .  lvia t L: ri :-:l s �md m e t h od s . 

Pa stur e  s pt.: c i e s n nd s oi l  s <. !iJpl e s  'Y(� re take n R t  i n t e rval s of 

50m d mvnsl ope f r om t ! 1e l:· nd of t he; .1-?E.H .. i d o cl< cl ose s t  t o  t h e  t re a t ­

ment pl a n t . 8p�. c i e s  s t ud ie d Wt;re : �-!.£ fl_�ra t� L .  
( c o cksf o ot ) , H ol cu.§ l nna tus l. . ( y o rkshi r e  f og ) , L ol i �  pe re nn e  

L .  ( pc:: re nn i al ryegr<1 ss ) 9 Pon annuR L . , T ri f cl i ur . ;  repe ns L .  

( whi t e  c l ove r ) , n nd fl tl tvvt:: e d s  of t he gene rR Be:],.) i s ,  .Qrep�.§ , a nd 

Pl an tago . 

S oi l  c ore s  Wt; r E:  tak en G t  c h s t ;::mc e s  of 0 a nd 450m f r om th e 

up sl op e e nd of t h e  padd oc k . S alf1pL .. s w e re t a ke n B t  two d i ffe re n t  

p eri od s .  The fi r s t  c o i n c i d i ng w i th the cl osu re o f  t he Tui M i ne 

( lmgu s t , 1 975 ) n n6 the se c ond pt.. ri oc'.l 1 2  month s l a te r . I n  t hi s  

way i t  wa s hoped t o  d e t e rmi ne whe t he r  t h ere wc:t s sny l e s s e ning o r  

cha ng e  o f  t he he a vy m c t ['ll b u rd e n  i n  p l a nt s  anc'.l s oi l s 1 2  m on t hs 

a f t e r  m i n i n g  ope ra t i on s  h ad cea se d . 

1.1 1  pla n t s and s o i l s we re analysed f or ca dmi um , c o ppe r ,  l e ad 

a nd z i nc a s  ou tl i n e d  in Se c ti on I . B . L l l  c on ce n t ra ti on s w e re 

e xp re s eed a s  pg/g d ry wei g h t . 



3 .  R� oul ts and d i s c u s s i on . 

( a ) §_oil_ . 

1 1 8 

T h e  el t:me n tal  c o n c e n t r8 t i on s (pg/e: ) i n  surf o c e s oi l s samp l e d  

a l ong s r:  e ::t s t-'Ne s t t r:-. n s e c t c f  t h t:: ps d cw ck f or the t i m e  p e ri od s  

of t he mi n i n g  ope rs t i on s  c e R s ing nnd 1 2 m on th s l D te r  ( b roke n l i ne ), 

a re sh own i n  Fi gu re VI . 9 . Cl e a rl y ,  hi g h  c on c e nt ra ti on s  ( ov E.; r  1 0  

t i me s b a c kg r o und i n  some cEi se s ) hod u c c umul c: t c d i n  t he surfa ce 

s oil s ( t op 1 -2 cm ) by :· ugu s t  1 975 . Bxc c: p t  for l e a d �  t he s e l e vel s  

a iB  s i m i l 8 r  t o  h e Fwy me tetl c cmce n t rD t i on s  f ound i n  s o i l s a d ja c e n t  

to  b u s y m o t o r�ovay s ( '�la rd e t .  al . 1 977b - Se c t i  on IV . whi eh we re 
3 . 8  pg/g cadmi um , 1 30 ).1[./g c oppL"� r , 3 064 yg/g l e ad , a nd 45 0 pg/g 
z in c i n  s o i l s o t t he Ma rke t Ro;:;d -- G re e nl n ne i n t e rc han ge of the 

; _ u ckl a n d  Iil o t o r .-m y ) . H owe v e r, cnc: ye8 r l n tE.: r the re h a d  b e en ab out 
a 40;6 re du c ti on of c opp er an d l e n d , c. nd 25% of c R d r;:; i  urn a nd z i n c . 
El sewhe re al cng t he t r<m se e t , l c. ve l s Wt.:; re; c on s i s t e ntly 1 owe r a ft e r 

1 2  mon ths e x c e p t  f or c o pp e r c on c e ntr�t i ons wh i ch remained 
vi rt ual l y  unc h<m .gc d n ft G r t h e  f i rs t  50!ii in the d own sl ope d i re c t i on. 

F i gu Pe VI . 1 0 . show s  e l e m en tn l c on cc:: n t r8 ti on s i n  s oi l s a s  a 

func t i on of d e pt h f or t he t wo ti nw p t.. r i od s  a t  two s i te s , one 
n e are s t t h e sour c e  of p ol luti on ( d i s t nn c\:; On! f rom t'he upm o s t  

end o f  t h e P<iddoc k) cmd an o t ht; r  s1 s frt r  a s  p o s s ibl e d owns l ope 

( d i s t R.n ce 450rn ) . The l'C i s  l G s s  d i l'L.: re n t i c ti on s� f t'-' r 1 2  n1 on t h s  

b e twe e n el e me n t al c on c e n t r3 t i ons u t  th'-' su r fa ce and a t  a d e p t h  

of 5 crn 9  indi ca t i n g  a s tesdy l o s s of .r ol l u tan t s  from t l l t: surfa c e  
s o il D f t e r t he c ompl e t i on o f  rn i n i nc a c t i v i t i e s . �l ovt; ment d own 

t he:: S \)i l prof i l e i s  i ndi ce ted b y  i n c rc; a sed c on c e n t ra ti on s  of 
c oppe r and l ead a t  d e pt h s s s o c i 8 te d wi t h  th e m ore he avi l y  c on tam­

i na t ed s i te . .A f t e r  1 2  mon th s  s h OV'(.;Ve r ,  E: ven the l e a s t  p ol l u t ed 
pa r t  of the pad d o ck c ontn ined c on c e n t r8 t i ons of he a vy me t al s 

w e l l  ab ove normal . T! ormal or ' ba c kg r rund ' l e vel s f o r  e l emen t s  

i n  t hi s  t ype  of s o i l  i n  th e Te .,:;. roha a re a  we re 6 s t s b l i shed a s  

b e i n g  : 0 . 5  p.g/g cRdrni um , 40 p.g/g c oppe r ,  2 0  pg/g l ead , a nd 5 0  

pg/g z i n c . 



(tot! 
Figure VI . 9 . 

C admium , c oppe� A and zinc c onc entrat i ons 

s o i ls sampled at vari ous distanc es ( m) 
(pg/g ) 

along 

in 

an 

surfac e 

e as t -

w e s t  t rans e c t  o f  a paddoc k in t h e  v i c i nity o f  t h e  ore­

c rushing treatment plan t , Tui M in e , T e  Aroha . Unbroken 

line represents s ampling at t im e  of the mining operati ons 

c easing and b r oken l in e  12  months lat e r .  Zero distan c e  

c orresponds t o  points nearest t he s ourc e o f  pollut i on .  
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Figure VI . 1 0 . 

C admium , c opper , lead and zinc c onc entrations ( pg/g ) 

o f  s o i ls as a· func t ion o f  depth ( cm )  sampled at the 

d i s t an c es 0 and 450 m along a n  eas t -west trans ect  

of  a paddock in t he v i c inity  o f  t he ore-crushing 

treatment plan t , Tui Mine , Te Aroha . Unbroken line 

represents sampling at t ime of t he mining operat i ons 

c eas i ng and broken lin e ,  12 months lat er . Zero dis t anc e 

c orresponds t o  points nearest t he s ource of  pollu t i on . _  
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The d i s t ri b ut i un cf hc :J VY !Tl l t c- l s i n  t ; l\... s i x  p n s turE.: sp e c i e s  

i s  sh ovm i n  Fi gure s VI . 1 i . ( c o d1ai wn)9 VI . 1 2  ( c opp L r L VI . 1 3 ( l ead ) 

and VI . 1 4 ( Z i n c ) . 

The i n i t i al he nvy rn l:! te:>l b urd e n  o f  pa s t ur '-� sp � c i e s a t  the 

mope he a v i l y  c on t .c)Jni n o tc d  pFl r t s  of th.s p a s t urt; i s  ·Jv e l l  a b ove 

b a ckgr ound , b u t c on cen t r>a t i on G s.h ow n s i g n i fi c a nt de c re a s e  a f te r 

1 2  mon ths ,  whi ch i s  r ruo t c s t  f o r  s i t e s  cl o se s t  t o  t he source  of 

p oll u t i on , De c re a s t..: s of cadm i um c. rc u sual l y  m ore pron oun ce d for 

l e ave s t hu n  f or r oo t s snd r ep re s en t a n  e xp e c t ed pa t t e rn whe re 

the sour c e  of p ol l ut i on f rom ai rb orne pa r t i cul o t e s  ha s b e en 

rem oved . 
C opp e r  c o n c e n t rJ ti on s  i n  a l l  spe c i e s  d d c re a s e d  wi th time 

( F i gure VI . 1 2 ) f p :l rt i c ul EJ rl y in rye g ra s s  D n d  Poa t=1 nnu8 , a t  si t e s 

cl os e s t t o  t he t ren tme nt pl a n t . Th i s  i s  c l � a rl y a s pe c i e s  

d i ffe re n e e . 

/, s w i t h  o th e r c: l e m en t s 9  l t.A.'1 d l e vel s sh ow Em ove rn l l  d e c re a se 

in R ll spe ci t.. s :.; t  up sl op e s i t ... ' s  ( Fi cu .eE..: VI . 1 3 ) . Sl ig h tl y h i g he r  

l e Rd l evel s in c oc ksf o o t  a nd y orksh i rt; fo�:, R t d mvn sl op e s i t e s  

ms y b e  ca u s ed b y  l e G c hi ng of l e ad from t he uppe r parts  of the 

pa s t ure ne 8 r  t h e  t rt..: a tm e n t pl an t . 

F i gure V I . 1 4  s n ow s  z i n c  c on c en t ra t i on s  i n  p o s tu re s pe c i e s  

a nd th ert; is �:.:vd.dencc; ( a s  b e f ore ) of rt:d uced l e vel s <1 t s i t e s of 

maximwr1 c on tami m1 t l on , Gnd sl i ghtly i.... nhan ced l c; v e l s do,_-vnsl ope in 

roo t s  of c o c k sf o o t , l (� R v e s  o f  yorkshire f o g 9 s t ol on s  of whi t e  

c l ov e r ,  a nd l L D VL S  and r o o t s  o f  fl a tw e8 d s , S i n c e  onl y  s oluble  

form s  of th e se he a vy me t al s would b e  exp e c ted t o  l e a ch d ownsl ope , 

i t  i s  to  b e  e xpe c t ed t h-:1 t t h i s  l e o ch ing w oul d b e  re fl e c t e d in 

highe r a c c umul a ti on s  b y  ve ge t a t i on in the l owL r-ly ing parts  of 

the pa s ture • . 

The evi dence of movement of he avy me tal s t hrough the s oil  

profi l e  ( Fi gur8 V'!.1 0 ) , A. nd of l ea ching d ownsl ope a c ros s the 

s u rfa c e ( Fi gu re ' s VI . 1 3 and 1 4 ) ,  i ndi ca t e s tha t  b oth me chani sms 

may re duc e th e effe c t s  of pol lutl on from the t re a tmen t pl a n t . 



Figur e  VI . 1 1 .  

C admium c on c entrat i ons �ug/g dry weight ) in pasture 

s pe c ies  sampled at vari ous d is tanc es 

west  trans e c t  o f  a paddock i n  the 

c rushing tr eatment plant , Tui Mine , 

l in e  repres ents sampling at t ime o f  

c eas i ng and b roken line , 1 2  months 

( m )  along 

vic inity o f  

T e  Aroha . 

the  mining 

lat e r .  Zero 

an e as t -

the ore-

Unbroke n 

operati ons 

d i s t anc e 

c orresponds t o  points nearest the  s ourc e o f  pollu t i on .  

Leaf  samples are shown as c i rc les and roots as tri angles , 

( wh i t e  c lover s t olons as squares ) . 
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Figure VI . 1 2 . 

C opper c onc entrat i ons ( �g/g dry we ight ) in pasture spec ies  

s ample d  at various distan c es ( m )  along an eas t -west  

t rans ec t of  a paddock in the v i c i ni ty o f  the ore-

c rushing t reatment plan t , Tui 

line repres ents sampling at 

Hine , 

t ime of  

Te  .Aroha . 

the 

lat e r .  

mining 

Zero 

Unbroken 

operat i ons 

d i st anc e broken line , 1 2  months 

t o  poin t s  nearest the  

c eas ing and 

c orresponds 

Leaf s amples 

( white  clover 

s ourc e  o f  pollut i on •. 

are shown as c i rcles and roots as t riangles , 

s t olons as s quares ) .  
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Figure VI . 1 3 .  

Lead c onc entrat i ons ( pg/g dry w·eight ) in pasture spec i es 

sampled at various distanc es ( m )  along an east-west 

trans e c t  o f  a paddock in the vic inity o f  the ore­

c rushing treatment plant , Tui Mine , Te Aroha . Unbroken 

line represents sampling at t im e  of  the mining operati ons 

c eas ing and broken line , 12 months later . Zero distanc e 

c orresponds t o  points nearest the  s ource o f  pollut i on .  

Leaf  samples are shown as c irc les and roots as t ri angles , 

( wh i te c lover s t olons as squares ) .  
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Figure VI . 1 4 .  

Zinc c onc entrat i ons ( pg/g dry wei ght ) in pasture epe c i es 

s ampled at vari ous distances ( m )  along an eas t -west 

t ransec t of a paddock in  the v i c inity  of the ore -crushing 

t reatment plant , Tui Min e , T e  Aroha . Unbroken line 

represents s ampling at t ime o f  t he mining operat i ons 

c easing and broken line , 1 2  months later . Zero distanc e 

c orrespon ds t o  points nearest the s ource o f  pollu t i on .  

Leaf  samples are shown as c ircles and roots as t r i angles , 

( white c lover s to l ons as s quares ) .  
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1 2 0  

I t  i s  c on c l ud e d  t n �·. t th .;:; rt: h�: s b e en much r�.;du c t i on o f  he a vy 

m E:: t a l  c o n t arr, i n <:l t i on cf su rf C"' c e  s oi l s  i n  t he p8 d d oc k  n t  Te !� r oha 

d u ring a p �.  ri od of 1 2  m on th s  8 f t8 r  tht: .:;; nd of m i n i ng . L o s s  of 

p ol l u tant s appt: n rs t o  hDve re. sul t e: d b y  d own ·.-m rj l ea c hi n g  th rough 

th e s oil p r of i l e  a r:d by cJ u�m sl cpe: m ov em cmt . G on t i nun ti on of thi s 

p r o ct:: s s  sh ould ul t i m<'l tE.: l y  rc:. sul t in cl cme:n t nl c on c t::n t ra t i on s  i n  

p l n n t s  and s o i l s a �� roa c h ing b a ckg round val ue s . Thi s i s  l i ke l y  

t o  b e  a ch i e ve d  m o re rFt p h l l y  b y  t h e:  l!! O r t: -.mob ile ; e l (:;men t s  cadmi um , 

c opp e r ,  a nd z i n c . I f  t h ,:.; e xp e r i e nc e  of l e �·l d m i ning i n  Gre a t  
B r i t a in i s  any i nd i ca t i on ( e . g . C ru d g i ng t on e t . Rl 0 9  1 973 ; who 

f ound c on si d e rabl e ro.:.: s i d ua l  l e 8 c1  p ol l u t i on of s o i l s from 2000-

ye a r- ol d Roman l e a d  m i ne s ) , lead  l t: vel s w i l l  nove r app roa ch 

b a c kg r ou n d  w i thi n t he f orc se .:.; n b lE.: fu t u re . 

Th � e xp e rime n ta l  p a d d o ck ha s p r ov e d  t o  b e  a u s e ful sub j e ct 

of s tu d y , n ot s o  mu c h  b e c H u se i t  rep re s e n t s a n  i s ol a t e d  a nd 

l o c al i se d  •::: xfwlpl e of c on tn m i n o ti on f r om rH:. o vy m<.:; t f; l s ,  b u t  ra the r 

b e c au ",e i t  [· •. : ::;  n i'f crd e d  " m ea n s  o f  s t ud y i n g  t he rn te s t whi c h  

s uc h  e ffc.: c t s  r . .L·e r �.:du ce d . 



SEC T I ON V I I  

LEi\D POLLU TI ON F'ROM A NE"iJ ZE!'.Li:FD Bf; TTERY Fi1 C T ORY 

P..ND SMELTER C OMPf. RED "i iTH TH/ T FRON! MOTOR VEHI CLE 

EXJ-L':m:; T  EMI S C I ONS . 

1 2.-\  



1 22 

The d i s t ri b uti on o:r a i.c b ornL: l t; a d  frora b a t te ry and smc.: l ting  

works into  t he su rrvund i ng a rc.;a ha s b � cn gLv cn cons i d b rubl e  

a t t,�:; nt i on i n  1 c ct:: n t  .ycc-j _c•s . 'l' h'-' (; �'. t <.:: n s l v t,;  st L�dJ o f  t he.: Avonm outh 

( 1J . J; ) i ndu st ria l  c uJJJl)h f b J  such n uthors n s  l:boul l ah e t  ol . ( 1 97 2 ) , 

Burki t t  e tt:i l , ( 1 972 ) p  :Ju t t  ... , rworth �t. nl . ( 1 972 ) ond L i t tl e  & tv1a rtin  

( 1 972 ) ,  ill u s t :t'"'D t : = s  t l1 L· pott- nti ,.d p ol l u t i on p .cubl t.:m s  i n  such 

E:nvi ronmt.: n ts . 8imi l o r  stud i G S  hb V<... al s o  bot.:n  und e rtaken in s uch 

c oun t ri er- c s  thG Ge rman F.::: a -:: ra l I{cj :pu bl i c  ( Ga rb ... , ro , 1 970 ) ,  S outh 

·· ·1 e s t  !�fri ce  (r..:c., rc ha nc1 • 1 974 ) , ancJ J �u s t ra l i a  ( Bt:aving t on ,  1 975 ) .  

Fol l ov.ri ng  inve s ti ga t i ons  i n t o  e; nvi ron.rnc- n ta l  l ead  level s from 

m ot or vehi cl E;; exha u s t  e m i s s i on s  i n  New Z8Al and  ( ·ra rd 0 t  ill . ,  1 974b , 

1 975a , b ) , th� fol l  ovdnl:.;. su  :.:v ey of  a l\; y.,r Z ealand b nt te ry f a c t ory 

and srnel te r s i  tua tt=d  in the i ncJ u s trin.l r�·gi on L.·f 1�uckl a nd Ci ty 

wa s und t.: r t a ke n  t o  a s s G s s  lead  l e vel s in soil s a n d  ve g e ta ti on from 

t hi s  indus  t .ci. fJ l  s ourc e , a nd t o  c cmp a i' e  t h em v1 i t h  lE:: ad c on cen t ra t� 

i ons dc:rivco  from :lJ OtO.L' vehi c l 0  c.;mi s si on s  from 3 ne a r b y  m a J O r  

s uburban th O l'Oughfn I ·�.� . Th(j purpose  o f  thi s  c urnp a r i  s on rcra s  t o  

s tudy t nt =  t'e; l u ti ve a tmospht; ri c  c.m d s oi l  rn obi l i ti e s  of l E:ad  F.J.nd 

t o  a s se s s  ·;vh i c h  \'i8 S t l h.: more s igni f i c ant  s ou ..:·cc: of pol l u t i on i n  

that imm(jcJ ia tt."! \.mvi .L'OnnJ l nt . 

2 .  S tudy gpea . 

The b a t t e ry fac t o:r·y and srn l;: l  t c: r  a rc s ituat(j ci in  an i ndustr1 al 

re g i on of Jm ckl a r.d C i ty ,  a t  tt 1  ... ; int t:rst.. c t i on of two ma J Or 

auburban  t horougbf'a r0s  ( mean dal l y  t .cn ffi c d e n s i ty o f  about 5 200 

motor v�hi cl 0 s ) . The s urround ln£ a r� a  c ons i s ts of many gra s sed 

a r e a s  and ga :L"'o e ns from r;rd ch sampl e s  WL. re coll e c t t)d . The re a re 

no  otht.. r rna j or G ou rc e s  of  l t..ad  i n  th\,; a rt=a  otrn:;;r than from the 

ba t t� ry fa c t o ry and smel t •.:: r or  from motor  vchi clf� emi s s i on s  i n  

the thoroughfa � s . 

The s1nel ter a s s oc ia tt:d wl th t h(; b a t tt- ry fa c tory i s  a 
s t: c ond a ;r,y  smel te r ( i . e . proce s si ng s c rap f rom ol d ba t t e ri e s ) . 

Th e ma in chimney i s  a pproxima tt:ly 3 0m hi gh �  gi ving a d i re c t  s ource 

fo r lead  fall out an d  d i s trib u ti on t o  c on side rabl e  d i sta nce s from 

t he ba t t L� ry f a c t o ry a rea . 
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Sam_hll c s  v• L rd c ol l \_; c t e d  f r om 5 mui n a r�:; a s c1 S s h own i n  Fi gure 

VI I . 1 : sar�1pl es  1 -3 ( b a t t :; ry i"a c t ory n nd nd j a c ..; nt thoroughfare 

a rG a ) ;  4- 7 ( b a t t e ry f<-, c t o ry n rc:;a ) ; b- 1 3  ( snJt:::l t c r :=t rea ) ;  1 4- 1 6 

( va rying d i s t a nc e ��  from th e: sme l te r ) and 1 7- 2 '::. ( t ho .C' OUf:, hfa re 

t ra n se c t  n ot a s s o c i a te d  vvi t h  t L  L b a t te ry fa c t o ry o r  sme l te: r  a rt.::a s ) . 

J� t e a c h s arr. pl i n t:. p oi n t , s uf'u c e  s o i l s ( 0 - 5 c l . t ) a nd t he 

f ol l ow i ng p o s t ure sp e ci e s  '· · '· re c ol l c; c te d  : h2J.:.i.� p.s.:_re nne L ,  
( pe rt:nni nl rye 1 ra s s L  T�-Lfg::h_ill!Il £._� (:;_!l§. l . .  ( w h i  t c  cl ov e r) , ?oa 

annua L 0 9 H ol e�.§. l all.0 tu s  l . •  ( y ork s hi re f o�;) , and fl a t�·Je ed s ( of t he 

g e n e ra : Pl an tngo 9 )e11.i...2 Rnd C r�l?i§. · S oi l c or e s  \'i e re ta ken t o  a 

d e p t h  of 2 0 cm a t  s i t c: s 5 ,  8 ,  1 6 , a nd 1 7  us i ng a 2 . 5 Clli di ame te r 

c ore.: e:: x t ra c t or . 

S a m pl e p • epa ra ti on a nd a na l y � i s  � r e ca rri �d ou t a s  de s c ri b ed 

in S c c t i  on I .  .'3 . The app rop ri a t e .:: il u t i o n s  wE- re c a rri e d  out whe n  

ne c e s s a ry ,  c.� s p f  c i olly f or s oi l s w h e n  th t; l ead c on c e n t ra ti on s we r e  
ve r;y . hi gh . 

( a ) 8 <2_ i_l.§. • 

Th� m \_; an l e ad conte nt of surface  s oi l s  a t  the va ri ous s ampl i n g  

s i  t c: s  i s  s tl ON n  i n  rra b l c  V I I .  1 . JC:::a e h  val u .:;  i s  t tlL: me a n  o f  5 

d e t ;:; rm i na ti ons exp 1� e s s t:d  s s �� on a d ry wt:: i ;_  ht b n s i s . 

Tht:; e x t e n s i ve a c cumul a ti on o f  lE.: a d  o b ou t  t n e  sme l t e r  a nd 

b a t t<.: ry fa c t ory a rc- n s  i s  sh own cl e a rl y a t  se v�.. ral s i tE.: s . The 
l e vel s El t s i te s  8 a nd 1 1  a .L'e evt: n  b i ghcr tha n those f o r  s oi l s 

c ol l e c ted fr an l ead mineral i za ti on a t  '.:.'e ..1-\ roha {' .-la rd e t . al , 1 976 ) 

b ut i n  the se  two s i t e s ,  a dd i t i onal p ol l u t L on i s  de ri ve d  f r om t he 

p re sen ce o f  nwne rous s t ore d  b a t t e ri t:: s  a nd t he i r  she d d i ng of 

oxid i z e d  l e a d  c om [;) ound s . �pa rt fr all th e se tw o s i t e s ,  t he r e  i s  a 
t re nd f o r  d e c re a se o f  l e ad l e v el s  i n  the s oi l 8  a t  i n c re a s i ng 

di sta n ce from th t.:: sme l t e r . S i te s 1 7- 2 2  ha d  a mean l e ad c o n t e n t  

of ab ou t  0 . 1 % wh i ch is typi cal o f  s oi l R a d jacent t o  road s of 

s imil ar tra ffi c  den s i ty ( e . g . '1!a rd e t . a l . , 1 977 ) . I t  i s  p rob able 

t h erefore tha t m o s t  of the l ead b u rd en at the se s i te s  i s  d e rived 

f rom m o t or ve hi c l e  emi s si ons ra t h c: r  than fall out from the industrial 
pl ant . 



Figure VI I . 1 .  

S ketch o f  the Te Papa� batt e ry fac t ory and smelter , 

with a nearby ma j or thoroughfare ( inset ) , Aucklan d . 

S ampling s i t e s  are 

fact ory an d ad j ac ent 

fac t ory area ) ; 8- 1 3 

d i st anc e s  !rom the 

shown by numb ers 1 -3 ( batt ery 

thoroughfare area ) ;  4-7 ( b at t ery 

( smelter area ) ; 1 4- 1 6  ( vary ing 

smelt er ) and 1 7-22 ( thoroughfare 

t rans ec t not ass ociated with the battery fac t ory or 

smelter areas ) . 
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The !.l e an L e ad G on t e n t  of :: u r·fa c e  S oi l s a t  Va r i ous 

Sampl i n t;,  ·::. i t t: s  .. \ ruund 3 Bu t te ry ,_,-.a c t ory , :.)rn v l  t e r  

and Th o r o u ghfa re . 
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1 2 5 

lli gh l e ad l t> vt:: l s  in  s urf8 cc s oil s a s  a re sul t of prob ab l e  
cont 8 m i na ti on b y  n i rb orne p n rt i c ul 8 t u s ,  ra i se t h� qu8 s t l on a s  t o  
the m ob il i ty o f  t h i s  l t · ad b urd en in  thc soil , and whether th i s  
l (;8.d c a n  be t:'l l<- ..; n  up v l s  t h e  r oo t  s y s t em s  of pl :J.n  ts g rowi ng i n  
thes e s oil s . The l og�! l."'i thm of VH.:: m,;,m l .._, s d  c unt e n t  of s oil 
( pg/� d ry .·1e i[,h t )  c.· xpre �'> sc d  !J. s  a func t .i on of d e p th ( cm )  a t  s i te s  
5 ( ba t  t 8 ry f a c t ory a r <. a ) , 8 ( srn '-- 1 t c r  a r.:..: a wi th add i ti onal p ol lu­
ti on f rom s t o r�d b 3 t t � rl �s ) � 1 6  ( s om8 d i s ta nc8 a w a y  from the 
smel t e r ) , and 1 7  ( thorou�,hfa re ) ,  i s  s hmm i n  Fi gUl'L' VI l , 2 .  

Sui l s  c on tarnina t c d  �..ml ,y· from motor  vt> h i c le (:;Xhaus t emi s s i ons 
show a chara c t e ri sti c � xp on� nt i 0l du c r�a s e  in l � ad con t e n t  a s  a 

fun cti on 0f d c ,iJ t h . 3igni f' i can t a c c umul u ti on e x i s t s onl y i n  t he 
f i rs t  f·ew cen t ime tc rs . Thi s i s  su .p orted by s irni ..L o  r findi n gs of  
Ch ow ( 1 970 ) a n d  ·. ,:ar(1 e t . �J,;- ( 1 975b ) . S oi l r;  c ontaminated �-; i t h  vory 
h i gh l e; ac l ev el s  i'rom tll.:; b f1 t t e ry fa c tory , sm el te r ,  and s t ored 
b o. t t -.; ri t.:o s ,  s h ow e x Lcnf: i ve concentrr. t1 ons t Ven at a d e p th of 1 2 cm , 
How�:.· ver ,  th�..· s c n i [h l �..: vcl s £<r (-: p r·ob El bl y r_1 ut., t o  t he ma gni tude of 
the l ead b u rden on thv su 1:f8 c e  of the soil ra t he r  t han to any 
d i fl:\:: rence  of' rn ob i l i  ty v;i t h i n  the soil  p r ofil C; . i� t si t e s  gre a ter 
than 90m . from t he indus t r ial c omJ)l L-. x 9  d i s t ribut i on pa t te rn s  f or 
l e ad were si rail :n• t o  t h os .:;  f' oi' ui o t c r  veh L c l e  c. xh aus t s .  

The mean l ead c ontent of v : J ri ous  org an s  of um�iashed pa sture 
spe c i es a t  t he.: ve1 ri ou s  sam pl i ng si tc: s i s  s lww n i n  J.'a bl e VI I . 2 .  
The gen e ral pat te rn i s  fo r t h� h i g he s t  l e a d l e vel s to  oc cur i n  
t he pa sture spe c i es l oc a t l; d  wi thin tht; vi c i ni ty o f  the i nd us t ri al 
c ornpl ex . Th8 mean l e ad con t ent s ( c xp K  s sed a s  1ug/ g d ry wei ght 
and wi th out rega rd to s pt:: c i e s )  a t  tlw va ri ous s i t e s  a re i nva ri ably 
l owe r in root s tha n  in a e ri al parts  of t h0 lll n n t s  and l nd i ca t e 
depo si ti on p ri nc i pally from a i rb orne pa rti cul a te. s . The b ackground 
l ead level s f or t hc; s e pa s ture speci e s  would b <:: l e s s t ha n  5 pg/g 
d ry we igh t ( 'Va rd e t . al . , 1 976 ). 

Since l t;ad  i s  t ransl_)or ted prima riJ.y i n  pa rti cul a te f orm 
( Da ine s e t . al 0 9  1 970 ; Schuch and L oc he 9 1 970 ; scal l::y -�}!. a l . ,  
1 972 ; Ro\)i bi  e t . al . , 1 970 ) i n  the  c ourse of a i rb orne d i s t ri but ion,  
t he hi ghe r lead  content of  the l eave s c ompared w i th ro o t s  refl ec t s  



Figure VII . 2 .  

The logarith� � o f  the mean lead c on t ent o f  soil 

( pg/g dry we i ght ) expressed as a func t i on o f  depth ( cm )  

at s i t es 5 ( ba t t ery fac t ory area ) , 8 ( smelter are a 

with  addi t i onal pollut i on from s t or e d  bat teries ) ,  1 6  

( s ome dis t an c e  away from the smelt e r ) , and 1 7 ( thorough­

fare ) .  
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T a b l e  VI I . 2 . 

The �11ean L e;  ad Con t e n t  of U n·. , ::u> h0 cl  H o o t s y  L c. <J V L; s  : 1 nd S t ol on s 

( whi t e  cl ov tT ) of P�.t s tu re ::::: p e  c i  C; S  'l t vr, ri ou R ' · · • mpl i ng / rt:a s 
Lround a �3<t t t t: ry :Z.';,] c t or_y 9 �· w..::l t c :r  : • n d ':::'h o .P oui)l fo rs . • Va l ut:: s El t  

Ea ch S i t e  u re f or J. o o t s  ( :a. )  a n d  L t:o.v c s  ( L ) . C on e t.J n t ra t i on s  i n  

§..?mpl i ng .§.ite 

�:Ja .ec n t ut.; St; S �{ .. f e r t o  � . t ol cn s . 
-

Mc;c; n  l t. ad c o���:-2:�:. gd.s. � ��-�---?� rc noi m \�h i t t:  · Poa Yorksnl re Fl a t -
l:Y � r <gg� c 1 ov t: r ·. E.i'r'i'il u a f o g weed s 
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T a b l e VII . 3 .  c; xp r.:· s sc s t h c..; 1 r; e a n  pc.. r c c n t a g �J  of t he ori gi nal 

l ead c on te nt ( wi th ou t  spe c i e s  d J ff�Jren t i R t i on )  ';·' h i c h  wa s rt::m ove ­

abl e  by 1.va shi ng . 

The da tA s how t h:> t H n  l n <..: rt.: C:t sc in the 1 �,; ad b u rd en of t he 

ve g e ta ti on usually rc. sul t s  i n  n c on c oiili t a n t  i n c rc: R S t;  i n  t he 

prop or t i on rdnov a b l e b y- vva s hi ng . T h i s i s  parti cul rt rly n o t i c e a b l e  

a t  si t e s 8 and 1 1  ( n0<� r  t re s ruc., l t L= r ) . The p rop orti on r�m ovab l e 

b y  vm sn i n t.;  i e  ul ',-m y s  hi ght; P f or s<.ln; .;;l e s f r ,�m th -.; c ompl e x t h<·tn i n  

thos e ob tai ned from n,: a r  th \..:: t ilorou t-;hfa p,; . ';:'hi s may re fl e c t  the 

d if fc; re nt phy s i cal a nd/ or ch e 1 1 1i c al f orr!l S of l 0a d a t  th 0 two type s 

of l o c a t i on . I t  ha s b L: en suu;e s t e d  b y  Te:: r hoc1 r & :Saya rd ( 1 971 ) 

tha t t h e  l e ad pa r t i cul nt e s d e ri ve d  from m o t o r  ve hi cle s i ni t i al l y 

e xi s t a s  l ead b roniochl ori d e  f ol l ow e d  b y  c onv'-' rs i on i n t o o x i d e s ,  

ca rb ona te s ,  oxy c a rb onfl. t ,� s ,  s ul 1J h�1 t c s and oxy s u1 phn t c s  a ft e r  fal l ­

ou t p rocE:: S S(; S have occurrc:·d . M ore re c c; n tl y 9  Ol s on & 8koge rb oe 
( 1 975 )  ha ve sugg� s t t; d  t ha t  fol l ow ing d i s s ol u t i on p P oc o s se s 9  

e spu c i al l y i n  s o i l sy s t ems � tho Pe i s  a hi gh p r ob a b i l i t y  t ha t th e 

rt: s ul t ing l ea d  c omp ound i s  i n s ol ubl e l e nd sul 0hC1 t l, . Be cnuse  l ead 

sul phn t e  i s  jus t R S  l i ke l y  t o  b e  th{; t:m d  pr od u c t  of fnl l ou t  from 

t h � sm el t � r and i s  even m o r� l ik�l y t o  b e  s o  a t  s i tu s 8 o n d  1 1  

wh 0 re b 8 t t ,) r:L e s  a pe s t o red i n  t he op 0 n y the q L : k f, t :i.. on must c.� ri se 

a s  t o w hy  21 g re u L �.. r  pc:: r c e; nta g e  o f  t he 1 -:."c: d b urdt· n of ve ge ta ti on 

i s  re m  ova b l ;:;  b y  wa s hi ng � for  s i  t u  s of rrta xi mum a c c unml a t i on of 

l e ad . The r e i s  c l t -El rl y a l im i t  to t h.;:; cJ �:..: t:_. rt; c  of p hy s i cal 

ad s orp t i on of l �a d  p a �t i cul a t e s u p on v� �e t a � on . The t hre s hol d 

of s uc h  ' supe rsa turB t i on ' c an onl y b e  u e te rmi m: d b y  p o t tri al s on 

s e l e c te d sp e c i e s 9  o u t l t  i s  s i gni fi c ant tha t th � val ue s re p o rt e d  

he re :f or l t:a d  i n  l e af ma t c.: ri o. l 9 g r<:.; a tl y  c xct: e d  the hi gh t; s t v a l ue s 

rep orted f o r  ve gc ta ti on nt:a r m ot or '. a y s  ( 1 044 )lg/ g <:1 t t h e  Jm ckl an d  

M o t orway - S c;  c t i  on IV . ) y and ore; trea trne nt pl a nt s ( 2855 }lg/ g - s e e  

'.'Va rd e t  al , 1 976 ) . I t  i s  l i ke:ly t h ere f or e th1:1 t c ond i t l ons of 

sup er sa tura t i on exi s t i n  t he vi c i ni ty o f  t he b a t te ry fa c t o ry 

and sme l te r . 
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Th0 p a t  t � rn o f  l c .?. d  c cn c c n  t r·n t i  ons i n  soil s a i1d pas ture 

S th.: c i c. s ,  r-e fl c c t r; t h (_;  cJ i l u t i on ·�n c.J fal l ou t  r1'• t. ·- e <m d p rovi d e s  

i n f o rn B t i on <1 b ou t  th t: n tm oc phc ri c n1 ob i l i ty of l c <l d  ( l., e c ,  1 972 ) .  

In i'i gu r-e VI I . 2 . i t  c s n  b L: c1 C i.:; n t h< � t hi gh l u n rJ c o n c e nt ra t i on s  

d c ri v�.,;: d  f r oru the i nd u s t rinl c ompl e x  o re fo u nc1 c:1 t d c p t l1 s  of u p  t o  

1 2 cn: s  whc r�:. �H> neu r the t horoughf'cn·e ( n1 ot or ve hi cl e emi s si on )  the 

me t a l  i s  c onfine d mo inl <'l t o  t he t op 5 cm , F' rorn Tab l e  VII . 3 .  i t  

vvi l l  b e  no t 0 d t ho. t  u p  t o  45'1� of t ik ' inc!us trial ' l t. !Bd c ou ld b e  

:r·en10V8d frum root s b J  vm s hi n g 9  c ompa re: d  ·.-ti t h  onl y u p  t o  24% a t  

s i t� s ne a r  t h b  t h orou g hfa re . Thi s behavi our c an b e  e x pl a i ne d 

e i  th t: r b y  hi gh vr lead  l t  V t; l s i n  th .c i ndus t rial c omple x a re a  

prod u c i ng an i n i t i a l l y  h i g h e r  surf a c e  b u rd e n  whi e h  wa s he s d own 

t o  t he root sys t (.:; m s , or i t  c an b f:: e xpln lne d on the b a si s of le ad 
b � i ng in a d i ff e rent phy s i c a l  and/or chl: mi c a l  f orm whi ch  is m o re 

m ob i l e i n  the s oi l . S i n � e  t he s l ope of n l l  t h e  cu rve s i n  F i g u re 

VI I . 2 . i s  a p p roxi m a t el y  thu s am6 , the m ob il i ty of l u ad i n  the 

s oi l  p r of Ll L: s  n pp t.: a rs t o  be s i rni l rn• und t h ,_. hi gh t_; r  pE; rc e n t (l gc of 

' s ol ub l ._; '  l 0a d  a t  the ro u t  : ·y s t c�n fur rL·· n t c� �·· t s i t l:! s  no;:; a r  t he 

i nd u s t ri a l  c om Jl � x i s  pre su�a b l �  a rc fl u c t i un of th e i n i t i a l l y  

h i  g hc r  d ep o s i t i on of l cod  �'I t UlL surfc-. C l' of t h 0  s oi l 9 a d e  pos i ti on 

whi ch i s  al s o  r t.fl � c t � d  by hi gh e r  l evel s A t  G c p t h . 

5 . C on c l u s i on 

I t  i s  cl e a r  t tw t th c; :ec i s  u - .;vi de sp re u d  d i s t ri b u t i on of 

a i rab orn t::: L ; ad f rom m o t or ve hi cl u e n: i s s i on s , t he b a t t e ry fa c t o ry ,  

a nd smel t e r  wi t hi n  the s tudy u re: o. . I� fu rathe r c omp on e n t  i s  

d e ri vud from wea th t) red c omp ound s of l e ad frord the b a t te ry s torage 

a re a s  n 0 a r s i t e s 8 and 1 1 . 7he s i gni f i c an t  c on tami n a t i on of 

s o i l  a nd p a s tu re sp e c i e s re fl e c t s  the e x t e nsive l e a d  d e p os i t i on 

a s  a i rb orne pa r t i  cul C! t L· s ,  nnd t h e;  p r od u c t s  of wca ttJC red ba t t e r­

i e s  f rom al l t he ab ove s ou rc t: s . I t  i s  al s o  t- vi de n t  t ha t  

p ol lu t i on f rom the indus tria l pl a nt i s  b y  far t he g re a te r s ou r c e  

wi t h i n  t h e  s tu dy a re a ,  c ompnred wi th e m i s si on s from motor 

vehi cle s .  

I t  i s  d i ff i c ul t  t o  d e tc; rrni ne the a rsa a ff<:J c te d  by l e ad 

con tam i na t i on from thi s i ndus tri a l  compl e x  b (; cau se o f  o t he r  

ad ja cent  s our c e s  from m o t or vehi cl e emi s s i ons and o t he r  
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i ndus t ri n l  c ompl e xe s . Th;:_:. pD. t t c rn i s  furt he r compl i c "' t ed by t he 

i nfl mmc8 of t or1 og 1�nphy : m d  b u i l d i ng c k n s i  t i c s. T l lt; GC tw o f a c t o rs 

ci t i gct t u  a io a i ns t any c vns idcr>u t i  on of' t a<:.; e f f\; c..: t of p r t: va i l i ng 
wi nd 0 1 re c t i on a nd v cl o c i t i ci s . 

l-!.l t h ou5 h thi s i nd u s t r i <:1 l  c OmJ?l t...x v.1 ill  l lt:.ve  a l o cal e f f e c t  

c ons i d t; ra bl J  i n  c x c a s s  o f  t h� t f rom m o t or v u h1 cl c e mi s s i on s 9  i t  

c a nn o t  b e: of s uc h  ovt., n3 l l  c on c e rn 9  o <; ca u s r. L= Xh8 us t oe p o s i  t i ons 

arc so muc h m o�e univ6 rsal in t h e i r  d i s t ri b u t i on . 
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1 .  I ntroduc �iQn. 

El eva tGcl  h' 8d conct::n t rn ti ons i n  vc g <:-.:: t n t i on b ord e ring r oa d ­

s id e s  W8 S fi rst  o <.:; t c; c t t..::d in  Cc:nw d s  i.J y  '· ;c rrc n 8: De l a vo.ul t ( 1 960 ) . 

T h e:  l e ad '.'� a s  cie ri ve d  .{ roru m o tor ve hi c l e  c: rni s �_ d on s  :1.n d thi s s o u rc e  

of pol luti on lK1 S b se n  invc s t :l. g<. ' ted  v e r.�' c: xt .:m s ivc- l y . The e:nrl i c r  

wo rk ( e . g . Cannon a nd Bowl o s �  1 96 2 )  on l 0s d  u p take b y  ve ge ta ti on 

d i d  n ot d i fft_; ren t i a  te &lfl ong di ff ,:: ren t  spc:: ci '-· s ,  b u t  la t c r  worke rs 

( Te r  B a a r , 1 970 ; , \·o rd .;; t . .::,1 , 9 1 9 75a ; Gol o smi th  c:.h .Ql. · � 1 976 ) 

s tudi ed lead up t a Ke by incli  v .L d u nl S f L;  c i  .::; s .:md � n  c. l l  e a  s c s  f ound 

tha t a s iz..::; ablt.;  p r op e rti. LJD ot t n c: lead b uro<::n re:t:wvu b l c  b y  
wa s hing , v;��. s )rc: 8wtw bl y  d(: rivc: d fl'"'Om a i rb orne p s r t i c ul Ec t C: s  as a 
rc; s ul  t o f  comb us t i on of tc; t ru 8 thyl - <md t t.; L <ll!18 t hyl l :,ad f rom 
ga s ol i ne . 

J\ c curnula L i on of l .o;: a d  b y  _p :J s t ure s_ik: c i�._. s R nd fo od c r op s i s  

cl ea rL y  a si gnifi u:mt h�..: 8 l t h  hA za rc) and i n  Cl re c c; n t  survey of 

pn s t u re pl an t s  grov;ing  3.1 one.: a rn o tur\'J3J :Ln "'· u c kl <::,nd C i ty 9 ��ew 
Z c: a l o nd 9  ia rd e t .  21 . ( 1 977b ) - �.)e c t  L on IV . 9 r ound a mc; a n  vulue 

of 63 8 )lg/g L: n d  ( c':.ry wei ght b< F>i s )  in unrm shGcl  lc av�: s o f  
Tri fol iun! rupe.ll§. L . ,  ( whi te  c l ov e r )  a nd 345 p.g/g i n  Lgl ium 

pe renne L . ( pe rennial rye gra s s )  • In the� C B  s e  of t he cl ov e r �  

wa shing re du c e u  t he le: ad c one  en  tra t i  o n  t o  3 65 pg/ g 9 and reduced 

th � value i n  ryG fra s s  to 306 )lg/g . 
ltl though i t  ho s b e en widely 8 s sumc d by many worJ{e rs tha t  

l ead a c cumuln ti on from mo tor ve hi c l E:: U I>.hau s t s  i s  l a rg e l y b y  a i r­

b orne p a r' t i cul a t e s 9  the re i s  a m pl e evi d en ce for a c c umul a ti on of 

l e ad i n  s urfa ce soil s ( Chow ,  1 970 ; Pa s c  and Ga n j e , 1 970 ; S inger 

and lia n s on ,  1 969 ; \1\Ja rd .E: t . al . , 1 975a )  9 nnd the re renw.i ns t he 

que s t i on a s  t o  wh8 t o x t e n t  up t a k� b y  root sys tems f rom th e soil  

i s  re s ponsibl e f or t he hi gh  c on cen t ra t i on o f  l E:: ad i n  r oad s i d e  

vege ta t i on . I n  ord e r  t o  inve s t iga te th i s  probl em 9 th G fol l o wi ng 

p ot t ri al s we re ca rri ed ou t to de t e rmine tht: upta ke of l ead by 

s e ed l i ng s  of L .  p��� and T .  rep£ns a n d  the r•:: sul t s  o f  t he s e 
i nve s t i ga t i on s  a re prc; sented in  t ui s  st- c ti on . 
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S tudi 0 s  cent r�d on l b a d  u pta ke from soil s ou rc e s  ha ve b e e n  

nume rous bu t i n c onc l us i v(:; . Ma r ti n  & Ho mn: oncJ ( 1 966 ) s tud i c, d l e n d  

up t ELk e  b y  b r on.�_., g ra s s  ( Brq_r.f..US ...;.._izt..s;; .�i � 9  L G y �; s . ) f r o m  �>andy l oaw 
s oi l s v': i t h a ra nge o f  le; a c.l  c on t t; r. t be t ·. , t,;en  1 2  <"md 680 p6/g . 
Re s ul t s  i n d  i c n  t E.; d  th<:1 t onl y pl an t s g rmm i n  th(.  so i l 'N i t h  t he 

680 p.g/g l (; Vt:: l a c c umul a t e d  a si gni fi can t a:!!Oun t  of l e ad . Thl s  

a c c uin ul st i cn wn s c.;nha n c v d  b y  tr10 n c:i cJ i t i on of "· c hf.l a t e ,  b u t  t he 

maxi mum a c c urnul t1 Li c.•n wc s only 3 4  }lg/g . 
Prt:: v i u us  t o  t :ii s s t ud .'/ s ig n i f i cant c un t ri out i ons we:i"'e made 

by I s hi zuka & Ta nako ( 1 962 ) an c3 Ra smus se n 6· llcnry ( 1 9 63 ) . The 

f orm e r  au t h o rs sh owe d tha t 50  )lg/g l t.. a d  a d d e d  t o  c ul tu :c .... e sol ut i on s 

supp ol"tine; ri c e  J! l 8 n t s ,  ci l cJ n o  ha rm a :  . . the: l e fl d \Ja s p re c i p i t <:t tcd 

a sPb8 0
4

. Whe n  no sot- WB S p re e.e nt , 1 0  }lg/g l u: d wa s th e; c ri t i c al 

l e v e l  b e f ore yi e l d Et nd c h cmi cal c ompo si ti on of the pl a nt i,'Ja S  
affec ted . Ra smussen & H � nry ( 1 963 ) rb p ort �d the; �rre c t s of l ead 

on t he g rowt h of swe t; t oran g e.. s e c.: d l i ng s  i n  nu t ri l: n t  s ol u ti on 

c ul tu re s . L E.; vel s of 0-3 1 . 2 5 p.g/g l t od n t  pH 4 . 5- 6 . 5 i n  the 

nutri ent sol ut i on '·�< e re i nv� s ti g:J ted . Root growt h wa s s t imul A te d  

by i n t e rme d i a t e l e ve l s  o f  l e a d & n d  i nhi b i t ed by t h e  hi gh e s t  

l e vel a t  pH i+ . 5-5 . 5 ;  root a nd s h o o t  g rowth w�, r e  i nhi b i t eo b y ·  a l l  

but t he l owe s t  l e a d  l e ve l s a t  pH 6 . 5 . 

Te r lia a r  e t . al . ( 1 96 9 )  s tud i e d t ht., up t D kG f .r orn a i r,  wa tc.:. r 

a nd s o i l of l e a d b y  p � rd nni al ry� g ra s s  n n d  rad i s h G s . They 

c on cl ud e d  tha t u p ta ke of l e ad from wa t � r ap pl i e d t o  thG  l e a v� s 

a nd from the s oi l w a s  n o t  s i gni fi c an t . hal f of tht,; l u � d  c onte n t 

of the g ra s s  wa s obtained fror11 the soil w i t h  l i t tl e El b s o l"pti on 

f r om s i mul a t e d  ra i nfa ll . 

M o t t o e t . a l . ( 1 970 ) g re w  s E.:vc ral c ro1> spe c i e s  in c on tam in­

a ted s o i l  a nd i n  a c i d -wa sh e d sand t o  whi eh s olub le l e a d  wa s 

added i n  l ow c oncen tra ti ons . The i r re s ul t s  e s t a b l i s h8 d  tha t 

l ead can b e  a b s orb ed t nrough t h e  r o o t  sy s t em and t h a t  s ome t ra ns­

l o ca ti on t o  othe r plant pa rt s d oe s  oc cur . l i OvliL Ve r , w o s t  l e a d  

take n  up by pl an t s  rerna :i n s  in t h e  r o o t  s ys t em . 

In an e xp� rime nt des i gned t o  a s st; s s  th e rel a t i ve imp ortance 

of ai r ,  wa t e r , and s oi l a s  s ourc e s of lead  f or rye g ra ss ( L ol i um 
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�enne L . ) and r a d i s h  ( Rn ph�1 nus s R tiY£§ L . ) ,  Ded ol ph e t . a l . 

( 1 970 ) s h owe d t hu t onl y a i r a n d  s o i l  \; c: re s igni fi c a n t  s o u rc e s  

a nd t ha t b ot h  g ro s s a nd ra d i s h l e ovt.: s d e ri v 0d 2 t o  3 pg/g of 

l t:ad f r om s oi l  s ou rc e s . 
Typ i ca l  re sul ts of a d d i ng l c a c.l t o  s o i l  a re summa ri z e d  b y  

th e wo rk o f  BaUJnha rd t & Wel ch ( 1 9 72 ) . L e; ad .,J <J s a d d e d  t o s oi l  

i n  f i e l d  pl o t s  i n  n rn ount s va ryi n g  from ub ou t 20 t o  1 000 pg/g . 
The n c or n , ( Ze:� _rnD��- L . ) ws s e r own f o r  2 y .._.a rs . S i gn i fi c ant 

c o n c e n  t ra t l  on s of 1(:; 3 d WL. r c- f oun d i n  t h e  c o rn Kt." rn ::.:l . 'l'h e 

r e sul t s i nd i c u t e tha t t he l c nt, th of t i m e  foll o·;, i n g  the a d d i t i on 

of l e ad ha s an i n fl ue n c e  on i t s b i ol og i c al 8V& i l a b i l i ty . Thu s , 

i n  t h e  s e c on d  ye a r .  l e ad c on t ent of t h �  )l n n t  wa s si gni fi c a n t l y  

l e s s  th an i n  th e f i r s t  y t:; a r . S i nd l a r  s ol u t i on cul turt; a nd s oi l 

p o t  t r i a l s t o  � � t e rmi n c  t h e  ab s o rp t i on o f  l un d  b y  pl ant r o o t s 

h a v e b �.:: e n  r t.. p o r t c d  b y  hii l l e. r &. Eoc 1Jp(; ( 1 97 0 )  9 :3r oye r e t . a l . 

( 1 9 72 ) ; Zub e; r  & :G ova y ( 1 97 2 )  n n d  '3a z z a z  ��- · � : 1_ . ( 1 974 ) . 

In c on t rol l e: d  - e: n v i r onm ent � xp e ri me: � t s , J one s & Cl emen t 

( 1 �; 72 )  g revv p e re nn i al ry8 t; ra s s  pl �1 nt s  i n  1 6  s o i l s lii i t h c on t ;:; n t s 

o f  e; x t rrt c t H b l (- l e a d  :L n tiH: r n n � �c 5 . 3 -5 0 piS/c . J:., e a d  c on t e nt s i n  

\Vh ol e pl a n t s i n c r<:: cl S t; d  vr l t  h i n c rt� A s ing l e vel eo o f  s o i l  l .:;o d , 

J ,,ai nl y s s  a r t. sul t of s c c umul u t  i.on i n  t h f� ro o t s . I n  s ol u t i on­

cui ture e xp e ri m en t s  i t  •;:, a s  s h own t hc.• t l G ad wn � rc. a d i l y t a l<. e n  up 

b y  p e re n ni n l rye g ra s s  root s ,  b u t  th a t 0nl y Cl smsl l p r op o r t i on 

wa s p a s  st� d  t o  t re s hoot s . 
Fi na ll y , Rol fe ( 1 973 ) r e p or t '- d on th e l o u d  u p tEJ ke b y  

s � l u c t e d  t re e  s � e dl i ng s an d c o n c l u d e d  thn t up t a k� � o s  s i g n i f i c an� 

tl y  a ffe c t ed b y  t h �C  ro i l l en d  c on c e n t ra ti on vrl t h  hi g he r  u p t a ke s  

a s s o c i a t ed w i th h i � h� r s o i l  l � a d  l e v e l s . L e a d  u p t a ke by pl a n t s  

was rf_· d u c .; d  b y  :3 pp r oxi m<-.t t e: l y  :ru.-, 1 f -dhc:n h i gh l c·vc l r, of s oi l  

p h o s ph oru s D c r8 p r� s e nt • 

.tU th oug h c on s iu e rabl c; .c· �..- s e a r c l1 na s b c; <;; n cJ on� on c on tam i n ­

a t i on o f  ve g e t a ti on b ,y  l e: o u , t h e  ov e rsl l p i c t u r e  i s  i n c umpl e t �:: ,  

e spe c i a ll y  c on ce rni ng t h e  c,� t t.: n t  t o  whi c h  up t a k e  of l e a d b y  ro o t 

sy s t em s  o f  L .  p c.: r c nne s nd T . ru2SJ2-.§. i s  .L c sp on s i b l t: for the h i � h  

c on c e n  t ra t i  o n  o f  l e a d  i n  l e a ve s a n d  s t  o l  on s . I n  s u c h  c on t r ol l e d -­

e nv i r onme n t  \:.. Xp t: r i m e n t s  a m or e  s i gni fi c <=1 n t  i n t e rp re t a t i on o f  the 
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me c hani sm b y  wh i ch l e ad i s  d i s t r i b u te d  t hroughout thc s� pa r t i c ­

ul a r  pa s ture s ,pt c i E· S  c a n  b e  ob ta i nt::d to f.::nu o l 0 c omp a ri s on r; i t h  

the ob s � rv a t i ons ma d e  f rom p ol l u t i on s t ud i e s of the na tural 

envi ronme nt . ( S� c t i on IV t o  VI I ) . 

3 . M a t t:... r i a l  s a nd in.c t hod s . 

Se edlings  wci'e g rown i n  250 ml pl a5t ; . c pot s c on t a i ni ng a 

ch e mi c ally- i ne rt s i l i c a  s a n d . Th i s  su b s t ra t �  w8 s c h o s en b e c a us e  

pre v i ous t e s t s  e h owt:d onl y a s::.; a o '  o rp t 1 on of a 1 ·. ; sol u t i on o f  
l t:: fl d  ni t ro. te , i n  c on t ra s t  t o  l oc al s oi l s a nd ., UJI;i ce w hi c h 

a b s o rb ed 80''L L (:; ad ni t rr, t c  vm. F" :n i xe d  thoroug !ll y �':i th t hG s a nd t o  

prc..v i d e  a l a rg e  numb <J l' o f  "'' o t s  c on t n i n i n[; V':1 r io1...�s c o n c t: n t r�J t i on s  

( 0- 1 0 , 00 0 )lg/g ) of h. o d  i n  the s ub s t rn teo: ( tci l l i n  t ri:pl i c a t. c:: ) . 

8(;; e d s  ( 2 0 J n  e n c h  p o t ) o f  T l' i f ol i uul I'_lill.si1f: :r_, . or L ol i�:... QE· re nnc 

1_. Wl: rc pl a ce (} in sel e c t e d  p ot s  "' t 8. d e p t h  of 1 cm b el ow t h e  

surfa ce o f  t he sub s t ra t c . En c h  p ot wa s sa t u ra t ed w i t h  a m od i fi ed 

H oa gl a nd s ol ut j_ on i n  \'.h i ch t h e  su l ;:. h::; t E:  a n d  p h o s phe t e  c on c E:: n ­

t ra ti ons w� re re o u c a d t o  av o i d  p r e c i 0 i t a t i ng l e a d . Lll p o t s  �t· r e  

p l n c (; d  i n  s c po rr1 te d i s h ._ s ,  n. n d  'Ne re 1.\'�J t c rE d f r om b cl mv d u r i n g  

t h0 e xp e ri m t n ts . E xp e ri m � n t s  � c rt:... c a rri L d ou t i n  a gl a s shou s e  

w i th r'D nd o m  pl a c em <:m t of p o t s  an d c cn s t fm t rE:: ::l rl'tl ng cm�nt o f  t t1em 

t o  o v o i d  v a ri o t i on s  6 ue t o  '- x p o sure t o  s unl i th t . Thu s xpe rim� nt s 

we r e  El l l o,·, e d  t o  ru n f' or up t o  1 4  Vit:. {.; k s . 
1-.. t ,b.l re ck t c rrrd nt: d p � ri oli s 9 l;ll.::m t s vvc r-e h a rvc r t c d  and d i  v i d � d  

i n t o, 1. .. o o t s ,  s t ol on s  ( f or wh i t e cl o ve r  onl y ) , <."' n d  l l.:] etVE; S . L c; av e s 

o nd s t ol e n s  \.' C: :r'e no t \"8 s l12 \ J , b ut r·o o t s  'N <.: I'e ·�;:;, s he d  for 30  m i nu te s 

in d t- i on i z e d  ';vo t (,r  ?.�.nCI ri n s C; d  t h re t" tLne s .. 

Pl ::1 nt lfH'l tc r Ltl \-'il: 2e .P!' cp G r  .. _, d  n n d  unel y s '-; d  a s  outl ined i n  

S e c ti on t'B . 

4 .  Re sul t s  �nd o i s c u s s i Q�. 

( a )  ��a lee o f  l o:.:. n d  D s a fun c t i on of t h<:. .l. t.:. D d  c �m t e nt of 

t he.: ..£1.!.1:? s 'tl�t� . 
Fi gurf:: s VI I I . 1  and 2 shovv t ht.: l e a d  cont e nt o f'  p e re nni al 

rye g ra s s  ( F i t,u r·e 11 1 1 1 . 1 )  a nd whi t e  cl ov e r  ( F i gure .,.JLL I . 2 ) 

e xp rl· s s E; o  a s  a fu n c t i on of' l s a d  c on cen t ro t  i on s  i n  t he sub s t ra t e 
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a nd at p e ri od s of 6 9  8 , 1 2  G l1 G 1 4  Wt;C .KS a f tl:' r g e J'minfl t i on o f  
t he se e d s . 

L e a v e s fl n j  ro o t s  of cl ov e r  ul t ime.:. te l y  o c c umul a t e d  m o re 

l e ad t h a n  the c orr0 sp ond i ng orga n s  of ry e gra s s . The ro o t s of 

b o th sp t;; c i t� s  c on tn i nc d  s orr. cwh R t  mort. l �._ J w  than t h e  c or re s p on d i n g  

l � avc s ( o r  s t ol 0ns ) . For whi t �  cl ove r ,  � n  A p p r oxi ma t e  l i m i t in g 
val ue f or up tuke se 8rnetj t o  b t::: re�-.. che d o f t'-- r 1 2 - 1 4 VJC; c k s  f o r  l e ad 

c on cc:: n t :r'o t i on s  e x ce; cc1 i n g  8 00 p.g/ g . Thi s l im i  t i ne 'v al ue wa s al s o  

i n  e v i d t:: n c 0  f or ry�: � ro ::1 s . l t  i s  n l s o  c:: v i d �.- nt thc-1 t t h c.: re wa s 

s ome; d c l c.: y  i n  ma ximum l c:ad  u,; t a lw b y  b o th sp t.. c i c- s . .t�f t er  8 W C L; k s , 

c ompq ra t i v e l y  l i  t t l o;; l c 8 d  ha d b c: E: n  8 c cu11ml a t C; J  b y  l eave s a nd 

s t ol on s of v: h i t e cl ov,:- r b u t the re  wa s a c on s i d e; ra b l c  i n c re a se 

d uri n g th e i nt e rv al 8 - 1 2 wu u ks . � r o o s on f o r t h i s  i nc ru a s e  may 

b e  a b re a kd o�n i n  t h e  m� c ha n i s m  wh e re b y  pl un t s  a re abl e t o  

p re c i p i t s t0 l 8 a d a t  r oo t  s ys t em s  ( n s  Jhospha t c  o r  s ul pha te ) a s  

ha s b t:, e n  kn orm f ve  n-.:.<1 rl .Y 50 yc 8 r t' Cim:J m l t t 9  1 ) 28 ) . The same 
p n t t c rn of e nh8 n c e d  up t a k c i s  sh own i n  cl ov e r  �o o t s . In t he 

c a s e o f  rJe g ra G s 9  u p t a ke of l � a d by l 0 � v � s an d a c c umul a t i on a t  

ro ot s , in c r>UJ s e d  c on s i J c ra b l y  a f t e r  6 \Je c ks t.=tnd r e fl e c t e d  a 

s irn i l n r  u p t a ke p t1 t t �_, rn a s  f o r  c l ov e r . 

F or pl an t s  g rov.ri ng i n  su b s t rn tL· S c on tc , i n i ng 5000 and 1 0 , 000 

}lg/g ( 0 . 5jb a nd 1 . 0::,·b ) l l": S d 9 V[1 1 U O S  in al l o rg a n s  Of b ot h  sp e c i e S  

wt.: re t he same ( or L V v n a l i t t l t; l ov� t· r ) n G  f or t h::: 1 000 pg/g 
s ub s t ra te s a nd i nd i c n t e d  t ha t a l i m i t i ng val ue f o r  l e a d  in pl an t 

organs d o e s  i n  fa c t  e xi s t . 'l' he d 8 tD ,, re no t sh own in § i gure s 

VI I I  1 a n d  2 b e c a u 88 of p rob l t:::m s  of s c Rl e . 

I n  g eneral , c on ce n  t ra t i  ons o f  l t:: a d  i n  pl a n t mn t e ri a l vvc: re 

onl y ab ou t  on t:: te n t h of t h o s e  i n  t he s u b s t ra t L;  b u t re pru se n t  

n0vt:: rthel e s s  a n  appre c i a bl e up t a li: e  i n  a b s olu t e t c; rm s . L s  ou t­

l in e d  in S e c t i on IV i t  wa s f ound t 18 t  345 p.g/g l � a d  wa s m e a s u red 

in unwa shecJ l e av e s  of rye gra s s  and 638 p.g/£ in cl ove r  l e av e s . 

The se pl a nt s '.-;e re g r owing a d J a c en t  t o  a b u sy m o t orwoy whe re the 

s oi l  c onta i ne d  3064 p.g/g l e a d . I f  t he re sul t s of t he se p o t  

t ri a l s  a re a p pl ie d  t o t he r e a l  s i  t- ua t i on , and i f  8 0  pg/ g and 

60 p.g/g a re ap p rox ima te ly l i m i t i ng va l u e s f o r  l e ad in l t: ave s of 

cl ov er a nd rye gra s s resp e c t i ve l y  f or pl a nt s  a c cumul a t i ng t hi s 
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e l em e nt vi R r oot s,y s t 8 m s  onl y , �ht:: n cl ... � n rl y  m o s t of the l 08 d 
b u rd en of roa d s i d e  pl sn t s  mu s t be d c ri v ed frcm a i  rb o m c  pa r t i c­

ul a t e s . Th e se p A r t i cu l n tc s  mu s t  a c c ount f or a b ou t 85�;� of the 

l e ad b u :.:d en  of wh i t e c l ove r am1 ab out ti O?S o f  tha t of' rye g ra s s .  

( b ) M orph ol ogi c a l  e f f e c t s  o f  l e A d . 

The e ffe c t on pl a n t he i g h t  of va r i o �s l � a d  c oncen tra t i ons 

i n t h e  s ub s t rn t e i s  s h own in Fi gure VI I I . 3 a nd i l l u s t ra t ed i n  

Pl a te .  VI I I . 1 ( 4  months cl f t f;: r g e rmi no t i onJ. 
hf t o r  35 d BJ S ,  t h e  me a n  he i ght of rye g ra s s  s e e d l i n g s  was 

ne a rl y 8 cm fm� s ub s t r<': t e s  fr\.:- E; of l�... ad but vv R s  l e s s  than ha l f  

t hi s he i g h t  for a s u b s t ra t e  c on t a i n i ng 560 pg/t.; l c.,a d . ;:, t t h e  

1 000 p.g/g l e ad l e vel , pl o n t  he i gh t  wa s l e s s  t h e m  o qua r t t.: r  of 

th t� t of n o rmal pl£1 n t s . I n  the c a se of iilt1 i t c  cl ov c:: r ,  a v ery 

si m il<-J r _pc:, t t c rn ·,-vn s ob vi ou s ,  t h ough ov e ra ll p l an t  h(; i gh t s  we re 

a l way s l e  s s  t hr' n fer ryt: g rn s s  i n  al l sub s t r:l t c  s .  

I t  i s  cl ct:'- r  f rofil t h •_, c\ b ov e  t; .xp.:c r• i rn e n t s y  thA t h i g h  l e ad 

l C: vel s i n  t h t:: s u b s t ro tc; s h�: ve n mt1 rkc cl s t u n t i ng c f'f 0 c t  on b o t h  

VJh i  t e  cl ov e r Em<} rye g ra s s  a nl:! whl,)n t he s e  re sul t s  :::t r e  ap :Jl i e d t o  

t h e  ren l  s i tua t i on , i t  i s  obvi ou s thn t h i gh l eaJ l e vel s i n  s oi l s 

n ea r  m a j o r h i ghwa,y s mu s t ha ve a s e ri ou s eff..:: c t  on t h e  gr ow t h o f  

e c o n om i c a l l y  i mp or tan t p n s t u rc s p� ci e s . In s u c h  s i t u a t i ons , 

re t a rd e d  g r owth wi l l b e  [ t l s o  �1 g g r<1vn t e o  b y  the v e ry l a r g e  a i r­

b orne c omp one nt of t h e  l � a d b u rd e n  of r o ad si d e  pa s tu re s . 

( c ) The e ffe c t  of l e aCl upon gE.: rmi n8 t i on of _.2.9��<t� 
Fi gure V I I I . 4 sb ow s t he e ffe c t  on se e d  ge rm i na t i on of 

d if fe re nt l e a d  c on c e nt ra ti on s in th8 s ub s t ra t e . Ea ch po t  

c on ta ined 20  s e e d s of e i t h er s p c� ci e s  a nd germinati on wa s 1 0 0?-1a 

c amp l e  t e  a f t e r 3 5  d ays i n  c a se s whE:! re a l ead- f r.e e  s ub s t ra t e  wa s 

u s e d . Per c en ta g e  ge rm i n a t i on d e c re a s e d  i n a l ine a r  ma nne r  f o r  

i n c re a s i ng c onten t s  of l e ad i n  t he sub s t ra t e . F o r  sub s t ra t e s  

c onta i ning 1 000 pg/g l ead ( l e v e l s c omm onl y f ouncJ i n  so i l s n e a r  

b usy t h o roughfare s ) � g e rm ina t i on s  were red u ced to  205� f o r  rye­

gra s s  and 1 0%  f or whi t e  cl ove r .  



Plat e VII I . 1 .  

The e f fect o� plant he ight of perennial ryegrass 

( L olium perenne L )  and whi t e  c lover ( Trifolium reEen� L )  

as a func t i on o f  vario�s lead c onc entrat i ons in the 

sub strat e four mont hs after germinat i on .  
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Figure VIII . 3 .  

The e f fect  on height ( cm )  o f  perennial ryegrass ( Lolium 

. Pprenne L )  and whi t e  c lover ( T r i folium repens L )  o f  

vary i ng c onc entrat i ons o f  lead i n  the sub s t rat e :  

Gpg/g ( symb ol • )  1 1 00pg/g ( symb oL t\ ) 1 500pg/g ( symb ol O )  

and 1 000pg/g ( symb ol !!� ) • 

. ' ... . 
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Figure V II I . 4 .  

The e ffect on germinat i on o f  s e e ds o f  perennial ryegrass 

( Lolium perenne L) and whi t e  c lover ( Tri folium repens L )  

o f  var\�us c onc entrat i ons o f  lead i n  the subs trat a :  

O)lg/g ( symb o l • ) , 1 00)lg/g ( symbol £ ) ,  500pg/g ( symb olO ) 

and 1 000pg/g ( symb ol !JJ ) .  
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The e xpe r i El t:m t s  h,- ve h i ghl i gh t c. -cJ t h E- s e ri ous e f fe c t  on 

pa s tu r� ,  sp <.j c i c s , of e lt.;vc; tt; d  l t:: s cJ  l c. v c:l ;·: in t h'-' sub s t rs te . I f  

th0 d El t a  n ::- l; n ��pl i H1  tG t hL: r e n l  s i t u r-1 t i on o f  :9o s tur e s p e c i e s  

g rowi ng a d j ::l c �C. n t  t o  rrw j or thor oughfE n'e s , t he fol l owi ng c o n c l u s ­

i on s  c a n  b e  m s d e : 
( i ) L e n d  a c c umul c-1 t i on b y  a e r i al pe r t s  of c l ovt: r and rye -

g ra s s  c a n  t ot al a b ou t  1 �b of the l e ad c on t e nt of thE:: s o i l a n d  

i s  s omLo WhFt t g r�._., a t e r  f or wh i t �;.;  cl ove r t hD- n  f o r  ryc gra s s . Th i s 

a c cumul a t i on i s  h owt:vc r ve ry sma l l  c omp a r e d  w i t h thtJ l e ao 
b u rd e n f rom a i rb orne pn rti cul a  t e �:, , a nd by i t s e l f  p rob a b ly d oe s  
n o t  p re s e nt a s e ri ous ha z a rd for gra z i n g  animal s ;  

( i i )  e l evo t c d  l c.a d  c on c e nt ra t i on s  i n  s o i l s  o. f f(:; c t  t he 
pl a n t h e ig ht of b o t h  sp�;.; c i e s  t o  Rn e qu n l  d e g re � . C on c e n t ra t i on s  

o f  l t:: nd t: x c t::: e d i n[s 500 }lt/L i n  the sub s t ra t ,; ( v (.l U�;.; S typ i c al of 

mos t ro s d s i 6c s of ma J or t horoughfG rc s )  n re suff i c i e n t  t o  re d u ce 

pl rm t h e i gh t s b y  one h3l f .  The 2- c tusl s i tu: : t :L on mus t b e  c on s i d­

e ra b l y w o r s e  thnn t h i s  b •.:: co u s e  of t h e  muc h : J i f he r l e s d  b u rd e n  

d 0 ri ve d  f rom a i rb orne pa rti cul a t e s ; 

( i i i ) t h e  ge rm i nt:. t i on of sec: d  o f  pc rt.mni .o. l  rye gra s s i s  l e s s 

a fft; C t L- d b y  ; d g h  l 0a d  l e v e l s i n  the s ub s t rr: te t h E m  i s  ge rmi n­

n ti on of wh i t e cl ov e r . '1.'h i s  i nd i cc-1 te s  t he n e; c e s s i t y f or a l t e ri ng 

the b ::-1l a n c e  of s e e d  rni xtu rt! s i n  f8.v our of ·;1h i t e  cl ove r whe re  a 
b al a nc ed rye g ra s s/i:Yhi te cl ov e r p8 s t u re i s  d e s i re d  i n a c ont a m i n­

o t ad s i t e  8 d j a c e n t  t o  b u sy h i ghways . 
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1 .  In troc'l u c t :i on . 

En vi r onn 1 cn t[- ·1 c unt<':.min : :  ti on f rorn v ,-:. ri ou s h c; t'. vy m :_ tnl s su c h  

ns  c c1 dwi u m P c opp �,.; r 9  l �; <l d  :·md z in c  he s b e e n  of ten  rt.:port �·c1 f rGm th e 

vi c ini t y cf  siTicl t i n e  c ompl t. x c s  '-mcJ rnint; s , ( L i  t t l c  & l'il:- . rt i n p  1 972 ; 

1ivs rd v t .  :u . ,  1 976 ) . ":w·,·: e ve r 9 vt; ry fc;; W s tud i e s h s ve b c.: on cG rri ed 

out on si l v er pollu t 1 on · f ru!Jl in d u s t rial E,n cJ min i ng cl. c t i  vi t i e s • 

.:�l th ou g h  Kl e i n  & l�us so;:;ll ( 1 973 ) ,  a s  _pCJ rt of n. vv i d c r  p r o j t,; c t  

invol v ing s t: vt:. rn l hc n vy me ta l s ,  n:o n sured si lver  c oncen t r:1 t i on s  in 

soil s :'! rounu '' c oc:l- b urning pl c:n t P GOil l l-;VC: l s of t h i s  e l e:ment 

i n c Pea sed  onl y very sl ig htl y ( 0 . 24 t o  0 , 2 7 2  pg/g ) ,  nnd s c a rcely 

repre sented  s i gn ificant p ollut ion , 

The b a c k£ r ounG si l v�r  c onc e n tra ti on i n  igneou s a nd s e d i me n t� ry 

r o c k s  i s  a b c:u t  0 . 3 ,ug/g ( Hawke s r:nd Ve b b , 1 972 ) , Ss vc; rEJ l workt: r s  

( '.Var ren nn d De lava ul t ,  1 9 50 ; Homb ro ok , 1 971 ; �ui n e t .  nl . ,  1 973 ) 

ha v e  r e p or te d s i l ver l e vel s i G  so i l s n nd ve 6 o tn t i on in  c onne c t ion 

wi th b i o 2 e o c he r!1 i c :-: l e x.pl cr.  t i on s t ud i e s . 

Be cRuse of thG known t o xi ci t y  of si l v�r t ow� rd s � ni � 2l nnd 

pl a nt l ife ( Sn x ,  1 975 ) n �d b c c � u s e of t h e  vi rtunl  n b s e n c e  of 

s tud i e s  on pol l u t i on fro!lJ t h i s  t; l em(;n t in t he vi c ini ty  of i ndu st­

ri <ll e s t 8 b l i shme nt s �m d r;t inc; s , r· s t ud y  wn s m�1 d e  of the t o h-l l 
n e ri G.l s i l v ,_; r  b u rd en in s c i l s nnd vL: e, e t .:=� ti on d e ri ve d f r cm a mine 

and t rea tme nt pl nnt n t  Mn rn t ot o , Pew Z � n l on d . l t  wn s al s o  h op s d  

to  c ompa re the u ct t� .  �<l i t h  si l ve r  n c c mnul :o; te d nl'l t ura l l y  b y  pl an t s  

g rowing i n  the  vi c i ni ty of an ore d ep o si t i n  the Sil  v t:; r  �ueen Re e f ; 

th e ma i n  s our ce  of orf: s for the t rc s tm en t pl ont , 

S i l ve r  c on cen t ra t i ons we re; nl s o  me n surud in s ed iwe nt s and wa t e r  

s ampl e s i n  a s tream ori g i nR ti nl:i  frorn the vi cini ty of  t hv ore b ody, 

snd i n  pa s tu re  s pe c i e s and s uil from £� pa dd ock c-1 d ja cen t t o  the 

a c ce s s  rOFJ d to t?le ore t re a tme nt pl ant . 

2 .  Stud,t n re n  _£l}Q_ Jne tl1 od s . 

The Marat ot o  Vall e y i s  s i tua ted some 1 5km e a s t of Pa e roa , i n  

t he Coromnndel Re gi on ,  �ew Z eala nd . The ro cks of t he a re a  a re 

l a rgel y Te rti o ry c al c-al kal i ne v ol c a ni c s  t ha t rang e i n  c omp os i ti on 

from ond e s i t e  t o rhyol i t e ( i"Je i ssb G rg and Wod z icki, 1 970 ) , 
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The Si l ve r �uG �n a8 e f  c u n s i s t s  m� i nly of c n v � rn uu s  q ua rt z o s� 

r e pl [ l c e m <..; n t s  n f t. c r  c n l c i t L' 9  v,; i_ t h minor ri b s  uf m � 1 s s t vt: qun rt z 9 

the w t1 0l 0  b f· i ne, s L; inv_:. ru s t .y b rovv n rJ n r� bL.cK ' •' i  th i r c n  nnd 

mr\n[ me s<..: oxi de s . C e r t:-: i n  l e n s e s of t l1t; v e l n s t cnt. s curry :) rg e n t i t E;  

( i�g2S )  .:md h e s c i tt.; ( ;; g 2 '1.\ .. : ) \ i t �  n Sirtt l l  quan t i t y  of gol d ( L k l l  

n ml I<'rn st; r ,  1 91 C. ;  i.! 8. i n 9  1 972 ) . 

'l'hc ve g (: t :, t i on C OV t. r  uv c... r the S i l v�:; r q!U \:: i.m .l<.v (:; f  "-' .P.P e f1 r� t u  

o e  p ri n cl pnl l y  se c 0 nc1 n r;y t;r owth . ThL: m.:1 i n  c :'l.n opy sp �: c i e s  of t he 

l. t tU'<'l t ot o Vnl l c .J i s  }e tlr�c (-LI£!...-i�'.i i n  t<-1 W8 ( .t3c:nth & Ii ook , f . ) ' t owa . ' 

The: cl i ilii-""t tc of ttl6 :t rt, [ t  i c. m il d , e q_ ua b l v o n d  l1wni {i . i�nnual 

ro i nf8l l 3VE... rf1 £ c;s 8 b ou t  2000mm . 
I n  o t r C: n tmc:; n t  pl ent s i  t ur. tc d i n  the  l oYi·e r J\\ Cl l"E1 t oto Vol l ey ,  

t he ort.: i s  c ru shed :1nd convt; rtt- d  t o  G. c oncen t ra t t::: b y  a f l of1 t a ti on 

p r o c e s s . F i r, u re IX . 1 rv _? re ::� e n t s  the: s<• rnpl i ng r: rc; � t he S i l ver 

�ue e n  Reef t ra ns e c t  ( s i t c R  1 4- 22 ) , t re a tm�:; nt pl H n t  n re a  ( s i t e s 
1 - 1 3 9  23-4)  Elnd t he pEt s t u rc:: t ro n s e c: t  A c r o s s  rt p o. d cJ o c k  ncJ j Ft cen t t o  

t h.:::: t re ::J tm.:: nt pln nt n c c c.: s s ro'-:c ( s i t e s 2 5-3 9 ) . 

we re tRke n  f rum b .'1 c kp_round c: re Fl s . 

S ome oth e- r s a mpl c: s  

L ef-'tV<.; s ,  tv;i g s  n nd tre e ring - c ore s \Ve rt.: c cl l c.: c t e:cJ f rom 

B e i l s c hm i�cl i R  .1mv� t re ..:: s l o cn tc d  G c ro s ' � th e S i l v e r �uc.; en Re e f  a t  

si t t.: s 1 4- 1 7 ,  R n d  8 t  si tG s n d J n ce nt t o  t he t re n tmcnt pl .'1 nt ( 1 - 1 3 ) . 

S i m i l a rl y , p n s tur e s o r:1pl c:; s  wt: rc c ol l c c t ecl c: t s i t 0 s  1 4-23 9 a nd Rl ong 

the p a d d o c k  t rn nst.: c t  a t  s i  t�:_: s  2 8 -3 9 . 

Sampl t: p rcpa rn t i on an d n no l s s i s o.f s i l  V t.: r  W R S  c ::; rri ed cu t a s  

ou tl ined in Se c t i on I . B . I n  po rt i c ul �:'l. r  the d e t t; rm in,: ti on o f  

s il ve r  us ing a ca rb \..,n r o d  a t omi ze r for 'Na t e r  c t nd t re e  ri ng- c o re 

s a lu.l)l e s  i s  c ov e i'e d  i n  S e c ti on I . C . B rs tzel e t. al . ( 1 972 ) and 

Ra.t t one t t i ( 1 974 ) hHve o.l s o  r>t p o r t c d  on d e t ermi ni ng s i l ve r  l e vel s 

i n  b i ol og i cal s ampl e s  u si ne; t t1e c a rb on rod fl t om i z e r . 

3 .  Rc... s ul t s  ancJ dl s c u s s i on .  

( a ) S i l v er i n  �£i l s  

The s i l ve r  c cnt e n t  of s u rfR c e  s oi l s ( p.g/g d ry v1e i ght ) 
c ol l e c te d  fl t  si t e s  from t he S i l v e r  �ueen Re ef , t re a t m ent p l a n t  and 

b a c kg r ound a re a s  i s  shown i n  Ta b l e IX . 1 .  



Figure IX . 1 .  
Map showing study area an d sampling s i tes : S . Q . R . ,  S i lver 

Que e n  Reef ;  T . P . , treatment plan t ; and P . T . , pas ture t rans e c t  

( in s e t ) assoc iated w i t h  t h e  s i lver mining operat i ons , 

Marat o t o ;  
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Tt:t b l e  IX . 1 .  

Silve r C un c en t l"<t t l on s  ( t . te ::·m of ::..' i v .:.:  c.�t:� t� rrninn t l ons c:c t e a ch Sltc ) 
of Surface 8 otl s 9  · �a sht:•.:/un ,;El s ht::d l c8 V t: S 1  < d1'J · ,;;_,1 S lk d  'l' • i t. S  cf 
B c. i l s c hr:ti r; ·; i 'l  tD \'lc" :::s.n.pl c ::i f' rom t ht; !:l :·> i•n t ot o  Ve; l l t;y . 

� S i  1 Vt: r C on �-Q_�X<2J_:;_q_n s E.U£. 9 r .z we t.&.llt 
Ssmpl ing si te s 

Soil ,.!Fl shed l t: Aye s U n wa she d  l e a v e s  ' •a s h 8 <.!  f w ; ��-

T re o t m � nt ,el r m t  

1 3 . 3 0 1 .  70 2 . 40 1 .  30  

2 2 . 25 0 . 77 1 .  90 1 . 44 

3 2 . 00 1 • 09 1 . 74 1 .  73 

4 1 . 50 1 • 05 1 . 8 0  1 . 33 

5 1 . 00 0 . 92 1 .  8 5  1 . 63 

6 1 . 00 1 • 3 8  2 . 00 2 . 3 7 
7 1 .  75 1 • 77 2 . 08 1 .  83 

e 1 . 00 1 . 64 2 . 24 1 .  56 

9 0 . 75 1 . 72 2 . 05 1 .  5 2  

1 0  2 . 25 1 . 48 1 .  70  1 . 1  7 

1 1  2 . 00 1 .  04 1 • 2 6  0 . 99 

1 2  1 .  75 1 • 2 2  1 . 3 5  1 .  09 

1 3  1 . 50 1 • 01 1 . 3 1  0 . 99 

Silver �ue e n  Re 0:r 
1 4  6 . 00 1 .  42 1 . 68 1 . 35 
1 5  4 . 50 1 • 1 7  1 . 3 1  1 .  24 

1 6  2 . 75 0 . 92 0 . 96 0 . 90 

1 7 1 .  25 0 . 5 1 0 . 66 0 . 55 

Ba ckground 

Bd g 1 0 . 2 5  0 . 23 0 . 2 5  0 . 20 

2 0 . 1 6 0 . 2 0 0 . 2 2  0 . 20 

� Sampl ing s i t e s  a s  shown in Fi gure IX . 1 . 
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The h i ghu s t  s il v e r l eve l o c c u r r0d on t he � i l v e r  �ud e n  Reef a t  

s i t e  1 4 . I n  th h >  n c..::. r1 t h e  s i l vL: r  c �.... nt �..; n t  Gf t he, s o i l  w : · s m o re 

t h ::1 n 1 0- f ol d  h i g i1t:· r t h <; n  i n  b '' C Kt_� r ou nd '1 rc: s . 
The s i l v � r  c G n c e n t ra t i ons i n  s c i l s fr�m the t re a t m e n t pl nnt 

a r-e Cl '."it c r(! s i  g: n i f i  co n t l y  h i g h � r  t he: n b8 c kg round v n l uc s ,  [; D d  a s  

thl: S 0 s o i l s n rt: d e ri ved f r cn; n on -m i n c rn l i s e rJ c cunt ry ro c t: 9  t ne 
e l � va t e d  s i l v e r  c on c � n t ra t i on s  nru s t  h� � 0  b � en d ue t o  d e p o s i t i on 

of' E-1 i rb c rn e  mo. t e r i £1 1 f rcw thE; t r(; .::> tme; n t  pl c. nt . 

The: si l vt; r  c on t e n t  of s o i l s c."! e c rc;; n s e d  ·;;; i th d i s t a n c c. s f r an 

t hE. t re u tme nt pl a n t ill un g S 0 1.1pl i ne, s i t e s  1 -5 ond 6-9 ( n t  t he snme 

h c i e, l1 t  a b G ve the t rc n t mc nt ?l a nt ) m1 d sl vng 1 0 - 1 3  ( whi c h  Dl s o  
c orre s p ond e d  t o  en i n c re o s e i n  e l ev A t i on ) . 

The (J i. <'. t ri b u t ion of s i l ve r  i n  s u rfa c e  s ci l s ·;e:1 mpl e d  a l ong 

a t ra n s E c t  n c r o s s  n p n J J ock 8 d � a c e n t tu the a c c e s s  r o g d  to t he 

t r e o tra(;; nt pln n t  i s  shown i n  li' i F Ur l: I X . 2 . The s i l ve r c on t e n t  of 

t /"1 c- s e  s c i l  s s n uvJ s c un s  L� c r<-; b l  e n e  c um uLJ t i cn c s p c; c i al l y  vvi. th i n  

4 ln c. t e r s frOtH t •·w rO ' �CJ S i cl c 9 O S  .. l :;.'"'<:- flUl t cf (] c: l:J OS i t i on f r c-rn wi nd ­

b orn e d us t  fr cm p a R si n c o re - t ru c ks . _::.;l e v:l t L' ·: •  l l-VC' l s :� t si te s 

38 ·  a nrJ 3 9  v,• c r o  p r·ob n bly <::i ue tc. c o n t :- Hn i n o:1 t i cn frulll ;n i ne N 1 l i z e d  

s c C: i men t J e r i vc J  f r ou the !.un·'l t o t o  �-:; t rc a r.rt 9 v; h i c h  i s  l oc n t e d  w i t h i n  

1 0  ffl L: t e r s  \)f' t h,:· s e:� si t e s . ;-; i f!, i l ::-: r  e l e vn t c J  l t;v e l s o c c u rred a t  

s i t e s 3 2  an d .:53 rtnCl '.ve rt;. Ih� ob a b l y  d c ri VlJ d �· r em a smal l c re � k  

runn in g th rCUf, h  thE.  qn d o  cc k . 

The h i ghe s t  s ll vc r  c un c u n t rn t 1 on s  i n  s oi l s f rom the p a d d o c k  

a ppe a r  t u  b e  n s s o c i a t e d  wi t ll  s e d i me n t/vn t c: r  d e p os i t i on rn the r 

t ha n  a i rb orn e  c o n t q mi na t i on f rom ve h i cl e s u s i n g  t h e:  ron a ( a l t hough 

t he l n � t e r  i s  s t i l l  a s i gn i f i c a nt s our c e  of c Gn t a m i na t i on ) . 

F i gu rt, IX . 2 .  u l s o  s h o ws s i l ve r l t.' V c l s (pg/r; d ry 've i ght ) i n  

s oi l s ,  e xp re s s e d  a s  a func t i on of d e p t h s  f or e a c h  s ampl i n g  s i te . 

Ll t h ough t he re i s  �m (·l c cwnul :r t i on of s i l v e r  t o  fl d e p t h  of 1 crn 9  

c on s i de ra b l e l e v el s of s i l v e r  a re:- me a s urabl o El t 1 owe r d e p th s . 

S a mpl e s  t ake n a t  d ep t h s  of 5 s nd 1 0  cm f o r  si t e s  28 9 34 a nd 39 ilad 
me a n  si l ve r l e ve l s  of 0 . 45 ug/g a n d  0 . 30 ug/g re spe c t i v e l y  whi c h  

I I 
a re  s t i l l h i ghe r t i1a n for b a ckground va l uu s  of a b ou t  0 . 20 u�/g . 

I 

The re fo re , un l i ke l e a d  ( ''Ja rd e t . al . 1 1 975a ) 9 ,,; b i c !1 c pp roa c he s 

b a c kground va. lue s a t  d ep t hs of onl y  a few cm i n  a re;a s  su b je c t ed 

to a i rb o rn e c on ta m ina t i on �  s il ve r hr:t s s om e  <l e g re e of m ob i l i ty i n  



Figure IX . 2 . 

S i lver c onc ent rat i ons ( pg/g dry we ight ) in surface s o i ls 

( upper part of  figure ) along a pasture t rans e c t , i n  

t h e  Marat o t o  Valley . C onc entrat i ons in s o i ls are shown 

as a func t i on of depth ( cm )  i� the lower part of t his  

figure . 
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the s oil . 

( b )  S il v e r  in vege t a ti on .  

The si l ve r  l e vel s ( exprc: s s Gcl � s  )lls)t_, d ry \'ve ight ) i n. 

Be i l s c hmi ..; d i ''- t2iK\ l cLI Vc; S  ( v.ra shed onc1 unwe shed) and wo shed twi g s  

3rt:: al s o  shown in T �1 o l e  IX, 1 ,  

.:"! ccum ul n ti un of s il v e r  s how s :-t ps t tt: rn s imil :::: r t o  t hD t uf 
th e col'rc sp cncl ing sui l s a l thuug h  l 1... ve l s  me e1 s ur0 d  i'ro,;� the 8 ilv�:_; r  

i.:JUcen :Ro ef a rc: no t f1 s h i g h  f o r  pl E1D t mn. t t:: rial i n  c on:p .'1 ri s vn w i  � 
thos � val ue s  fer t he t re n tme nt plnnt 2 re a , n e a r  t h� tr�a tment 

pl c..:m t ( s i t e s 1 -9 ) 9 s mt.: a n  vn luc of 36 , 4�� of t he sil v e; r c on t e n t  

of the l 8 :1 Vt; S \VG G  rem oved b y  w-ashing , c ompA. r c d  wi th 1 5 . 8� ; a t  

d i s tan ce s fu r th� r away f rom t ht.: �l a n t  ( si t e s  1 0� 1 3 ) . Othe r val ue s 

we re 1 2 . 7% on the S i l ve r  i.;),ueen Re e f 9  and 8 . 5�;:,; in background a re� s . 

The l OYv proport ion s  of sil ver removAbl e by wo shing 9 refl e c t  

the ck: gr(� ,; of o i rb ornc; c on t aminn ti on of e .'1 ch n reo and su 12. g e s t  thn t  
s il ve r  i s  m o re firr!,l ,y b c>und i n to the l i.jEl f' s truc t ure t h:J n e l em c n  t s  

l i ke: c o pp e r  or l e2J ( L i t tl e  and Ma ..:'t in ,  1 974 ; ·'in rcJ e t  n l . 9 1 975a ) . 

The infl u e n ce of wind-d i re c ti on ( prec1 cminon tly N-1-V) i s  sh own 

in t he el e vn t ed Wl l ue s  a t  si tt.: s  3 And 4 C L·mpnrcd •.v i th th t; pa t tern 

f o r  s o il s . The sn,;ipl t.: s from th e f:i i l  v e r  q,Ue e n  l(e e f , ·wh i eh i nv ol ve 

a c c umul a ti on p re d omi n�lntly vi a t he r o ot sy s t em s ,  sh O'�N 8 p red i c tably 

1 ow si l v 0 r  c omp onen t re movn. b l e  by W 3  shing wi th wn t e r . 

The mt; an pl nnt/s l .. i l  rn t i os of s i l ve r  for e n ch n rea n re :  

t re a tmt n t  pl ant , 1 . 2 9 ; 2- i l ve r  �,ue en Re ef , 0 . 36 ; b a ckground , 1 . 1 8 .  

Thi s shows the; e xtensi ve; e ffe c t  of fal l out a round t he tre a tme nt 

pl ant and sugge s t s  tho t even bfl ckg round sempl e s  c on ta in a n  

app re c ia bl e  c omyonent of a erial fCll l ou t . 

The de gree of s i l ver c mtamina t i on a s  a re sul t uf a i rb orne 

pa rti cula t e s cmi ttt;d  f'rom the t rt- a trnc; nt pl :mt e reH was meEJ s ure d 

u si ng Pinus rnd i :-1 t :::t sampl e s from si tc  24 . Th(:; me a n  s il ve r  c on t ent 

( pg/g d ry we i ght for 1 0  S<':< nJpl e s )  wA s :  b a rk , 1 . 1 6  wi t h  1 5 . 6% 

removabl by wa shing ; sp orophyl l s �  0 . 2 6  and 38 . 6% ; needl e s  3 . 8 7  

and 20 . 2% .  Sin ce the s ource of si lver con t amina t i on uf the se 

s pe cimens of P . rad i a ta wa s pre suma bl y a erial , i t  is sugge s ted 

tha t l arge pa rti cul a t e s  a ccumul a te ncn r t he fa s c i cl e  she a th at 
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ne e d l e  b _l su s  :m d on b :'1 rK su rfc c e s ,  and [n•t:: s u b su g u c: n t l y  vr; s he d  
cl uvvm·:� rd s  b y  r<'"• i n f<.l l l . Th e: h i g h  s il ve r c . ;n tvnt  c.f ::' r.n_Q:.ic'' to 

n eed l e s i s  d i rc..: c tl y r(]l :-: t v !·: t o  th e e f f i c i e n t  surf.J c e p rcv i d e d f or 

a c cwn ul c. ti ...... n clu e  t o  the.. i r h i e, h su rfa c e - t o- v ol ume rn ti c. . 8 i m i l  c1 r 

f i nd i ng s h: � ve b e  e n  n ut u u  f ur l c ::· c1 l t.' Ve l s  en Pi�£. s trob U §  ne e dl e s 

n e .:?J r  l:1<l j or h i �;.hwnys . ( Srr1 i t h 9 1 9 7 1 ) ,  

Th e me 0n si l ve r c on t u n t of p a s ture sau;pl e s ( p.t;/8" d ry wc:: i g h t ) 
to ke n  from the:: vi c i ni ty of t he t rt� n tme n t  pl <= n  t ( s i t t:  23 ) ,  S i l  vc r 

Qu.: en !1e e f  ( s i t e 1 4 ) r1 n �1 b :-1 c kg r ound n re a s i s  sh uwn i n  Tn b l e IX . 2 .  

The d i s t ri o u t i on uf s il v0 r  i n  t he roo t s  a nd l t:. nve s of pa s tu re 
s pe c i e s o pp c ::-· rs t o  b (.:;  di re c tl y  .i nfl UE.; D C e d  b y  the n 2u .:1  i n  hh i c h 

t he y  w e re s am pl e d . Tht'.:: s i l ve r  c o n c e n  t r'l t i  on i n  le a ve s i s  nl way s  

h i gh,:; r t hn n  fe r roc t s  n e a r th e t re n tmen t pl n nt n nd re fl e c t s  the 

i nfl ue n c e  uf a i rb orn e s i l ve r cJ l: p os i t i un , �' i l v\;; r l e:vel s a re 

n. l  wn y s  h i b h t.: r  i n  the ro c · ts  tho n l c.: n ve :: nt; D  r the e :c l  V t... r Que e n Re e f ,  

wht..: rt; i t i s  RU£t:: '-' G t r�,u t il f! t  t ht::: m t:. c hn ni sm of up t 2. ke i s  v i G  the r oot 
sys t eH1 S . 

Th e n c c umul n ti on of s i l ve r i n  t h� pn s t urt; s pl: c i c: s ( 0 � 07 pg/g 
in root s L1 ncl 0 . 09 pe;,/e, i n  1 -.:...n ve s )  i s  si gn i f i c a n t l y  h i e, h e r  tho n  i n  

b R ckgrounu <-l J."'e a s . 

Th E:: v<� r l n t 1 on i n  si l ve r c cn t e n t  i n  pa s t ui'c spt:: c i t:: s s mnpl-e d 
a t  va ri ou s C i s t n � c e o o l un g  a t ra ns e c t a c ros s t h� o c c e s s  road t o  

t he t re c·l t rns n t  plf' n t  i s  sh o';m 1 n  ;;oi gure IX . ) . 

The sp� c i c s  s A m pl e d  w e re : 

L ol i um p t; rE:n!l£ L . ( p t; renni P. l  ryegrc-t s s )  9 T r�Joli\?;ill re pe n s  L .  
( whi te cl o ve r ) , dg_po�t i §. tenui s Si b th ( b rowntop ) , Hol_gg_§ l a no tu s  L ,  

( yorkshi re fog ) , � 8 n n u a  L . , B nd flG twe e d s of the g ene ra , 
Pl a n t agQ , B el l i s  and £��i s . 

The p 2 t tt.: rn of s i l v e r  c on tami na ti on i n  <� l l  s i x  spe ci e s  i s  

s imi l n r  t o  th� t f o r  s o i l s . The hi ghe s t  s i l ve r  c on c e n t ra ti on s  

a p pe a r  t o  b e  a s s o c i a t e d  wi th s e d i ment/wo t e r  d e p os i t i on f r om t h e  

M R rn t ot o  s t ream ( s i t e 39 ) R nd fr om a c re e k ( s i t e s  3 2 3 nd 33) . I t  

i s  sug g e- s t e d  th9t al th ough t he re i s  a s i gni fi c a n t s ource of a i r­

b orne si l vt: r f rom ve hi c le s u s i ng t he a d  ja  ce n t  roo d , pa s tu re 

s pe c i e s  appe a r  t o  h a ve a p re d om i na nt f ra c t i on of t he s i l ve r  i n  t he 

r o o t  s e c t i on of the pl a nt whi c h may b e:: d ue t o  wa shi ng of s i l v e r  



S i lver 

s pe c i e s  

S ymb ols : 

( wh i t e  

Figure I X . 3 .  

c onc entrat i ons (pg/g dry weight ) 

sampled along a trans ect  in the 

D. washed roots , * washed leaves , 

c lover only ) . 

i n  s ome pas ture 

Marat ot o Valley . 

0 washed s t olons 
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Tsbl c IX . 2 . 

S i l ve r  C oncen trA ti ons ( m�on uf �i vc de termina t i on s  a t  ea c h  si t e ) of 

�.vn shed ?11 s t u re Sp� c i e s ( root s  �-. nd l UWt; S )  Sarnpl t-c1 F rom t he M �l ro t ot o 

Va l l ey . 
----------- -- - --- -------- ----- -- --------- ----

Trea tm en t pl a n t Silver �ue en Re e f  Background 

� ---- - ------- ·- ------

L ol iw-n � renn e 1 . • 

( Pe renn i Al ryegr� s s )  
T ri f �l iwn re peQE1, L . 
( Fl/hi t e cl ove r )  

Poa Q!l.!lld£ L . 

d2a c t,y_l_!� El ome re.·, tn L • 

( c o cksfoo t )  

H ol cus �t� L . 
( yorksh i re f og )  

fl a tw c e d s - of t he g en � ro 
Pl CIQ_tpgo Bt:;.ll i s  anc1 

C re Q_i s 

L o t� c orni cul a tus  

( l o tu s ) 

A n t h oxan thum od orn tum L .  

( sw e e t  ve rnnl ) 

1 . 35 

1 . 35  

1 .  07 

0 . 99 

0 . 6 1 

0 . 89 

1 . 05 

2 . 09 

1 . 95 

1 . 64 

2 . 33 

1 .  63 

1 .  3 1 

1 • 1 7  

2 . 49 

1 .  07 

1 . 64 

2 . 74 

1 . 56 

0 . 52 

0 , 75 

0 . 65 

0 , 78 

0 , 85 

0 . 92 

1 .  43 

0 . 90 

0 . 3 1  

root s l e ave s 

o , o6 o . o8 

0 . 08 0 . 1 0  

0 , 06 . 0 . 07 

0 . 1 0  0 , 1 0  

0 . 06 0 . 08 

0 . 1 2  0 . 1 4  

0 . 08 0 . 08 
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from t n 0  l c;o f  su rf' a c e s 9 �1 c c urnu l �i tl on in t h e:: �w i l  a nd e n t ry v i a  

t he  ro ct s .y G te::t . 

( c ) S i l vL r i n  t re e  ri ng - c o re s L 

The c on e  en t r�• t i on of si l v e r ( p.g/g d ry v.re i g ht ) i n  2 cm l e ng t h s  

of 6mm d i a me t e.: r  c or l; S o f  Q . t 8 \Y.�. i s  s hovrn i n  F i gure IX . 4 . and  i s  

e xp re s se d  a s  o fun c t i on uf t he r1 i s t a n c e  from thG out s id e  of t tle 

t re (.;  t runk . 
F i gu r e  IX . 4 . shu·,·s th 8 t  t r:!O mai n pD t t e rn s of up tEl ke r :ay 

o c c u r . E· am pl c. s  from n c <1 r the t re a t m e n t  p l a n t  ( s i t e s  1 �md 4) show 

e l evo t -: � d  s i l \· e r  l e:: vu l s  towr. rd s the out si de of the t re �  t ru nk 9  

whe re a s  s:p c: c i m t; ns t.<r O,;vi n g  on the S il ve r �:-<.u e en ·:.-;.e e f  s h ow n o  

s i g n i f i c a n t  t re nd t c  i n crG n s c or d e c re a s e  l e vel s o f'  sil ve r . 
The s e  l e ve l s  a re i n  g e ne rfl l  h i ghe r th: m f u r  sFHllpl e s  f ru T• the 

t re a tme n t pl an t a rG a . 

I t  i s  s u g c_S·l· S t �;; d th ., t a c c umul a t i on o f'  s il v� r m':ly p rob a b l y  b e  

(J u e  t u  :=t b s orp t i cn v i �: th'- b o rk ( t h i n  i n  t h e  c a s e  of' :3 ,  tn�) f o r  

sp e c iml� n s  s f'lmpl e d  nu> r the t re n tm�:::n t  pl a n t  n n d  thc:t t  t h e re i s  a 

mc ch0ni s1n uf n c c um ul r1t i on vi n the ro ot sy s t t;;ms f or s<:l mpl t:: s f r om 

t h e  S i l v e r �ue � n  RL e f'  A r� a . 

I t  i s  n c.. te u t tl. t t  b r-. c kL, r cund vnl u..:' s  t e n d  t o  <� v e; rEl g 0 sl i g h t l y  

b t:;l ow 0 .  1 p.t;/ g . 

The me a n  c on c en t rE• t i on s  c.f s il v e r  i n  s tr c: m n  sediment s 

( e xp r t; s s e d  a s  pg/g c1 ry we i gh t ) o nd 1Na te r  ( mg/1 ) sampl ed A t  va ri ous 

s i t e s  a re sh own in T n b l e  IX . 3 .  

The gene rn l pa t t � rn i s  f o r  n s t e a d y  d e c re a se wi t h  i n c re a s i ng 

d i s ta n c e s from the s ou r c e . Th e hi g he s t  si l ve r  l u vel s a re found 

near t he S i l ve r  �ue e n  Re ef . The i nfl ue nce of a i rb orne pa rt i c ul a t e s  

f rom t he t re a tme n t  pla n t  i s  l e s s  pronuun ceu i n  the c a se of pln n t s  

a n d  soil s .  

S i l ve r  c onc entrn ti ons in s t renm S t d i m e nt s and wa t e rs f rom 

b a c kground a re a s  a re a b ou t  0 . 02 p.g/g a n d  0 . 0001 3  rBg/1 re sp e c t i vel y .  



Figure IX . 4 .  

S i lver c onc entrat i ons (pg/g dry weight ) as a fun c t ion 

of distanc e ( cm )  from the outs ide o f  Bei ls chmi edia t awa 

t r e e  trunk ring-c ores s ampled from the Marat ot o Valley .  



Figure IX . 4 .  

S i lver c onc e nt ra ti ons (pg/g dry wei ght ) as a fun c t i o n  

o f  distanc e ( c m ) from t h e  outs ide  of Bei ls chmi edia  t awa 

t re e  trunk ring-c ores sampled from the Marat ot o Valley . 
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Tn b l E; IX . 3 . 

S i l v e r C un c u n t rr� t t uns ( 1n.:. 3r.. of' fi v;;; .:. e; t t.; rmin-:· t l Gns n t  t; r� c h  s i te ) 
of S t rc om Gc..: d imt.: n t s . l n t .  ' '.'Cl tc rs S.l rr. p l •" d 2 r um tll� }.;,-: I'u t u t o  V a l l  c Y . 

Snmpl i np. s i t e 

1 8  

1 9  

20  

2 '1 

22  

23 

Ba ckBrouncJ . 

25 

26 

27 

7 . 00 

6 . 50 

6 . 00 

3 . 70 

2 . 75 

3 . 50 

2 . 00 

1 .  2 5  
0 . 75 

S i l v � r  C on c 0 n t r2 ti on s  
',.']8 �-�.£ 
( n?UJ ) 

0 . 080 

0 . 050 

0 . 03 0  

0 . 0 25 

0 . 020 

0 . 025 

0 . 020 

0 . 01 5 

0 . 00 2 
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In c on c l u s i on t o  t h i s i nv0 s ti [n t i c n 9  the fol l owi ng poin ts 
cnn b e  mo d e : 

( i ) S i l ve r  i n  s o i l s  s hov.-e d -.; l c va t L; <:;  l "' v el s n c r. r  tl1.::; treD t -

rne nt .Pl ' tn t  ( Cl u 0  t o  �! �.' r i n l .fBl l ou t ) , n nd ol s o  i n  n � tur:1 l ve ge t n ti on 

g rowl n g  ov e r  t h e  o re d e p os i t s ; 

( i i ) o o s tu re so i l s  show e d  s i l ve r  c cn tn rni n�< t i on c.l e r i ve; d  

pn rtl y f rvm , ) e po s i t i cn f rom ore t r u c k s  on 0 p:u -· tl y  f r c1u fl o od i ng 

b y  m i n e r'3 l i zecl s t re a r;, se; d i me nt s . f: i l vc r  i n  po s tu re  sp e c i e s  

re fl e e  tel'l t hl.; s .'l me pr: t t ..: rn ; 

( i i i ) si l v � r  l 8ve l s i n  l c n ve s  r n d  t runks of �chn]� 
t owa show�..; d  d j_ s t i n c tl y  cl i ffc r e n t  m c c ha ni sm s of up t 0 ke from t h e  two 

p r oc � s s  of' n e ri al i'a l l out and nn tural up t o. ke by ro o t  sys tc::: ms ; 

( i v ) t h 0  si lv 0 r  c vnt ent o f  s t reom s c d i m e n t s a n d  wa t � rs 
t h ou t, h  Dn urrw l OU f3 ne 1 1., t hL; c k p o s i t s  ·m d t rea t:ac n t  r l s n t s s howt; d a 

prot_ r t,; s s i v t:  c] () C rL;fL:: "' ;:: Jl t h  i n c r�_: a s int ·; i s t2 n cc f rur�J th e s our c t: . 

I n  n s  S l :J' s i ng t tl "'  .. � �,;g r e c  of en  vi ronrnt: n  tal c on t :--.mi n ·• t i on of t he 

H a ra t u t o  V s l l cy f rom t he prv e n c e  of s i l vt; r \kp o r:. i t s  i'1!1U m i n i n g  

a c t i vi t i e s , i t  � ppt; B FS thri t t h e re i s  n si gn i f i ca n t  i n c r L; a se i n 

s i l ve r l c·ve l s ( i n  ::; om ..; c r1 G t:; s n: o rt:  t h ;  .n 1 0 f' .... l �l hi e, he r th:--,_n b a ck­
e; round ) wh L eh n;<.l y  r t;p ro G t:n t t o  :" o:a e  rJ t.: g re e .:1 ooll u t  l on p rob l e m  i n  

t he irrw:t.:: d ].r:. te O. i"'L<" . !3L c .s u s c  c,f t h e  l imi t 0 d  d i s pe rs i on of s i l v c: r  

a nc1 b t.; cfl use ,_: f t he s pn t'G i t y rJ f' p o p ul n t i ( )n i n  t h i s r(-') g i on , i t  i s  
l i ke l y  th� t any pol l u t i on p r ob l em i s  o c c up a ti onAl ro. t he r  than 

e nvi ronm e nt al . 
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The a b i l i ty of b ry c phy t (: G  an d othl; r  pl n n t G  t o  A c cumul n t 0 

t ra c e  e l ern e n  t s  fr cm t11 t;i r sub s t rn te s  i s  wel l l<n own �- n ,� f orm s 

t h �  b a s i s  o f  t h e  b i oge och�m i cn l  me t hod of p ro s p� c t i ng ( B rook s , 

1 9721. S t ud i e s i n  t hi s  f i e l d  hRve b e<.; n r e::p o r t u d  f rom F i nl a nd 

( Lounnmm1 , 1 956 ; .ii:ra me t s n · and Yl i ru o kn ne n ,  1 97 1)�  l\:e w  Z e a l a nd 

( ' 1hi t e he n d  :-:1n d  Brooks 9 1 96 J ; l3 rooks , 1 9 7 1  ; B r o o k s  e t . � . ,  1 973 ) 

e nd the:; U n i t <..:d S t s t e s  ( :3hn ckl c t t G ,  1 ?67 ; 1 972 ) . 

U� tnkc of he avy m e t al s by b �yoph� te s and o t h e r  pl an t s  

( e . g . "Sprm i sh m os s " - r�w r t i ne z  .s_� . a l . , 1 971 ) e <tn a l s o  se rve a s  

a n  i nd i c a t i on o f  p oll ut i on f rom i ndus t r i a l  s ou rce s a nd ha s b e e n  
1 1  

s tu d i ed e x t e n s i v e l y  i n  .:;'i nl a. nc} ( Lo unarnma , 1 95 6  ) , Swe d e n  ( Ruhl i ng 

a n d  Tyl e r , 1 968 ; 1 969 ; 1 9700 ; 1 970b ; 1 9 71 ) ,  t he U n i t e d  K i ngd om 

( G oodma n and Rob t_; rt s :, 1 97 1 ) and U ni te d ::> ta t � s  ( l-1:1 r t i ne z e t . §..l · , 
1 971  ) . S ou r c e s  of pol l u t i on -...v ;:; re nw i nl y  f r om m i n i  ne, El c t i  v i  t i e s  

( L ounama 3 , 1 S56 ) a�d r me l t e rs ( G o odman a nd �ob � r t s ,  1 971 ) .  I n  

many en se s i t  wa s i mp o s s i b l e  t o  d 0  t c r1;1 i n e  " b n c kt. r ound " c oncen­

t ra ti on s o u c 0 u s e  of g e ne ru l l y  hi � h  l � v e l s of i ndu s t ri a l  a c t i v i ty 

in the count ri c:; s  c on c ,.J rn t::d . G- oodmrm & Rob c rts ( 1 9 71 ) �md 

Ruhl i ng & Tyl e r ( 1 96:1 ; 1 9 70Et : 1 9 7 1 ) w o rklng \vi t h  the ��l q�i t ou� 
m o s s  ll..Y:.Q�.YJil cu q�i f'::::� H e dw . , l i s te d  :-r s " b a c lq, r ound 11 c on c e n-

t r<-:J t i ons : ( pg/g on a d ry we igh t b n si s )  of n b cu t  1 . o  ( C [• dmi wn ) , 

7 . 0 ( c opp c r L  40 . 0 ( l l : ad ) , flnd e o . o ( z t nc ) . I n  t h e: v i c i ni ty of 

a S o u t h  '."/8l t; S  smel t c.:: r ,  GoodrMm & R o o t: rt s  ( i 971 ) re p ort t::.r d ma xi mum 

vr-tl ue s of 9 . 5 y 68 . 0 9 348 . 0 9  anc 345 . 0 pg/g rc spt:J c t i v e l y  f o r  t he s e 

same el eme n t s  i n  t h i s  s p0 c i e s . 

Be ca u s e  of t he d i ff i c ul ty of ob tai n i ng t ruu ba ckg round 

va l ut;; s f'o r  he n vy mE:o tal R in b ry oph,y t E: s  f ro m  i nd u s t r ial � ;u rope , 

i t  woul d b e  of i nt l; re ·c,. t to ob t n i n  c om po ra ti ve val ue s f rom n 

rel a t i vel y unp ol l u t e d  c ount ry s uch n s  Nev-1 Z e !'! l a nd a nd fu rth e r­

m ore , t h e  a s se R sme n t  of c onc e n t r8 t i on l e v t!l s d c t e rm i nt: d  ne a r  

s ourc e s  o f  m i n i ng a c ti vi ty wo uld b e  of i n te re s t . I n  e a rl i e r  

pape r s ,  �'\ia rd e t . a l . ( 1 9 76 : 1 977c ) sur•ve y e d  he avy me t al c o n c e n­

t ra ti on s i n  s o i l s and pl a n t s  i n  two m i n i ng a �e a s  of e w  Z e a l a nd . 

Hypnum cupre s si f ori� and o t h e r  b ry op hy te; s we re pre s e n t  a t  b oth 

l o c a t i on s , an d ha ve now b e e n  sam pl ed anj nna l y s e d  i n  ord e r  t o  
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n s s c: s s  thG i r v r : l  uc <-1 s l ndi c u  t o r s  of' hc : 1 vy me t < • l  c on t am i ns t i  un i n  

c on c t;n t rfl_ t i  on 1 c V•:.l 2 i n  g . .9..QJ2J.:C:)3 �· i fo_-r� 'i' i t h  t ,l uS L;  oa t� d n v <-3  i n  

o th(j r c oun L. ri e s . 

2 .  D � s c ri � t i on cf s i te s .  

The two 2 .:·u 1 8  l. nve s t i g ,- t t:c1 w e re t he '::'u i  S:::: s0 iv'l l nc' of Te i� r oha 

r-mu th e C onsol i 6 n t e,j 8 i l v c' r  i·;� i n i ng G o .  m i n t;  a t  L1 a ra t oto . T h e  

Tu i m i ne ( n ow  cl osed ) , -::1 s ou •:c e  o f  b a s e  rnt: ta l s ( cadmi um ,  c opp e r , 

l e A d  cmc1 z i n c ) , i s  si tun t �.· d  G b ou t  3 Km n . E . cf ':2e 1 < roho t own sh i p  

i n  the foothi l l s of thG sou tht:: rn c x t c:;n si o n  of th t: C oromun d e l  

?en i ns ul A Ro ngu . T h e  C on s o l i d 8 te d S l l v� r  � i n i n � C o , � il v0 r  m i ne 

i s  s i t un t e _-, some; 1 5lua S . of ?>, (-. ro:-: i n  the i�:1R :.."8 t o t o  Va ll e y . 'l'hi s 

s i  tc i s  n b ou t  36km n . of' th t T u i  Be s .:.;  ?.: i n e . :� c om p rE:hcmsi ve 
d e- s c ri p ti on uf tht · Se t ·.vo c1 .C-c" s s  <L .'e g i v, n .in ::· l.: c ti on VI . 2 .  ( Te 

f. rohA ) �md :�: L; c t i on VI I .  2 . ( l'.: �_n·n to to ) . 

�·� t Tc /; roh.'l � tnc vc g c:: tc; t i on nf . B.sLh_s_�Q!l]}-_�,..lli_ t o v�  ( 3(_; n t h . 

&. l iook f . ) :; r;:; t ile: rm:: l n  c :::.n opy c o m p on G n t  of t hi.. J!J i x e d  b roRdlt; A. f  

t: ve rg re c n  forc: S t 9  su p �� or t s b r_y ophy t c s 'toJhl ch t, I'O'f>' i n  n b und on c e on 

t h.; f o re s t  fl o o r �  un f1:1.l l c:n l o£, S 9  rmrJ EI S c; _p i p uy t t.: s . 

;-. t D:U1 .. :-ct t o t o 9  t Dc vc:: e '--' t c t i u n un the 8 l l vt:: r 4_;U t;; t: n  ict: C f  i s l c; s s 

ma t u rc a nd c e;ns i s t s of s c r-ub by S t: c o nd n ry g i·owth '-'·' i th few t [ l l  

t rt: t":; S re;ma i n l ng fol l O\l i nt t- xt e n G i ve c l <.; e .  <·,C: C �.J  .> t t b <.:: t u r n  of t he 

c e n t u ry . Tll E:: r e :: f  i :.::� t r :J v e r s e: d  b y  se V i.::: rA l  ;:-. t rc;Cl H : S P t ht.: b a nlcs of 

\"Jh i  eh R ee , . ell covt: red vd t h  b ry ophy t e  s . 

li t b o t h  si t e s  uncJ c: rg ro uncl mi n i ng .rr, s 8 1:-:_pl oyc:d \v l t h  a surfa ce 

c ru s he r a nd or� t re a tme n t  pl a n t prod u c i ng a co nc e n t ra t e . Du s t  

_p rodu c t:; d  b y  t he c rusl1 t: P s a n d  c on t a i ni ng he 8 vy mo t a l P mc-J y b 0  

e xpe c t e d  t o  prod u c e  i n c re a s E:: d me t Rl c o n c e n t ra t i on8 ne a r  the t re a t ­

me n t  pl a n t . 

3 .  �a t � ri al s a nd me t h od s . 

7he f ol l  ow in 1 b ry ophy t e s v.- c re s tucJ i e d  : al l excep t the l i v e r­

w o r t  P . el eu:m_� a -_,e m o s st: s . Ten spe ci m0ns of' e a ch spe c i e s we re 
c ol l e c t ed . 



Group I .  Ep i phy t i c , ma inly o c c urri ng on tre e s  or f a l l e n  

l og s : 

Gr oup I I .  

�r_topus. s e t Q.§..� ( Hcdw . ) h ook . f . ( C  s ) ; 

::'t;y_1�nuq! c upre s §_:if 9_rm_Q. ( Hedw . ) • ( H  C ) ; 
Campt oc hae tc ramul osa ( Mi t t . Ja e g . ( C  R ) ; 
'.Veyrn o�ih_i a c oc hl e a:ri fol i a  ( S chvJa egr . ) Dix . ( ri C ) . 

T e r re s t ri a l , ma inly oc curring on s o i l : 

A can th o cl a d i  � c; x t (j nua twn ( B ri d . ) M i  tl . ( JLn ; 
Porel l a e l c;�an t ul a  ( r11 on t . ) 1 Hodg s . ( E� ) . Leucobryum can idum (Brid. ) Hook .  f .  et Wils .  ( LC ) ;  
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Group I I L A qua t i c ,  m a i nly o c c u rri n g  i n  wa t e r  or on we t s t ream 

b a nks : 

B' i  s si d� rigi£':11 u s  hook • f .  e t . ."1 i l s . ( FR ) 

A t  b oth  Te Aroha a nd iv'J & ro t o t o 9  c ol l e c t i on �..; we re mad e i n  
t h re e d i ffe re nt z one s : A - a c r o s s  th� m i n e ra l i zed  re ef;  B - i n  
th e vi c i ni ty o f  t he t re a tment pl an t ; C - i n a ' b a ckground ' a re a  

jud ged t o  b 0  s u ff i c i e n tl y f a r fr om the t re a tme n t  pl an t a n d  m i n i ng 
a :ee a t o  p re c l ud e  s e ri ou s c on tami nat i on . 

De pend i n t, U t) On ·,-�h i c h e.; rou t� of b ry ophy t e s wa s s ampl e d , 
a s so ci a t e d  subs tra te s ampl e s  c f  wa te r ,  s oi l 9 s ed ime nt or b a rk we re 

a l so c ol l e c t e d . 
The v a r i ous s a m ,_ ,l i ng m e th od s  ( in pa r t i cul a r  t h e  wa s hi n g  

t e c hni que f o.�· b ry ophytes ) a re ou tl i ne d  i n  Se c ti on I ,  B . 4 .  

C a d m i um , l ea d  a n d  s il ve r  l e vel s  in na t u ral wa t8 rs we re d e te rmined 
u s i n g  CRA a s  ou tl i n e d  in Se c t i on I . C . 4 . 

4 .  R e sul t s a�d d is cu s �i on . 

The m e:: ans ( t ri angl e s )  and ra ng e s  ( s ol i d  l i ne s )  f or c on c en­
t ra t i on s  of c a dmium , c oppe r ,  l e ad and z i n c  in b ry ophy t e s and t he i r  
a s s o c ia ted s u b s t ra te s ( b roke n l i ne s )  a re shown i n  Fi gure s X1 -4 . 

Al l v al u e s  repre s en t  sampl e s f rom the b a s e me tal m i ne at Te Aroha . 

S il ve r val ue s f rom t he  iVl a ra t ot o  mine onl y a re  sh own i n  
F i g u re X5 . I t  s houl d b e  n o t e d  th a t  si l ve r  wa s not d e te rmined a t  

T e  Aroh a ,  and b a s e  me t al s  we re n ot ana l y z e d  a t  M a ra t o t o  b e cause 



Figure X . 1 -4 .  

Heavy met al c onc entrat i ons ( �g/g dry we ight ) i n  

bryophytes  ( s ol i d  line ) and their  substrat ee ( br oken lines ) 

in s amples c ollected near a bas e  metal mine at T e  Aroha , 

New Zealan d .  Mean values are shown as triangles . Locat i ons 

wer e : Mineralized  area ( M ) , T reatment plant ( T . P . ) and 

Background ( B )  • 

ass o c iated  with  

The bryophyte spec ies : 

CS= C;:trt oEUS s e t osus 

HC= H;:t:Enum c uEress i forme 

CR= C amEt oc haet e  ramulosa 

WC= We;:tmout h i a  c ochleari folia 

AE= Acanthoc l ad ium ext enuatum 

LC= Leuc obr;:tum candidum 

PE= Porella elegantula 

FR= Fissidens r igidulus 

each element : 

Figure X . 1 .  Concentra t ions o f  c admium . 

C onc entrat i ons o f  c oppe r .  

C onc entrat i ons o f  lead • 

C onc ent rat i ons of z inc . 

Figure X . 2 .  

Figure . X � � · 
Figure X . 4 .  
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S ilver 

( s o l i d  

plant s  

Figure X . 5 . 

c on c entrat i ons (pg/g dry we ight ) in b ryophyt es 

lines ) and their subs t rates ( br oken lines ) !or 
c ollec t e d  near a s ilver mine at Mara t oto , New 

triangles . Locat i ens 

plant ( T . P . ) ,  and 

Zealan d .  M ean values are shown in 

we r e : Mineralized area ( M ) , Treatment 

Bac kground ( B ) . The bryophyt e spec ies : 

CS=  Cyrt opus s et osus 

HC = Hypnum cupress i forme 

C R= Campt ocha e t e  ramulosa 

WC= Weymouthia c ochlear i folia  

AE= Acanthoc ladium ext enuatum 

LC= Leu c ob ryum candidum 

PE= Pore lla elegantula 

FR= Fiss idens rigi dulu� 
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t; n t i re ly d i ff e re n t  !ii intJ rf, l i z a t .i on vva s pre s e n t  a t  b oth l oca ti ons  . • 

All c oncentra t i ons ·de r E: t� x ' r c ::; sc:d a s  pg/c d ry ':ve i [ht , the 

only e xc e p ti on b o i n g  t h •..: c on cent.['a t i ons i n  y;a t v r  whl ch wc:: re 

re p or t �d a s  pg/ml . T o  c onvu r t  d ry- � � i g ht c on ct; ntra t i ons ( Tabl e  
X . 1 )  t o  a s h- v;e i rs ht ,; q u i val en t s y  t h e  a pp r op r i a tL. fa c t or s arc 1 4 , 6 

an6 8 for> t e r re s t ri al , e p i p hy t i c nnd a qu8 ti c  b ry ophytes  re sp e c t ­

ively . 'l'ht: S t;  f a c t vrs o re t h e  mea n d ry - vve i g ht/a sh- r.re i g h t ra ti o s 

fe r each of tlv: thrc t': g roups cf s s mpl e s . 

Th e degre L;  of e l e me n t  u p t E1 kL- b .Y  b ry ophy t u s wo. s i nflucmccd 

pa rtly by the i r  hab i ta t a nd pa rtly by t h c.:  l oc a l i ty of t hu c ol l s c t ­

i on s i t 0 . For �ll an ts c ol l c c t 6d a t  Te J:. roha , e l em t:: n t a l  c oncen­

t ra t i ons i n  al l spe c ie s  tend ed t o  be a pp r oxi m a te l y  the sa m e  for 

t tHJ m i nC; ra l i z e d  a nd  t rc a  tment pl an t  art_; a s  and t i1e  c u n c e n t ra t i  ons 

of t h �:;sc el em en t s  in pl an t s c ol l v c t t.:: d a s  ' ba cKg round ', sh mvc.: d  

va l u e s  w h i  eh w e  re t e n  ti rne s 1 C\·'e  r .  
The: s i w il & r c un c t:: n t r a t i  one: c f  ht; avy nh .. tel l s i n  b ry ophyt t: s f o r  

rn i nt.. ral i z L,ci  s n<J t re :J t,Je; n t  pl an t a r, a r , c un t l."�. s t c d \Ji t h  t t k  uuch 

l O'Nc r va l ues  fer su b � t ra t t:; s  in t:  . .  c l a t t t: r C OliJp o r�::'. d t o  th e:: f orm 6 r  

a re a , f. ive s a n  i nd i c a ti on o f  a d i f f c l"�:.m t m od r.; c, f u p ta k e  ( Fi gures 
X1 -4 ) oy th-.; s t:; I'l a n t s . I n  t t;,.:_, fu l'IT! �:,;I' ,  u p t �> kd '•1'3 8  p rE:- suma b ly 

d omina ted b ,y p a s s i v e  i on- t: .x.chan[ e throug h t he:.: rhi z oi d - s o i l  i n t t; r­

fa ce a s  sugg e s te d b y  Ruhl i n g  & 'l'yl c r  ( 1 970a ) . In  t he rc:g i on of 

tile " d u s ty " t rc;cl tf!1 t; n t  .t,Jl a nt 9 u r t a ke r•a s prc sumEt bly d omi na t ed b y  

s ur f a c e  a b s o :rv t i  on v j_ a a e ri a l  t ran s p or t of  t h t- or .... " c one en t ra t 6 . 

Apa rt from t he s e  tw o p roce s s e s ,  o th� r mc chani sims su ch 8 8  a c t i ve 

t ran sport a nd s urfa ce  a b s o rp t i on may wel l pl ay a part . 
Tran sfe r of i on s from sub s t rD tG  t o  b ry op hy t e  wa s appa ren t ly 

m o ;-·e  effi c i e n t for epi phy t i c  t m n for te;; rre s t ri al b ryophyte s in 

the m i ne ral i ze d  a rE.� a s . Thi s i s  appar.cnt b e  c aus e b ryophytG 

a c cumul a t i on s  vJere o b out the same d e s pi te  a muc h l owe r e l emen t a l  

c onten t of t h e  s ub s t ra t e o f  t h e  epi phyt e s . A s i m i l a r  pa t te rn f or 
b o th m os s types wa s al so  Gvi c) en t  f or th e b ackground a Pe as . 

Fi s s i dt;_ll.§. rigi d ul u s a cc umul a ted c admium a nd lead  rt:la ti ve t o  

i ts e nvi ronm ent . Fur t h l':r, i t  p o s se s se d  a pp roxima t ely t he s a ne 

z i n c  b u t  1 e s s  c opp e r . Thi s variab le b e;havi ou r i s  p robably a 

fun c t i on of a di fference i n  i on e x c han g e  c a pa c i ty of t hi s  spe ci es 



Ta bl e. X . 1 

Range s and M e a n s o f  he: avy r.iE: t a l  C onct:n t rc.. t i on s ' .Cxprt;; S S G d  i n  p..g/ E:, Dry :jc;i g ht ' i n  Hypnum 

cu,Qrt ssif.� from t h e  r11 a ra t o t o  and 'l'e A r oha M i n i n [,  l-ire a s  i n  He w Z c:: al a nd ( 1 0  pl a nt s from e a c h  

pa rt o f  th e two l ocal i t i e s ) . Va l ue s fur t h �  � a�� E pe c i e s  F r om S �e den a re I n cl ud e d  f o r  C om p a r­

i s on a nd rt.epre sent  u c... a n s  of 1 0  bpt; cim(:;;n s  �, · r·um tnE: 3a ci<.c; round L oc a l :i.. ty VJi t h  the L o\�·e- s t  H e a vy 

I1�u t a l  C on c 0 n t ra t i ons . 

El em� nt a l  C on g c;p_:t�_ra t i on s 

L o c a t i ou !lg Cd Cu Pb Zn ---" 

N ew Z 6 a l a nd M i nGra l i z e d  a re a s ( ra n& e ) 0 . 1 6-0 . 60 . o ·. 80-r4-.i6o � 1 8 -34 1 60 - 20 2 1 1 2- 1 56 
�r0 a t mt;; n t  pl an t s  ( Rang8 ) 

Ba c kg r ound a r �a s ( ra ng e ) 
Ba ckg round a re a s  ( ;· , ba n ) 

Sweden , Lovve s t  b a c.kg r ound ( me a n )* 
New Z ba land and Swed i s h va l ue s  

...-Da ta f r om Ruhl i ng & Ty� e r  ( 1 97 1 ) 
o � '��' 
u ve ry-hi gh l y  s ig ni fi ca nt d i f f e re nce 

0 . 0 1 - 0.1 0 1 .  20-3 . 40 

0 . 01 - 0 . 02 0 . 1 0-0 . 8 0  
0 . 0 1 5±.0 . 003 0 . 41 .:t0 . 2 1  

- o . 68.:t0 . 03 

- P<0 . 00 1 

1= -4 . 0  
S -¥ J( 

1 5-34 74- 1 2 5  

6- 1 4 8 - 1 4 

1 0 . 1 ±_2 . 4 1 0 . 6.:t.2 . 0 

6 . 8;t.0 . 5 42.:t.8 

P < O . 001 P < 0 . 00 1 

1= + 4 . 3 1= - 1 2 . 1 
S "" "' s "' � 

1 2 6-1 67 

1 2-23 

1 7 .  2:!:.3 . j 

8 2:r..1 3  

P < 0 . 00 1 

.1 = - 1 5 . 1 
S * ;K 

_, 
\Jl \Jl 
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rt:: l a t ive t o  C [ t Ch m ...; t al ( i Th i t e he c1 d a .n d  B rocks , 1 '.:16:J ) . 

The p a t t t. rn of si l ve r  cun c c;n t r<:� t i on s  s t  � ': a ra t o t o ( Fi gure X . 6 )  

wa s s omc wha t d i ffe. rcn t from tha t of 'l'c. .A roha . .Al thou e:;  h d a ta f or 

� h e  m i n 0 ral i z c d a rt:: s VJ C f'C si w i l u r  ( i . e .  s i mi l EJ P  c cn c e n t ra t i ons of 

s i l vE r  i n  al l b ry ophy te s b u t  l owe r l avtl s in t h� 0 �i phyte s u b ­

s t ra �e s ) ,  c on c e n t ra t i on s of s i l ve r  i n  b ryophyte s c ol l � c te d  n ea r  

t h e  tre a tme nt pl an t � e r e  c o n s i d u ra b l J  l OWb r th an f e r  spe c ime n s  

f r om the mi n e r8l i z ed a r ea . Thi s i s  p rob a b l y a refl e c t i on o f  th e 

mu ch l ovv _ r s c a le of op e ra t i on s  a t  t hi s pl a n t v:h t.: rc prod u c t i on of 

c on c en t ra t e  wa s ve ry much l e s s t hA n 8 t  the Tt.: I r oha t rt.: a tmen t 

a rea . I t  i s  al s o c l u a r t ha t  ab s orpti on of s i l v t.: r  by the aqua ti c  

b ry op hy to wa s re l a t i ve l y  l ow i n  t h e; rn i ne ra l i z E: d  a nd t re A tme n t 

p 1 a n t a -' ·e a  s . 

J:Zl e men t al c onc e n t ra t i on s  l n  I1Y2num c upr<-: . . � �.i.f ormt?_ f r om New 
Z e al and a rc: s ummu ri z t.:d  in Tab l e  X . 1 .  Tht.; m t::Em b a ckg ro und l ev e l s 

a r u c om p ar ed \1 ith t tH:... l ow e s t  111\J A n  v al u�. s ob tA i nt: d b y  !tuhl ing & 
Tyl t; r  ( 1 9 7 1 ) fl' r t hE; s a tt.c:; spc c i t:s i n  8v1e d en . :.� t- tt:: s t  sh owe d  
tha t b a c kt;, roun d l e v e l s 'de J.�e 1 o ·. :.:;r i n  �� '-' w  Z t: a l D n d f or cadmi um , 
z i n c  an d l t.: a d g an d hi gh e r f o r  c opp e r . Thl s� d i fft.: rt;n ce s g  though 

s t a ti s t i cal ly s 1. e;ni fi c a n t � � ; e; re rcl a ti ve ly sm all f or c oppt: r and 

c admi um , a nd ex t re m e l y  l are,c f or t he. o th er tr1 0  <:;l em c::n t s \'.; he re 

rnc an VEtl uc.:.: s '. · 8re  a b ou t f ou r  t i mC;; R h i f; hc� r  i n  Lmt: d � n  f or l �: ad an d 

z i n c . I f  c on s id .s ra t i on i 8  takc.:.: n  of th �:.. h ight J .t  b a c l<.:: round va l u e s 

f ound i n  tile ;,we d i sh s our c e e  t ht.�n t he d ifft: rt.. n c c s b e c ome e v e: n  

g re a t e r  a nd tht:: ':;we d i c h  c once n t ra ti ons e .x.ct:: t.:d  by fa c t o rs of ab ou t 

4 ,  2 ,  1 5  a n d  9 �  t h0 Ne\v Z e al a n d valm: s  f o r  c a d m i um �  c oppe r ,  l ea d  

and z i n c . Tht.: l ow e r  c oncen t ra t i ons i n  t he New Zeal a nd spe c i me n s  

mus t SUJ." el y  re: fl e c t  t r1e muc h l O' I t':H' gt: ne ral l c v .:..l of indu s t ri al ­

i z a ti on i n  t h i s c oun t ry . F o r  t h e  same rea s on �  t h i s  an d o th e r  

m o s s e s  s houl d b�  i n  New Zeal and , m or� p o s i t i ve i nd i ca to r s �  o f  

he avy me tal c ontam i na ti on tha n  i n  i ndu s t ri a l i z e d  a re a s  of Eur ope . 

5 . C oncl u si on . 

Cadm i um �  c opper,  l e a d , s i l ve r  and z i nc 'Nr:; re d e t e rm ined in 

b ryophyte s from two m 1 n i ng a r�a s i n  New Ze ala n d . T h e  f ol l owi ng 

c o ncl usi on s w� re m ad e : 



1 57 

( i ) N e a r  th<.:: "d u s t ,� "  t rt; G. tm"' n t  plan t, a t  ':'u A: i"'Ohc. y all 

b ryophy t E;; s had hi �,h Inet :?.�l c c n c t: n t r>u t l on�� c oml_:; D rc. d ·,d th th e 

sub s t ra te 9  a nd i ndi c r:.., t c d fc l i a r  u p ta ke; uf' a .1 rb vrnc c on t a mi n a n t s  

c omp a rC:! d  wi th  p rt: s umcd up tCiku b y· pa�3Si  v s  i on -- C; x c ha n g "'  a t  the 

rhi z oi d  - s oi l  i n t <:::: rf8 c c  i n  t he minerali zed  a re a s ; 

( i i ) up take of s ilvbr n�ar a t re a � m c nt pla n t  a t  M a ra t ot o 

:;;as a t  c on s i ri era bly lO'Vcr l e: vc l s  tha n from t �1'- mi nerali zed a r-e a . 
8 i l  v e r  a b s or1. •ti  on b y  t h(. aqua t l c  b ryophy t t.;  :?i_s.§l(!.f.Q.§. rigiSJul U.§. 
wD s rcl a t i  v e ly 1 O\'' i n  t hL' mi n l:j  ra li z ed un d t Pe a  t m e n  t 9l an t a rcas ; 

( i i i ) b a ckground c o n c e n t rati ons o f  al l E l c m� n t s e x c e p t  

c o pp t: r  i n  Ii,ypnum c uprt:: s s l f o r� wc..re l o''·. c r  t ha n i n  the l owe s t  

b a ckg round value s ob taint: d f or• Sv: ed i sh sp e c i men s of th i s  sp e c i e s . 
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In 8u c t i un I �  th u d c.�vel vp ml.·m t C •f  v:·t ri ous nn :-1 l y ti c Rl t e chni que s 

£1 S F> u c i n t c u  Ir,n i nl y  ', ;i t n  U1 t. d e t c rtni nr. t i un vf l t; · t d i n  r,;h cl u bl o od 
':VA S ou tl i n t.::c: . Th t.:: c a rb ,;n r• '- d -:. t dJti z t.: r  u;e t ll 0 3  n .:3 cp t t; cJ  ( .n the b s s i s  

vf' n n  i nv e s t i g�-� t i cn i n t v  tht.. ,H s <·'t .._: vr: ;-1 t:J.�: c s  uf fla:m .: n t vmi c 

a b  s c r_p t i on Sl! 0  c t rc :LJh � · t '- l!: e t ry a nJ ; • n 0 vnl u : • t  .l en • •f o t  ile r e ne l y t i  c al 

IDt.:- t , l ud s  f l,r ·,vh ,,l c:: - b l  v c , .  l e n d  o n nl y si s � rc y_ui r u d  :-1 1 :  1 C! i l u  t i  on uf 
wh cl e iJ l u ud Sc1iHp.i 0 S  v,· i t h  Trl t e n  X- 1 00 ( o n  c - l ky-1 r·h e n u xy poly e t h c xy 

d e r i Vtl t i ve ��f c tho n ul ) b e f or e  Sct llt_pl �:; s ppl i Vl ti C n  ( 1  )-ll ) t u  t he 

o t c!Jn i z e r . �·: f t , . r �� e t e rrai n i n e. the op t i  uti um i n s t rument a l  p 2 ro.me t c  rs , 

m u x i mw1: J b s '- L,bnncc:  ·.v :s vb te i ne d  \ ll th :l repr 'c u c i b i l i ty of < 5% , 

v1 i t h  th� a d d i  t i LJn c,f 'J' ri t �  . .m X- 1 00 i n  th d l t; <_.l ,� ccnc e n t rl' t i  on range 

of 0 . 1 - 1 . 0 )-lg/ml . The .i:J I'e s e n c e  cf such ac1 d i t i ve s  n s  C. t )ubl e ­

d i s t i l l c: ci ''l<-1 t t.. r , n L  t ri c - p e r c hl or i c '"t c i d , c c·n c . :: u.m vni :'l s cl u ti on ,  

nnd 1 000 p g/ t nl Na Cl sul ut i c.n , r G su l  t c d  i n  n c :.m s h: e rFt b l e  reduc ti on 

i n  Elb S l)I'bn nce . The e f ft. e t  •:.f EDT .. � �: n d  hepn ri n ( whcl e - b l c od 3.n t i ­

c vn e:, ul a n t s ) .i n :O.'e j uc i ng t he: El :J S ()rb :·m ce; ul,. l t: �1 d  - ! �.t s e l i m i n :::� t e d  by 

th e n d , :Ji  t .L un uf Tri  t ,:n X-1  00 . 

The p o t t; n  t i al l)f n. nimal bl u uc sumpl i n g  c omb i nt:· d vri t h t he 

s ub s .:; quen t rnt:::·n su remc nt of' ;t:'b ·-.:1 c -b l G ud 1 .;; :; cJ l e ve l s U S l ng the CRL , 

l ed t ... � �' n e x t t; n s .lv�J su rv ..; y _  uf tht l e n d  1 \,j vel s in wlJ c·l t.: b l ood cf 
}.Tew Z u n l c:1 nd c1 ume s ti c n n i mn l s  ( S e c t i  en I I . ) '' nd  sh e ep �,..; x_p c sed t v  

m ot or v e h i cl e erni s s i vn :s  ( Se c t i on I ll . ) I n  s wrHn <. r y �  c r:· t s ,  d ug s ,  

:::� n<5 sh eep s l l cw .-: d  n u  s i  [.ni f i c :m t r� i ffe rl- n cl ·  s i n  l en d  1 e ve l  s 

a c c e;rd ing t u  ':l [. c: , w·h c..: r e � s lc.: rc,t· :t' rur.1 in n n t s su ch n s  c a t tl e  ( 1  == 

L� . 67 f u r 250 d e g re e s  uf' fr�.;c:.d L;lfi ) Rnc] h u r s e s ( 1  = 5 . 8 1 f o r  256 <J . f . ) 
s hC,\"J ed n vt.: ry- h i bhl .Y  s i gni fi can t ( P <  0 . 001 ) Li i f f' e ren c e  b e tv-,re en 

t h u s e  nn im, ·. l s  y o unt, e r  t hu n  1 6  m on t h s c CL!.J}rt rbl vJi th , 1 1  oth e r  a g e  
g ruup s . C <.1 t t l e  CJ l t-. c s h cw e d  <.1 v e ry- i 1 i g hl J s i e.,n i f i c nn t  ui ffe ren ce 

b e t 1v e e n  t il e,  s e x  t., ruuy s , m o l e tmc1 f e:mrt l t:  - n t: u -c e: re d  a n i mn l  s .  Th e 

mn j or f i nd ine c,f t hi s  s e c t i on W CJ S the v e ry- h i g hl y  S l f;n i fi c an t 

d i ffe ren ce ( 1  = 3 . 1 f or 80 . f . ) b e tw e en she e p d og s  a nd p e d i g re e  

d og s  f rom c i t y CJ re a s . I t  i s  e tnph <'1 si z e d  t hr. t t h t;  wh ol e-b l ood l e ad 

l e v e l  t_,f a d cmo s t i c a n imal i s  v e ry much d e pe nd e n t u:p un the e a t i ng/ 
d ri nki ng ha b i t s  of the a n .lmol CJnd the typ e of e nvi r onme n t  i n  wh i ch 

i t  l i ve s . The re f ore t he l ow e r l e a d  l e ve l s mea s u re d  in t h e  whol e­
b l vod of ru ra l d cgs i s  s u re l y  a re fl e c t i on of red u c e d  a c c e s s  t o  
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p ul l u t i on f r• om r n ,Jt or v c ni cl t:;  emi s s i vn :-� Y s i n c e , · t rw r  forms uf 
l:J Oll u ti c·n s u c h  H S  l e s c: f rc1:: ;:> i J:) i n g  f' mcl _;_-.:·, ..i. n t s  ·::t.mlCl pre sumr, b ly  
n o t  b e  �: rc; :· tl y  ,; i f'f t; rt..- n t  t n  b ,_. t h  t.rt_1 c s l· f cnvi rc. nir:c nt . Thi s ·;vo s 

n l s e:  re fl � c t c; z...- i n  t nc wh t..-l e - b l ,:· t.,(J l LC f'l cl  l e vel s .._,f (• ( g S l i v i ng 

vv i th i n t t ;.e v i c i n i t y  cf S(. r•vi c -. s tn t .i. on r; ,md '.Vhi c h  re<) c hc:: cl 7 . 40 

1
u g/ml c -:.mp�1 2e d w i t h n ur1,1 a l  l ea d  le ve l s  uf 0 . 2:::, ,ur/iul . 

The l l· <J J  le vel f, ,_,f .vh ,,l <:: · b l o ,· d , urg nn s y  rr:.u s c l t.j t l s s u .::: anG 

b un u s  ,,f sh c� e i' t.:: xr u s e  - ,  t 0 rn �....t vi' ve h i c l t· e r; 1 i s �  .. � i  vn s i n " J i  C < '  t e d  th& t 

t he 1 ec ,d b u rci c n  i s  a c y u ..i. ee <� p<: :e t i 8 1 l y  o .r  d i r e c t  l nilAl D ti un of 
rl i rb .... 1 rne l e r' d fr�.-•Ei 0 X lJ.n u s t  er.r i s s i on ;:,  a nd p a r t i n l l y  .l n,� i r'::.. c tl y  by 

c •·no UI!1p t i un Gf c cn t n mi n:·� te d fo rr! ge . ..'1 t ' oug h  i t  i s  c1i ffi c ul t t o  

c s tn ol l sh \v h i ch IJ1 c c hnn i sm i s  t h t:  m ore irn p o rtsn t $  i t  i s  D p p a ren t 

t h ·', t b '.: th c �... n t ri b u t (; t u  the o c c wnul D t i · ··n .::;f l e n. O  i n  tht_; l un£, s 

( R s  r. I'e su l t  uf cH r e; c t inhnl 8 t i •. n )  < md i n  th e ki dney c or t e x  and 

l i v e r ( b y  d i t �..o s t i on ) . /: c c wuul G ti ,:,n uf l tJ B d  i n  th e s e l <J t te r  o rga n s  

p re sent s n m i n · )l' he [ ;l th lFt Z rt .L'(� : � ;-� ' l  re: su l t .Jf t h e  u s e o f  offEl l i n  

t h e:. p :.cc; � 1 n rr< t i un C>f _p (j t  f o ud ( H '1 nk.in o _!;_ . �tl_ . 1 1 975 ) , -,;hi c h i s  s cme ­
t ir:Je s c cn s um(j J b y  hum:m s . . · n. cre f-; i. p r : .i fi c �n t  hu zn ru i s  t h e  d i re c t 

c , _,nsur:r p t l cn cf c vn tnfi·1 i n0 t e , J  1 i vc rs ,;r k i ;� nc; ys b y  hu nw n s wh(. re , 
e1. s sumi n �  n n  D C l� e p t ' t b l c:: (; n l l y i n t•� - �t- ,_ f 0 . 41G£. uf l e :-.td ( ' · . H . O , 1 97 2 )  

b y  n d ul t huwm s ,  n s i ng l e  se :rvi ne: L,f 200g d' l i ve r  c L n  t G. i n i ng 

2 0  pg/ E. l e a d  w vuld sup't)l J th e rr,[.l x i  m um p c:  rmi s s i bl t:· (j l e m e n  tal i n  t f-lke 

f Gr 8 p e J'i ccJ of 1 0  ll A y R . · i th � n i irLril llr r>d u c t i vn :md rr,e o t  qun l i t y 

i n  m i nu s i t  i s  f o rt un� te tht t mu s cl e  t i s s ue s how s t he smal l e s t  

c L n ce n t ra t i on s  of l e n d  i n  fl b s  ... ,l u t e  t e rm s . B unc s ,  b e c o use o f  th e i r 

h i e:h p .rop u r t i on uf t c t a l  b ocJ y  we i g h t re p re s e n t s t he g re a t e r  re s e rv­

ci r of 1 escJ ·wi t hin th e o n i m8l • 

.Al th vugh there i s  n L· e v i d e n c e  t u  S UL-;�c s t  thc. t s h e e p  ' e x c re t e ' 

l e a d  f rl.: Ift t h e;  O (. J y  urgtm s  i n t c  t h o  1::o ul , D ve ry- hi ghl y  s i gn i f i c n n t  

c ur rel a t i un ( P < 0. 00 1 ) WL S ub t c:d ne d  b e t1.ve cn the l e n d  c on t en t of 

the; ou t e r  2 cm uf W\) ul ( a s  8 re sul t "f l e ad p n r t i cu l D t e s  ndhe ring 

a n� b e c om i ng in c orp ora t e d i n t o t h e  woul fi b re ) a n 6  t h e  l e a d  c on t ent 

o f  the whole b l o od . T ht; :c ... e f u re i t  i s  sug g e s t e d  t hr t i t  c oul d b e  
pos si b le  tc  u s e  en s l l y  sampl e d  w o ol mE! t e r i Rl i n  9l a c e  c f  wh ol e 

b l ood t o  a s se s s the l e. , d  burcJ e n  of sh e ep . 
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The i n d i c n t i on th n t  · n r t of the t o t a l  l 0a d  b u rd en i n  th� se 

s h e e  i s  n c qu i re l'l by ·l i K c t  i nh �1 l £ t t i or: G f  n i rb orn t:: l e a d  p8.rt i cul e te s  
f r um m o t or v e h l  c l (:;  t- xhnu s t  e rn i  s s i  en s l e d  t L· R more j e  t e:  i l c <: s t udy 

uf t he r'1 1 s t ri b u t i un l ·f l c .:-1(:. �  f rC'rn m c.t or v e hi cl e ern i s s i cn s  cmd i t s  

e f fe c t  en ro&d s i d e  SGil � nnd p s s tu re sp e c i e s  ( S e c t i on IV a n d  V )  • 

.2;nhan c.: e u  l e ve l s  uf n ..:>t onl y  l t: Fid b u t  o l s o  cadmi um ,  c hr om i urn , 

C l;p_;::>e r , n i ckel �mci z i n c  ... e r·e we H su • t: d  i n  soil s n nrj pa s t ur e  spc:: c i e s 
fl l Gng t n e- " :.uckl r; n·j ��I c t orvv'fi Y  c::n J  c vr rt)l :. : t c C:  · 'e l l  wi th t r'l f f i c 

d e n s i t i e s  ( r, . n '- i n �.:,  eve r 1 2 , 000 - 63 , 500 vehi c l e s/�4 ht..'urs ) . The 

h i gh e s t  n c c urnul , ·. ti •.. n s  .... r he A vy rne t 1-1 l s :e re f ound in _Tr i f.c:�.i� 

r eJ2.s: .. n.§. L .  ( whi te  cl ove r) a nd t h e  1 owe s t i n  p a spc-1 1  um g r<-l s s ,  wi th 

h£�.C:.£§. };3n ?_tQ� l . ( y orks hi re f ug ) i nd i c s t i ne the b e s t  c orrel a t i on 

i:d th t :ca ff i c d e n s i ty . The .'1 pp a re n t  b uil d - up 0f c a d m i um ,  ch r omi wn , 
c opp e r ,  n i c kc... l  �- ncl z i n c  i n  s oi l s n n d  ve e e  t[• t i  un 8 1  vn.g m o t orway s 

vrobn bly or i g i n a te s fr( m m e c h a n i c a l  � � n r A n d  te a r  of m o t or ve h i cl e s  

( i n p:' r ti cul :-, r c :l r  t y re s  - Cd , Zn ; l �b ri c n ting c.·i l s  - C d , C u ,  Zn ; 

c h rcrnt; -pl ·l. t i ng - C r ,  F i ; et nd t h e  va ri ous c cm;· on e n t s  . .. f' engine s and 

c hA s s i s - C r ,  C u 5 �i ) ,  whi ch d e pos i t s  the s e  m � t Rl s  i n  t he fi ne 

d u s t of t hl.; rc:" HJ\"JC�y �m <J frcm t i12 ·.:e tc s oi l s D n  · ve e, e to t i un , 

Evi d e n c e  t h :. t  t t hc s ':  u l'C c  of he a vy me t 8 l  p cl l u t i  �..�n al ont:. su c h m o t or­

way s  WE! S s e rL �l d 0 l_. 0 s 1  t i un f r ,_.·ill m c t .:. r  ve hi c l e s  Yva s  re fl e c te d in 

the: red u c t i  en i n  e l .s mc·n t n l  c on c e n  tr< '  ti <.:.n v, i  t h  , _ _l e l) t h  i n  s v i l  p rofil e s 
A n d  t he rem ov,· , l  ,· f :' b uu t vne - thi rc' l .f t i l e  n e ri nl b u :;."'c] e n  of ea c h 

e l em e nt b y  ·.vn s h 1 nc of t ht..:: pa s tu re s pe c i e s . Thu i nfl ue nc e  of the 

p :;.•o;::d omi na n t  '.Y i n d u i re c t l on u p cn th e d i  s t ri b u ti un cf l e nd f rom 

mot or v -- h i cl e e rn i s s i .__· n s  \118 8 i nd i c �:1 t e d  b y  t rk c.; xp onen t L .1. l d e c re a se 
of l e <:l tJ C l'n t e n t  i n  L c..� i um 1Jl:}��n,.;'2Q L .  ( Jl 0 :eenn i ;:-1l rye b ra s s ) a n d  

T ri_f <2_:).._iwg re:p_e:;.!l§. L . ( wh l t (; c l vv c r) w i t h  d i s t � t n c e  frcrn n m od e ra te l y  

b u sy ( < 5000 n, o t o.r vch i c l e/2 4  hours ) N e w  Z e <  l a nd s t a te ll.i ghnay , 

n orth uf Bul l s . The s-:t1 s un a l  vn ri n t ion i n  l d a d  c on t en t  ot; t he se 

two pa s tu re sp e c i e s ll!Dy b e  R re sul t vf t he d e n s i  t ;  fl n u  l e a f  a re a  
i ndex vf <1 p< r t i c ul s r  S J! G c i e s 9  t h0 i nfl ut... l1 CG c..f " rcx • d- spl o sh " 
f r om pa s sine mo t o r ve h i e:l e s ( e spe c i a l l y  duri ng the a u t umn and 

'Hi n t e r  R t  s i t e s  cl o ;-;e to t he s i d e  Lf th e h i r.hn a y )  a nd the s e a s on a l  

va ri a t i on s  in  th e prev a il l ng w i ncl d i re c t i on . Ge n e ral l y the l e ad 

c o n t e n t  of th e l e a ve s  e x c e e d e d  tha t of t h e  r oot s . I t  wa s al s o  
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ob s t:: rve () the t a g ri c ul turc::l rt c t i  v i  t i e s  such D s .cJl OUg hing rnny 

p1-event t he (-l C curnul n t i cn ,,f hi L_h l 0a cJ l e v e l s in t l1e: u p p e r  Irt o s t 
5 c  n uf s •-J i l  nnd the re b y  cedu c in):'. t h t:  <.1vn il .� : b il 1 ty l;f l ea d  tu  the 

sup pcr tt:: � p u s ture . 

In  urck r t ',; C;b tni n o totsl  : -� s se s smen t of t �1 e  Wl ri .. u s  ty� ·,e s 

of lead poll  ut i on in  the N ;;;w Zenl n nd c nv ircn!Jl ent ot l1e r tban th8 t 

f r om rn ot OP ve h i cl e emi s s i ons , i nve s t i g ---: t hms G re c::1 rric:; <.J uu t un 

the hc <J vy rr;t: t <:l l  di stri b uti c-n f r ·  ... d1 t o. b n s e  i�1e t o l  mine , Te f' rcha 

( S 8 c ti on VI ) c:mu l 0od J Ulluti un fr ... •n <1 b a t t t: ry fr. c t ory ;:md smel t e r, 

Te Pspapa( �.- e c t i un VI l ) .  " i rb ornt: c c-id!lli wn , c t.:'Pll t:r 9  ::me} zinc  a s  

d us t  porti clt.: S  e uw r1� · t ing f rcrn the urf;; - c rushlng t re ""l t me nt _:!lRnt n t  

the Tui Llne  ·:.l t: re w1 Jely sprend in t c  t �"e imtii e cJ  i u  te en  vi runme nt . 

13e i l s c hmi_Q_� i s  t.:n� ( Ben t l1 . & H o uk f . ) t re e c ;:,rowing c;ve:r  t he ore 

b odi e s c cn t n ineJ na turrl lcv;:; l s  of the c. e J o s e m e t R l s in mn oun t s  

�.:: v en gre< l t e r  thn n th o:·. e d e ri ved from windb orne s ource s . :.n A.l ysi s 

\)f B . gg t re e  ri n g- c c·rc- s c c t i L:n s s h�.. �v.1 e d  thr-� t vv i t h  o i rb orne 

o c cumul : • t i on 1k ri vecJ i' rl ·trt pn r t i cul ·, t e  u ;. i s sL-ns n s s o c i l'l t e d  •ai th 

the ore - c ru s hi ng t rC:: n CJi:t n t  pl :1 nt , the l1i c:_- h .  s t  : l c: m c. n t :-11 l e vel s 

oc curre J  t ovm r• ; s  t h e  uu tsiJe  of th e t runk . In c c,nt r:.1 s t , Yvhen 

el ement s w e r e  n c c umul � t ed v i �  the r oot s vr t �m ,  ( o s  wi th th ose 

t re e s  grc:w int- 0\/ 8  r t he ore b u�·J i t  s) c L. ncen  trEJ ti �..m s  v. 0 r·e <)ppre c i ably 

un i f u rm through th� e n t i re t :eunk . 

The si gnif i c[ m t  effto c t  en Vt: t_: c t .  t l un ctrHJ s . .  i l s  ._:.f D i rb crne 

p R rt i c ulfl tt: s  fr )ffi t l1 t· L•re - c ru s h i n p- t re :  tmt: n t  pl cmt wr• s s t ud i ed in 

o. ne n rby  p�: s ture . Dur i n� D p t:r i l!d �..:f 1 2  m onth s a f t e r  mining 

op ,, rn t i ons h n c1 ce:-1scd  �. t the Tui i1l ine , s n  uv er< . l l  d e c re R R e  i n  

the e l  ement nl buru e n  hn d o c  currc::d . In surf< I ce soil s ,  th0 re ha d 
b e e n  a b out n 40}b r udu c ti cn of c oppe r r-tnd l eDd , n nd 25jb uf cadmi um 

and zin c . The elernentul cuncen tro t i un in soil s a s  cl functi on of 

de pth indi cateu  thu t t he re wa s l e s s  d i fft· ren t i a t i on a f tt.· r 1 2  

mont hs  a t  the surfa c e  nnd a t  n cJ e :!) t h  of 5 c1n , indi c c-1 ting a s teady 

l o s s  of pol l utan t s  from the surfa c e  suil 3 ftGr t he c om-pl e t i on of 

mining a c ti v i  t l e  s . The .. ·e vva s n e  sp c c if i  c pa ttc-rn for D l l  pa s ture 

spe c ie s  a l th ough uv er�l l th e ini t i al he avy me tal  b urd en o. t  the 

m ore he avil y  contamina ted pa r t s  of the p a s ture ( whi ch ve re wel l  

ab ove background l e vel s) s how e d  a si gnif i c an t  d e crea s e  a ft e r 1 2  



1 63 

m onths e s_p t; c i a l 1 y  :t t t h , , oe s i  t C:: e:; c l G �' e s t  t (; the s ou r c e  of 
r; cl l u t i on . I f  t h l s l't..: '-iu c: ti t ;n '-:f t l lc he <:. VJ llJE: t <:t l c unt o mi nEt t i un uf 

•·' ·:·n�l� l C ·:i C h i n<.:_ t h i' lUbr1 t . .  , . St�ll j_ J:• ...; l'i l t;  [· !'� �: b :; t'i L \ ID S l Op L� f:l CV ern0 n t  

C l:;n t i nue s 9  th e. c l <..: lil t, rl 't ci l C '- D C t: D t i'D t  L 0rl S in .;?L . n t s  <J nC s b il s 

should ul t i m "l t e ly A IJ.D r c.D ch bn ckc. r vu n d  vn l ut s  • •  � c , evc: r th i s  i:l.ay 

n et o c cu :c Vi i th i n  the: v5.. c i n i ty c·f the Te Paflop(} b c1 t t (; ry fn c t o ry nnd 
sw el t e r  YJh t : r·e e �\ ten s i vc l u �c1 r:: r ! ep GG i ti cn n s  a i :cb o rn c  p C1 r t i c ul :-1 t e s  

o nd the l_Jror . uc t s  vf \Wf: t ht. rCw  b n t t L: ri E; s  :t.'e s ul t ec1 i n  l en d  l e vel s 

. : pp roa c t1i nl 1 2 . 4� ; _-! ry \Jt: i gh t  i n  su rfEJ c e  s oi l s a nd 0 . 81.t; cl ry ;:ve i g ht 

i n  s ome p 8 s tu J:"•c sp L. c l e s f1<.� j21 c e n t  t u  the sme l t 0 r . T he mn vn i t u d e  of 

the 1 E. 8 <5 b u l'� i e; n  v;n s  c'-- fl u c te d  i n  v<v ry h i g h  l t:Rd l evt.::l :-. i n  s o i l  

p r ofi l e s  c' v e n  ; , t · �1 ep th of 1 :2 cm :"' S o rt; s ul t o f  c cn tnrnin8 t i on from 

the b <J t t e ry f n c t ory , smel t e r  ',n ,j s t t.Jr c tJ bn t t e ri e s . The re i s  c l early 

n l im i t  t ,_ t he cJ C i. '. r e e  of phy s i c ��l n.�.J ::; o rp t :i cn Lf l ec-1 C  p a rt i c ul a t e s  

up c n  • eg·�· t :: t i on , s i n c e  th t:. t, i'v1 t ;.; r  pe r c e: n t · ! gc of t :1 c  l eo (J b u rd e n  

c f  v c:.L r.:: t :. t i 0n i s  r e  . .  � �..tvab l e b y  'N<1 sh i n �s  ;� t s i  t c s  '--'f m a x i :nur:1 

a c c urrtul: t i cn �,_,f l e ::: d . ln C L,n t ru s t  wi t ;·t t h d ; e  l e a d l e ve l s me a su2e d  

i n  r· oa cJ s i u e  s .:>i l s  ·1 nu v e �e t.1. ti '-'n c '  t ::1 nv ;: rb y  t h orough f n re , t ne 

l e n . J  c c·n tn m i n u t i un f r un t h i s i nt.J u s t ri o l  C l_ mpl ex i s  mere ,; x t en s ivc . 

H owe v e r ,  t h i 8  inJu s t r i <'l l l e n •J p vl l u t i vn lw s c.,nl y  E.l l ..:: c..: o l  e ff e c t  

whc:: J." eu s t h. : t  fru1n 111 0 t vr ve h i c l e  u rr .i s o i on s i s  i!I OPe un i v e r sL1l i n  

d i E t r i b u ti ..::·n . 

T h \.J  fl c c unml > J t i cn uf l e :1 d  b y  ,hl f' S t U.L'0 S J! t: C l t; G <• rF·j f' o od c r cp s  
i s  cl e c1 rl y a S l [,n i f'i c o. n t  ht: �Jl t h  h a z a r.J . .. . l th ,mr.h i t  i s  a s sume d b y  

m Rny · c: u rkc: r r  thr:t t l t: ':HJ. U L C WllUL t i c1n frur.l m u t cr ve hi cl e e xh au s t s  

i s  l a rt:,el y b y  a i rb Grne p:: rt i c ul n t c; s  o d h�,; ri n t,  ond b e c cm i n g  i n c or­

pora t e (1 i n t 0  the ::w rial C l Hn p one nt s of ve g e tf' tl vn � t h e re i s  ampl e 

e vi de n c e  f v  r El c c um ul <J t i  un of l t.,; 'l d v i a  s u i l sys t GJ1JS . Th e ..: ·e f ore , t o  
who t e xte nt i s  up tRke b y  ro o t  s ys t ems f rom the s o i l  r e s p on s i b l e  

f or t he high c on c en t r�1 t i on s  of �e �1 d  i n  r oa d s ide ve ge LJ t i on? 

L e 8 d  a c cumul at i c.,n b y  a e ri al p 8 rt s uf Tri fol i um  Lepen s  l . ( whi t e  

c l  ove r) and L o:U.�1!. .IJ.e renne L . ( p o renn i o l  rye g ro s s ) ce1n t o t a l  ab out 

1 CY-';6 of t h e  l e o d  c on te n t of t he s oi l  and i s  s omewhn t g re o t e r  f or 

wh i t e  c l ove r t han for rye g ra s s . F or p l a nt s grow i n g  i n  sub s t ra t e s  

contai n i n g  5000 a nd 1 0 , 000 p.g/g l e fl d , val ue s  i n  al l orga n s  of b o th 
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s pe c i e s ' e re t lK: s � mc {t [·; f c, p  t he 1 000 U[ /r; s u b s t rA te s  anc} ind i ca te I ' .. 
( a s  al re n l]y i!Je; n t i  n c d  f \ . r  t h l ; S e  s o i l s nc n r  the '.::' e �J s p c. b n. t t e ry 

fs c t ory c:., nd smel t t; r ) ,  th:. : t  :1 l i Hd t t n t� V(• l u e f ,. r l c: E• d  i n  pl �=tn t 

orl? ;;ns . h . . e s  i n  f:� c t  e xi F t . Ll t.:o vu t t.. �i  l c: �1 d  c vn c en t :;.  ... r; t i on s i n  suil s 

a l sc e ff E:: c t c..: u t hu rl ont  h .;;i tc.h t  uf b c t h  sp ·� c h : s . C vn c c n t r�J t i on s  

e x c e e d in[ 5 0 0  p.Lie i n  t rl(; sub s t ra t e  ( va l u\:: s typ i c al (;f' ;;l o s t  
J."'(.:o d s i d e s  �_>f' !ItC.:t .; Or th uruU[. hfare s )  c! I'c s u l'f'i c L: n t  t ,; rt: d u ce p l an t 

h e i gh t t>  b J  cn t: h<,l .f. 'hi t c;  cl oY e r  s e c.· d  c c rm i n :'l t i cn i s  P.l s G  re d uce d 

b y  h 1 g h  l en d  l e v � l  s .  

I n  a s  SC; ss i ng t he d e g  re t: c f  e nv i r onment 2,1 c on t c1 m i n 8  t i  on b y  

l e �1 d  wi t hi n t he vi c i n i ty o f  t h e o re - c ru shine t re; a tme n t  pl A nt a t  

t h e  Tu i M i n e , T e  i1 rohf1 9  c c,:;Jp s ri s on vri t \1 c m ut ht:' r  h e n vy m <:. t fll 9 

s i l ve r  wn s n� J e  i n  � s i m i l a r  m i n i ng envi r onme nt n t  Lo ra t o t o . 

S i l v;::; r i n  s •.;. i l s c> hC·· ... t=: d e l e vn t e d  l e v e l s n t;; a r  the t rf' tme n tpl ant . 

( d ue t o  n e r i.:l l fa l l ou t ) 9 .'l nll a l s o i n  n:1 t urn l ve g e t :J t i on g r owing 

OV (:; r  t r;e ore cJ e p o s i t s . /; i rb orne b1n rti c ul c: t e  d e p o s i t i on of s i l v e r 

f r om o re t ru c ks rt: sul t c;d i n  e l e v; :  t e d l e ve l s  i n  p8 s tu re s c il s 3nd 
v e g (· t a t iun w i t h i n  4 mc.: te rs of t he t rea tment  .Ql D nt a c c e s s  r oa d . 

Pn r t i C'l l  s i l ve r  c o n t B m i n , l t i on i n  t he se p.:1 s tur e s wn s ::-1 l s v u e ri ve d  

f rom rJ e p (>S i t i  o n  o f  m i n � ral i z e <� s t rcEH.� s c cHme nt s u s  0 re sul t of' 
f'l o od i n g . T h e  si l ve r c vn t en t  u f  s t rf.: : .m se d i me n  t s  a nd wo t e rs though 

n n or;1s l ou s n e n r t h �  d e pos i t s  c-m d t rc d  trr1t: n t pl cm t 9 showe d o p r og re s s ­

i ve d e c re 8 s e  wi th i n c re n s i n g  d i s t a nce f' r u m  the s o u rc e . T he 

s i gn i fi c a nc e of' t h e  di  s t i no tl ,y d i f fe re nt m e c ho ni sm s o f  up take i n  

l e n ve s  o nd t re e  ri ng - c ore s n mpl e s  u f  B e i l s c hmi ed 1 a  t o!:Y_§!_ ( Ben t h .  

& h ook f' . ) a l re a d y n ut e d  f o r  l eo d wa s e v i d ent n l  s o  for s i l ve r ;  

e i the r b y  u e ri a l f a ll out o r  b y  nu tural u p t a ke vi a ru o t  sy s t e m s . 

T o  swnma ri se 9 heo vy me t a l  p ul l ut l on ( i n p a r ti cul a r  l e a d ) f r om 

m i n i ng a c t i v i t i e s  d ue s  n v t  a pp e a r  t o  p re se n t  su c h a l e rg e  probl em 

a s  m ot or vehi c l e  e xh a us t s or sm e l t i ng op e ra ti un s . Thi s i s  ma i nl y  

b e c a u se o f  t h e l o c k  of a g a se ou s  c omp on e n t , the l i mi t e d  d i spe rs i on 

of such el eme n t s a s  cadm i wn , c op ) e r a nd s i l v e r ,  an d b e ca us e  of the 

s p a r s i ty of p opul a ti on i n  t he s e  m i n i ng a re a s . I1 cwe ve r , a n i m al s 

g ra z i ng on fa rml a nd wi thin th e vi c i ni ty of th e s e or e - c ru sh in g  

t re B tme n t  pl an t s  a n d  m i n i n g  a c t i vi t i e s  a t  T e  !; roha a n d  Ma ra t o t o  

w oul d b e  sub j e c t e d  t o  el emen t a l  c onc en t ra t i on s  i n  th e pa s t ure 
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n p proR ch i ng 2 .  5 pg/g c e:1 cJrn i um ,  1 2  pe/c, c u t�p e r ,  20 pr/t: l c < � d ,  0 . 3  .J 1 

}lJ!jg s i l ve r n n d  30 pL/E z inc ( 6 ry \'lc; i g h t ) c ompu re d  '. <i  t h n ormal 

l evel s l)f 0 . 05 }16/& C[ t dm i um , 2 . 0 }lJL c vp.t_• e r , 2 ..10 p.g/g l e a d , 0 . 06 
1u g/ g s i l  v c  r �'md 6 . 0 p�::/ g z i n c ( J ry 1J1; e i t h  t )  . Poi s on i ng of e a t tl e 
cj nd poni e s  n s  a Pc sul t of t rn z i n g  vn f'-> ru.l <inu c Gn t a i n i nt'. h i gh l e ad 

l e ve l s  h 8 s b e en re p or t e d  b y  C h i sn£-11 1 & i11<:: rkl c mu ( 1 97 1  ) .  

Ano t h e r ille t h ou cf i nd i c n t i ng t he i n fl u e nc � uf p ol l u t i on f r om 

i nd u s t ri n l  s ou:e c e s su c h  a s  w i n i ng �'l c t i vi t i e s  ( L uuna::lfl :1 , 1 95 6 )  c:md 

sme l t e rs ( G o odm8r. � me� : {ob e r t s , 1 9 7 1 ) i s  the u s e  u1' n nsl y s i ng 

b ry ophy t .;; sc-.rupl (:; S . B e c u u s e  cf' t he d i  f f i  cul ty of Gb t t d  ni ng true 

b a cKg r ounJ vo l ue s f or h e < WY me ta l s i n  b ry ophy t � s frcm i nd u s t ri a l  

Eur ope i t  v.;oul d b e  of i n te re s t  t o  ob t a i n  c ompa ra t i ve va l ue s f rom 

a re l D t i ve l y  unp ol l u t e0 c oun t ry s u ch �'l s Few Z e n l snd 9 i n  p o r t i c ul a r  

f or su c h  R b ry op hy t e a s  :a.YQ.nUjl! c uprt: s si f or.:!!L� ( Hed\v . ) VJh i  c:1 ha s b e en 

s tud i ed e x t e n si V t; l y  b y  o the r .:> u th o rs ov e rse r::1 s . 8 i m i l f1 r c on c l u s i on s 

t o  those f 0r 3 c: il§S}1!:1i�d i S!_  t �w;E' ( 3� n t h  & H o ok f . ) l o c n t ed a t  th e 

m i n i ng n rc H s of Te �. · r uhR n nc1 t·w :e<J t o t o  ·,-.; c.., .:-e ob s c: rve t) i n  t ha t al l 

b ry ophy t e s  h,, d h i g h me t t-J l  c on ce n  t r·? t i un s c 0mp9 re u vu th t h e  sub s t ra t e  

n ea r  the o re - c ru shi nt t re 3 tme n t  pl o n t  a n d  i nJ i c 8 t ed f ol i s r up t a ke 

b y  :1 irb oi!ne pn r t i c ul n t t· s , In c un t rc� s t  i n  th t:· m i nt rnl i z (j() a re a s ,  

the p rt: s  urned up t a ke ·.prEJ s b y  pn s G i  ve i on- e: ;CCh9 ng c; a t  t h e  rhi z oi d - s oi l  

i n t e rfa c e . -:-: :L l v t: r ...--:. b s o rp t i on b .y t he �1 q u o t i c b ry op hy t e F i s s iS,J��ps 
R:ig.i du.lu s ( H o o.i<: f . e t . -,· i l s . ) wn s re l :J t i v cl y  l ov� i n  t he m i n c.- ro l i z ed 
a nd t r� a t�e n t  pla n t  n r�o s . T h e  n b i l i ty t u  us e b ry cp hy t �  sampl e s  

i n  tJ dw Z e o l a n d  t 0  d e t e rJJtine b a c J�g r uund c on ce n t rG ti on s vw s shown i n  

-tl.,yJ2nU1!l .££12.��-§_s i for.!_I]e ( He c1w . ) whe re al l e l eme nt s s t ud i t; (j , e xc e p t  

c opp e r were l o-,ve r thfln i n  t h t; l ow e s t  b n ckt_ r ound val u e s  ob ta i ne d 

f or 8\ved i sh sp �.:" c i mt: n s of t h i s spe c i e s . 

Ove ral l , who t c on cl usi on s c .:m b e  d rE.nvn a o ou t  the p u t e n ti al 

he El l  th ha z a rd p re s e n t eo by d ev i an t  h e a vy m t; tal ( i n  p a r t i c ul a r l e a d ) 

l evel s i n  t n e  !� ew Z e a l a nd e nvi r onm ent? The re c a n b E:  n o  d oub t t ha t 

human i ndu.�. t ry h 8. s  i n c rE::: a R ed t h e  m ob il i za ti on of l e a d  ( a nd o t he r 

he avy m e t a l R ) i n t o  t h e  F ew Z e c l,<=< n d  e nvi r onm ent . The u se of l eA d  

a l kyl s i n  p e t r ol c on s t i t u t e s  t h e  me j or s ou rc e of l e ad i n  t h e  s oi l  

and :pa s ture al ong ma j or thorough f are s a n d  t h e  a trn o sph (:: re of c i t i e s . 
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T he inve s ti g a t i on s  i n t o t h e  e f fe c t of m o t or vehi cl e exh aus t e rr.i s s­

i on s up on s he; e p , re port eel i n  thi s w o r k 9 e mp ha s i z e  t he .[l Ot e n  t i a l  

he al th prob l em s  thA t hwn 3 n  i n hs b i  t[m t s  l i vi ng n cj a r  m o t orw0.ys i n  
l a rbe ci ti e s o r  c onn e c t � a w i th e rrwl uyme n t  i n  t h e  pe t r ol i nd u s t ry 

c ould b e  sub j e c t ed t o o . Thoma s c. t . a l . ( 1 967)  rep or t e u tha t t he 
b l o od l ea d  l eve l s  0 f  me n in o p op ul a t i on l iving n e a r th e San 

Be rna rd i n o  ( .rcl hamb ra - L os � �nge l e s ,  U . S . • . ) fre e wa y , wa s 0 . 2 2 7  

pg/ml . The mcj a n  vnl u e f or men l i v i ng n e a r a c oa s t al a re a  ( c on­

s i J e re d  t o  b e  a na tu r•cJl -l e a d l e vel ed e;nvi r unm Eon t )  wa s 0 . 1 6  p.g/ml . 

The d iffe re n c e  b e tween the se  two g roup s wa s s t a t i s t i c a l l y  s i g n i f­

i ca n t ( P < 0 . 006 ) . The c o r re sp ondi ng va l u e s  orn �..mt, women we re 0 . 1 6 7 

and 0 . 099 ug/rnl ( P < 0 . 0006 ) . I n  a s tudy o f  the. l e a d c un c e n t re1 t i on s  I 

i n  th e n tm o s pht': re And  p o_pul ?t ti on of Jope:1n 9 Tsuchi ya e t . al . ( 1 975 ) 
r· 

re;p ort e u  on the 'm ol e-bl ood l e a d  <1 nd u ri n o ry () -ami n ol e vul i ni c 

a c i d  l evel s of o v e r  3000 p ol i c e me n . They c on cl ud e d  t hc t  the pJ � ­

of work or re s i d e n c e  wn s s t a t i s t i c a l ly s i gn i fi c a n t 9 wi t h  b l o od 

l e ad l e ve l s i n c re B s i ng ;:;i t h  urb G. ni za ti on . t:l o cr e  yt . al . ( 1 9 76 )  

c onfi rmed t h i s i n  El s tud y of t h e  t o t a l  b l ood l E.; R t) l ove l s  vf o 

g r oup of 48 p e t r ol ve nd or s in t he g r e E: t e r  Bob 0 r t � re s  9 To smsn i o . 

The c on c e n  t ra t i  on s of l e a d  in the b l ood of pe t r ol vend or s ( 0 .  3 29 

pg/ml ) we re si gni fi c <l n tly h i [ h e r th[m th os e of a c ompa r i s cn g roup 
of 47 c l e rk s An d s tud e n t s  ( �1 43 p g/ml ) .  

The re f ore f-' ny future wo rk on l e n d  i n  t h E: Nevv Z e sl o nd e nvi rcn­
m e n t  c oul d wel l o e  centre d  on e s tabl i shing the t o tul l ead b urde n  
of huma n s  b y  s tudying the wh ol e - bl ood l e nd and uri na ry f' ami n o-

l evul i ni c a c i d  l e ve l s  of p e rs on s l iv ing nea r t he t.u c kl an d M o t crv.,ra y 

a n  cl t he va ri ou s  e f fe c t s  of l e:  a cl up t oke b y  i nhA l a t i on of m o t o r  

ve hi cl e em i s s i on s  a s  a fun c t i on u f  u rb a n i za t i on a nd empl cyme n t 

( f o r  exampl e ;  t a xi J ri ve r s 9 s e rvi c e  s t a t i on a t t en d e n t s a nd s t re e t ­

cl eane rs ) i n  a l a  rg c! N ew Zeal an<J Ci ty l i ke ;,u c kl and . C ompa ra ti ve 

stud i e s  have already b e e n r ep or t e d  b y  Ivren ce l 6:. Thorp ( 1 9 76) i n  

Sydn ey . 

The re i s  suffi c i en t  e vi d en c� t o  j u s t i fy t h e  c o n cl u si on tha t 

o th e r  than t he Te  Paf)lpl b a t t e ry fa c t or y  end smel t e r 9  t he min ing 

a c t i vi t i e s  i n ve s t i g a t ed i n  t hi s  wo rk do not p re s en t  any p ote nt i a l 

he al th p robl ems t o  hmn a n s o th e r  th an th ose empl oyed or l i vi ng 

wi t hin the v i c i ni ty of the mining a .L'e a s  ( whi e h  a t  b o t h  Te A roha 
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rmd Mo ro t o t o  i c; Vto ry s �:1 n l l ) . l n c re t"'l s cd di s s emi n n t i on of l e a d a nd 
t h e ot he r  hef:lvy m e t n l s n s s c c L, t e d  v·d t h  th t.: sc mining 0 c t iv i t i e s ; 

i n  p n r ti cul ['l r  c :Jdmium <; nd s.i l  v e r  ( b G th of ',�,h i c h A re very toxi c ) , 

may onl y oc cur thr wgh t lK: 1'e- up .::ning of ope rati ons r md i n c re a se d  

h ous i n g d b ve l opme nt � i th i n  t h �  v i c i n i t y of t he mining a re a s  

( E:: sp e ci n l l y c1 t T e  1 ruhu ) . :? ol l u t i on frcm t he T e  Papar� b a t tery 

fn c t o ry a n cJ sme l t e r Ell th cug t1 c D.using ve ry e l e ve t e u  l e n d l e v el s i s  

onl y s i g n i f i c a n t  w i t hin t he i mme,J is te 2 re a , '.'Vh i ch i s p red ominantly 

i nd u s  t ri ':11 . 

I t  i s  c on cl ud e d  ths t t h e  t ctel l e a d  c �..�n t e n t  d e r i ved from 

A i rb orne e m i s si on s  ( m o t ur vehi cl e �::xha us t s and indu s t ri al 

d to .i:) O s i  t i  ems )  i s  i n c rc: n s  i n t  i n  t h e  l�(:;W Z e al and t.mvi ronrnt.; nt . Be s i d e s  

l e n d , e l e vfl t e d  l e ve l s c f  c n d m i wn a nd c opp e r  B S  a re sul t  of  mot or 

v e hi cl e e mi s s i on s  a l ong ma J Gr m o t o rwa ys rnny al s o  ind i ca te a future 

sour ce o:C c un c t: rn f or· hw-nrm h� a l t h . Such pre sent-day l ev el s of 
tht: s e  ht; c vy mc t c. l s mn y n ot p o s e  o seri ous P.ol l u t i on p rob l e m ,  but r 1� 1n& 
i f  el e me nt a l  l evel s n re; s l l O'�v e d  t o  cunt inuel\ for  a very l ong p e ri od , 

i t  i s  n o t  d i f f i c u l t t c  envi P a g e  p ol l u t i on l e vel s a pp roa c hing the 

mag n i tud e  i n  oth 0 r  c oun t ri e s .  
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b l o od 8 nd u ri nv b y  � n od i c  s tripp i ng vol tamme t ry . Cl i n . 

_Ch� • .12 ( 1 ) 9 76-80 . 

E e e l e y ,  J . L . ; Di c k , D . ; i: rv i k , J . H . : Z i rnd0hl , H. . � . ; Skog e rb oe ,R.K. s 

1 97 2 . De t t.; rmi na ti on of l e ad i n  s oi l . �l . E:._E�c txos . 

26 , 456-Go . 

S e g a r , D. f . •  ; G onzal e z , J . G . : 1 972 . Eva l uR t i on of a t om i c ab s o rp t i on 

wi th a he a t ed g rn phi t e a t omi z e r  f or the d i r� c t  de t e rmi na t i on 

of t ra c e t ransi t i on m�tal s i n  s e a  wa te rs . ;: nal . Chim . ·' e ta • 

.2§., 7-1 4 . 

S ha ckl e t te , B . T . : 1 965 . El ement c ontent of b ry ophyte s .  U . S .  Ge ol . 

Su rv . Bul l . 1 1 98 -D , 1 -2 1 . 
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Sh<" ckl t:: t t e ,  rt . ':' . : 1 96 7 . C opp e r m o s s c:: s n s  i nd i c s t o rs of m cJ tu l  
c.: on c<.; ntr< l ti ons . U '.; . G e; ol .  burv, "lul±_ , 1 1 q8 - G 9  1 - 1 7 .  

Shn c l<.l <- t t o::.. ,  R . 'l·· . : 1 �: 7 2 . CEldi,i iUrd i n  .Jl b n t s  • .[: , �h; ol._, _1l£V . 

Bul l • .U.Ut:.fi!. , 1 - 27 . 
'-=.hci in , I .  : 1 962 . "�:!;:.�s:_r�_l:i� Ofl. �n l,y_t i cQl. ._,he i_J..i.S"fJ...Y1 1 � .!± ( I ) , 

K ol th o ff , .J . l:t . � .E.l v i ne � P . J . ( :=-:d s ) . I n t c:: rs c i ence (r-: . Y . ) . 
S i ng e r ,  ; ; , v . ; , :n n s on , L . : 1 969 . L e s d  n c cumul �·� ti cn in  s oi l s  ne n r  

l1 i g hw< t y s  i n  tht: ':';d n C i ty M c t ropol i tsn a re a . ? r oe . S oi l  

·�, c i . ,; .. _lj�£l. C R J2 ,  1 5 2-3 . 

8 l o vi n ,  . , . ; � !p r:.l g ut.. , c . : 1 ?.64 . The d e t c: rmi n<1 ti on of t rD c e In t:; t n l s 

i n  b l o od �mJ u ri nu by �-J tOilli C  a b s o rp t i on sp e c t r o s c opy . iu.\ . 
Ne w s l e t t e r � ,  1 -6 . 

Smi th � a . G . E z n Jna r 9  J . ; H e cke r , L .  : 1 9 70 , � t udy of l e ad l e vel s 

i n  e xperi me n t A l  R ni �n n l s • .:::nvi r on . ::-. c i . 'i'e c hn ol_ • .!± ( 4 )  333-8. 

Smi t h ,  1! .: . h . : 1 971 . L e ·1 d  c on tbm i n ·• t i  on of roa d si de  wh i t e p i ne . 

F o �s t ::._g_t . 11 9  1 95-8 . 

Spru gue , � . : PlAvi n ,  : 1 966 . •  : s i mpl e l!l t.. th ud f o r  t he a e te rmi n-

n t i OG of l u 1 0  1 n  b l  o ud·. 

S tn n t un , .. i. • .S. . : 1 966 . n _-{ap.i. d L�t i}od� .2.f �.2 rs:.<:-_� " · n:tly�i§ for Ge o­
c h� I!.:� _e: .J� ��1:.£�-�-�::.�� \ .. -!ls . " 1 st ed . , · rnol d 9  64 . 

1 9 73 . Zxp � ri m e nt � l  ora l  l e � d  t o xi c i ty of y oung d ogs . 
J� rch.iys:s S)f J.:2�.Q · .22 ( 2 L 1 06- 1 6 . 

S t ub b s , lL L . : 1 972 . S ou rc e s  of l <:;lld i n  th e envi ronme;nt . ( i n ) 
"L e ad i n  t r!.C..:. "�nvi r•unril t;n t .  " , Hq>r;l t:; s P . ( t; d ) , .. ". .DlJl i c d  Science 
Pu b l i sh e rs L td ( Eng ) 9 1 - 7 .  

Tokeu c hi , 'i' . ; 8u zuki , � . ; Yet nagi sawn , � . : 1 972 . T ra ce a na l y s i s by 
fl etrne l e  s f' rt t omi c- a b s orp t i on sp( '  c t r om e t ry . T�_l a n  t§_ 1.2 ( 4 ) , 

465-72 . 

Ta t sum o t o ,  � . ; Pa t t u rs on � C . C . : 1 963 . C on c e n t ra t i on s  of c omm on 

l e a d i n  s ome � · tl fin t i c and Me d i t e rr� neon wa t e rs a nd i n  

snow . :t-ra ture. _1._9_2 , 350- 2 . 

T e r  H e a r ,  G . L . ; D e d ol ph , a . R . : h ol t zmAnn , R . B . ; Lu ca s , H . F . : 1 969 . 

L e �·l d uptA ke b y  p �... re nni al rye; g ru s s  n nd rad i s he s  from a i r ,  
wn t e r  a nd s o i l  �ny.t:r?..U · �e s . g ( 4 ) � 267-71 . 



1 93 

T t:: r hs n r , C:. . "7... . : ·1 970 . J . i r  [l S  a s ource of l e r,<:) i n  t) d i ill c  c rop s . 

_:i:.nvi r on . 3 c L  '::'t.. c hn 9l... 4 ,  2 2 6-9 . 
Tc r Hto w r ,  G . � . • ; Jc.• yfl rd , 1i . , _:: . : 1 971 , C omp o s i t i on of a i rb.D Nle l.ead 

r w rt i c l c s , ,._�f.:..t.££�� 2.2_?_ 9 553 -4 . 
1 97 2 . 

C om p o s i t i on , s i ze <1 n c  c on trol of o u t om o t i vc e xhe u s t  !:I. ·  

J\ i r _?o+..l · C o.Q.:Lt2l . ) s s o c . 22  ( 1 L 39-46 ,  
T h omn s ,  H . V . ; l'l i l m o re � 3 . K . ; He i dbrc d e r , G . . .. . ; Kog <'m , .3 . ; � . : 1 967 • 

.Bl o od l e G d  of p e r s on s  l i vi n g  n e n r f re ewa ys . : rc hi ve s  

:Sny� . H e f-l l t h  _12 ,  6 9 5- 702 . 

T h om a s , c . ·'.: . ; Ri s i ng , J . L , ; ! W ore , J , K . 1 9 75 . Bl o oJ l e Rd c once n-

t rn t i ons i n  3 group s of d o g s f r om 3 sub u rb a n  I l l i n o i s 

c ommun i t y . !:I.· i�mer:- . Ve t .  ilil e d . /: s so c .  1.§1 ( 1 1 ) ,  995•9 . 
Th omp s on ,  C • .C . ; �.: : 1 kn g mvn , H , i': . : 1 960, D� t � rminc: t i  on of t ra c e s  of 

l � n d  i n  i gne o u s  ro cks , U S . Ge ol . f:1u rv� Bul l . 1 0 84-F .  

T i n kc: r ,  J .  : 1 971  • ?vi t: 8. s url n g  t he el eme n t s  i n  man , New S c ientist ----

. 21. 9  728-30 . 
T oll e s on ,  I( . : 1 974 . :;_, t= E,d t oxi c i t y- i n  , ng u s  C8 l ve s. �) uu th w�_s t �rg 

V� t . £1 ( 3 ) , 2 8�-3 . 
T omki n s , F . S . ; .t. r c ol i , 3 . : 1 967 , i. m od i fi ed K i n g  furna ce f o r  

cJ.b s orp t i on spc c t r o s c opy of st:� n l l  S Dl!ipl lj s . �- . . _Qli!_c s . 

6 ( c ) , 1 2 99 - 1 3o3 . 
T su c hi yCJ , E . ; �:.;ug l t 1l 9 I • . ; �)e; ki , Y . ; l·, ob < : y�. e h i , Y . ; H ori , lvl . ; 

Pn rk, Ch . B . : 1 9 75 . 2 t udy of l �;.:; A d  c on c; e n  t rn ti on i n  

a t m os p h c  r·e <"md p opul ··: t i on i n  J R pn n , ( i n ) t tznv i r onm ental 

-�� l i_t_,y 2.ll.cJ.. S<., f_c t,y_ - L e r1 d , "  C oul s t l'·n , F . ; Kor t e , F .  ( ed ) , 

� c o d emi c P re s s ,  95- 1 47 . 

U l f vars on ,  U . : 1 967 . :Ue t e rm i n 'tt i on of m u r c u ry i n  smal l quA n ti t i e s  

i n  b i ol og i c nw. t u ri :.-: 1 b y  rn od i fi t d  ph o t OHie t ri c -me rcury vap or . 

t. c t a . Ch.iJn. ..§£end . 2 1 , 61+1 -6 . 

U . S . Dep a rtme nt o f  Hen l t h ,  Ed u cnt i on Rnd 1Je l fn re : 1 965 ,  Survey of 

l e a d  in t h e  a tm o s phe re of t hr e e  u rb n n  c o�nuni t i e s . Pub l i c  
Hea l th Sc; r . Publ i c . 22.2.-J' P-1 2 . 

u . s . De pa r t m en t  of H�..." al t h ,  Edu ca ti on and ··Je l fa rc : 1 966 . Symposium 

on envi ronmen tal l efld c on tamina ti on . Publ i c  He§l t h  S e r , 

Publ i c . ibJd±Q . 
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Ve i l l on ,  c . ; Ivw rg c Rht: s , M . : 1 968 , ..; � tvnJiC-H b s urp ti on :1 nd '" t om i c­

f'l u arB-sc e n c e  s p e.c t r urne t ry wi t h  'l rad i o-f re qu �.- n cy pl [l sms 
t o:rx: h. fii:Je c trochi :; . •  �·; c t o , 2,l.:3 , 5 53-60 , 

Ve nghi a t t i s ,  .• . ' : . I' . • : 1 96 7 . I t (; c hn i q_ue f o r t h t:  d i rc; c t  ssmpl i ng of 

s ol i d s  \'J i t h ou t  Il ri or d i s r:: ol u ti on , i: , .': . Jil � ·:.r sl G t te r  6 ,  1 9- 2 0 . 

V i d nl e ,  G . L . : 1 961 . � c 8 surem e n t  of t hb vepor p rc P sure of a t . 

sp e c i e s  f r om s p �.- c t r oph o t omc t ri c meA su remen t s  of t he 

a b s or:p t i on of rt: s onC�n ce l i n e s , G£!! • • 1l (: c t . Ti s .  I<.epor t . 

Rt)0 9 � D3 3 0 . 

V i gl i an8 , ·-� . C . ; Z u rl o ,  !i , : 1 9 5 1 . :Cff� c t s  of B. : l , on t he mc t s b ol i sm 

of l e a d  8nd on thco symp t o-mA t ol ogy i n  l en d  i n t oxi c E� t i on .  

3 r .  � .  Ind . he d . Q ,  2 1 8-32 . 

V ol o si n ,  ��� . T . : Ku b 0 s i k ,  N . ? ,_ ; S i ne , n ,_ r:; , : 1 9 75 . U s e  of th e c a rb on 

rod a t omi Z <:; r  f or dnEl l y s i  s of 1 ea d i n  bl o od : t hre e me t h o d s  

c ompn r e d . Cl i n . C her� . £1 ( 1 3 ) , 1 9 8 6-7 . 
" 

r;a l d r on ,  l1 . . · . ; S t of.:m , D . : 1 9 74 . "Su b c l i ni c <:tl L e n d  Poi_§_un i l'l& , " 

J; c a d em i c Pr8 S S  U; . Y . ) , .J6 , 
, -h=t l s h ,  ; : . : 1 955 . � : p r l i l.�J t i on o f  E1 t omi c ab s orp t i on spe c t rE� t o  

c h e m i  c ::1l <' nn l y s i  s . Spt: c t r o cq_i ru . , ; c t o  . .  1 ,  1 08 -. 1 7 .  

r:al sh , 1 : . : 1 96<:: . ".?J..• o ct;;,_c_Q.1_qg_� o f  ths X t h  C ol l  oqu_i urn .2.!2 Spc c t r o s c opy  

I n t ·...: rnc. "l:.l dp-1_, 11 Ili l g �.:: r , 1 2 7 . 
-�· ·a rd , P . I . : 1 974�1 . "J..u ..; d  I ol l u L . un iQ t he; !-TE: i·i Z t:�l ctl}d .--"nv i r onn1 e Qt , "  

LSC t he s i s , � 'J 9 S S c;: J  U n i vc; rs i ty , 

Ha rd I'J , I . ; :aro o�s , ·:t . :2 . ; ::ic c; V t; S , . { . D . : 1 974b . Sffe c t  of l e n d  from 

m o t or- v e hi c l e t- XhEiu s t s  on t rc.: e s r-. l ong 8 mn j or t ho roughfa re 

i n  Pal m '-' r s t un f1 o r t h , Pc'vV Z c.: a l< md . I:nvi ron . Pol l u t .  6 ( 2 ) 9  

1 49-58 . 
··;a rd , N . I . ; Re e ve s ,  a . D . ; Bro ok s ,  3 . . n . • : 1 97 58 . L t.: a d  i n  s o i l  Rnd 

veg(; to t i on o l ong a Few Z ·-- n l :=md s t :� t e  Hi ghway wi t h  l ow 

t P8 ffi c v ol ume • .0nvi.£2U . � ol l u t . 9 ,  243 -5 1 . 

'�1a rd ,  · . r . ; B r o oks , R . R . ; R e e ve s , R . D . : 1 9 75b . L e a d  f r om mo t o r­

vehi c l e e xh s u s t s  i n  swe e t- c orn p l n n t s  ::1 nd s o i l s  H.l ong a 
hi g hwEiy i n  Hawkes Bny ,  New Z eal nnd . � Z . J .  S c i . 1 8 ,  2 6 1 - 7 . 
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;J"a rd , N . I . ; B r o oks , .:.1 . �.L ; :1-i.e e v� s ,  l"t . D . : 1 9 76 . C opp e r ,  cad mi wn , 

l e<:J d nnd zin c j_ n s vi l s ,  s t :t·G�-' tY! s e d ilile n t s , \ifa t.:; rs nnd 

n c1 tu x•al vt:: g t  tu t1 on c , r o und tne Tui L lne � i'e ;�r oh8. , Few 
Z e "' l o n  d • -�T Z • ;L . G c i .  1 9 , 8 1  - 9 . 

Wa rd , N . I . ; B r o ok s , � . R . ; Rob e r t s , � . 1 9 7 7a . L e a d  l e ve l s i n  wh ol e 

bl o od of N ev; Z e al 8 nd d cnw s ti c  an i ma l s . Bull . :::.nvi ron . 

C on t <l m , T o�i c ol . ..1§., ( 5 ) . 

Ward , � . I . ; B ro oks , � . R . ; Rob e rt s , B o s1,ve ll , C ,  . l . : 1 97 7b . 

H e a vy m e t a l  _p ol l u t L on f rom a u t O!iJ O ti ve emi s si on s  and i t s  

e ffb c t  Gn ros d s i d e  s o i l s and pa s tu re sp � c i c s i n  Pew 

Z e Rl c md . ·�nvi r on . .:_�:b_ . T�-�hnol . ( i n p re s s )  • 

VVa rd , i'T . I . ; B ro o k s , E . R . ; :::tob e rt s � :: . •  : 1 977 c . Si l ve r i n soi l s , 

s t r e<i in s ed i ment s , •.>a t e rs Rnd vege ta ti on n e a r  a. s il ve r  m i n e  

And tre� tmt: nt pl n n t  �-l t Me rc1 t ot o , New Z e Rl a nd . Envi r on . 

? oJ. ll} t .  ( i n p re s s ) . 

',Ya rren , H . V . ; Del �1 vn ul t , R • .  : � . : 1 95 0 . Gol d o.nd s i l ve r  c on t e n t  of 

s om e  t re:: t= s  � : nd h o rs e  t a i l s in B ri t i s h C ol umb i a . Bul l . 

Ge ol . S o c . c' ml: � . 6 1 ,  1 23 - 8 . 
'Va rren , h .  V . ; Del avfml t ,  H . �� . : 1 960 . Oo se rv . � t i on s  on t he b i oge o­

c h emi s t ry of l eb d  i n  C a n c1 d e . r::'rn.t.l..§. . �;_o:t__ . :::> o c . Canc::tda 

Se c . I I I  .51t. ,  1 1 - 20 . 

Wei s s b e rg , B . C . ; �od z i c ki , � .  : 1 9 70 . Ge o chemi s t ry of hyd ro- the rmal 

al t e r�; t i on and ori t, i n  of F ul p h i d e  mi nt: ra l i s s t i on a t  t he 

Tu i t. ! i n e , Tc ;·_ ruhc. , r e .v Z u' l ( l nd . FZ . !2_ . 8 c i . 1.2. ,  36- 60 . 

Wel l s ,  J . G . ; Se i d ne r , .rL :1 . : 1 965 . The spt: c t r o ch enli cal d e t e rmi na t i on 

of l e 3 d  i n  b l o od by th e re s i d u e  i;C . a r c  me t h od . De ve l . :ill2& · 

Spe c t r o s c . 2 , 333-42 . 

VJend t ,  .R . R . ; B'R s se l , V . � - . : 1 9 65 . I n d u c t i on - c oupl e d pl a sma 

spe c t rorn e t ri c  G xc i t n t i on s ou rc e . _ · nal . Qhem . il 9  920- 2 . 

We nd t , R . R . ; Fa s s e l 9 V . 1� . : 1 96 6 . ,'.. turni c Rb s or _p t i on s pE: c t r os c op y  

w i t h  i nd uc t i on - c oupl e d  pl a srn ns . �na l . C h��· � '  33 7-8 . 

Vie s t 9  T . 2 . ; ,_,-\ii l l i arn s 9  X . R .  : 1 969 . f' t orni c A b s orp ti on and fl u o re s c e n ce 

s p e c t r o s c opy vvi th a c a rb on f i l amen t  a t om re se rvoi r . ... "..nal . 

Chim . �� e t a  . .bQ, 27-41 . 
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-,�; e s te rl und -iie l w e rs urJ. , U . : 1 970 . De t c:. rmlna t i  on of l e a d  e nd cadmi wn 

i n  b l o oc by a m od i fi c fi t i un of the. .l18 s s e l  me t hod . 1: . 1'.. . 
Nc \l_§.:f:_g_ttc. r .2 ,  1 33 - 5 . 

1 -;hi t e ht. 6d 9  N . 1 .- . ; .:3 ro oks 5 .c� . i� . : 1 969 . 4 qua t i c o ry-o phy t e s  G S  

i n d i  c L  t o r s  c f  u ra n i um m i n e rol i z a ti  on . 'l' h� B r.t.Q.Lo�i st ll_, 

5 0 1 - 7 . 

'1vil dg o o s e. , J . �) . : 1 970 . L c o d  t oxi c i ty i n  d om e s t i c  pc t s . Fs·; .. :' . Ve t .  

Pr oc . ,  1 -4 . 

' '1i l l i am s , G . J . : 1 965 . " R c v E om i_s:_ G e ul O£.Y ot E�'i:£ Z •> �_l_and , "  J�u s t ral i an 

I n s t i t u t e  of M i n i ng a nd t � tall urgy ( Mel b ourne ) ,  95-8 . 

W i l l i am s ,  .� . -�· . : 1 973 . L e 8 d  p oi s on i ng i n  c a t tl e . S ou t hwe s t e rn Ve t .  

26 ( 4 ) , 304-5 . 

Wi l l i ams on , P . ; �va n s ,  P . R . : 1 972 . L e a d : L e vel s i n  roa d si de 

i n  ve r t e  b :L"n t e  s <md smal l ma mmal s . Bu l l . EQYi ron . C on t arn . 
T o�i c ol . 8 ( 5 ) , 28 0-8 . 

·�i l l i s , J . B . : 1 96 5 . N i t ro u s  oxi de - a c e tyl en e fl a me i n  a t omi c 

o b s orp t i un s.p L: c t r of c opy . E�:.lur·�- 207 , 71 5-6 . 

'Nill  oug hb y ,  -�L .· · . ; B r own , G . : 1 9 7 1  . i� orrn c:tl b l ood a nd m i l k  l e a d  

l e v el s  in h or se s . Cn n . �::,e t . J .  1.1, ,  1 65- 7 . 

Wi l l ou g hb y , d . � . ; Ua c Donal d � . ; M c� h e rry , B . J . : 1 9 7 2 . The i n te r­

a c t i on of t oxi c amoun t s  of l e ad e:1 nd z i n c  fed t o  y oung 

h or s e s . Ve t . rte c o�£ 21 ( 1 6 ) ,  3 8 2-3 . 

:·! i l s on ,  : . . _{ . ; L ewi s , G . : 1 963 . L e D d  p oi s un i ng i n  d og s . Ve t . 
He c ord ]2 ,  7 8 7-9 0 . 

'Vi n e f ordne r, J . _ , _  ; V i  cke r s ,  '? . J .  

ChQI!l· !d1_ ( j ) , 206 .. -t- 23 1 .=� . 

\,-_- i ne f ord ne i' , J . ' l . ; Vi cke rs ,  T . J . 

Ch erll . _hlt ( 5 ) , 1 50:�-1.- 1 8 2::1 . 

�vi ne fordn er , J . D . ; V i cke r s , T . J . 

C hem . � ( 5 ) , 1 92R- 227R . 

1 9 70 . Fl n me spe c t rorne t ry . ;�n al . 

1 972 . Fl r:.rne F;p e c t rome t ry . .:'mal . 

1 9 74 . Fl ame sp e c t rome t ry . h n a l . 

1iV o rl d  H eal t h  Organi sa ti on : 1 9 72a . Evalu8 t i  on of c e rta i n  f o od 

a d d i t i ve s  a nd t he c on t a m i n an t s  m e r cury 9 l ead a nd cadmium . 

T e ch . liep. 2Q2, 1 -3 2 . 

World H8al t h  O rgani s a  t i  on : 1 97 2b . "H e n l  th h a z a r& of the human 

envi r onmen t . " 'i ' . H . O . ( Ge n e va ) . 
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li;o od r i f f , ... -{ . ; R�lme l ow �  G . : 1 968 . ;: t omi c 8. b sor p t i on spt_;c t ro s c opy 

'h i t h  a hi p h- tem p e rR ture furn�t c e  • . �L�_c;.t r octJ:i_!J!. �: e ta . £23 
( 1 0 ) ' 665- 7 •1 . 

1'; o od ri ff , � . ; Ston�.:. 9 _;:( , · • : 1 9 68 , H o t- tu oe D t owi c a b s o rp t i on 

�·.J c  c tro cheui s t ry . =.:.DI2..+-' · • .l2.P.�Lc;:§. .z, 1 33 7-9 . 

W o od :ei f f ,  �i . ; ::3 t o n t: , lL , ,  ; he l d , .i ; . �· l . : 1 9 68 , Bl e c t r ot h �.:. rlllal 
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