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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 



(v) 

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 
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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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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 . 



( xxi ) 
After pag e . 

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 
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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) ' 



( xxiv ) 

After page . 

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 
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lu� - L£2!2.!J.l££).i:Q_� u_r!}_ £�-�-" n u��Wi!_ 
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