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ABSTRACT 

Section I: The optimum conditions for the 

determination of lead by atomi c absorp·tion spectro­
photometry were investigated. Using the analysis 

line 2170A0
, vegetation and soils could be analysed 

with satisfactory reproducibi lit~ Lead concentrations 

in solution were determined in some cases at levels 
ten-fold higher than normal environmental (background) 

levels . 
The productivity of various analytical tech­

niques used, in particular sample preparation, were 

shown to affect the analysis of lead in vegetation 

(leaves, barks , ring-cores) and soil samples . 

Section II: The effects of lead from motor-vehicle 
exhausts on trees growing along a busy thoroughfare 
in Palmerston North, New Zealand, were investigated. 

Analysis of tree samples (leaves, bark, trunk cores) 
and of soils , showed that the distribution of emitted 
lead was influenced by the directi on of the prevailing 
wind . Lead levels were higher on the sides of trees 

facing the traffic . Measurements of lead concentra­
tions in leaves , bark and soils , showed considerable 
accumulation in the vegetation at distances of about 

5m from the main traffic movement . 
An investigation was carried out to determine the 

seasonal variation in lead content of tree leaves and 

dust samples along the thoroughfare and in the 

Palmerston North Square . It was found that only a 
gradual seasonal increase in the lead content occurred 

in lea7es from the initial time of development to 

exfoliation. High lead levels in young leaves 
indicated a rapid accumulation of lead. A comparison 
of the lead content of hfha tman filter papers and of 

l eaves exposed to motor-vehicle exhausts , showed a 
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significant diff0ronce associated with the type of 

surface retention mechanism. Dust samples from th0 
Palmerston North Square showed no direct pattern of 

seasonal variation. 

Section III: The lead content of soil and 
vegetation along part of a State Highway passing 
through an uninhabited area of New Zealand was 

investigated . The region studiGd was 20 km from 
the n0arest town and was traversed by a single 

highway carrying an average of 1200 motor vehicles 

per day (1 973) . The topography was fairly flat , 
about 1000 m above sea level , and the light volcanic 

soil supported vegetation less than 1 min hei ght . 
Analysis of soil and vegetation samples showed 

that elevated levels of lead occurred within 100 m 
of the edge of the highway. Close to the highway 

the decrease of lead l evels in vegetation was approx­
imately exponential , with the excess over background 
levels being halved about every 10- 20 m. Accumulation 

of lead in soils, even within 10 m of the highway, 
was significant only down to a depth of 5 cm. It is 

estimated that the total amount of lead in excess of 
background soil values, contained within 250 m of the 
roadway and within 6 cm of the surface , represented a 

significant proportion of the total lend emitted by 
all vehicles that have traversed the highway since the 

introduction of lead tetra-alkyls into motor fuel . 

Seqtion IV: Lead concentrations in vegetation and 

soils were measured in the vicinity of the Tui Mine , 
Te Aroha , New Zealand . Lead levels in leaves of 
Beilschmiedia ~ reflected dispersion of wind-borne 
ma terial around an ore treatment plant. Vegetation 
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growing over an ore body show very high l ead concen­

tra tions accumulated by the root systems . Thi s mode 

of uptake could be easily differentiated from a ir-

borne deposition by the much lower proportion of the 
metal burden, which was r emovable by washing. Analysis 

of trunk core sections showed again a dissimilar pa ttern 
be tween air- borne deposition and accumulati on of l ead 
via the root system. With a ir-borne a ccumulation, 

trunk-cores showed a significant increase of l evels 
towards the outside of the trunk . When accumulated 

via the root system, l ead concentra tions were appre­
c i ably unifonn through the entire trunk. 

Section V: Sweet-com plants (husks, l eaves , stalks, 
kernels, cobs) and soils in the vicinity of a Hastings­

Napier highway were analysed f or l ead f a llout from 

motor vehicle exhausts . The distribution of lead was 
influenced by the direction of the prevailing wind and 
by traffic volume. Lead l evels in inedible parts of 

the plants (leaves , husks, stalks and cobs) were ten­
fold higher in plants near the roadway than in plants 
taken from background areas . Edible portions (kernels) 

were relatively low in l ead . Extraction studies showed 
that a considerable portion of the total lead burden 

was present as a superficial deposit removable by 

washing with water . The evidence f avoured air:..borne 
lea d r ather than soil- bor ne lea d as the main contrib­
utor to elevated levels of this e l ement in plant 
tissues . 
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In recent yeo.rs with the in8re2.scd concern about 

pollution of the en~riror..nent, no tro.., J elenent pollutant 
hns ueen st~died nore extensively than load . Tho 

discovery of increasing lend levels (Murozioni 0t a ;]., 
1969) in Greenl::md snow (20Ng. t-},120_pg. t-1and 

210 pg. t-1 between 1750, 1950 and 1965); the "survey 

of lend in the ntnosphere of three urban connunitics 11 

(U . S . H. E . W. , 1965) and the reported neRn blood lead 
level of a control group of Manchester children of 
0 . 31 ppn (rnnging fron 0 . 02 to 1 . 05 pp•) coopnred with 

tho lower nean blood lend poisoning level of 0 . 40 pp• 
(Gordon et al, 1967) has catalysed the exponential 

interest of lead concentrations in air, water, food , 
soil c.nd blood. 

Lead is n relatively ninor constituent of the 
earth' s crust, occurring a t levels of about 15 ppn 

(igneous roclcs) . In its no.turnl stnte , lend is found 
mainly ns galena (PoS) . The lend content of the oceanc 
is only about 0 . 001 ppm (as n Pb2+ ion) duo to 
scavenging by ocean scdincnts where it a ccumulates as 
thG sulphide or sulphntc . Fresh waters can have up 

to 0 . 02 ppn. 

Nnturo.l lead levels in soilo can rci..nge fror-1 1 to 
100 ppn depending on tho nnture of the substrate fro~ 

which tho soils arc fornGd. Vegetation (expressed on 
a dry-weight basis) avernges around 2- 3 ppn load 
(70 ppm on nn ash-weight bo.Gis) . The natur2.l level of 
lead in tho air is about 0. 8 pg. m- 3. 

With the continuing discharge of lead into the 

o.ir nnd water, the rate of increase of lead concentra­
tions in the environ.r:icnt ho.s accelerated. It is 
estioo.ted that about 180 , 000 tonnes of load nr e 
nobilised naturnlly ea ch year throughout the Vlorld 
as n r esult of weathering processes . In contrast to 
this there are two major sources of lead pollution. 
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Load ores ave r age nbout 2f-20% lead froo which 
a c oncentrnto ~veraging 609"'-80% is produced by a 
flotati on process . The concentrate is r oasted to 

remove sulphur and the lc~d is then soelted. Tho 
anount of l end discharged into the environnent froo 

srielters , riining a ctivities ~nd s i mila r industri es 

hns only in recent years been r ecognised QS a oaj or 
sourc e of pollution . 

The ':Jo rld ' s l ::i.r gcst base :rietal snel ter is sit­
uatcd a t Avonmouth, nenr Bristol, England. The ma j or 
invostignti ons of heavy not nl pollution froo this 

source (Abdullnh et a l , 1972; Burkitt et al, 1972; 
Butterworth et al, 1972 ; Little nnd Martin, 1972) 
have shown tho.t oeo.sur.:::i.bl e effects of l end pollution 
in soils extended t o a t least 10 km fron the smelter 

and tha t the pattern wo.s strongly linked with the 
prevaili ng wind direction . Gir:iila r l ead patt e rns i n 
tho loo.ves could be detected up t o nea rly 40 kn mmy 

froo the source . WashinG procedures renoved 85% of 
the lea d burden fro• oln l oaves , indica ting t he 
nir~bornenn ture of tho load polluti on . Pa rticle sizes 

cf rietnllurgic::-.1 dusts cmcl fur1cs fro• socl ters can 

r o.ngo fro• 0 . 001 t o 100 ,.u.r:i. . Other investigations near 
i ndustria l s~e:lters o..t Swansea, South Wales , nnd 
Cockle Cre ek , Newcastle , Austr alia (Goodnnn and Roberts, 

1971 ; Maynan , 1972) showed sioilnr elevo.t od lea d levels 
in soil and a ir s nmplos within dist.3.nces of 16 kn from 

the source . Such results showed clea rly that smelting 
works reprose..nt ~ potential source of very seri ous 

load poll uti on, although • uch :o.ore l oca lised than other 

s ources (motor-vehicle exhausts) . 

Le2.d pollution fror.i :o.i ning activities has been 
stu died t oo lesser degr ee than f or snelter s . Several 
investi gati ons on soi ls, grnss , vegetables and drin..l-cing 

water fron lend- r ich environm.ents , (Crudgington et al, 
1 970; Chisnc:11 and J\forklnnd, 1 971 ; Markland and 
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Vall W1ce , 1971; P::.i,go §t al , 1971i Brooks, 1972) 
showed l end l evels of up to 2-5 ppr.:i (drinking water), 

250-6680 ppm (soil), 4 ppn (vegetnbles) 2nd 200 ppn 
(grass ~ dry-weight bns j_s) . Such nining nctivities do not 

directly nppenr to present such n l arge problem us other 
sources of l ead pollution duo to the absence of a gasoc1.1s 

component anc.1 operations r es tricted · to n.reas well mmy 

from popula tion centres . However, dust fron opencast 
operntions and ore troatnent plnnts could scatter lnrge 

amounts of lend from tho mining a rea , presenting a 
pollution problen . 

ErJ.ission from notor- vehicle exhausts is by f ar the 
most serious source of l ead pollution . 

Antiknock lead alkyls in the fom of tetra ethyl 

l eo.d. ('rEL) a nd te t r a methyl lea d ( TML) a re a dded t o 

petroleum spirit i n the range of 2-4 g of TEL per 

gallon . Tu.ring driving , 25% to 75% of this lead is 
eoittod into the an~ospherc dependi ng on drivi ng con­
dj_tions . Although nost of this lea d is ultimately 

deposited on tho ground , the environnental air can often 
contai n appreciable amounts of this pollutant . Cities 

like Los A11geles ha ve et lec.d va lue of ctbout 5 ,ug . m-3 

(Hal l, 1972) although le~d levels of 71 . 3µ.g . o- 3 have 

been recorded during peak traffic periods on Los .Angeles 
freeways (U . S. H. E.W. , 1966 ) . About 80 %of part i culnte 

lea d (Habi~Ji , 1970) (the r.:J.ain fom), from petrol combu s­

t i on is les s than 0 . 9 ll in nean diameter (Robi nson et a l 1- - _, 

1967) . Therefore , lend eoitted from motor--vehicle 
exhausts is particula rly suited for retenti on by 

biological coI:J.ponents (leaves , barks, etc . ) and hunan 

tissues (lungs) . 

Load pol lution of the atnosphere, soils and 
vegetati on along major highways as a result of ootor­

vohicle exhaust GI'li ssions (Warren and Delavnult , 1960; 

Cannon and Bowles , 1962; Atkins , 1969; Singer and 
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Hnnson, 1969; Chow, 1970;. Smith , 1971\ showed 
distributions that wore influenced by tho wind 

direction and by general trn.ffic novenent p~tton1s 

along the highwo.y . The effect of lend pollut i on 
reduced rapidly within~ rolo.tively short distance of 
ce.jor highways . 

The overwhelming contribution of lon.<1 ['..1.kyl 

pollutnnts enitted ns noter-vehicle exh2ust enissions 
into tho onviron.':lent j_s reflected in tho nnnual consunp­
tion of tetra ethyl leo.d in such countries as the 
United States (1 81,000 tonnes in 1968) and in the 

United Kingdom, where the aoount of lead used in the 
manufacture of petr ol additives incronsed by 11.9% 
in the first 10 nonths of 1972 over the nnount used in 
1971 (Ch01v , 1973) . Tho nost insidious effect of this 
fom of l ead pollution i s the gene r al raising of the 

load threshold in the a tr.1ospherc e.s a whole throughout 
the World. 

Tho only other sources of l oad pollution worthy of 
ne;ntioning a r e the r elenso of soluble leo.d from glazed 

earthenw2.r e surfaces ( Gilfillo..n, 1965; Klein et al, 1 970) 
into the liquids contn.inod in tho vessel and load 
poisoning, particularly in children, fron lend in 

paint pigoents (Copeland, 1971 ) . Such sources play 

only a ninor role in tho additi on of lead to the 
envirom:ient conpn.rod with those nlready • ontionod. 

It is clear that Man's effort s have seriously 
upset the naturnl cycle of lead in the environnont 
as shown in Fig. O. I. 

With the continuing discharge of lend coopounds 

into the environment , serious considorn.tion has been 

given to the effect of present load levels in Man which 
a r e c~oser to tho threshold of potenti al clinical 
poisoning than those for o.ny other toxic cho• ical 
pollutant . (Bryce-Snith, 1971 a, b. ) 



Fig. O. I. Cycle of l oc,d in tho environnent . 

1. Contaninati on of wa t er by l ead pi pos . 
2 . Contnninntod wnter drunk by hur.:tans . 

3. Lend ent ers water vi:J. wonthering processes . 

4. Mining operations. 

5. LeQd sneltoring producos pi g leQd . 

6 . Uptake of leo.d pl nnts vin root systons . 
7. Snel t or fUTi es polluto 8ir. 

8 . Contno.inatod plcmt food co.ten by huo.o.ns . 

9. Polluted nir, depos i ts lend on vegetation. 
10. Leaded petrol pollutes nir via o.o t or-vohicle 

exhausts . 

11. ContElnina t od vegetables ont en by f ood aninals . 

12. Food nninal s eaten by hur.:tnns . 

13. Children ingest l oad f r on paint flakes . 
14 . Lead glazes contnmina t es foodstuffs oaten by 

hunans . 
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Inorgruiic load (Pb2+) is CL general netnbolic 

pois en uncl cnzync inlii bi tor. Young c11ildren c:.rc 

pnrticularly a:t'fccted and c::n r.mffer oontal reto.rd­

nti on nncl se• i-pemo..ncnt braj_n dn~nge ( Vigliann and 
Zurlo , 1951; Hn.rrison ct 0~, 1969; C2.tton 0t al, 1970) . 

The r:iost insidious effect of inorganic lend is its 

ability to repl~cc calciun in bones nnd r ennin there 
to forn o. sooi- pc1nnnont reservoir for long-tom 

r clco.s c long after the initial etbsorpt i on. 
Organic loc..d as TEL or l1r•TL is even noro poisonous 

than inorganic lend. Le~d no the triethyl-lcn.d ion 
(i!:t _3Pb+) f or.wed in the liver fron TEL h'ls a special 

affinity for lipoi d and nerve tissue , especially in the 
brnin nt grenter concentrc.tions ( Brycc-Sni th, 1 971 n) . 

As o.. result , the onrlicst syr:iptor.1s of lend poisoning 
fron this source are poychicnl, such ~s exciteQont, 

depr ession and irritability (Hunter, 1969) . 

Average blood levolo in adults r'"'.ngo fron 0 . 2 t o 

0 . 8 ppY.1 load. Many investig'.ltions hn.vc ohown blood 
levels exceeding these values in suburbnn C1..nd large 
city coaauni ties such o.s Mcmchestor ( Gordon _et al, 1 967, ) 

ana. Philadelphia (Ludwig .9.~ Al,, 1965) . Other Y.1ethods of 
evaluating lead poisoning other them blood ::.ro· by usin_g 

h.'."'..ir or 'uri-'1e c·"i1ples (Kopito .<Lt nl, 1967; Kehoe , 1969) . 

Sooe cases of Y.1ild lend poiconing can be treated by 
11 cl.elation 11 using ethylonodia.ni no totrn acetate (EDT.A). 
Unfortunately, this procedure docs not cure pemrment 
brain dm.i:::i.gc which nay hnve occurred. 

As Q result of tho evidence given on environI11ental 
lead pollution and the necessity for 8eri ous consider­

ntion of tho ir.modinto future when such high lend l evels 
are found in other c ountricG, it was considered necessary 

to dotoroino the extent of lend pollution in tho Hew 

Zealand environnent . i,.s f'l..r c.s is known, no invost­
igati ono of this nature have previously been cnrried 
out in New Zealand. 
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Lend .J.S nn onviron:~unto.l pollutc..nt in Hew Zen.land 

is c.,ssocio.ted no.inly 1-ri th n ining opcrntions o.ncl o.s 

notor-vohicle 0xhaus·~ (,!J.:.L..., .. , ~'-'i.1...,. 

Luo.cl wns first ninecl in the Corono.ndc l region 

of New Zealand nenr Tc 1~oh0. in 1884 1vi th et view to 

supplying flux for srwl tine the: "\faiorongooo..j_ ores , 

but a.s the ore Wt' .. s found t() contt:1.in not only le:::.d but 

nlso zinc, it wo..s unsui t ....... blc for this purpose . In 1897 

the o.ren was t n,kon over by the Tui Conp2ny 0.S n base-­

• ct21 proposition. There ~re two reefs knmm as 

Clwopion nr,.cl R':':.ukn.k.1. . .An c..-✓cl'D.gc o.ssay of the pri • nry 

oro (Willia.os, 1965) showocl levels of 7. 01 % l ead, 

1 6 . 68 % zinc nnd 0 . 6 2 % c oppc ::c. F .ron ·1 964 the Tui 1'ine 

wns under the • r-magonent of the Norpo..c Mining Conpany. 

Until 1974 (when t:!.10 nine W8.S closed), ere fro• the tuo 

lodes was bej_ng nined. nt the r2.tc of 120 t onnes per day 

(\'!odzicki n.nd 1foissberg~ 1 970 a ). Geologicnl investi­

gations (Henderson o..nc1 ~rtru.n , 1 91 3; Cochrane , 1 969; 

Weissberg o.nd Woclzicki, 1 970 b) ha.ve shmm that the 

metallic l ode body is baDic['..lly qu2.rt:.:. --pyri te, sphalerito , 

cholcopyr:i.i te and gC1.len~. Qu:-:-.rtz is the no.in gnnguc 
no.teri nl . 

The base-• etnl ore • incc1 :i.n tho t·,rc, J.odes · Y7'J.S 

crushed prior to sepo.ro..tion p:i.•ococ1uros. The duot 

fror_'l such opera.tionc pl'csonts a. serious problen of 

le?, d dispersion within tho ir.17odit:1.te onvirom:ient 

co• posed of forest (ln:rgo Bej_l::.,cJ1.r:1ied:i_c. tnwa trees) 

nnd o.. dense thicket of m1.c.lercto:.~ey etnd secondary growth 

species such a s, JL~J..l.9x11l§ . _-,_~·_1i__fj._Q£9;~ , nc_gy_cnry~ a rbo~1, 

Bro.chyglotti§ repnndCl. nnd Schefflern .s:l\gij,atn . 

1-m n.orinl view of the 1\J_i :l ine, To Aroha, is shown 

in Plrute 0 . I. Reference positions arc shown in Fig. IV.1. 

1',ollowj_ng the crushing procedure the b::i.se~neta.l 

ores we re c oncentrated by a flotation process into 

copper nncl lead--zinc concentrates. These concentro.tes 

were then oxportod for sr.wl ting since no such industry 



Plate O. I Ae r ial view of the Tui Mine, Te Aroha 
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hci,s be en establis hed in New Zcnl and . Tlrn f l ot a tion 

pr oces s used nay a l so prosent a najor sour ce of 

environnenta l di spersion by 102d in tho fon.'1 of 

solubl e l end in the water. 

In contrast t on study of l ead l eve l s in s oils 
an d vege t o.ti on o.s n r esult of t he a ir-borne exposu r e 

fron tho Tui Mine or o- trentncnt pl o.nt , experinents 

wore pr oposed. t o de t en-:ii nc the l eo.d upt olrn cmd 

El CCUf:J.Ul~1 ti on i n vegGto.. t i on (]. t o.wo, ) gr owi ng ovGr 

a bnse- ne t nl doposi t at ~CG Aroh2 , ( t ho Ro.uko.kn Lode ) . 

Sinil2.r investigat i ons hnve shown l end vnl ues of up 

t o 1 % in the wood ns h of ]? . t ~ (Nic ol c.,s o.nd Brooks , 

1969 ) . The r esults of t hose i nvos t igntions n r e 

r eport ed i n Secti on IV. 

I n view of t he seri ou s nci.turo of noto r-vohi cle 
exhnust er.:1i ss i ons as n na j or sou r c e of l e!1d pollut i on, 

three r egi ons i n New Zonln.nd wo r 0 c ons i de red fo r s tudy 

of l encl l evel s Qnd dis t ribution off ec to in the New 
Zealand onvironnent. 

Although PC'.. l r:1e r s t on 1Jort h 1 s (popul a tion 54 ,300 ) 
main thor ou ghfa r es hcwc not yet r enched the l evel s of 

traff i c dens ity f ound i n r.;wt r opoli t nn nr cns in s one 
pa rts of the world, i t i s cons i de r ed that a no. i n 
thor ou ghfnr e , 1'1 i t zhe r bert Avenu e ( s hown in Plate O. II) 

hnvi ng a traff i c fl ow of 11, 500 vehicles pe r day , should 

give a typica l r ep r esentation of l oad l evel s fror:1 

mo t or-vehicle exhaust eni ss i ons of any r:in j or IJew 
Zealand city. Thi s s i t e is p;-i.rticul -2rly suita ble f or 

such studi es duo t o~ the r egul o. r pos i t i on of trees 

a l ong ench s i de of the thoroughf a r e nt di stQnces of 
2- 5 B from t he cni t tod 1CQL1 leaving the no to r -vehicle; 
the rcla.ti vely cons trmt t r a f f i c fl ow, a.nd n cha r a ctor ­

i stic preva iling wind direc t i on . 

With the r npi d i ncrc~so in t ho nur1bc r of notor­

vehicles in Pal I:i.e r s t on North in r ecent yenrs, the 
pnttern of annunlly-cnittod lead Qny be ost i no. t ed 



Plate O.II Fitzherbe rt Avenue, Palme rston North 
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by tho l end levels in troo trunk- core sections . 

Sinilo.r invostig:;.tions wore propnr cd to doternino the 
soo..sonnl va riation in lec..d content for VOGotation and 

dust sc .. L1ples ':.long tho thoroughfare c:.nd. in tho 
Pal.rJe r ston North Squ::.ro. Tho results of these invest­

i gati ons o..ro ropoTtod in Section II . 
Fewer studios h2.vo been cnrrio<.1 out in r egions of 

l ow traffic density. Tho other two regions investignted 
in New Zenlnnd wore a.long n Sto.to highway situnt ed in 
the centr e of tho North Island (ns shown in Plato 0. III) 
having n :!'.'cl a tivoly low trQffic vol UTI.o of 1200 vehicles 

per clo.y (results reported in Section III), and n highway 
situnted noc..r T.'.:1.rndc.le , IInwkes fuy , which connects 

Hastings (populntion 31 , 500) nnd Nnpior (population 42 , 900) 
hnving n dnily traffic voluno of about 6, 000 vehicles . 

It was proposocl that the latter i nvost i gnti on 
could clc tenninc tho pnttorns of lec..d concentrations of 

sweet-com under New Zoalcmd conditions o.nd be a ble t o 
exanino the eff ect of various f actors such ns traffic 
density and the direction of the prevai ling wind u pon the 

l ead levels within the plnnt . Tho results of these 
investi gations o.re reported in Secti o1.1. V. 

In conclusion, tho no.in outlines of this work 
can be suru::iarised as follous: 

1 . To deve l op s ensitive o..nd reproducible 

procedur es for the dotcminntion of lend in vegetation 
and soils; and i nvostignte the analytical techni ques 
of so..mplo prepo.rntion. 

2. To investigate the distribution nncl 
nccur.mlntion of lend in soils nncl vogetnti on i n t:t.0 

vicinity of the '.I.'Ui Mine or o- trentoent plnnt (nir.:..borne 
lend pollut i on ) o.nd in vegetation growing over o. 

base- net al deposit, tho J.huknkn Locle ( soil:-berno lend 
pollution) 7 coapnr od with nnturnl lend levels fron 
"backgr ound" o.reus . 



Pl ate O. III National State Highway No . 1 , cen tral 

rev i on , North Island 
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3. To invcstigQt e the leGd content of s oils and 
t r ee vogetc..tion bordering c-, n~in thoroughfr~re in 

Palncrston North, lfoF ZCJC'..lrmcl , nnd to show tho 
influence on distribution b" the wj_nd dirGction nnd 
general trnffic n~vonont pctterns nlong the thorough­

f c~r e . Tho effects of so'1.sonc.l vnri n tj_on in l ead 
c0ntont in vcgetntion c..ncl dust snnples wore c:!.lso 

investigc,ted . 
4 . To study tho distri bution nnc nccu.r:i.ulntion 

of l end dischc.r gcc: from notor - vohj_cle exhnusts along 

n New Zealand Sto..to Hi ghwny in nn a.re.'."'. of low trnffic 
density and det omino lend levels in predominant pl~nt 

species nnd in p~rticulnr soils. 
5. To detomine the l evels of lead contanina tion 

of sweet- com and consider whether tho no.in s ource is 

f r on air - borne ei:1i ssions fron noter-vehicle exhausts 
or obtnined directly vin tho r oot systen. It wa s nlso 

hoped t o oxanino the extent of contnninntion within the 
pl ant as :1 function of such factors as wind direction 

o.nd distance fron the hi ghwn.y . 



8T.'0'l1 ICHT I 

ANAI,YTICAL rrrHJTHOD~ 
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Ho IN'rRODJCTION 
Ji. li ter8-ture survey of th~ analytj_cal techniques 

in use for the de t ennina-Lion of lead i;:1 chemical and 

biological systems showed that only colori met ry and 

especially atomic absorption spectrophotometry had 

any likelihood of fulfilling the requirement s of speed, 

sensitivit y and reproducibility . 

The main colorimetric method u sed for the deter­

minati on of lead i s based on a dithizone extr action 
(Stanton , 1966). Di thizone i s a r eagent of adequate 

sensitivity and , provided that certain compl Gxing 

agents a r e pre sent, is of reasonabl e selectivity. 

Solutions of lead dithizonate i n carbon tetrachlori de 

have a maximum a bsorption at a wavelength of 520 nm ri,nd 

obey the Beer-Lambert Law up to about 3 ppm Pb. 

However, if the steps i nvolving the buffering of the 

solution to pH 9 for the subsequ ent extracti on of lead 

are not carried out as r apidly as possible , samples 

conta ining s i gnificant amounts of calcium and phosphat e 
( e s pecially silicate rock and soil samples) may give 

some precipi tation of calciQ~ phosphate tha t may occlude 

lead and cause l ow recovery va l ues . ::.'he main disa dvan­

tage of the dithizone technique is that it is a non-­

specif ic extraction procedure which permit s the 

determination of a number of trace elements in a sampl e 

with a single separation . In parti cular, t h e pres ence 
of copper, j_ron an d zinc ( Thompson and Nakagawa, 1 960 ), 

which although don't r eac t with dithi zone in ammonical 

citrate medium a t a pH value gr eater than 8.5 when 

cyanide i s pr esent, (whereas l ead dithizonate i s readily 

formed), give coloured compounds which inhibit the 
abs orption value of the lead complex . 

The development of atomic absorption spectra 

photometry has pr ovnd t o be an eminently suitable method 

for lea d, especially due to the rapid de t ermination of 

low concentrations of the metal . The use of atomic 
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a bsorption t:echniques i s discuss ed in the next part 

o f this secti on . 

The superiority of atomic 8bsorption a}ectro 

photometry over classical wet analytical me thods is 

shown in such advantages as ~ 

(i) prior chemical separ at i on of constituents 

i s not required with prepara tion limited to pl a cing the 

sample in solution . 

(ii) high degree of repr oduc ibility. 

(iii) versatili ty , i s illustrate d by the ability 

to de t ermine between 60 and 70 me t allic elements, in 
concentra tions that r ange from trace t o macroquantities . 

(iv) the elimi nat i on of chemical separations 

of constituents allows for rapi d analys i s . 

Finally, attention should be dravrr1 t o Flameless 

Atomisa tion using the ca rbon rod atomiser as an 

a ccessory to the AA5 (Varian Techron) spectrophotometer. 

The development of the carbon rod atomiser has greatly 

facilitated the speedy analys is of blood and low metal 
content samples. Some of the advantages compared with 

conventional flame anal ysis are: 

(i) lowe r detection limits 

(ii) higher s ensitivity 
(iii) minimized sampl e handling 

(iv) f urther increases in sensitivity and decreases 
in detection limit by prec oncentra tion of the sample on 
the rod 

(v) pri or chemical pretr e a,tment of the s ample is 
minimized . The sample can be ashed on the rod in s e conds 

(vi) much smaller samples a r e required 
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1 • Re-;iew 0f tecim:(qucs 

In recent yoarR tb t~ incrcasod in to ::.·-:::st in environ·· 

mental lea d pollution hG.s stimulated tho use of atomic 

absorpti on -•prie, trcphot ornet r ;i,- . Tcchn.iques for detennin· · 

ing the 1e-.rels of lead in v.::..rring aamrl e types are well 

documented for· blood and Tr::~r. , ( 1h1llis, 1 962 ; Berman, 

1 964; Reynolds lli"lcl Aldcur:, 1 970 ) " m,:3tals and. alloys 

(Elwell and Gidley, 1 S6 1 ; T':i.g,"r~11. 5:)t. _n)._1 i 966), gasoline 

(Robi.nson, 1961; Trent , 1 ~6'.:5; Vilson 5 1966) , worn 

lubricating oil (:i:3urroir~3 and H~e1·dt, 1965 ~ Means and 

Ratcliff , 1965), cJ.ectroplatirig solutioP_,:, (Shafto , 1964), 

wi.nes ( Zeema n anct But:i.c:r, 1 9G2) u.nd hair (Nolle r and 

Smythe, 1 972). 

The development of s1..Ji::h atomie; ali,Jo:c-ption technique 

is shown in the ,rarious n.pplic<:1.tion.::, of such methods fox­

the detcn:ninat:i_on of' l'3ac. cor.ccmi:ratio::1a in blood and 

urine ( Rose and 1!illclon , 1 9"i1 · Norval 011d Butler, 1 972) , 

metals and alloys ( Tcukah,.n-a c..:.YJ.d Yamamoto~ 1 972), 
gasoline a:1d prtroleun m;'te:cic.."c.s (O~r.pbcl.L e.nd Palmer, 

1 972) and wv..ter :;:£':.'.:luont t1Lmpl1.>::: ( Sp:rae,uc and Slavin, 1 96-r :· 

Biechler, 1965· G...1llC' 1 ')'7i ·,_ 

The princip::1.1 i~k)rcnt z ·own. in .~t ,Jmic absor p tion 

ii. t~1) pas·i; 5 yt)~?.'G has been centred 

around the determ.inati.oD 01· lc-1.cl :i.:1 :::.,,,1c}1 m~t e rials as 

blood, water~ soil, n i1' ,.-r,1d vcge;tatj_on. Natural lead 

concentrations in ·i;hc envi :.~rh1.r ... ent have 'been estir:1ated 

using techniques (vle dcpoill. 1 ·j 956 ) 1-1hich ~ivc in accurate 

detail the distribution of la~G i n a ~ar~ety of rocks 

and minerals . 

Lead concent1•a tj 0~1s in soil h a.vo "Jee~1 :i_nvestigatec.1 

with many t echniques ( Swai110 and l"ii tchcll, 1960; 

Chow, 1970; notto .e.J -~-1, 1970; Langervmrf't and Specht, 

1970). The various methods differ mainly in the choice 

of sample decomposition ( 'Jt:.:~1 t on ~ I 966) and solution 

mediums used for analysis. ( These uilJ. br_; discussed 
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in more detail in Part C, Section I . ) 

Simi larly , the determination of lead concen­
tr~tions in vegetation hRve been subj ected to many 
techniques ( ··Varren and Delavaul t, 1962; Chow and 

Johnstone , 1965; ·rer Haar , 1970 ; . Schuck and Locke , 
1970; Cannon and Anderson , 1971) , mainly depending 
upon the type of digestion procedure . 

2 . Apparatus 
Exper i ments were carried out on a Varian 

Techtron AA5 Atomic Absor ption Spectrophotometer 

with an air- C2H2 fl ame and Varian Techtron holl ow 
c athode l amps . 

The fuel/oxidant mixture of acetyl ene/air is 
successful for le0d whi ch does form highly r ef ractory 

oxides . This fl ame a lso gives an approximate 

t emper ature of 2450°K which is important in the 
production of f ree Pb2+ atoms 8nd r educes the 
chemical effects of rRdica ls and other substances 
present in the fl ame . 

3. Preparation of standards 

A stock solution was prepared which cont a i ned 
1000 ppm of lead , from which working standards 

wer e prepared freshly for each dsy ' s analysis by 
successive dilutions to give standards of 100 , 
10 , 5 , 4 , 2 , 1 ppm . 

All potential sources of contamination of the 

standard solutions were examined . All containers 
and equipment wore thoroughly c l eaned ~nd solutions 
wer e stor ed in polypropylene bottles . 

4 . Preparation of samples 

( u ) Soil s amples 
All 30il samples were dried for three days (at 

60°C) and sieved ( - 60 mesh) . Samples of s oil (0 . 1 g ) 

were digested with 10 cm3 volumes of a 1 ; 1 mi xture of 

concentrated nitri c acid and hydrofluoric acid , and 
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taken to dryness in pol~rpropylcnc beal{ers suspended in 

a water bath. The residues Here redissolved in 5 cm3 

of 2M hydrochloric acid prepared from tho redistilled 

reagent . 
(b) Plant and wood (bark and. ring-core) s_amples 

All bark, leaf s2.mples nnd trunk- cores were oven­

dried at 105°c, ignited at 450°c in a muffle- furnace and 

the ash was dissolved in 21'[ hydrochloric acid in the 
7. 

ratio of . 05 g of ash to 5 cm~ of acid. 

5. Detection limits 

(a) Investi_g§_t,ion of.analysis line 
The most sensitive lead lines are shown in Table I.1 , 

with thei r r el a tive signal intensity, sensitivity and 

recommended spectral band width (SBW) . 
All sampl e determinations for lead were measured 

0 
usi ng the most sensitive line 2170 . 0 A, due to its 
high operational sensitivity. 

(b) Sensitivity and detection values 
The sensitivity for lead is measured in terms of 

the concentration giving 1 7; absorbance . 

The most sensitive signal i s obt'3.inod with the 
0 

resonancr.: line 2170 . O ii. which has a sensitivity of 

0 .1 6 ppm. 

Phe l imits of detection for this study, in general, 
are not important, for the samples investigat ed haye 

lead concentrations in solution which nre 10- fold 
higher than normal environmental (background) values . 

(c) Intarferences 
There are r elatively few interferences in an air­

acetylene flame for lend . , fugnall and West; (1964) made 

an extensive study of interferences from cations in a 

1,000-fold excess over lead; (Ag, Ba, Be , Bi , Cd , Ce , 

Co, Cr, Cu, Fe , Hg, K, La, Li , Mg, Mn, Na, Ni , Sn, Sr) , 
and concluded that there ims no appreciable interference , 

although 10, 000 ppm of iron enhanced 5 ppm of lead by 
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Table I . 1 

Lead .Analysi s Lines 

1'lavelength Sensi tjyjty Relative RecoIIl!Tl.ended SBW 
0 
i1 .Jm!l! Sensitivity* A 

2170. 0 0. 16 1 • 00 9. 9 
2833. O 0. 33 2. 05 3. 3 
261 4 . 1 5. 8 36 3. 3 
2022 . 0 8. 1 50. 5 3. 3 
2053. 2 55 344 3. 3 

* measured relative t o the 2170. 0 A line 
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35%. At the high concentrations encountered in my wo1~k? 

interference effects are nGgligible . 

The effects of sca tter by incident light being 

deflected without being absorbed with the resulting 

spurious incrense in the absorpt ion signal, was 
detected by using the continuous spectrum of a hydrogen 

lamp at the same wavelength as the absorbj_nG line 
. 0 

( 21 70. 0 A). .1-".ny reading under those conditions was 

spuri ous abso rbance and was subtracted directly from 

the absorbanco of the lead lino . 

6 . Reproducibility 

(a ) ~~ 

Table I . 2 shows the results of replicate analysis 

of Te Aroha soils, National State Hi ghway No . 1 plant 
(leaves and twig) samples and background samples . 

The reproducibility of all sample analysis in this 

thesis is satisfactory? being less than 5'.1; above 30 ppm . 

Multiple analysis of each sample a llowed a more 
accurate determination but decreased the speed of analysis. 

(b) Standards 

The variation in standard calibrri tion curves was 
observed to be very slight as long as stock solutions 
were prepared· fre·sh each day. 

Solution ppm values wero dependent upon the a ccuracy 

and reproducibility of analysis solution volumes . An 
7 

accuracy to within + O. 3 cm..J in measuring volumes 
int r oduces an avE;rage variation of about 6 % for most 

vegetation and soil samples . Such levels give a reason­
able indication of a sntisfnctory reproducible technique. 
Values of ± O. 05 cm3 in meam.,,_ ring 1 cm 3 solutions for 
ring-core ash for analysis introd1~ces a n ave rage 

variation of about 5%. 
In conclusion, the propnration of standards and 

solutions for the determination of lead is at a level 

of satisfactory reproducibility provided solutions 



Tabl e I . 2 
Repr oducibility of Te ArohQ and 

Hati onal State Hi ghway No .1 samples 

Sample 

Plant l oaves* 

Hebe odor n 

Number of fta= 
Detmnmatims ··GiP!!U.± 

20 3LW-350 
Cassina vauvilliersii 20 450- 469 

Plnnt background* 
H. odor a 20 80 . 0- 82 . 5 
.Q.... YalJJZ:j J J :i er:sj j 20 87 . 5-92 . 5 . 
Pl ant twigs 

H. odora 1G 482- 495 
Q.,, . vauvilliQr~ii H 3 440- 466 

Soil {Te Ar ol1'11 20 250- 270 

Soil background 20 38 . 5- 40 

* plant lenf samples unwashed 

± leaf/twig sampl es ppm ash weight 
soil ppm dry weight 

LIBRARY 
MAS:_. l!NIV'.::~SITY 

344 
458 

81 • 25 
90 

488 
457 

262 

39. 6 

19 

3. 9 
4- 5 

2. 1 
2. 3 

2 . 9 
2. 0 

2. 2 

1. 8 
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a r e fresh and prepa r ed with close ut t ontion to 

m0asuring o.nalysis volmncs . 

7. Instrumenta l 01Jorci. t i!l[L conditions 
Table I . 3 gives the operating conditions used . 

8 . Conclusion 

The methods descri bod for ano.1y,sis us i ng 8-n Atomic 
Absorpt i on Spectrophotomet er were very suitabl e for all 

dGtcrminations, giving good SGnsitivity and r ep roducible 

so,mple vnlues . Varia tj_ons duo to vnri ous paramet er s 

involving the pr8parat ion of s amplos, gives the major 

vnriabili ty of the da t a . An inves tigation j_nto these 

pa r ameters i s descri bed in tho next secti on . 
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T8.ble 1 . 3 

Spectrographic Operating Conditions 

Fill gas 

Window 

Opera ting current 

Stri1';:e vol tngo 

Opera ting voltage 

Spectral bandwidth ( S3W) 

Sensitivity 

Analysis line 

Flame stoichiometry 

Neon 

Quartz 

6 mA 

290 V 

200 V 
0 

9. 9 A 

0 .1 6 (a ir-C2H2 flafle) 
0 

2170 . 0 A 

oxidizing 



C. DEV.8LOIMEN'r 0.!.i' AN .iu.,Y'rl CAL TBCrTI\fl rNES 

1 . Introduction 
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Tho various stQgos in tho preparation of sampl es for 

Qnalysis in particular the total lo~d content of the 

snmple, fall into four c~tegories : preliminary treat­
ment, washing of sample, ci.shinG (temperature decompos­
ition), and acid digestion. 

Each of these factors governs the efficiency with 
which any of' the forms of lead contnined within tho 

sample is convcrtGd into available species for analysis . 
Matrix eff ect s in different so.mples , showed that it was 

necessary to invostig~te each factor so that the highes t 
reproducibility was obtained. 

2 . Sample preparQtion 
(a) Preli minary t reatment 

Sample contaminntion and storage directly nffect 

the concentrations of lead 2.s well o.s absorption from 
external sources . All containers used for colloctimn 

and storage, wore polyethylene or polypropylene bottles 
having a negligible lc-:i.d content . Thr. W'ltcr used for 
washing sa.mplcs wa s checked :for its lend content . Tho 

use of polypropylene cont~i nors for tho ~cid digestion 

of soil samples eliminated any risk of le8.d contamin­
ati on from tho container. 

(b) Washing of samples 
The concentrntion of particul~te leod in vegetation 

srunpled in rogion8 of high o.erial fallout from industrial 
sources (Te Aroha crusher) , or ~utomobile exhausts 
(N.'l.tiona.l State IIi ghwc'.ly Wo . 1 and Palmerston North) , is 

totally derendent upon tho pro:rlortj_on of lend 
removable by washing. Preliminary investigations 
(Little and Martin, 1 972) of Elm, Ulmus glo..bra, leaves 

collected in tho Avonmouth nrec'.l near a Bristol smelter 
showed that between 30 and 85% of the total lead burden 
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on tho leaves w ·•G removed by washing in deionise d 

wo.ter . 1/i thin the natural environment such deposit s 

on tho surfaces of leaves ruQy be removed by r a i n , wind1 

or sloughing of tho cuticle ,;•m.x (Moorby and Sq·t:ire, 

1 96 3) . 
Fu.rther investig,tior~s (Little , 1973) subjected 

h ec.vily contaminated 1 02..ves (due to o..eri al fallout of 

lead from u smol t c1 r) to sov or o.l wa shing nnd extraction 

procedures . Tho conclusions obtnined showed thnt a 

l arge proportion of the metal burden Ur'.S found to be 

present as superficial dc1>osi ts r emovo <l by wo..shing c..nd 

c omprised 1·m.ter-solnblo ::nd insoluble deposits . The 

distribution of mctalc ont and in, tho le'l.vcs vnried 

signi fic::~ntly between different apecies . 

As :.:i, rosul t of those investigations, J considered 

ini tin.lly two w1shing techniques on l or-.f snmples of 

Hebe odor_Q o.nd Cassina vauvilliersii , subjected to 

contamination from tho fallout of lead from Qutomobile 

0xhausts . 

The le[:f s amples were washed u i th : 

(i) doioni['l 0'~ -l'T.'.':.ter (used to nsscss the wa ter-• 

soluble fraction) 

(ii) 2% detergent solution 

Ba ch s ample wo.s placed in n polypropylene bottle 

with 50 ml of soluti on nnd shaken for 1 hour on 2. 

r oci proco. t ing shaker. Tho o.liquots of' solut ion were 

obta Jned by va cuum filtr2.tion nnd p r epar ed for o.nalysis . 

Leaf samples were r epc ~tcdly ·w~shed throe ti.mos with tho 

appropria te s olution which w·,s added t o tho ali quots 

f or o.nc.lysis . Ench l cnf S'l.rapl c was prcp.::.rcd for 

r oplico.t c wa shings . 

Table I . 4 shows tho pr oportion of lend r emoved by 

washing compared with unw<1shod Hebe odora .'.J.Ilj Cassino. 

v:tuvilliersii l cnf samples . 

The washings with diotilled deionised wo.ter 

r omoYed oilly a smnll a.mount of tho tota l l end content 



Table I. 4 

The Hean % Lead Content Removed By 1•lanhing 

---------------------------~--.. 
ppm Pb Moan ppm Pb Jo Total Pb 

V.F•·r c.;:;.hcd SaI!lple Removed qy 1va:~g Ian™3Q gy ~Llin.E 

H. odora 

Deionised water 

Detergent 

0 . 2M HC l 

Boj.li.ng deionised 
water 

C, vauvilliorsi.i 

Deionised wo.ter 

Detergent 

0 . 2M HCl 

Boiling dciordscd 
water 

340 

Ll.00 

·120 

230 

320 

1 35 

1 30 

205 

372 

140 

35. 29 

67 . 64 
94.11 

39 . 70 

32 . 50 

51 • 25 
93. 00 
35 . 00 

·-· 
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of the leo.f ( wa ter--solu blo fraction) nnd showed tho. t 

most of the l ec:,d hnd been oi thor chemtcally bound, in tho 

pl:mt by absorption and/ or tro.nslocation 5 or physica lly 

bound in some comnoncmt of the l oo.f (cuticle ) . 

Washings with 2 % detergent solution gc,ve a 

considera ble increase in the total% lead remove d. 

Therefore , 50-60% of tho l e~d has physically at tached 

to tho cuticula r surfaces, but 1,-ms not easily remove d 

by wa ter a lono . 

Also sho\sm in Table I. t~ nrc the values of two 

extended washing techniques ~ 

(i) acid; 0 . 2M IICl 

(ii) boiling deionis ed H20 

As shown in Tabl0 I. 4, over 90% of the lea d content 

is r emoved with 2.c i d washing. Therefore~ most of this 

metal is bound to the surfa ce of the lea f by exchange 

phenomena or has be en absorbe d and transloca ted . Since 

such a s mall porcentnge of lead rern-'.::'cins in the lea f after 

washing i n a cid, it seens probable that the acid is 

causi ng cellula r and cuticular d~mage, releas ing meta l 

from cuticular binding sites a nd c e ll wa lls nnd membraneso 

Boiling with distilled water wili. rupture tho coll 

membranes , roloas ing j_n trncellular metal, but lead may bu 

bound to fragments or bound ionica lly t o coll-wall 

binding sites (Martin and Juniper, 1970). Also it is 

noticeable that the total 1~ l ea d remove d by washing for 

the two species is signj_ficantly different especially 

that bound physically to the cuticular surfac e s and 

removed by 2 % dotergont solution. Such f nctors a s leaf 

surface aroa and density could account fo r this 

especially since Hebe odora has n highe r percentage 

removed by washing and hns the greater leaf surface 

a r ea and v egeta Give density . Also the distribution 

of soluble nnd insoluble l end on and j_nside tho les.f 

varied widely between tho two spocios. 
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In conclusion, the superficial deposit r emoved by 
washing, comprises soluble ::md insolubl e fractions of 

load . The distribution ancl accumulation within the 
loaf, espec i ally bctwoon different species, shows that 

wa.shing with deionised water removes only c. small po.rt 

of the total lend content . For o. r eproducible analytical 
result, a standard wnshing procedure i s obvi ously 
required . 

(c) Ashing of samples 

l<'or atomic a.bsorpt ion c..nc.l.ysis it is necessa.ry fo r 

the sample to be in sol.ution nnd for plant so.mples there 
a rc two mo.in ways of nchicving this ~ 

(i) dry nnhint:s at 450 to 500°c in o. muffle 
furnace 

(ii) wot ashing with mixtures of concontrnted 
perchloriq, nitri c and'.sulphuric ac ids at approximately 
100° c (Allen and Hamilton, 1952) . 

'i'he choice between these two methods for lend, 
favours dry ashing since ~lthough lead is Q relatively 
volatile metal , it is no t removed to any appreci able 
extent when dry ashing i s carried out belo1-1 500°c 

(Mitchell, 1964) . Dry :::!.Shi ng at 500°0 wns also preferr1.;u. 
to wet ashing, because in the lnttor procedure there is 
more risk of contamination from the rcngents (which 
normally contnin an appr eciabl e amount of lead) . 

. An investiga tion wns c o.rried out to determine the 
loss of lend by c.shing n.t vo..rious temperatures ns follows : 

SampJ.es ( O. 1 g) of loo.vcs and t1vigs of Ho be odora 
and Boilschmiedin tawn, and a 1000 ppm lend stnndard 

e.dded to 1}hatma'1. (No . 1 ) fil tor paper, wer e dry ashed 

at the temperatures of 200 , 400 , 500 nnd 600°0 for 3 
hours. Tho ash was dissolved in 2IvJ hydrochloric acid 
and tho results a r e shown in Table I . 5. 

:B'rom this Tnble I. 5 it can be seen that at 500°0 
grant e r thnn 95f0 recovery wns obtained. At hj_gher 
temper:1.turcs the % recovery decreased due to the 
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Tnbl e I. 5 

L8a_d Content (ppm Ash weight ) for Plrmt Samples 

After Dry Ashing at Various Temperatures ( 0 c) 

200 400 500 600 

JI. odor a 

lea ves 20 100 220 ·170 

twigs 40 70 ·110 90 

B. t awa 

leav es 80 80 11 2 58 

twigs 20 50 80 60 

Standa rd 

vuluo 200 600 988 8 00 

% recovery 20 % 60% 98 . 8% 80% 
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the volatilisation of 102d . 

Tempera tures below 500°C 9 sho·wn by the percentage 

recovery in plant ash vo.lues , indicate thnt incomplete 

o..shing with the resultj_ng incomplete dissolution on 

additi on of the ac id to the ash is likely. 

In conclusions ~ tempornture of 500°C is most 

suitable for the highest percentngo lead r ecovery of 

samples us ing the dry nshing method. 

( d) Acid diwsti on of . smn..Q_l e 

The efficiency of decomposing n s :::@ple depends upo1~ 
the o.bili ty of the subsequcmt treatment to convert the 

constituents into soluble components. 

i'i.. 1 ~ 1 mixture of nitric o.cid ( 4M) ~ hydrochloric 

a cid is effective in decomposing all but the most 

refra ct ory of silicates and gives o. compl e t e decom­

position of all lGa d minerals. 

In conclusion, all samples were ac id digested usinc 

the abov e mixturo . Tho substitut ion of the o.bove acid 
mixture with aqua r cgia (hydrochl oric~nitric acid 4 ~1) 

is unfa vourable for snmples uith ci, very high organic 
ca rbon content. In gcne:r.:1.l , sulphuric ncid has be en 

11voided for aci.d digestion of soil sn1I1pleo because of 

the possibility that load sulphate mny be co-precipita t ed 

with barium or cnlciUJn (J.cffery, 1968). 
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A. IN1r.ROJJJ CTI ON 

Analysis of vegetntion cmd soils to show the 

distribution and uccurnulo. tion of load as n rosul t of 

petrol combusti'On and disch::trge f rom motor-vehicle 

ex..."1-J.aus t s o,l ong :rr.aj or highways has been investigo.t ed in 

several places in r ecent yco.rs . War ren '1.nd Delavault(1960) 

observed that l end level s in vegetc1..ti on nenr major high­

wo.ys wo r e i nordinately high . Cannon and Bowles (1962) 

showed the a ccumula tion of l oad in vogotc.tion collected 

a t va rying distances f r om ma j or highways. Tho l ead 

content of plant ash ranged f r om 100 t o 700 ppm, 

depending on the distance, traffic volume , and direction 
of the prevailing wind . 

Ii'urther studies havo been ca rried out in Swe den by 

To!nling nnd Tylor (1968 ), and in t he U.S . A. by Singer 

and Hans on ( 1 969 ). Lead conccmtra t ions have nlso been 

r eported in vog2tabl es by C8nnon and }~1der son (1971) 

and in Spanish moss by nnrt incz et al (1971 ). 

Wi th tho r apid increnso in tho number of motor­
vehicles on roa ds in New ZeaJ.and (from 505 , 000 to 911,000) 
between 1960 and 1970, and tho incronso of petrol 
consumption from 1050 to 1800 million litres during 

tho same r,ori od , a considero.b1o quantity of l ead is now 

boj_ng emi ttod annuall y . Tho f i gure for 1 970 i:my be 

estimat ed at 700 tonnes 1 based on a value of 0 .7 g of 
J ea.d per litre, together with the o.ssumpti on tho.t about 
60%finds its way into the a tmosphere . Recent figures 
for the U. S.A. indicnt o an annual consumption of lea d 

alkyls of about 300,000 tonnes, of which a bout 180,000 
t onnes appear in the atmosphero as emi ss i on from 

motor-vGhicles (Stoker Gnd Seager, 1972). 

Although traffic densities in most pl aces in Hew 

Zealand hnv o not reache d the l evel s found in me tro­

politan areas in some parts of the world , it i s 

c onsi de r ed t hat tho J ovels found in Fitzher bert 

Avenue , (Po.lmerston North ) shoul d appl y to any 
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thoroughfares of o. simil~r n2turo o.nd trnffic density, 

i . e . to major thoroughfnros of smnll cities (e . g . 

20-1 00 , 000 population) o.ntl to major suburban r onds of 
l nrgor cities . Tho traffic flow on tho thoroughfare 

uvoro.ges 11,500 vehicles por do.y ovor its length, with 

peo..k flows of a.bout 1400 vehicles per hour . 
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B. LE J:..D IN TREES 

1 . Introduction 

~~ho effoc ~s of lee.cl om.l.us.ior.1. from motor- vehicle 

exhausts upon mature trees growing a.long mo. jor thorough­

fares nnd highwnys ho.vo sho1rm tho.t tho lec.d content 
increnses Hith increasing tr2.ffic density and decreases 
with incroo.Bing distcmcc f ~om the roadway. Generally, 

loo.d contents o..r>J les:J thnn 50 ppm nnd froquontly loss 

than 10 ppm (Ault ct a.i, 1970; Holt~man, 1970; 

Ri'-hling and Tylor, 1968; 1·iarron and Delo.vault , 1962) . 

Approximately 75% of tho metallic leo..d in gasoline 

combusted by a motor-vehicle is oxhnusted in the form 
of lead particulates into tho atmosphere (U.S. Top. 

}foo.l th, Educ., ::md Wolf. 1 970) . Eighty-five % of tho 
ai~borne particles o. ro less thnn 4 .,u in diameter 

(Ittines 2t 0.1, 1970). Most of these nro removed from 
the atmosphorG within approximately 35 m of tho road1my 
due to grnvitationnl settling and impaction on va rious 

obstacles. f,s n result , tho change in lend concen­
tro..tions may be inferrod from mensuremcnts of lead in 
tree rings ( Schroeder ct n::Ls 1 96•i ) . 

Lend deposited in tho nnnunl rin(: J of r:m elm tree 
growins about 50 m from rt suburbr'.n street with light 
traffic showed th8 foll01-;rj_ng trend: 1865-1 879, 0 . 16 ppm; 

1900-1912, 0 . 12 ppm; 19'1-0--1947, 0 . 33 ppm; 1956-1959, 

0 . 74 ppm; and 1960, 3 . 90 ppmo Prcsurinbly, the source 

of lend contnminc.tion in such nroas could have been the 
soil or the o.ir (Smith, 1971 ). 

As a preliminary investigation, tho lead content 
of bark s::i.mplos from trees gro1-rinc; ctl01~g :Fitzherbert 

Avenue were determined to sho .. 1 .::my cignificnnt levels 
of contamination and tho influence of trnff'ic density 
nnd the direction of the prevc.iling wind . }3n.rk [tnd 

lca.f samples were them collected to cvnluo.to the 

distribution nnd contl'!mino..tion of the lc:o..d particulnte 
burden. Cha.nges in the leo..d concentr~tions 1-1ere 



33 

detc~inod in n.nnunl Tings of trees so.mpled by ring-cores . 
The results of those invostig.:'..tinns n.ro reported 

in this sub-section. 

2 . Sampling ~~d o..nalysis 
Trees invostignted 
Tho following trees were studied: Acer pseudo­

plot~nuo L. (sycamore ), Aosculus hippoco.stanum L. 
(horse chestnut), li'ro.xinus .£2££.0lsior L. (ash), Quorcus 
robur L. (oo.k) , Plntanus oriont2..lis L. (plane) , and 
Ulmus procera L. (olr1) . 

Sampling procedures 
Sampl es 1·1erc t2.kon from trees at v~rious points 

nlong :E'i tzhorbcrt Avenue , Pn.lmerston north. Sampling 
si tos arc shmm in li'i g . II . 1 . 

Samples of bn.rk wore tn.ken o.t 1 m intcr-~nls from 
tho cast and west sides of ooch tree nt various heights 
from the ground t o 3 m. For oomo plano trees s o.mplod, 
an inner bark sample wn.s nlso to.lean. 

Lon.f s amples were taken at o..ppr oxi ri.atoly 4 m height 
and divided into w.1shod ::-.nd unwashod groups . 

'I'runk cores were taken by the use of n.n increment 
borer which was 1 en in c1iamoter. En.ch core uns 
divided into estimated year groups (dGtorminod from 
annual ring growths) which wore then -in::1.lyscd. Further 
samples, r eferred to o.s br:.ckground, were taken from 
the west sides (windward) of trees in .~rcc:.s at a 
distcmcc of more than 80 m from the non.rest road. 

Chemical Analysis of Veget2tion 
All bo.rk and lonf samples (including trunk cores) 

wore prepared for o.nnlysi s as described in Section I . 

3. Results and discussion 
(a) Load in bark of trees 

},ig . II. 2 shows mon.n vn.luos for tho lend content 
(ppm) of :J.shcd bark snmplcs (71) to.ken f r om both sides 

of the road nt a height of o.bout 2 r1 fror.1 both sides 
of each tree, (o.d j :-i.cont n.nd opposite to the roo..dwny) , 



-;;,i,o; . TI.1 . J•:Tap of "F'i tz11erbert !avenue , Palmerston 
North , showin~ the loc~tion of trees 

snmnled . 
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Fig . II . 2 . Idealised section (plan) across 

Fitzherbert Avenue, shm'ling mean 

values for lead (ppm ash weight ) 

in bark samples taken from opposite 

sides of trees . 
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and taken without regard to species diff erences . 

Background samples ( 1 7) averc-lged only 90 ppm. The 

prevailing wind is from the west-northwest direction . 
The 71 trees sampled, included two oaks, one sycamore, 

one ash, eight elms and t 1 ;ro horse chestnuts . 1.rhe 

remainder were planes. 

Fig . II. 2 shows that the lead contents of the 

sides of the trees away from the road were approx­

imately the same for both sides of the road (750 ppm 

and 770 ppm for the west and east sj_de s respectively). 
The sides facing the road showe d a marked difference 

and samples on the east side contained 1080 ppm 

compared with 750 ppm. A 1 test showed that this 

difference wa.s significant at the 97. 5% level of 

probability and was to be expected in view of the 

prevailing wind direction. In general , the lead 

content of "Avenue 11 trees was ten times greater than 
those taken from background a reas . 

Having established that lea d concentrations in 

bark were remarkably high, -~ then examined the vertical 

distribution of lead in the bark of the sides of plane 

trees facing the roadside . 1.rhese data are shown in 
Fig. II. 3. 

There is a clear pat t ern of increa se of lead 

values from ground level up to a height of about 1-2 m. 

Thereafter the levels decrea se . These observations 
conform to a pattern of emitted lead leaving the 
vehicle at a height of about 0 . 25 m and rising to 

strike the bark of the trees at about the 2-:m·,level . 

In order to examine the degree of penetration of 
lead from motor-vehicle exhausts, successive bark 

layers of plane trees were a lso analysed . There was 

a considerable difference in concentra tions in the inner 

and ou ter barks a s shovm in Table II.1 . From this 

table it is clear, a t least for planes, that the 

absorption of lead in the bark is only superficial 



Fig. II.3. Vertical distribution of lead (ppm 

ash weight) in bark samples of 

various trees: 

• = outer bark of trees growing 

Fitzherbert Avenue ; 

•= outer bark of trees growing 

background areas ; 

along 

in 

• = inner bark of plane trees growing 

alone Fitzherbert Avenue . 
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Table II.1 

MaximuJn Lead Content (_}2Jlm ash woi~t) of 

Inner and Outer Bark Laye r [:; of Plane Tree s g r owing 

.:Uong a Major Thoroughfare in Palmers ton North 

22 

30 

33A 
40 

73 
Backg r01md 

8 10 

580 

760 

660 

1800 

1240 

80 

~-------•--- -· -- . ... 

Lend in 
iime-rbark 

1 30 

80 

100 

160 

450 

560 

50 
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and this element i o probably removed f r om the tree as 

the outer bark :peels off , falls to t he ground, decays 
and enriches the lead content of the surface soil . 

Values for inner bark compared with outer bark a r e 

also shown in one of the plots in Fig. II . 3. 

(b) Lead in annual rings of tree t runks 
It i s clear that tho lead content of the surfa ce 

soil is sufficiently high to permit appr eciable lead 
absorption by the r oot system and its mobilisation into 
the trunk, branches and l eaves . It i s also possi ble 

tha t lead could diffuse f r om the outside of the trunk 
into the hea rtwood . However, because of the very 

sha r p decrease of l ead concentr a tions between the 

outer bark and inner bark of planes , it is considered 

that the most probable absor ption pathway of lead j_s 
via the root system. 

Fig. II . 4 shows the lend content of annual rings . 

(ppm ash weight) plotted as a function of the age of 
each ring or group of rings. Examination of the 

pattern of the accumulation of l ead shows a general 
increase s i nce 1 923 coincj_di ng with the introduction 

of lead tetraethyl to petrol in New Zealand. There is 

a slight increase during the 1939-45 period 1,n th a 
marked decrease aft e r 1 946 . This was pr obably due to 

the l arge amounts of poor quality petrol, high i n 
additives , int r oduced into new Zealand during the war 
yea rs . furing 1945-46 there was a marked decrease in 
the amount of petrol available . 

There was a steady i ncrease in the amount of lead 

until t he middle 1960 ' s where the increase was 
extremel y high. For plane No . 40 which i s the most 
polluted tree, owing to its position at highest 
traffic density and exposure to the prevailing wind, 
there was an increa s e f rom 78 ppm ash 1-rnight ( 1 961 ) 

to 1429 ppm (1971 ) . This showed a gr eat increase i n 



Fig . II . ~ . Lead content (ppm ash weight) 

of annu:JJ rjn,c-s of various trees : 

upper line : from Fitzherbert Avenue ; 

lower line: from background areas . 
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a ccumulation and i s l argely duo to the increase in 

the petrol consumed in Palmerston Nort h (esti mated 

from t he numbs:;_~ of moteir -co.1° regist r ations) which 

has doubled from 230 (1 96 1) to 420 (1 971) million 
li trc~s . 

( c) Lead in leaves o_}: trees 

The lead content of washed and unwashed ashed 

leaves is shown in Table II.2. 
The values were in most cases at least five times 

background and correlated well with sites of maximum 
traffj_c dens ity. Because the washe d leaves were only 

slightly lower in l ead than the unwashed samples, it 

is suggested that the l ead is not present as easily­
r emova ble particulate matter. This is in agreement with 

findings of Cannon and Anderson (1971 ). Absorption is 

probably pa rtly aerial absorpt i on from motor-vehicle 

exhausts and partly indirect absorpt i on via the root 

system. 
l11icroscopic examination of intact samples of White 

pine needles s ampled within 15 m of a 24,000 vehicle 
pe r day highway on the wind -borne side (Smith, 1970) 
r evealed a ccunrv1.la ti on::.: of :i.ul 6c particulates near 
t he f ascicle sheath at the needle base and on twigs 

2vnd buds where outer tissues ·were rough. In all 

probability , l ead particles are i nitiRlly jmpacte d on 
needles and subsequently wast.1ed dovm the needles by 

precipitati on . 

• As shown by the lea d cont ent r emovabl e by washing 
plane l eaves , such a postulate cannot be made directly 

for the Fitzherbert Avenue l eaf sampl es , 1-rneping in mind 

that pine needles are also pai~ticu.larly efficient 

accumulators due t o their high surface to volume r atio 
and year-round pe r s istence . 'l'he data pr esented here 

give a general indication of the magnitude and 

distribution of lead emi ss ion affected by the prevailing 

wind and r egions of high traffic density. 
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Tc1blo TL'~ 

and Unwashed Loe:.vcs o::· Varimrn 'rrces Gro1·ri ng Along 

a H2j o:r Thbroughfare in Palmerston Nor·,;h. Backgr ou::.v: 

Areas ure Inc2.ucJ.ed for Compnrison. 

---------·-------------~-----

_Spec ies 

_Thormy~h:farc) _ t:i.:-ces 

\fashocl 'lJ ... nmshc1<l ·---- --- - -- --- -·••-.... __ ,.,.,.. __ _ 

Bo.ck,c,-rou.nd •. __ ,o;;;..__ ,, 

---... - ·~--.- - .. --- - --·-· --- ..... .,,.. ~ .. .......... ........_ ___ __. ___ .....,,._ __ -..., __ ·- - -- ~ .. 

Ash f'.:. 4 '.) 1;.40 80 90 

J::1.m 680 860 60 i30 

Horse Chestnu t 460 520 50 60 
Oak 580 S20 1 OCY'· 1 30::-

Plan e '! 020 i060 so 90 
Sycamore 8~-0 900 '.~0 40 

--- - - --·--·-··-·-·-- ---~ .. , .... , ··--··- ·---~- - ~ ·----
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C. LEAD IN SOILS 

1 . I ntroduction 

Lead par~iculatcs ~~~~~::}:~ in the ntmosphore 

will eventually fall to tho ground as precipitation or 

dust . These lead compounds uc cumulate in the top-soil 

( Singer and E, ··~son9 ·1 969 i Chow, 1 970) and is responsible 

for tho high lead. concentrn.tionn found in soil s along 

highways nnd o.:cound ccntrN; of indus-i;:;.:ial fallout; 

smelters, mining activities ~nd foundries . (Lagerwerft 

and Specht, ·1 970; I-lotto -~~~ -~~' 1 970; ro.ce and Go·· j e , 

1 970; Wo..rren and Delav2.ult ~ 1 971 ) . By c.nalysing contam­

inated soils in such regions, a relative estimate i s 

achieved of the total corial burden of lead presumed to 

originate both directl y from the source (dusts, smokes 

and motor- vehicle exl1austs) and indirectly from 

environmental and goograph:i.cc .. l conditions, such as 

wind direction, rainfall nud climnte ( Goodrnan and 

Roberts , 1 971 ) . 

The lend content of soil::, is of the order of its 

crustal abundance (15 ppI'l; because of the stability of 

this element i:1 the goochcmicCl.l cycle. lfo.turnl levels 

can range from ·1 to 1 00 ppm dependinz on the natur e of 

the substrate rro:n which ·1.,he soiis were for.ned. 

Soil samples from vG.riou..3 metropolitan nrens can 

contain lec.d levels rang:i.nc from 100 to 3000 ppm. 

Lead pollution patto1-n0 from rnotor--vehicle exhausts 

( Tu.inos £1 p).,, 1 970) have bucn f'o1..111d co he related to 

traffic volumc 9 J~roxjm:.i.ty to the highway, engine 

accelerati on ::i.t constant speed, 1rind direction, and the 

amount of lead in the ·"'. i:-..~ . 

The following do.to. presented he!"e shoH the lead 

levels in soils taken nlo:t1& :Fitzherbert Avenue~ an 

environment 1vi th relatively high moan wind vel ociti es 

(17 . 0 km per hour) and Hith traffic densities which nt 

peak peri ods ( 1 L~OO vehicles per hour) o.rc not as high 

as in many mnj or :turopenn or North .American cities 

pr eviously studic" . 



40 

2. .§ .. amJ2.linf~ a:g_g. an8.lys is 

Sa!"n.ples of soj_ls were collected at the base of 

·i~rs es by a co ::,c extn:v--tor ( 2. 5 cm in diameter) to a 

depth of 20 cm, at a posit i on within 1 m of the tree 

on the s i d 1 l ac ing the road . The cores were divided 

into 2. ~) cm r:mrn.:ples for analysis . 

. All so:LJ. smnples uere prepared fo r analysis as 

~iscussed jn Section I . 

3, .Bs§ll;;:l t..!s and discussion 

l,ead. in so i ls 

'J:b.e distribution of lead in soils is shown ir1 

I'j_6 , II, 5. The difference between "Avenue rr and back­

groun d samples is l a rge , showing accumulation at the 

:::mr facc: m id 3. decrease with depth. The value for 

pi1o,:i.1t lfo . 4C .:Jhows a high lead contamination at the 

uu:_,face of the soil (2 9C5 ppm) compared with back­

:'.";round ( 1 5 ppm). Ev 0n at lowest depths sampled 

( 20 --:m); a value of 1 30 ppm compa red with 5 ppm 

(bac:;,cground) is obtained . This suggests some 

2.ead:j _1.1g of l r.:;ad into the soil but accumulat ion 

at tho surfa ce ~s suggested by Chow (1970). 
-J:ho ma6n:Ltude a nd distribution c-:' lead emission 

along Ji'i.tzherbert Avenu e show quite clearly the 

cff ec~; of 8.rAa::.; of high t r s.ffic density along the 

thoroughfare , ( such as Jla.ne ~-0 and s:ycamore 39) 

:3::..tuated near a major cross-road (Fergusson Street) 

a.:nd <::. t a. di s<:;E .. ncc of 30--40 m from traffic lights . At 

such po8itions , vehicle engine acceleration and 

exha.uot emiss ions are g r eatest, contri buting a major 

:factor to the amount of lead emi tted into the air, 

( Daines e t: Ifl, 1 970 ). I n contras t, the posi tion 

of ~sh 48 is such that l ead levels are lower as a result 

of reduce d traffi c volumes and conetant engine emissions . 

In conclusion, l ead level s in the soil, although 

conservati ,.,e compared with expected levels in urban 

a reas of extremely high traffic densities (100,000 to 
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50, 000 vehicles pe r hour) found i ;1 some Fo::.~th 

Americm1 cities, g ive a general indication of the 

ma[?.'li tude and distribution of lead emi ss i on for a 

moderately busy thoroughfare . 
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SEASONJ.L VA.t-aATIOH OF LEAD IN LEAVES AifD :;mr1s 

ALONG MAJ011. THOROUGHFAJ:.:WS IN PAU.'lERS'l'ON NORTH 

1 . Introduction 

One of the factors that influence the uptake of 
trace clements by ~lants is the age variable of the 
various plant organs . There is some evidence for 
appr(~ciable variation in the elemental content of 
plants of the same species but of different ages . 

Certain plant organs (leaves especially) show that 

the elemental content is influenced by seasonal 
factors . 

The uptake of rare earths by the hickory tree 

(Robinson, 1943) , showed variations for June 1st , 
July 1st and October 1st of 174 ppm , 634 ppm and 
981 ppm fo r the same year. Similar obse:rv2tions 

have been made for the boron content in hickory trees 
(Robinson and Edgington, 1942) which doubled in the 

leaves between spring and fall . Seasonal variations 

have also been noticed for molybdenum (fursha d , 1951 ) 
and for copper and zinc (Harren and Howatson, 1947 ) . 

Other investigations have shovm that seasonal 

differences in the concentration of elements in 
leaves occurs , especially with increases toward the 
time of development of the reproducti ve organs , 

(Molyuga, 1939· Chebaevskaya, 1960) . The metal 

content of many deciduous leaves rises to a maximum 
just before e:tfoJ.iation~ this is probably a convenient 
mechanism .whereby plants can get rid of un1-mnted 
ballast elements . Guha (1961) examining 6 elements 
in leaves of 18 deciduous speci es shm-rnd convincingl y 

the seasonal varj_ations of elemental content . 

The purpo8e o:f the investigations reported in this 
section was to dete11L.inc the influence of seasonal 

variations on the total lead content of leaves from 
trees in 1!,i tzherbert Avenue and dust samples taken 
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at similar positions, along uith sites in the central 
city area , (Palmerston North Square) . 

In contraot , the lend content of What--man paper 
filters was determined in relationship to the time 

of exposure to motor-•vehicle exhaust eru.isaions at 
similar seasonal periods . 

2. Sampling and analyois 
Samples of loaves were taken from trees 39-42 , 

45 and 48 (and background areas) as shown in :E'ig. II.1 . 
These were from the tree species indicated earlier in 

Section II . The first oampling corresponded to a time 

of two weeks growth (from the bud stage) with successive 

sampling occurring from the same branch and height 
every month . Special attention ,;•ms focussed on the 
relative size of the leaves sampled, to enable a 

uniform collection of totally exposed (seasonal) 
loaves . 

All leaf samples were prepared for washing and 
analysis as described in Section I . Results were 
expressed as ppm Pb (ash weight). 

Whatman (5 . 4 cm diameter) filter papers were 
placed at a height of 1 . 5 m above the road surface on 

the outer bark of t r ees ·1:, 39, 40 and 7 3. 1.rhey were 
placed in a position of maximum surface ~rea exposure to 
motor-vehicle exhaust emissions. Filters were collected 

every month, and prepared for analysis using the same 
technique as for leaves (no washing) . Results were 

expressed as/ug Pb por cm2 (filter paper) , over a 
period of 6 months sampling. 

The seasonal variations in tho lead content of 
dust were determined by collecting di1st samples at 
the side of the road , at depths of 0- 2 cm and at 6 

positions within the Palmerston North City area; 
Fit.zherbert Bridge (Eastern extension of Fitzherbert 
Avenue), Fitzherbert Avenue--Forgusson Street corner, 
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and the four corners of tho Pnlmerston North Square . 

Sample3 were takon monthly and prepared for analysis , 

and analysed as described in Section I . Results we r e 

expressed ao ppm Pb (dry weight) . 

3. Hesul ts and di_s§SSi...Q.ll 
(a) Seasonal variation of lead in leaves 

l<'ig . II . 6 shows moan values for the lead con tent 

(ppm) of washed and unwashed ashed leaves as a function 
of seasonal. variat:i_on ( 0xprossed in months ). Samples 

were analys ed without regard to the number of leaves 

ashed and expressed in concentration units (ppm) for 

that oonth. 

'l'here i s a clear pattern of gradual seasonal 

increase in lead concentra tion from the time of first 

Sclillpling after two weeks growth in September to ex­

foliation in June and July . Similar patterns ·were 

noticed by Chebaevskaya ~ (1960~ and Guha · (1 961).. These 

observations conform to a pattern of increased load 

content at a higher level than would ho.vo been expected 

to compensate for lea f growth alone . Duch levels 

asso~iated with an increasing loaf surface area could 

increase the degree of exposure le~ding to absorption 
and a ccumulation of lend lri thin the leaf . Also wi th the 

increasing age of a Jenf, the degree and time of 

absorption of lead into the leaf i s dependent upon 

the weight factor . Di fferences in concentrations may 

only be superficial a s a result of dilution of lead 

with the increasing ueight of the leaf associated with 

constant lead abso~pt i on . 
It is noteworthy tha t such high lead levels 

occurring within leaves after only two weeks of 

development, j_ndicate o. rapid accumulation of lead 
followed by an equilibrium between absorption and 

growth . 1U though no direct conclusion can be drawn 
from this , it is suggested that such factors as the 

degree of absorption by buds, and leaf growth 



Fig. IJ . h . ~easonal vnri~tion in le2d content 

( ppm ash wei .0'ht ) in leaves from 

various trees . 
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mechanismG (especially within the first fGW weeks of 

development), could influence the degree of :penet r ation 
and a ccumulation of lead 'di thin tho loaf. 

The values for washed loaves shovr no direct pattern 
of seasonal variation compared with unwashed leaves, 

a lthough fluctuations may bo n result of rainfall? and 

other climatic factors. 

The effect of thG prevailing wind from the west­

northwest dir0ction and traffj_c density a re shown in 

the considerable difference in lead concentra tions for 

pln:no 40 compared with the other trees sampled . In 

general, background vo.lues fluctuated from 20-80 ppm 

lead (ashed weiGht) ov0r the seasonal period showing no 

correlation with seasonal increases in the lead content 

of leaves . 

Having established that lead levels in leaves 
followed a pattern of gradua l seasonal increase, J;he 

lead content of individual l8o.ves was determined 

(;ug 11b 1')e r leaf ) and expressed an a function of the 
') 

surface o.rea of the leaf (cmc.) ns shown in Fig. II . 7. 

'.£'he pattern of a ccumul3-tion of leo..d with increasing 

lEmf surface area shmm as a straight lino relationship , 

su.ggests that absorption j_o p robably a direct result 

of aerial absorption from motor-vehicle exhausts . 

The gradient of the straight line gives an indicat ion 

of the lead content (ug Pb pe r cm2 ) per leaf. The 
value obtained for each tree snmpled i s nhown in 
Table II. 3. The values obt::,,inGd show· a steo.dy pattern 
influenced by the amount of leQd absorbed and i s a 

function of the position oi the tree, traffic density, 

and exposure to the prevailine wind. 
(b) Seasonal variation of lead in filters 

') 

Fig. II . 8 shows the lead content (ug per cmc.) of 

expooed VJha tman filter papers (attached to trees at 

a height of 1 . 5 m a long FitzhGrbert Avenue), as a 

functi on of the time of exposure (expressed in months) . 



Fi g . JI. 7 . Lead content 

per leaf) 'lS 

surface 2.re2 

(ue; lead ash weight 

a function of the 
? per lea f (cm) . 
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,..., 

Hean Lend Content (µg/cm "- ) of Exposed Leaves nnd 

:E'il tor Papers taken along Fi tzherbert Avenue . 

Sampling site l\1ean Lead Content (ug/cm2
) 

F:Ll tcr Leaf 

Plane No . 40 3 . 380 0 . 175 

Sycamore 39 1 . 890 0 .1 50 

Pl ane 73 1 • 1 00 0 . 1 30 

Plane 1 0 . 330 0 . 055 
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Examination of the pattern of the a ccumulat ion of 

lead gives direct evidence ofair..;.borne lend absorption 

as the major source influencing load level c found in 

plant vegetation . As previously shown, the degree 

of accumulation is dependent upon the posit ion of the 

tree relative to traffic de~sity and the exposure to 

t he prevai l ing wind . E'iltcrs sampled in background 

areas showed negligible lead content with the time of 

expoSUl'G . 

The mean ( 6 months) l ead content (pg/cm2
) for 

filter pape rs a t each sampling position are shown in 

Table II . 3 as a compa rison to those levels derived 

from exposed l eaves . 

I t is clear that the load content of leaf samples 
i s conside r a bly lower than for filters . Overall there 

i s a ten-fold f nctor i n the lead content between 
p '_anes 40 and 1 for the filters compar ed with only a 

three-fold f actor for the corresponding tree leaves . 

It is suggested tha t such diffe rences are due to the 
va rying retention me chanisms between leaves and filter 

papers . The degree of penetration of lead from moto r­

vehiclo exhausts is higher for filters than for lea ves • 

.As shown. by Smith ( 1 971 ) , tho capacity of particula te 

filters is dependent upon the particula te burden. 

The significant . diffe rence between le ad levels 

in filters and the assoc i a t ed leaves i s dependent upon 

the na ture of the lead c ontami nation and the uptake 

mechanism . For lea ves, i f the l ead snlts a r e 
impo.cte d on the outside of the l e&f surfa ce in an 

insoluble form , they probnbly remain on the outside 

of the epidermis . If , howev!c'r , they are deposited in 
a soluble form (e. g . l ead chloro-bromide)or a re 
rendered soluble aft e::' impact , they arc pro bobly 

taken into the l e2.f through stomates and other 
openings , {Pr±mault , '1958; Jfoe ppe a nd :Mi1l~r•,-, -1970). 
The differences in such poro openings and surf2. ce 
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retention mcch3Jlisms givG rise to the wide difference 
of lea d concentra.tions between leaves and filters . 

(c) Seasonal variation of lead in dust samples 
J?ig . II. 9 shows the lea d content (ppm) of dust 

samples collected along major Palmerston North thorough­

fares, as a function of seasonal exposure (expressed 
in months) . 

There is no clear patt0rn of s0usonal variat i on in 
l Ntd vnlu0s . The general dat n variation is most likely 

due to minor differences in climatic factors like 
rainfall , and external sources of lead from aerosol s 
and dusts (other than from motor-vehjcle exhaust 

omissions) . Differences in trnffic density a t publi c 
holiday periods may contribute to n minor increase i n 

the lend content , especially during January. There i s 
no significant influ0nce in the lead levels associated 
with the direction of the prevailing wind as shown in 
the similar patterns for Palmerston North Square samples 
taken at each corner (N1;J, NE, SE and SW) . Thi s i s 
probably clue to varying 1-,rind directions produced within 
a main built- up area. The effect of traffic density 
at a particular sampling site is only significant for 

those samples tak0n at the Fitzherbert Avenue- Fergusson 
Street corner. 



? ig. II . 9 . Seasona l v~riation in lead content (ppm) 
of dust samnles in Palmerston North . 
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1 • Introduction 
In recent years there 112.vo been many investig­

ations into the distribution and accumulation of load 

discharged from motor-vehicle exhausts . Most of these 

studies have involved 2-nnlysis of soils and vegetP,tion 

taken at various distances from the centre of traffic 
flow along major urban or inter- city highways . Lend 

levels of 100-3000 pg/g have commonly been reported both 
in soils and in tho ash of plc.nts taken near roads 

carrying a high volume of traffic, e . g . more than 
10,000 vehicles per day (1.varren and Dclavuult, 1960; 

Cannon and Bowles , 1962~ Ruhlung and Tylor, 1968: 

Singer and Hanson, 1969; Chow, 1970; Smith, 1972; 

Impens et fil, 1973). 
Fewer studies have been carried out in regions 

of low tra.ffic density. Page and Ganje (1970) found 
that no significant load h~d accumulated in soils over 
a period of about 40 years in areas of California that 
had a low density of motor-vehicles (<80 per square 

mile) , provided that setmples were taken more than a 
mile f r om a major highway. Where the vehicle density 

exceeded 580 per square ri1j_lo, general surface-soil 
levels were found to have increased from about 16 p_g/g 

to 31-52 ug/ g over the so.me period. It wns concluded 
that the more excessive nccumulations of lead in soils 
caused by heavy traffic exhaust emissions are 
localised nonr the point of discharge . 

The present work conoists of a deto..iled study of 

lead distribution nea r a Now Zealand Stnto Highway i n 
an areR where the traffic volume is relatively low 
(1200 vehi cles per day), far removed from urban or 

industrial centres, agricultural operations, and other 
highways . The lead content of soils was measured as a 

function of both distance from the highway and depth, 
and the lead content of predominant plant species was 
also investigated. 
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2. -~-1!~ area [lnci_ll§.:.t[;_Od~ 

The a rea selected for study is situated on new 
Zealand State Highwc.y 1 5 i_·r1 t.1rn cent :i.·e of the North 

Island, about 20-25 km north of the tovm of Waiouru. 

The highway here traverses n volcanic plateau nt an 

eleva tion of 1 000- 4 11 00 m. The site is particularly 

suitable for this study for the following reasons : 
( i ) thero is no permanent habitation within 20 km; 

(ii ) the highway runs in a general north-south direction 

across relatively flat tGrrain; (iii) to the east, 
the nearest public highwny :is moro than 80 km away, 

separated by ranges of mountnins up to 1700 m high, 
while to tho west and north~-west, highways and 

settlements are 25·-30 km distant and are separated 

from the study site by the volcanic cones of Ruapehu 

(2797 m) and Ngauruhoe (2291 m); (iv) the volcanic 

soil supports vegetation consj_sting largely of tussoc'.~ 

grasses, mosses, and small shrubs less than 1 min 

height; (v) the area has not been used for 
agricult1.J.ral operations and should therefore be 

completely free from lead--containing agricultural 
chemicals . '11he area has an a·verage 8-nnua l rainfall 

of 1426 mm, c2:uu. a we6 ~,n-::;__y ... ~:nu is slightly 

predominant. 

Samples of soil o..nd vegetation were taken from 

three transects perpendicular to the direction of tho 
highwny at different points as sho,~1:1 in Fig. III. 1 • 

The species of vegetation studic ::. wore Cassi.riia 

~villie~ii Ji . (cottonwoocn and Hebe odora L. 

(koromiko). Vegotntion close to the road ne~r 

Transect 1 was first examin0d by taking snmples of ·10 

specimens of C. vauvilliersii within 1--6 m of the edge 

of the road on each side, nnd n further 10 specimens 

in the 7-12 m range . fl. 9d~r.g was similarly sampled 
on the west side of the road, but was not sufficiently 
abundant on the east side. 
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The effect of incroo.sing distance from the roadway 
was studied in more detail by toking samples of each 
species at regular intervals (5 m or 10 m) over a.bout 
150 m of each transect on onch side of the road. At 
each vegetation sampling site 2 sample of the top 2 . 5 cm 
of soil was a lso taken. 

In aprelirninary study of soil profiles near the 
road,cores of 10 cm depth were divided into 2. 5 cm 
fractions . Because no significant elevation of lead 
l evels was found at depths ereater than 5 cm, subsequent 
work made use of 6 cm cores subdivided into 1 cm 
f r actions . All soil cores wer e taken with o. core 
extr actor of diameter 2. 5 cm. 

Vegetation sa.mples were di vidcd into ummshed and 
washed portions for analysis , the washing being carried 

out by agitation in about 20 1 of slowly-running wnter . 
Only the leaves were nl"l.alysed . 

Vegetation and soil samples wer e pr epared for 
anal ysis and analysed as described in Section I . All 
concentrations were expressed in Mg Pb per g of soil 
or plant ash. 

3. Results and discussion 

(a) Lead in vegetation 
The lead content of pl ants growing close to the 

road ne.2r Transect 1 is shown in 1rable III . 1 each value 
being the mean fror:i. 'iO different plants . In all cases 
the washed snoples contained 70-90 % of the lead levels 
of the unwo.shed samples, indicating that a significe..nt , 
but not predominant, fro.ction of the lead is in the 
form of easi ly-removed particulat e matter. This 

observation parallels that of Impens et al, (1973) 1·1ho 
found that 10- 20% of the lead of beet leaves collected 
10- 35 :rt from Belgian highways could be removed by 
washing. 

Average values for fl . odora are generally 60- 65% 
of those for Q. vauvilliers.Jd at the srune location, 
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1'£'..ble Ill . 1 

Lend Content of Ash of Plants growing Close to 
Highway Near Transect 1 . 

Menn Pb ug/g ash 
~~ce/m S:icb afrn::-.~~ Unwashed Wnshed 

·-----------·----------------
C, vauyfili.ersii 1-6 Eo..st 826 584 

?-12 Enst 350 306 
9_:~;@..1l_Villio rs ii 1--6 Wont 506 410 

7-12 1fost 392 294 
H.odorn 1-6 Wost 308 244 

7-1 2 1.':7est 250 184 __ ,..._.,. _____ 
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which may indicate o. lower o.dhesion of p.:::.rticulate 
matter to fl. odora and a lower tendency for this plant 
to take up l <;ad from the soil • . The higher surface/weight 
rntio of leaves of .Q . vauvilliorsii is probably an 
important fnctor also . The highest lead levels in tho 
washed plants, and the lo.rgost amounts of easily-removed 
lead, arc found in Q. vauvilliersii in the first 6 m on 
the east side of the road, into which the prevailing 
wind blows. It is noteworthy, however, that n 
significant effect of wind direction on vegetation lead 
levels does not appear to extend more than 6 m from 
the edge of the highway. 

~'ig . III. 2 shows the vnrintion of lead content with 
distance for each of these two species over the length 
of a transect . Only the curves for unwashed specimens 
are shown; levels in washed samples were generally about 
80% of these values. Corresponding curves for other 
transects are very similar, the main variations being 
in the levels found at the sampling points closest to 
the highway. Maximum lead levels (at the road verge) 
for the three-tr ansects were in the range 640-11 00 µg/ g 
(.Q . vauvilliersii) and 300-680JJ.g/g (fl . odora) . 
'Background ' values for both species (at distances of 

120- 1 50 m) were 50-90 pg/ g , and a clear pattern of 
increasing lead levels is observed on approach to 
within 50 m of the highwny. 

The leQd values (nfter subtraction of background) 
gave a close fit to curves showj_ng cm exponential decay 
with di stance for about 50 m on either side of the 
roadway. The interval in which this ' excess lead' 
decreased by 50%wRs in all cases between 10 m and 
20 m. It is noteworthy that a similar analysis of 

the data of Motto et al, (1970) on l ead in roadside 
grasses, gives the same result, even though their data 
are derived from several different localities of much 
greater traffic volume. 



Fig . III . 2 . Iead content of leaves of r lants, 

as a function of distance from the 

hi[;hway : 

• = Cnssinin vauviJlicrsii 

odora . 
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(b) Lead in soil cores 

Tho land concontr~tions in the 10 cm soil cores 

tnken only 3 m from the 8dge of the sealed surface of 

tho road nt Transact 1 indicated clearly that signific­

ant elevation of lend levels did not occur balow 5 cm. 

This observation supports thoso of several previous 

investigntions. Chow (1970) showed that along the 

Baltimore-Washington Parkway (56,000 vehicles per day ) 

the soil lead levels o.t distcmces of 7-30 m from the 

highway were distinctly elevated in i;he0-5 cm layer, 

but 'background' levels were found in the 5-10 cm and 

1 0-1 5 cm l o.yers . Motto ct al, ( 1 970) show soil profiles 

indicating limited downwnrd movement of lead in soils 

close to New Jersey highways carrying 12,000-55,000 

vehicles per day. Page and Gnnje (1970), in their 

study of soil lead levels nt distnnces of more than a 

mile from major highways, found that even in regions of 

high traffic density the lend concentration in the 

2 . 5-15 cm layer wns close to the background . Evidence 

for deeper penetr2tion of lea d of automative origin 
has been found only under rnther specific conditions : 

Vnndenabeele c..nd Wood (1972) showed that the combined 

effect of low temperature and presence of sodium 

chloride deminish~d the ability of an alluvial soil 

to retain lead in the topmost layer. 

It is clear, therefore, thGt any deta iled study 

of the decrea se of soil loa d conc entrations with depth 
must make use of closely subdivided cores. In the 

present work, 6 cm cores were divided into 1 cm 

fractions . The results on profiles at various distances 

on eo.ch side o:f the highwny nt Transect 1 showed little 

difference between tho two sides ; moan values are 

plotted in Fig. III . 3. 

With soil lend data available o,s n function of both 

depth and distance j_t is possible to estimate the 

total ' excess lend ' (above background) in the area 



Fig. III. 3 . Lead 
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under study. The baclcground level v1a s taken ns 

42 ~g/g, being the mean of 22 mea surements on soil 

samples taken nt depths -.'7 cm neo.r the road nnd at 

depths ~3 cm at distances of more than 100 m. 
Co-ordinates are defined ns follows : x - distance 

from roadway; y - distance_ pa rallel to the rondwny; 

z - soil depth. The bulk dens ity of the soil (dried 

o.t 60° C) 1ms found to be O. 53 g cm- 3, cnnbling total 

masses of lend to be calculated from the concentration 

d~ta . For example, increments of soil measuring 1 metre 

in both the ,E- and X. clirections and 6 cm in depth 

contained 2.63 g Pb at x = 10 m, 1 . 87 g Pb at 

x = 30 m, and 1 . 52 g Pb nt x = 100 m, the background 

contribution being 1 .33 g. 
The total excess lead contained in such increments 

from x = 0 to x = .. ,.. (i. e. per metre of rond length) can be 

found by integrntion, either gr::iphically or by fitting 

a suitable function to the experimental points . 

By graphical integration to x = 250 ma value of 

69 g is found for the total 102d in the soil on each 
side of the highway, per metre of roo.dway length . 

.An alternative approach consist ::.. of plotting the 

values of excess lend in the volume increments of 
1 m x 1 m x 6 cm as a function of distcmce, and finding 

an integratnble function which fits the do.ta closely. 

Such n function is 

M(x) = M(O)e-k..lx 

in which M(x) is tho excess mass of load in tho 
increment at distance x. This provides o., better fit 
than functions based on c-ax, .2s the d.ecrense with 

distance beyond about 50 m. is less shnrp than would be 

expected from an exponcntio.l plot passing through the 
points at closer distances. The best-fit curve to 

1 

the above equation has M(O) = 2.65g, k = 0.266 m~, 

and 
.:,.:. 

-{ M ( x) dx = 7 4 g 
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in good agre ement wj_th the r esult from gr nphical 

integr.'.ltion. 

In principle, a thi r d possibility consists of 

fitting to exponential curves the decrea se of excess 

lead concentra tion with both distance and depth, giving 

an equation of the form 

-k1 ::: r::, ••k 2z 
C(x,z) =C(O,O) e v 

where C(x,z) is the l ead concentration in excess of 

background, expressed in _ug Pb/ g soil. The integration 

to give the total excess l ead on ea ch side of the road­

way per metre of its length truces the form 

~(J -k1 X 1,[ C,,.' --1:: ,.., z 
M = C ( 0, 0 )r, J e dx ~- dy £ e '- dz 

where p is the bullc density of tho dry soil in g cm- 3 

and x,y,z a re in metres. 

Hence • 

' 
The data of the pre s ent work, however, do not fit 

this form of function sufficiently well for k 1 , k 2 nnd 

C(O,O) to be determined reli ably. 
It is of interes t to c ompare the estimate of the 

excess lead in the soil (approxima tely 70 g on each 

side of the road, per metre of its length) with a 

calculated total lead emission in the nroa by nll 
the traffic tha t has us ed the road over a period of 

more than 40 years s ince the use of lead tetraethyl 

in petrol becamo -wide:s:preM. 
The following quantities have been estima t ed : 

-1 average vehicle fuel consumption : 0.10 1 km 
average Pb content of fuel: 0.7 g 1 -1 

average Pb exhnustc d : 0 .4 g 1-1 

The l a st estimate is ba s e d on the data of Ha bibi (1970) 
irho studied the percentage of le2d o.ctunlly exhausted 

from vehicles a s a function of speed. An estimate of 
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55-60% leCtd e:xh:::motod o.t thG speeds of 50-60 nph 
goncrally used in tho nr o2 of the prosont study, is 

consistent with the findings of Hnbi bi. 

Hence onch vehicle o.xh:msts tm o..vo r ci.ge of 0. 04 g 

Pb pe r kilomotro of dist 2nco t r o.velled a long the 

highwci.y, i.e. 40pg por metro. Vehicle volume counts 

have been kept on this p~:rt of the highway by the 

New Zeo..lcmd Ministry of Wo rks cmd Tovelopmcnt since 

1957 , a llowing n r elin'ol8 estim2te to bo mc.. d.e of the 

totnl number of vehicles tho.t have tr:ive rsed the 

highw;-i.y s ince tha t time . E.xt r c.polo.. tion bo.ck to 1 930 

ho.s be en ca rried out by nssuming th2.t the growth curve 

of the .. use of this highw.'.:.y h8. s been po.. r nllel to the 

growth curve of vehicle r ogistro.tion in New Zealand . 

The estimnted totnl traf f ic flow since 1930 is 
G 6 6 .0 .x 10 (±1 . 0 .x 10 ) vehicles? and tho tota l 

exho.ustod Pb is therefor e est i mo.t ed t o be 240 g 

along eo.ch metre of the r oo.d. Comp~rison of this 

figure with the calcula t ed excess in t he soil, i.e. 
140 g etlong co.ch metre of the roadwo..y, indicntes thnt 

the ma jor p0.,rt of the cmtomobilo l oo.cl co.n be accounted 

for by the pres ent-day soil-le,'J,d elevations in tho 
top 6 cm of soil within nbout 250 m of tho roa d. 

Tho amount of lead contninod in (or on) t he vegeta tive 

cover of the o. r e~ at nny givon time is ve ry much 

smalle r than tha.t which ho.s o.ccumula ted in tho soil . 
The bo..lnnco of tho e.xho.us ted lend will hav e been 

lost from the a rea of study in the f onn of 
(i) primary exhaust ca rried more tho.n 250 m from the 

road, (ii) seconda ry r emova l o.s wind-blown dust , 
(iii) washing of particul~t os and leaching of soluble 
lea d to depths grea t er than 6 cm. 

There is no evidonco to suggest tho.t the last of 

these processes is import~nt, since the lead levels 
approe.ch background a t depths of only o., few centi­

metres, even wh,.::n surf '.lce levels o. re much higher them 
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thoso reported h0re . Furthermore , it h.:is been 

indicnted th:i.t soluble 10:,,d moves only 1'li th grent 
diffj_cul ty in most ·soils (K o::·,ton, 1 937). 

The l0nd not :i.ccountcd for in soil retent ion ha s 

therefore prob::i.bly been lost from the study nrea by 

processes (i) nnd (ii). Although most studies show 

thnt concentra tions of l oad in surfa ce soils and 

vegetntion decrease r ~pidly with distance to n 

'bnckground' level, the concentrntion of nir-horne 
particula te lend does not decrease nearly 2s rapidly. 
This i s apparent from work such ns that of Da ines et nl, 

(1970) who found tha t, for sever a l different traffic 

densities, levels of a:i..Norno lead at 500 f8et from 

the roadway ~'fGre 30-50 % of the levels at 30 feet. 

It is observed tha t a region of slow decline in 

nir..:.borne lead lovelf~ is renched a t Rbout 250 feet 

from the highway. There is therefore a minor, but 
significant, proportion of the oxhaus t od lea d which 

persis~s in the atmosphere and is dispersed over 
distances much greater thnn those within which 

augmen t ation of natura l s oil and vegetation levels 

can be observed. 
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1. Introduction 
Tho distribution nnd Qcc11mul~,tion of a ir-borne 

heavy metQls from industria l sources hns been widely 

reported in recGnt yG o.rs . Most intor0st has boen 

concentra ted on soil and vegeta tion contamination by 

zinc, lend, copper and rec ently cadmium. (MarttQ 

nnd Hammond, 1966; Ender, 1969; Costoscu and 

Hutchinson, 1 971 ; Little and l\Io.rtin, 1 972; Buchauer, 
1973; l\13.rchant, 1974). Other environmenta l components 

studios were : mos sos ( Goodman and Roberts, 1 971 ) , 
leaf surfaces (Roberts, 1972 ~ Little, 1973), stream 
and marine sediments (Goldberg, 1965; Preston et al, 

1972; Hallsworth and Adams, 1973) and wa ters 
( Buttersworth et nl, 1 972; Burkitt et al , 1 972) . 

Elevated levels of heavy metals have been connected 

predominantly with emissions from smelting complexes. 

(Abdullah, fil al, 1972; Burkitt, et al, 1972; 
Buttorsworth et al, 1972) mid to a lesser degree 
fron mining activities ( Chisnall o.nd Markland, 1 971 ; 

Mnrkland and Vnll-:1.nce, 197 ·1; Crudgington et al, 1973). 
Tho principal obj ect of this study w2s to obtain 

somo estimates of tho toto.1 P..e rinl burden in soils nnd 

vegeta tion, of lend presumed to origina t e directly from 
a ba s e-metnl mine nnd ore treo.t ment plnnt nt Te Aroha, 

New Zealand, c1nd to compnro tho dnto. with tho :-u-a.ount and 
mode of distribution of l ead accur:mla tions in plcmts 

growing directly over tho ore deposits, wh8ro tho metal 
is nccumulnted via the root systems . 

2. Study a rea 

The Tui mine is situa t ed Qbout 3 km north-enst 
of the township of Te lirohn and is at an a ltitude o.f 

nbout 600 m on the west side of the southern extension 
of the Coromnndel Peninsula Hange on the flank of 

Te Aroha Peak (952 m) . The Coromandel Peninsula is 

situa ted in the north-east of the North Island of 
New Ze o..l and . 
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The region is steep (slopGs of up to 45°) with 

bush-clo.d hillsiclos . The country rock consists of n 

rela tively ho.rd propylitizod andesite of tho MiocGnG 

period. There .'.lrG two miner~lis0d roofs known :1.s 

Champion and &.~uknk~ . The Raukaka Lode hns been traced 

for n strike length of nbont 600 m and o.. dip of 

60° S.B. ThG ChQmpion Lodo hns been traced by surface 

outcrops for ::i. strike length of over 450 m .'..1nd has n 

dip to the north-enst . 

CChe mineralisation consists principally of galena, 
spho..lerite, purite o.nd chalcopyrito (Williams, 1965) . 
Qunrpz is tho mnin go..ngue material . 

The clima te is wnrm-humid with an nnnual rninfu.11 

of 150 to 200 cm. ThG predominant wind direction is 

west0rly. 
The flora consists of n typica l New Zealand broad­

lenf, evorgr0en fore st with tnlJ. species such as 

Boilschmiedia tnwa ("tawn") being dominant. Smaller 
trees and bushes such as Brachyglotti2 repanda and 
SchGfflera digitata ( 11 fivo finger") are common 

beneath tho forest canopy. 

The soils are classified as yellow-brovn1 e2rths 

nnd vary in depth from over 200 cm on tho gentlGr slopes 

to almost nothing on the steeper hillsides. A soil 
survey of the are:-::. hns been c8.rried out by Weissberg 

and Wodzicki (1 968) . 

3. :Methods and materio.ls 
Samples were collected in three major regions as 

shown in Fig . I V.1: samples 1-12 Raukaka Lode a rea; 

13-23 Valley-Ro~d ~rea (ba ckground) ~ Rnd 24-39 
treatment plant; . 

At each sampling point, lea ves (B~ t~ and 
_§. digitata) were taken from heights vc-i,rying between 

1 nnd 3 metres from thG ground, nnd soils were taken 
within 5 cm of tho surface. 'l'runk- core sru:nples 



Fig . IV . 1 • Map of Tui ~:Iine area showing sampli ng 

s i tes . The Champion (C) and Raukaka (R) 

lodes are shown as broken lines . The 

ore- treatment plant is shown as ( T) . 
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(6 mm diam . ) of~ t awa we r e taken a t sampling sites 

3, 5, 12, 13, 17, 22, 26, 33 and 36. 

Foliage and soil sampl es were prepared for analysis 

as described in Section I. P l an t foliage results were 

expressed as ppm ash we i ght. 

£.:_ tawa trunk-core samples were dried for 3 days 

at 60°C and divided into 2.0 cm lengths which were 

ashed at 450°C and dissolved in 2M hydrochloric acid 

(1 - 2 cm3) . Trunk-core data we r e reported in terms of 

ppm dry weif;'ht . 

During analysis, corrections for non-atomic 

absorption were made where necessary by use of a 

hydrogen lamp a t the same wav e l ength as the absorbing 

line of lead. 

4. Results and discussion 

(a) Soil 

The lead cont ent of soil s a cross the Raukaka Lode 

is shown in Fig. IV.2. Because the data were log­

normally distributed, they are shown with logarithmic 

co-ordinates in the figure. 

The hig h es t le ad l e v e l s occurred at the base of 

the Raukaka Lode outcrop, situated a t sampling site 3'. 

In this area the metal content of the soil sampled to 

the south (3 ' ) was two- fold higher than that to the 

north (3) of the outcrop. Sampl es alon g the direction 

of the lode showed variable l ead concentra tions with 

the highest levels a t sites E and 10 . The l ead content 

for the Raukaka Lode ranged fr om : 47-12,500 ppm. 

Background values for this a r ea were about 20 ppm lead. 

Samples from the vicinity of the Valley Road area 

(sites 11 - 23) showed meta l contents rang ing from 

39-460 ppm for lead. Values within this area should 

have presumably been nearer to background levels, but 

sites 15, 16 and 20 to 23 showed high e l emental 



Fig . IV . 2 . lead levels in soils and ve"etation 
in a transect 1.cro:-s t:hc 13.ukaka 

lode : 

• = soil; 
A = B . tmv;:i_; 

• = S . difitnta . 
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concentrations comparable to the west and east sides 

of the Raukaka Lode. Such levels were probably due 

to road construction with contaminat ed rocks, and 

wind-borne dust deposition from mining activities 

adjacent to the treatment plant. 

The distribution of lead, as air-borne dust 

particles around the treatment plant is shown in 

Fig.IV.3. The soils in this area are derived from 

non-mineralised country rock, and elevated concen­

trations of base metals must have been due to 

deposition of air-borne mat e rial from the treatment 

plant. 

The elemental contents of soils decreased 

markedly with distanc e from the treatment plant 

along sampling sites 24 to 29 (which also increase 

in elevation). Levels along the ridge decreased 

towards background value s at a distance of greater 

than 150 m. Highly-contaminated soils, as a result 

of direct deposition of wind-borne dust from the 

treatment pl ant, occurred within 30 m of the source. 

The range of le ad concentration in soils adjacent to 

the plant wa~ 20-270 ppm. 

(b) Vegetation 

Elemental l evels in a shed leaves of Beilschmiedia 

tawa and Schefflera digit a ta are also shown in Fig.IV.2. 

Accumulation of lead shows a pattern similar to that 

of the corresponding soils. 

Background values in the ashed l e aves of 

B. tawa from the Valley Road area were 60 ppm lead. 

In the vicinity of the treatment plant (Fig.IV.3), 

there was a pattern of le ad concentrations in ashed 

leaves of~ tawa which was similar to that already 

noted in soils. The highest metal accumulations were 

within a 100 m radius of the source, although even at 

greater distances, values above background were 

obtained. Distributions seemed to depend mainly on 

the direction of the prevailing wind. Elemental levels 



Fig . IV. 3 . J,ead levels in the vicinity of the 

ore- treatment plant : 
above = soils ; 
below = P. t'1Wa le'lves . 

For scale and sample site identi f i cati on 
see Fig . IV.1. 
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o..t sites 38 m1d po.rticulc.r ly 39 wore higher than 
expected bec['.usc thef:-;o spociT1cn::::; grew within 1 0 !!l of 

the settling pond . It js suge;ested th:::tt absorption from 
the root-system nny occur [',t these sites ns shown by 

only 8- 1 5% of tho motctl burden being removable by wnshing 

the lec f surfo..ces . 
The degree of absorption or fixQtion of the metal 

into ]?. tawo.. leaves i s mown in Tnble IV. 1 as tho 
porcentngo (mean of five determinations) remove d by 

washing with wa ter. 

Inspection of the t a ble shows three dissimi lar 
pntten1s . Nenr the trent• ont pl~nt, 68% of the totnl 

leo.d content wc~s r emoved by washing. This suggests the 
a ccumula tion of deposits of inert matorinl upon the 
leo..vos ~nd has been reported previously by Little and 
Martin (1974) f or fallout from o. smelter. 

Tho samples from the ./1..1.u.."knka Lode which involve 

nccumulation prodominnntly vi2.. tho root systems , show a. 

predictably low elemental component removable by washing 
with water. Al thoueh o.bsoluto concentratj_ons of l ead 
in lonves were npprocinbly higher them in samples taken 

from noQr the treatment plo..nt, tho percontngo re• ovnble 
by wnshing was four or five tiraos lower. 

Tho so..mples from the b.'lclcgr01,'..nd nron showed that 
a very high percentngo of the total le~d burden 1v2.s 
removable by w~shing. It is suggested that oven these 

' background' samples contc.in ::.n appreciable component 
of aeriQl fallout, nnd th~t true background samples will 
probnbly be found a t considerc.bly gret:ter distances auay 
from the mine and tren.tr,1ent plo.nt . 

Table IV. 1 also i.ncludes dnto.. on the pl2.nt/ soil 
rntios (concentra tion in pl~nt nsh divided by t he 
cnnccntrf'.tion in tho soil) for lend in leavos of 

1h tnwn from nll three locnlitios . Under nG.turnl 

conditions (e . g. on the Hnuknk~ Lode) , this rati o 

is usually loss tho.n unity . Whore fallout is 
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'.r['.blo IV. 1 

Jlfo':'.n Percentage Lead Content Removed by 1:l:-.shing 

Beilschrnicdio., to.wn _LcD:_v~-~ 

Loco.tion 

'I·reo.tnent Ro.nt .till.uknka Lode Bacmground 

Load 

Removed by washing 

Plnnt/Soil 1\i.ttio 5. 30 
20% 

o. 25 

88% 

2 . 48 
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extensive tho vnluo i s usue1.lly o.bovc unity o.nd bo::.rs 
cm inverse rolG.tionship to tho porcontngc rom.ovnblo 

by washing. 

( c) ·rrunk core s_nmpJ:.9_sl. 
Tho concentra tion of le::.d (ppr.1 dry weight) in 2 cra 

lengths of 6 mm dio.metor cores of]. 1nv@ are showD i n 
Fig. IV. 4 and nro expressed ns 0 function of distance 
frcm the centre of the trunk. 

The conversion .:act 01,; to:,_, c.xpro3f-:;ing·•:dti_ta.i'.on 
on ash 1·reight basis is 7. 9 . 

Inspection of Fig. IV. 5 shows that two mnin 
patterns of upto.ke em.ergo. Samples fro::n nonr the 

treatment plnnt show olevntocl lend. levels towards tho 

outside of tho tree, where::s spocir:ions growing in the 
Rauknka Lode show no significant trend to increase or 

decroci.so towards the exterior . Tho 'bnckground ' snmplos 
nlso show ,'1 tendency to incro1:1,so towards tho outside . 

It will nlso be noted thGt tho trend to hi;:tvo 
incre~sing concontr~tion of le~d levolc towards the 

outside of the trunlc, docrcns0s progrcssivoly with 
increasing distance from tho tre~tment pl:111t. 

Uptake patterns of le~d levels in trunk cores 
seem to reflect tho mochnnj_sm of uptake. Where 
accumulation is vie-. tho root systems, distributions 
are rela ti voly uniform, whereas D.eric.l fe.llout results 

in higher levels towards the exterior of the trunk . 
This accumulation is probably due to o.bsorption vin 

the bnrk which in tho cnse of J3eilschni odin tc.wn j_s 
comparatively thin. 

5. Conclusio!l~ 
It is clear that there is u widespre:.1.d 

distribution of nir-borno lend. from dust particles 
emnno.ting from the oro trea.truent plnnt at tho Tui Mine . 
It is also evident that trees growing over the ore 

bodies contnin natural levels of l end in n..rnounts even 

greater than those derived frori wind- borne sources . 



Fig . IV . 4 . Lead l evels 
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'11hc diffcrontic,t ~• on of upt ctke mochnnisms sbows 

quite clo '.l rly thc>.t l o'.:td con cGntrn.ti ons due to 

nccumul2 tion v:i ,.,_ the root syst~Jm n.re signific2n-tly 

hj_ghor them t h os,: ::1.ssoc i n t ed with nir- borne deposition 

in such ~reas ~s the vicinity of s• eltors, ore trent­

:r:ient pl::ints a nd highwo..ys (motor-vehicle e xhaust 

emissions). 

J<"'uture i nves tig:it i ons to nssess tho overall 

environmentnl i • pnct of such opernti ons n t Te Aroha, 

espocinlly from Qir-borne doposj_tion fron t he ore 

trcntnent plan t , upc;n the popul o.t i on centre of 

To Arohn would giv e n. more det2ilod i ns i ght into the 

degr ee of conc e rn with whj_ch l ead pollution should 

be conside r ed within tho humcm environn1ent. 
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1. Introduction 

The deposition of air- borne lN~d from motor­
vehicle oxhnusts, hns been studi ed extensively in 

ni'..tura l vegetn.tion, edible crops nnd soils. Warren 
Qnd Delavault (1960), C~nnon and Bowles (1962), Kloke 

and lli.eba rtsch ( 1 964), and Dedolph e t nJ, ( 1 970), 
observed that lend levols in vegetation growing nen r 

n, highway were conside r a bly higher than in natural 

localities . Lead levels were found to be dependent on 
traffic volume and the provailing wind direction . 

iurther studies on lend levels in edible crops 

(Prince, 1957 ~ Warren and Delavnult, 1962 ; Motto 

et al , 1970; Schuck and Locke , 1970 ~ Ter Haar, 1970) 

showed that inedible pnrts of most crops (corn husks, 

wheat nnd ont chaff, soy-bean hulls and the outer 

leaves of cabbages) had l end l evels two or three-fold 

greater near highways than in ba ckground nrons. In 

most cases, load contar:iination of the edible parts was 

negligible except in tho case of lettuce leaves 
(Ter Haar, 1970). 

Because food is the main source of Man 's norr.1al 

lea d intake (Kehoe, 1947, 1961 a , 1961 b 9 1961c, 1964i 

Schroeder nnd Balassa, 1961) and because human food is 

derived directly or indirectly mainly from plants, the 
effect ofair-borne le2d contamination on plants is 

very important. Several investigat ions have also been 
c~rried out on soils (Ta tsumoto and Pntterson, 1963; 

Chow and Johnstone , 1965; Martin cmd Hammond, 1966; 
Singer and Hanson, 1969; Chow, 1970) •with po..rticular 
emphasis on the contribution of lead in soils, to the 

overall le~d burden in tho veget~tion. 

Swe et-com is an ideal subject f or lea d studies 

because direct aerial fallout is confined mainly to the 
leaves, stalks cmd husks . Kernels and cobs which nre 

protected by the husks fro• aeria l fallout, • ay well 

derive their lend from other sources such as 
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absorption from .:,oil:J ·,,lo. ~~ic ru<YG sy-s-~en or trans-• 

l ocntion of ,_;·-_-. -bcJI·no JJ)L,d fi~on lcnves" Swe r_; t-corn 

i s moreover an ~ npor~nn~ food c~o~ in ]~w Zealand, 

with an ::-.nnu:::.l cons·l--:.i::1ption of c..t lenst 1000 tonnes. 

Because of co::1:::ru.mer clor10.;1d :LO l' f:r-a;:;h supplies rmd 

because of exco3alve t r :.1Y:.uro•.'t costo 1 this cereal 

(unliko wheo.t o~- o:-i..t8) .. co·:1 dr:! -co be grown neal' centres 

of' population a::~d heflCG is much r:iore subject to contnm- · 

ination :from lead fnllou I; de1~i-:red fro• i7:toto r- -vehicle 

e:xJ1ctus ts . 

The purpose o:l:" ·chis t.t~r:1._y \'ifLS to J o~·e r .w.ine the 

pcttte:rns of 1 0::.1.d c~o!lt[),,r:1. i:::1n t:;_on )f .JiV€ot--corn u ;1d.er 

lfow Zealand co1..'1t-,.it:Lon,; rn:irl to oxo.r.1ine -:~~ie offect of 

directic:::1 of the :r-, 1'.'C)v:· .-i_lj_n~: ui~1d upo::.1 -~1:..2 lGad love ls 

within the pl /J.n-~. 

:-mcl rnc·c1) t C:1· 
. , .. ... .. • ~ - ' 

Tl".,~ CL~Gil i.11.VG';t:;_gc.tcd ~.,.._.:; ~i );l,w.tod :rrna r TnradP,le 

on the meti11 Hr'c~:. ·c:i.n.i:; ,. -Nnv; .. CE' >:Lf::.1wc..y ~i.n HavJlcer; B:-iy " 

Trcmsects WOJ:"() ·{;nke:.1. C"•✓-CJ. t~: .. ~ ~)')C"C~. J :.1,J of ·:;he highway" 

The fi.rst coct:; un 'i;c:uJ ope·•-iDd ::i.:1_ 1 ~50 nILc~ ac p:rosGnt 

has [l daily ·co·:~'.=! ci:.t "- rv,() . ·r,· . '.lp,;:, y,_(;t; c', cur.iulntive 

total of G, 800 .• 000 \··or1_j_c J c~ ;-; :-o tho c::.1c~ of Jun0 1 9'/ 4. 

The other ci0c·cj_0 ·1 ~- ,t ,; ul)-:;:,-_,;,: :..ii. ·1 97 ::.i cmd ha:.:; a daily 

total of 3,875 --;-o:•1:i_._,_·,_0:-1 ·,,·_t'.;1 :~t :.;tP,l'J.Lr:_;:i. 've tot .21 of 

1 , 090, 000 vohi clus to -L~h') O'... .d of Jm1G 'i 97 3 . BefoJ:-e 

constructio:!.."i of ch·i_c Li.5:1 .-e_y 1 t:ne ,cGn r..:ons:i.otGd of 

fo.:r;:nlcmd with Lt nc;:3LLgj_}fi_o vo:J:,._rn.r" 0-f i;ioQ.ffic in tho 

vic i 1:..i ty. .Rai.nfal~- .; _n -~ll'".i ,.1..,·co, :~. : ~70 mm per cmnum 

o.nd the prev0,:i.ling -;L:_j1d :.:. ~.:, · '. G. 1:f" 

SC1mploo of m,G(:')'C•·'.:Or.i.1. (r;Ta:i_;::;:1? lco..vcs, o.nd husks : 

were taken at a licift,;rt o/ ·1 , 5 u :~n tho plant o.nd were~ 

selected from specino!.l:J g:z-o:·: i :11<; at ·1 0 m intervals in 

two separate trn.:nF::: uc t~; crorrning ·chG highway. The 

transe8ts rnn po.rc1J.lel ·co tb.c d::i:coct:i_on of the 
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prev.:;,iling wi:.:1cL Cob and ~S:\,.:'~:·:1ei samples -:-w re al8u 

to.ken c,t j_ntorvc.h:: oi' 30, (:,O .'.".nd 90 r.·i f::.•01.1 cnch sid.1.., 

of tho h:i.ghwo.y- , 

So:Ll rixnpici;J ( ·1 •·2 cm. 2.1'. clGI)·ch ) wero tnkon from 

the baso of 8nch c8rn SG~ple (j.o. ovory 10 n). 

Further soil ~u. t:iplcf· a t ,o·JB:,.tions of ~ 0, 30: 60 anc'.. 

1 00 m on •:o.e:h sic:c o:f ·ct::; hi~:!'11-re1.y, woro takc:n. to rt 

dopth of G cm by ~za of c 2.5 en diameter core 

oxtrnctor, H1·.::kg:;:•ound ,.::.:1.1;1,r;Jcr:, of soils r~!.ld. co:::--~1 

wore ·calrn.c:t i'rc:c:1 a rLi tc moJ:8 ·:'~o.n 2 k1:i f:r.oln tho 

nonrost oajor ro~d-

S·weet--cor-.c1 ~nc':. s,x·_::;__ :.,~11.~,rJ.•0:1 were pY.·eparet fo1 

o.nnlyoi13 and cm,,.lysccl_ c.1,[.3 c.occ·,_•j.1xi d :i.n. Sect i on r, 

pt:1.r·Li ,rn1·e c'~i. i'idod ::i.:1to th:c:c groupc ::or w:12h:i.ng .. c_~ 
group '¼' .JY'C \'J,~ .. -:J10d tl·.cro·J.ghJ y :i_n 1:·unnJ.ng ',~·a ter rtnd the, 

~Che otJw::.· 

tw·o grou::_J .::. oi ;c-,;-Jo 1)t--coT• . 2.c:1.vcs iKJro i,;roat0d 1:-::i.. th r-1 

;,nor3 v~_ 6 o:cou~ ·1;~cl ~i1:_i__;1i,: p:c·oc JC.'J,18 :i..nvol·ving iJhalci:ng f o:c 

two hours •,ii -~1.. 2 % C.:) .-icr,_:2n +: '1:10. f' or thG same perioci 

with 4M l:ydi·och1 oric O.(;ic .. 

3wr-;et .. -c:.): ·:::~ ':.'01°.J .':llld : c;" L'J.Cd. fJ WG~"O ;~nn.lys__,o_ lll 

rGplicci:i:;o'; of f~. ,10. A7 7. n+1~c-:., 1J 1).mplc._ vfe:ro n:;,1aly.:: c<~ 
in dup2.icn to. Fo:c le-., lo::i.d c o,1cen trc1.tions, bc1ckg:rour.Lc. 

cor:rect~_Oil8 W(-; J.'C ::::1.a"r; ·,w l.HJ ·C) cf .'1 hych·ogcn lQEi.p . 

pE n eat,u.l• ,v..:G 1-L ~ l-1,::,r~ 2·1,j'.J on ci,q·,.1oous c .. d:;r;~c-~ '.: 
'Z 

p r oducecl. by :...i:1<..•.'.-.::~~1.e, e; of soi1 1-1::.. th 1 O cm.,, of 

d8ioniscd 1• fa·cl:::r :-. o::..· ,::. pc:i'.i.od of 24 hourc. 

Figo V" ·j show.s noc.11 -✓ :tJ..U O~ for the lead 2on-i,;en·· 

( ppra) of nslwd 8·1:ChYG•-c 0:::-r.: stalln,: ( washed nnd unw2..shcci ~ 

taken on botl: s ic.cs o:f tho h:i_g}1wny f o:r tbo two 

trnnsect s. In conGr~1.l; tho lead con tont of samplou 

take::1 fron ::.oc.r -!;no h::'..{;l:.wci;:;r i:m.J fi vo ·co ton tines 



Fig . V. 1 . Lead ( ppm ash we i ght) in sweet- corn 

stalks sampled from two transects 

across a major highway : •= continuous lines , unwashed samples ; 

• = broken l ines , washed samples . 
Background values were 10 :ppm . 
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grenter th0-n for bnckgr ound snmpl cs . Tho l end c ontent 

docreasod r npidly with incransj_ng distance fron the 

rond nnc.1 reached bo..ckcround V'."'.lues ~.1t '- distc.nce of 
80-100 m. Wnshing rer1oved noro thu.n hC1.lf of tho l ec.d 

from snnplos grov.:ring nenr the r oadway and the 
pe rc cntn.ge romovnble by w-:t:Jhing docrco..s2d rc1.pidly nt 
dist.;1ncos gronter th::m 60 ri. . This indj_cnt0d surfo.co 

contamination of the plnnts, by motor--vohiclG exhaust 

emi ss i ons • 

.l\nal ogouo dc,ta for hus}{s ·""'. re shmm in Fig. V. 2 nnd 

givo the ss.ne pnttern ns nbove :1lthough the lend 

nc cumulnt i on is o..pprccinbly greater tho..n for sta lks . 

.As before about ha lf of the lGnd in husks i s r emovable 
by wnshing . 

Sinc e husks 2nd stnlks nre the most oxposed parts 
of the plo..nt, n.nc. because so :::.iuch of tho loa d can be 

r emoved by wnshing, it would see::: th2t the l m1d is 

of aerial origin r'1the r them ho.ving been obtC'.inod vi a 

the root syster;L Further cvj_::lonce of the norial na tu.r e 

of the l ead contamination is 2.ffo rdod by the great e r 
2.ccUI!l.ulation of this eler:ient on the leei·rard ( eastern ) 

side of each cast- west tro..nsoct ( soo Fig . V.1 and V. 2 ). 

Table V.1 gives dntn for washed (doionised wnter ) 

Gnd unwashed s~,rnot-c orn loc~vcs. 1rhe dc-,tn show thnt a 

l arge p roportion of this lend burden is readily 

removed , p.'.lrticul2.rly for sm11ples ta.kon near the 
roadway . 

The superficial l oad cont:J.m.innti on removabl e by 
washing in water i s prob::::,bly not physiologicnl1y 

hnrmful to the pl~.mt (Hooper, 1973~ Little , 1974). 

However, the difference between the :mounts removed 

by deionised water nnd by 2% detergent ropresents the 

fraction physic&lly nttn.ched to tho cuticular surf a ce 
of tho lec:.vos. 



Fig . V. 2 . Lead (ppm ash weight) in sweet- corn 

husks s:1.r11 nled from two tr~nsccts 

across a major highway: 

• = continuous lines, umn.shed samples; 

A = broken Jines, ,-mshed samples . 

Backeround v:i.Jues were ?0 pnm . 
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Table V. 1 

Percentap;e of Lead in Sueet-Corn. Lea ves which is 

Removed by Washi ng wi th Various .Agents 

Di s t anc e f:::.:0::.1 raornred Water 2 ~ dei:El:gmt _1_ 1'-'i h.x,s!-rocbloric .... - -- . --,- l} -
roa d ~m ACid 

Transect 1 10 w 47 . 5 62 . 8 94 . 6 

30 w 42 . 8 50. 0 G8 . 0 

90 w 27 . 2 28 . 0 45 . 2 
10 E 57 . 6 75 . 8 96 .7 
30 E 45 . 3 62 . 0 74.0 

90 E 35 . 7 48 . 0 48 . 0 

Transect 2 10 w 45 . 8 58. 0 92 . 8 

30 w 35 . 7 52. 0 73. 0 
90 U 11. 1 38.0 46 . 2 
10 E 46 . 6 60 . 8 92 . 6 
30 E 38 . 8 54 . 2 64.8 
90 E 16.6 YI . 5 48 . 0 

Background 8 . 2 1 2. 8 18.0 
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After n.bsor ption by tho lcetf throue;h the cuticle, 
lea d mn.y be bound t o the cuticul:ir mer.:ib:ro.nes [:nJ cell 

walls by intracellular ionic binding (Littl0, 1974) . 
Since such c. large pr oportion of tho lead is removed 
by w2.shing with 4M hydrochloric acid , it seems probable 

thnt this tre~tment is causing cuticular nnd cellular 

d::'..mage. 
With a l l three washing procedures , ther e is a 

general trend townrds '1 l ower percentage of renovable 

load for incrensing distances from the highway. 

The particle size of a irborne le:::1.d ( Lee and 

Patterson, 1968; To.ines and Motto, 1970) from moto r~ 

vehicle exhausts is such that much of it could pass 
through open stomatn and be depositGd within the leaf . 
The degree to which it is Qbsorbed into the leaf cell 

membr anes and intro.ccllulnr conponents is only 
partinlly r eflecte d by tho percentage re• oved by 

washing with deionised water. Tho r emaining metal 

appear s t o bo nctua lly incorporated into the cuticle 

and cell walls of the le~f . 
Clea rly, the process of lead nccu~ulation, nnd 

a bsorption fron aerinl deposition is very complex. 
Such va rj_ables as r o.infn.11, microclimate and exposure 
time of the plant to tho contaminant are highly 
significant in detcrnining the total lend content , 

For cor.1pnrison, the techriiquo of wnshing samples 
(He be odorn and Cassino. vauvilliersii leaves) ,-ms 

discussed in Section I . 

(c) Lead in sweet-com cobs and kernels 

The distribution of load in the edible nnd 
inedible parts of the sweet-com is of great importance 
to the h tman diet . Tnole V. 2 shows lead levels in 
tho ash of washed (deionised water) and unwashed c obs 

and lrnrnols . In all cases, the edible kernels hnve 

a lend content less than half that of the cobs . The 
srune trend is found if tho dnt['. nre expressed on n 
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Table V. 2 

Lead Concentrations ( ppm ash weight) in Sweet-Com 

Kernels and Cobs 

Cobs 
Distance from road__(gi) \'lashed Unwashed 

Transect 1 10 w 1 2 1 5 

30 w 9 10 

90 w 7 8 

1 20 w 4 4 
10 E 1 5 20 

30 E 10 1 2 

90 E 8 9 
120 E 4 6 

Transect 2 10 w 6 8 

30 w 4 4 
90 W 2 2 . 5 

1 20 w 2 2 
10 E 8 10 

30 E 4 5 
90 E 2 2 

120 E 1 1. 5 

Background 1 

Kernels 
(unwashed) 

7 

4 

2 

0 .5 
10 

6 

3 
1 

4 
2 

1 

1 
6 

2 
1 

0.5 

0 . 5 

N. B. Factors for converting concentrations from an 
ash-weight to a dry-weight basis are: 

0 . 028 for c obs and 0 . 031 for kernels 
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dry-weight basis because the nsh weight-dry weight 

conversion factors are ubnos t identicnl (see Table V.2). 
The lower lead content of kernels is fortunate from 
the viewpoint of human heal.th and it is interesting to 

consider possible reasons for this difference. ~he 
lead content of the cobs is unlikely to be derived from 
aerial fallout because not onl.y cnn this lend not be 

removed by washing, but the cobs are shj_elded from 

aerial lea d fallout by the husks and kernels. Since 

the pathwny from lenf to cob is considerably shorter 

than the pathway via the r oo t system, it is probable 

that lead in cobs represents a component obtained via 

absorption on the l.enf surfaces. There is moreover the 
fact that most plants a re able to restrict uptake of 

lead via root systems, a mechanism th2t is usually very 

effective unless lead concentra tions in the soil become 

inordinately high (Hru:irnett, 1928; Nicolls et .Q:1, 1965; 
Mitchell and Reith, 1966; Brooks, 1972). 

The contributi on of lead in sweet-com to the human 

diet can be calculated f a irly readily. From data 
provided by Spilsbury (1971 ), it can be a ssumed that 

the average consumption of sweet-com kernels is about 

·1 kg (fresh weight) per person per annum. This 
represents a dry weight of a bout 400 g. On the basis 

of a maximum value of 0.5 ppm dry weight (5 ppm ash 

weight), this yearly intake repres ents 200 _ _-p.g or 

0.55 pg per day. Schroeder and Balassa (1961) have 
assumed a daily intnke of 200-400 µg and therefore , 

the above figure of 0.55 µg represents a maximum 
,. 

increase of only 0. 27 %. This calculat ion has also 
a ssumed that only sweet-com growing nec,r a highway 
W,'1S involved in the human diet; a situation not 

likely to exist in practice. 

(d) Lead in soils 

The distribution of lend in the soils of the two 
transects is shown in :l!,ig . V. 3. The lea d values show 



Fig . V. 3. Lead ( ppm dry weight ) in soil samples 

taken from two transects across a major 

highway : 

• = transect 1 ; 

A = transect 2 . 

Background V:J.lues were 1 5 ppm . 
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t he off ect of tho direction of the prevniling wind. 

Integrntion under tho curves in Fi g . V. 2 showed tha t 

on the eo.storn (leeward) side of the rond, in trnnsect 

1, 61 • 7 % of the tot[ll le.:d burden for thnt side is 

f ound within 30 m of the highway. The corresponding 

figur e for the wes t ern (windwa rd) side is 49 . 3%. At 

60 m, the corresponding v.:1lues a r c 85 . 8 % nnd 68 . 1 % 
r espectively. For transect 2, tho r espective values 

a r e 60. 8% and 47.4 % f or the 30 m i nterva l and 84 .3% 

and 6 3. 1 f; for the 60 n i nt erva l. 
The pa ttern of l end di stribution in so ils closely 

foll ows thnt of uptnke by sweet-com pl2.nts. The 

close similari ty be tween th0 two patt erns implies 

e ither neri a l f allout or up t nke of lond from the 
root s ystems ns di scussed nbove . 

Tabl e V. 3 shows pH vnlues for sor:ie of the s oils 

studied. ThGr e is evidence f or a snall but significa nt 

decrease of pH with incrensing di stcmce from the high­

way . As the mobility of lead dec r enses with increase 

of pH, this will hav e tho eff ect of counteracting to 

s orne extent, uptak e of lead vie,, r oots systems for 

plants g rowing close t o thG highwcty . 
Soil profiles for unploughed sites close to the 

r oadway (<10 m) n r e shown in :B'ig.4 and show a decrease 
of l end levels with incrensing depth of s n..YJ.ple. Below 
a bout 5 cm va lues appr onch normal background levels. 

Tu.ta for other s ites furthe r from the ro2d a re not 
given because it wa s c ons idered t hat di sturbance from 

ploughing would r ender the data meaningless . 

4. Conclusions 

The main conclus i ons of this work are g i ven with 
the r eservntion thett they npply specificnlly t o this 

particular l ocati on nnd Bay not be indica tive of results 

t o be expected in nrea s of different conditions of 

clima t e and traffic density. 



7ie; . V. 4. Lead (ppm dry weitsht) in soil profiles 

t aken within 10m of a major highway : 

•= transect 1 ; 

•= transect 2 . 
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Table V. 3 

12.H of Soils in ·Transect 1 Across Highwa_y 

Distance from road (m) 
East 

. pH 
West 

10 7 . 8 7 . 9 
20 7 . 7 7 . 5 
30 7 . 0 7.0 
40 6. 6 7 . 0 
50 6. 8 7. 4 
60 6 . 6 7. 3 
70 6 . 6 7. 2 
80 6. 6 7. 0 
90 6. 8 6 . 6 

100 6. 4 6 . 4 
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It is concluded thnt nos t of the lond burden of 

the sweet-com pl2..nts wo..s derived directly from nir­

borne emissions from motor-vehic le exhausts nnd wns 
:not obtained indirec tly via the root system. 

The extent of contamination of plnnts and soils 

w:1s D.. function of th~ direction of the prevailing wind 

and the dist~nce of the site from the highway. 

Traffic density also seemed to hnve an influence 

on the leQd levels in soils nnd plants . 

Present levels of l end in sweet-c om kernels do 
not seem to present a v ory serious danger to public 

hea lth because the edible kernels cont2in appreciably 

less l ead than other pnrts of the plo.nt and moreover 

sweet-com scunplos gr owi ng close to major highways 

must of nec essity f o:rei ri. relatively smo.11 proportion of 

the New Zealand crop . 

Although present-d~y levels nay not pose a 

particularly s e rious he2lth hnz2..rd, the s ituation 
should not be viewed with too much equanimity, since 

if this process is allowed t o continu8 for a ve ry long 
period, it is not difficult to envisage a serious 

situation developing at some time in the future. 



ST.Jl' -~ -~ ')Y 
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The aims of this thesis, as mentioned in the 

General Introduction, were summarised ns follows: 

1. To develop sensitive and reproducible 
procedures for the determination of lead in vegetation 
and soils; and investigate the analytical techniques 
of sample preparation. 

2 . To investigate the distribution and 
accumulation of lead in soils and vegetation in the 

vicinity of the Tui Mine ore treatment plant 

(air- borne lead pollution) and in vegetation growing 
over a base- metal deposit, the Raukaka Lode (soil­
borne lead pollution), compared with natural lead 
levels from "background " areas . 

3. To investigate the lead content of soils 

and tree veget at ion bordering a main thoroughfare 

in Palmerston North , New Zealand , and to show the 
influence on distribution by the wind direction and 

general traffic movement patterns along the thorough­
fare . The effects of seasonal variation in lead 
content in vegetation Rnd dust samples were also 
investigated . 

4 . To study the distribution and accumulation 

of lead discharged from motor- vehicle exhausts 
along a New Zealand State Highway in an area of 
low traffic density and determine lead levels in 
predominant plant species and , in particular, soils . 

5. To determine the levels of lead contamin­
ation of swee t - corn and consider whether the main 

source is from air- borne emissions from motor- vehicle 
exhausts or obtained directly via the root system. 

It was also hoped to examine the extent of contamin­
ation within the plant as a function of such factors 
as wind direction and distance from the highway . 

The results presented in Sections I to V of 
this thesis show that the above aims have been achieved . 
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The analytic a l section (Section I) showed 

that atomic absorption spectrophotometry could 

be successfully used to analyse lead concentrations 

in vegetation (leaves, barks , ring-cores) and soils, 

at levels sometimes 10-fold higher than n ormal 

environmental (background) values . fhe procedure 

followed, provided satisfac tory r eproducible results. 

The productivity of the various analytical 

techniques investigated showed that sample preparation, 

i n particular t he washing, ashing and acid d i gestion 

of samples, directly influenced the determination of 

the total lead content of the sample. 

The findings report ed in Sections II, III and V 

g i ve a general indication of the magnitude and 

d istribution of lead pollution in New Zealand as 

a result of motor-vehicl e exhaust emissions . The 

patterns whic h have emerged show quite clearly how 

l ead distribution is affected by the prevailing wind . 

Lead accumu l ation i s influenced by the traffic 

density of the region as shown by the significant 

variation in lead levels in Fitzherbert Avenue, 

Palmerston North (11,500 vehicles per day) , 

National St ate Highway No .1 (1200 vehicles per day) 

and the Hastings-Napier Highway (6000 vehicles per 

day). 

The other major findin gs from the invest igations 

of lead pollution from motor-vehicle exhaust 

emissions were: 

(i) Lead accumulation is affected by the 

side of the tre e sampled ( i.e . facing or away from 

the highway), the height above ground level and 

b a rk layer sampled. 

(ii) Lead levels in vege t a tion gav e a close 

fit to curves showing an exponenti a l decay with 

distance for about 50 m on e ither side of the 

highway. 
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(iii) Significant e l evated lead l evels do 

not occur below a depth of 5 cm in the soil at 

distances of 7-30 m from the highway. 

(iv) Comparison of an estimated total 

exhaust Pb (based on total traffic flow since 

1930 on National State Highway No.1), with the 

calculated excess of l ead in the soil, indicated 

that the major part of the motor-vehicle lead can 

be a ccounted for by prese nt-day soil l ead elevations 

in the top 6 cm of soil and within ab out 250 m of 

the highway. 

(v) The distribution and accumulation of 

lead in ring-cores indic a ted the increased contri­

bution of l ead from motor-ve hicle exhausts . 

(vi) The s easonal v a ria tion of l ead content 

in leaves ( and filt e r papers) showed a pattern 

influenced by the amount of lead absorbed as a 

function of the position of the tree, the surface 

area of the leaf and climat ic f a ctors, representing 

dire ct evidence of air-borne le ad absorption . 

(vii) The distribution of lead in the parts 

of the sweet-corn showed the trend of lower lead 

levels in edible parts (kernels) compared with 

inedible parts (husks, cobs and stalks) . Such 

levels represent an estimat ed lead contribution 

of 0.27')0 from edible parts to the human diet daily . 

(viii) The pattern of l ead distribution in the 

sweet-corn p lant showed that most of the lead burden 

was derived directly from a ir-borne emis sions from 

motor-vehicle exhausts and not obtained indirectly 

via the root system. 

The effect of l ead pollution from mining 

activities as the other major source of lead pollution 

in New Zealand is clearl y shown in the findings 

report ed in Section IV. 
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The widespread distribution of air-borne lead 

from dust particles emanating from the ore treatment 
plant at the Tui Mine occur::-ccl 11.t levels lower than 

those derived from soil-borne lead in trees growing 
over the ore- bodies of the Raukaka Lode . 

The degree of absorption or fixation of lead 

into B. tawa leaves and ring- cores showed quite 
clearly the differentiation of uptokc mechanisms . 

Washing procedures showed three dissimilar patterns: 
samples from the RaukRka Lode involved accumulation 

predominantly via the root systems, shown by a 
predictably low elemental component removable by 
washing with water; samples from background areas 
showed a very high percentage of the total lead 
burden removable by washing (appreciably aerial 
fallout); and samples near the treatment plant having 
nearly 70¼ of the total lead content removed by 
washing , suggesting accumulation of inert material 

upon the leaves as air-borne lead fallout. 
The significant association of air- borne lead 

deposition as a major source of the total lead burden 
of plants and soils in such areas as r.he vicinity of 
the Tui Mine ore trea cmcnc p:i.an t;, is shown vri th 

similar findings for motor-vehicle exhaust emissions, 
based on washing procedures. 

It is concluded that the total lead content , 
either derived directly from air- borne emissions 
(motor- vehicle exhausts and mining activity deposition ) 
or indirectly as soil-borne lead which passes into 
the plant via root systems; is increasing in the 
New Zealand environment . 

Such present~day levels may not pose a serious 

pollution problem, but if lea1 levels are allowed to 

continue for a very long period, it is not difficult 
to envisage lead pollution levels as shown in other 
countries . 
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