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"Dalton.... for fifty~seven years... walked out of Manchester
every day; he measured the rainfall, the temperature.......
of all that mass of data, nothing whatever came. But of the
one searching, almost childlike question about the weights
that enter tie construction of these simple molecules - out
of that came modern atomic theory. That is the essence of
science: ask an impertinent question, and you are on the way
to the pertinent answer."

— pi153: The Hidden Structure:
The Assent of Man

J. Bronowski.
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Section I: The optimum conditions for the determination of
cadmium, chromium, copper, lead, nickel, silver and zinc by
flame atomic absorption spectrophotometry (part B) were
investigated. Elemental concentrations were determined in
samples cf animal crgans (organs, muscle tissue, bone and wool),
soils and plants (pasture species, natural vegetation and
bryophytes).

The historical develcpment of non-~-flame atomic absorption
spectrophotometry (part C) wss reviewed. Analytical methods
using the carbon rod atomizer fcr the determnination of elemental
concentrations in natural water and tree ring-core sanples were
investigated.

The analytical technique used for the determination of lead
in whole blood involved dilution with 5% Triton X-100 followed
by sample application (1 pl) to the carbon rod atomizer. A
detection limit of <0.01 pg/ml Pb could be reached with a R.S.D.
~ 3$3%. The effect of additives E.DTA and heparin, on signal
profiles and analytical apbsorption curves was studied. Inter-
ferences and background absorption were also discussed.

Section II: Lead levels in whole blood of New Zealand domestic
animals using the carbon rod atonizer were investigated. Cats,
dogs and sheep showed no significant differences in lead levels
according to age whereas cattle (t=4,67 for 250 d.f.) and horses
(t=5.81 for 256 d.f.) shcwed a vé;y~high1y significant (P £0,001)
difference between those animals younger than 18 months compared
with all other age groups.

Generally there was little evidence for sex differentiation
for the lead content in all animal groups investigated (although
cattle showed a very-highly significant difference between male
and female - neutered animals),

Detectable differences of blood lead levels among different
breeds were only found in dogs and cattle. Sheep dogs from rural
areas showed a very-highly significant difference (3:3.1 fior
80 d.f.) compared with pedigree dogs from city areas. It is
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suggested that this is & reflection of the reduced ccntact with

lead pollution, predominantly fron motor vehicle exhaust

emissions, industrial suwelter funes and service station pollutants.
The whole~blood lead ccacentrations of specific dogs, cattle

and horses with suspected lead poisoning were also investigated.,

Section III: The lead content of whole blood of 62 sheep grazed
continuously for 6 months near a major highway was 0,90 ng/ml
compared with 0.20 ng/ml for 38 sheep from a nearby uncomtaminated
area. Accumulation of lead was observed in livers (maximum
concentration ¢f 20.0%6.0 ng/g wet weight), kidneys (cortex :

154 .0 » 34.0 pg/g w.w.) and bones (36.5 % L.6 pg/g w.w.) of

these sheep. kdible muscle tissue showed only slight accumulation
of lead.

Tour sheep from the contaminated area were placed in an
uncontaminated paddock and the lead content of the whole blood
decreased rapidly during the first 10 days and thereafter more
slowly. After 185 days, the whole-blood lead levels had still
not gquite reached normal levels. “imilar observations were noted
in the lead content of sof't organs which had approached out not
reached background levels. The lead content of bones had not
changed appreciably in this time.

Animals from an uncontaminated airea showed an immediate
rise in the whole-bloocd lead level when placed near a major high-
way.

Sheep placed in a concrete pen away frcm motor vehicle
exhaust emissions showed a rise in lead levels of whole-:blood,
livers, kidney (cortex) and bones when fed with forage cut from
the verges of a busy highway. Sheep placed near a highway and fed
with forage from an uncontaminated area showed an increase of
lead levels in the whole blood, liver, kidney cortex and bones,
comparable to that of the previous experiment. High lead levels
were also observed in lung tissue,

There was no evidence to suggest that lead is'excreted'
from the body organs or blood into the wool. Although washing
removes a significant percentage of lead from the wool of sheep
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exposed to motor vehicle emissions, lead particulates adhere and
become incorporated into tne wool fibres, especially in the
outer 2-4cm of wool.

The lead content of the outer 2cai of wool showed a very
highly significent (P< 0.001) correlation with the whole-blood
lead content. This suggests tnat it is apparently possible to
use easily sampled wool material in place of whole blood to
assess the lead burden of sheep.

It was ccncluded that lead uptake by ingestion of polluted
fcrage and by inhalat :on of airborne particulates acve both
mechanisms responsible fcr enhanced lead levels in sheep whole
blood, livers, liidneys (cortex) bones and to some degree lungs.

Section IV: Concentrations of cadmium, chromium, copper, lead,
nickel and zinc were mecssured in soils and pasture species alonga
major motorway in New Zealand. Enhanced levels of all elements
were found and correlated well with traff'ic densities.,
Concentrations in soil profiles cecvreased with depth and
showed that tne source of polluticn vas aerial deposition from
motor vehicles, About u third of thne aerial burden of each
element was removable by washing of vegetution species. highest
accunulations of heavy metals vere usually found on white clover
and the lowest in paspalum girass, Zlemental ccencentrations in
pasture species were usually well correclated with traffic
densities, pa:iticularly in the case of the grass, yorkshire fog.
Plant/soil correlations for individual heavy metals were
in general poorer than for relationships involving traffic
densities and concentrations in plants or soils, It is
considered that apart from lead ouild up of copper and cadmium
should give the most concern because of their toxicity and high
concentrations compared with background.

Section V:

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

and roots at various distances along a transect across a moderately
busy (less than 5000 motorvehicle/2L4 nhours) New Zealand State
Highway, north of Bulls was investigated., The influence of the
particular seascnal wind direction upon the distribution of lead
was indicated by the exponential decrease of lead content in soils
and pasture species, resulting in elevated lead levels to a distance
of at least 30 meters on either side of the highway.
Significantiead accumulation occurred to a depth of 10cm. Generally
the lead content of the leaves eXxceeded that of the roots with
onethird of the lead burden being removed by washing of the

aerial parts of the plant. It was also observed that agricultural
activities such as plcoughing mey prevent tne accumulation of high
lead levels in the upper most Scm of soil and thereby reducing

the availability of lead to the supported pasture.

Section VI: Cadmium, copper andé zinc concentr:stions in
vegetation, soils, water and stream sediments (part B), were
measured in the vicinity of the Tui Mine, Te Aroha, New Zealand.
Elemental levels in leaves of Beilschmiedia tuwa (Benth.& Hook

f. ) tawa, reflected dispersion of windborne material around an
ore treatment plant. Vegetation growing over au ore body showed
very high concentrations of all 3 metals accumulated by the root
systems. This mode of uptake could be easily cifferentiated

from airborne deposition by the much lower proportion of the
metal burden which was removable by washing. Analysis of tree
ring-core sections showed again a dissimilar pattern between
airborne deposition and accumulation of metals via the root 1 =
system., With airborne accumulation, tree-cores showed a
signifiicant increase of levels towards the outside of the trunk.
When elements were accumulated via the root system concentrations

were appreciably uniform through the entire tree trunk. Stream
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sediments and waters snowed very high bese netal concentrations
in the immediate vicinity of the mine.

Scils and pasture species in a paddock adjacent to the
former ore treatment plant associated with the base metal mine
at Te Archa,; were analyseda for cadmium, copper, lead, and 2zinc
at the time of closure of the mine and then 12 sonths later
(part C). Elevated levels of all four e¢lements, particularly at
the end of the pasture necarest to the source of contamination,
had decreased considerably after 12 months. Analysis of
elemental concentrationz in soil profiles and in pasture species
indicated loss of poilutants partly by leaching down the soil
profile and by downslope leaching along the surface.

Section VII: A comparison was made of the lead pollution
derived from a New Zealand battery factory and swmelter, and from
motor vehicle emissions from a nearby major thoroughfare. Very
elevated lead levels occurred to a depth of 12cm in soils
situated near the rndustrial conplex. Lower lead levels, found
to a depth of only Scm, and within 30m of the thoroughfare, were
derived from motor vehicle emissions.

Blevated lead councentrations in passture species indicated
the widespread distribution of lead particulates from the complex.
The higher lcad content of leaves compared with roots reflected
the overall efticiency of atmospheric deposition of lead
compared with the alternative pathway via the soll and root
systems. The proportion of lead removadsle by washing from the
verious pasture speciecs orgaens was always higher near the
industrial comzlex than for those obtained from near the thorough-
fare., 1t is suggested that this is related to the physical
and/or chemical forms of lead at the two locations or to super-
saturation of the soil by emissions from the industrial complex.

Section VIII: The effect of lead on seedlings of Lolium
perenne L. (perennial ryegrass) and Trifolium repens L. (white

clover) was investigated by a series of pot trials involving
a sterile silica sand substrate with varying amounts of added
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lead. Limiting amounts cf lecad were found after 14 weeks in all
organs of both specles fer suostrates containting over 1000 pg/g
lead. These values vere about 60 ng/g and 100 ug/g (dry weight
basis)for leaves and rocts cf ryegrass. For clover, values of
80 ng/e, 85 ng/e and 100 pg/g were found in leaves,stolons and
roots respectively. In both cases, ~ignificant uptake did not
occur until 12 weeks after germination,

HHigh lecad levels in the substrate reduced plant height. A
content of 500 pg/g was sufficient to cause a 5C5 reduction in
height.

Germination of seeds cf both species was retarded by high
lead levels in the substrate., After 35 days, germination was
100% for lead-free substrates and only 20% and 10% for seeds of
ryegrass and clover for substrates ccntaining 1000 pg/g lead.
When applied to the situation of pastuire species growing adjacent
to busy thoroughfares, the data indicates that ryegrass has a
greater tolerance to lead than clover, Difficulties in wain-
taining the clover cowiporent in pastures adjscent to busy road-
ways can therefore be anticipated,.

Section 1IX: 4An investigation was made of the silver content of
scils, stream sediments, woters and vegetation near a silver
mine and treatment plant at Maratoto, lew Zealand. S3ilver 1in
soils showed elevated levels ncar the treatment plant (due to
aerial fellout), and also in natural vegetation growing over
the ore deposits.

Pasture soils showed silver contamination derived partly
from deposition from ore trucks and partly from flooding by
mineralized stream sediments, Silver in pasture species reflected
the same pattern.

Silver levels in leaves and tree trunks of 3Beilschmiedia

tawa (Benth. & Hook.f.) showed distinctly different mechanisms
of uptake from aerial fallout and natural uptake by root systems.
The silver content of stream waters and sediments,though
anomalous near the deposits and treatment plant, showed a
progressive decrease with increasing distance from the source.
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Section X: Cadmium, copper, lead, silver and zinc were
determined in bryophytes from two mining areas in New Zealand.
Background cocncentrations of all except copper in Hypnum
cupressiforme (Hedw.) were lower than in the lowest background

values obtained for Swedish specimens of this species. Near
the 'dusty' treatment plant st Te Aroha, all bryophytes had high
metal concentrations compared with the substrate, and indicated
foliar uptake of airoorne contaiminants compared with uptake by
bryophytes in mineralizcd a.eas due presumably to passive ion-
exchange at the rhizoid-soil interface.

Uptaske of silver near a treatment ©lant at Maratoto, and

id

uptake of hesvy mctals by the ayuatic bryophyte Fissidens

rigidulus (Hook.f.et. Vils.) were also investigatead.
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Copper and zinc concentrations (pg/g dry weight) 115
in tree trunk ring-cores of Beilschmiedia tawa

expressed as distance from centre of the tree
trunk. Numbers refer to sampling sites shown in
Figure VI.1,

Cadmium, copper and zinc concentrations (jug/g) 115
in sediments of a stream originating from the
vicinity of the base metal deposits, Raukaha
lode, Tui Mine, Te Aroha.



Figure V1.8,

Figure VI.9,

Figure Vi,10.

Figure VI.11.
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Cadmium, copper and zinc concentrations 116
(pg/l) in waters of a stream originating from
the vicinity of the base metsl ceposits,
Raukaka lode, Tui Mine, Te Aroha.

Cadmium, copper, lcad and zinc ccncen=- 118
trations (ug/g) in surface soils sainpled at
various distances (m,) along an east-.est
transect of a paddock in the vicinity of the
cre~crushing treatment plant, Tul Mine, Te
£roha, Unbroken line represents sampling

at time of the mining operstions ceasing

and broken line 12 months later. Zero

distence corresponus to points nearest the
source of pollution.

Cadmium, copper, lead and zinc concentrations 118
(pe/e) of scils as a function of depth (cm)
sampled at the distances O and 450m. along an
cest-wvest trunsect of a pacdock in the vicinity
of the ocre-crusaing treatment plant, Tul Mine,
Te Archa. Unbrcken line represents sampling

at time of the mining operations ceasing and
broken line, 12 months later. Zero distance
corresponds to pcints nearest tne source of
pcllution.

Cadmium concentrations (pg/e dry weight) in 119
nasture specice samnpled at various distances
(m) mlong an east-west transect of a paddoek

in the vicinity of the ore-~crushing treatment
plent, Twui Mine, Te Archa, Unbroken line
represents sampling at time of the mining
operations ceasing and broken line, 12 months
later. Zero distance corresponds to points
nearest the source of pollution. Leaf samples
are shown as circles and roots as triangles.
(white clover stolons as sgquares).



Figure VI,1e,

Pigure VI,13. Lead goncentrations (pg/p dry weight) in

Figure VI, 14,

Figure VII, 1.
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Copper concentrations (pg/g éry weight) in 119
pasture srpecles sampled at vearicus distances
(m) alonp an cast-~west transect of a paddock
in the vicinity of the cre-crushing treatment
plant, Tui itine, Te Aroha. Unbroken line
represents saxgling at time of the mining
operatlons ceasing ang broken line,; 12 months
later. Zero distance corresponds to points
nearest tne source of pollution. Leaf samoles
are shcwn as circles and roots as triangles.
(white clover stolons as sguares).

119
pasture species samoled at various distances
(m) along an east-west transect of a paddock

in the vicinity of the ore-crushing trcatment
plant, Tui kine, Te Aroha, Unbroken line
represents sampling ot time of the mining
operations geasing an. broken line, 12 months
later. Zero distance corresocnds to points
ncarest the scurce cf ollution. Leaf samgles
ar¢g shown as cirgles and rcots as triangles,
(white clover stclons as squares),

Zin¢ congentrations (pg/e éry weight) in 119
pacture spegics samplod at various distances
(m) along an east~west transect of a paddock

in the vicinity of the ore-crushing treatment
plant, Tui Mine, Te Aroh&. Unbroxen line
reprecents samsling at time of the nining
vperations ceasing and broken line, 1 months
later. 2Zerc distance ccrresponds to points
ncarest the source of pollution. Leaf samples
are shown as circles and roots as triangles.
(white clover stolons as sguares).

Sketch of the Te Ppap battery factory and 123
smelter, with a nearby msjor thoroughfare
(inset), fuckland. Saampling sites are.shown



Figure VII.Z2,

Figure VIO .1,

Figure VII.Z.

Figure VI3,

Figure VIII.4.
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by numbers 1-3 (oattery factory and adjzcent
therougihfare awrca); L4~7 (battery factory area);
6-1% (smelter area); 14=16 (varying distances
from the smelter) and 17-22 (thoroughfare
transect not acsociated vil th the battery

factory or smelter areas),

The logaritnm of the mean lead content of soil 125
(pg/g dry weight) expressed as a3 function of
depth (cm) 2t sites 5 (battcry factory area),

& (smelter ares with additional pollution from
stored batteries), 16 (some distance away from
the smelter), and 17 (thoroughfare).

The lead content (pg/g dry weight) of leaves 135
and roots of perennial ryegrass (Lolium

perenne L.) expressed as a function of the

lead ccntent of the substrote (pg/g for various
pariods of growth : 6 weeks (synbole ), 8

wecks (symbola ), 12 wecks (sywbol @) and 14
weeks (symbola ).

The lcad content (pg/e dry weight) of leaves, 135
rocts anc stolons of white clover (Trifolium
repens L. ) expressed as a function of the lead
content oi' the suwstrate (pg/g) for various
Jseriods of growth : 6 weeks (symbole ), &

weeks (symbol @ ), 12 weeks (symobol @) and 14
weeks (symbela ).

The eff'ect on height (cm) of perennial rye- 137
grass (Lolium pcrenne L.) and white clover
(Trifoliwm repens L.) of varying concentrations

of 1vad in the supstrate : O pg/g (symbole),

100 ug/g (symbol &), 500 pg/g (symboll) and

1000 pg/g (symbol W ).

The effect on germination of seeds of perennial 137
ryegrass (Lolium perenne L.) and white clover
(Trifcolium repens L.) of varying concentrations

of lead in the substrate : O pg/g (symbol @),
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100 pe/g (symbol A ), 500 pg/g (symbolO ),
and 1000 pg/g (symbol ®).

Figure IX.1 #ap showing study area and sampling sites : 141
E.%.2.,, Bilver Queen Reef; T.?., treatment
plant; and 2.T., pasture transcct (inset)
associated with the silver mining opncrations,
#aratoto.

Figure IX.2 Silver concentrations (pg/g dry weight) in 143
surface soils (upper part of figure) along a
pasture transect, in the Maratoto Valley.
Concentrations 1in soils are shown as a function
of depth (cm) in the lower part of this figure.

Figure IX.3 Silver concentration (ug/g dry weight) in some 145
pasture specics sampled along a transect, in the
Maratoto Valley. Symbols : A washed roots, @
washed leavesn, O washed stclons (white clover
only).

Figure IXL4 Bilver concentretions (ng/s dry weight) as a 147
function of distance (cm) from tue outcide of

Beilschmiedia tawa tree trunk ring-cores

sampled from the Maratoto Valley.

Figure X.1-4.
Heavy metal concentrations (ng/g dry weight) 153

in bryophytes (solid lines) and thcir sub-
strates (broken lines) in samples collected near
a base metal mine at Te Aroha, New Zealand.
Mean values apre shown as triangles. Locations
were : Minerelized area (M), Treatment Plant
(T.P.) and Background (B). The bryophyte . _ ¢ G..
Species :

CS - Cyrtopus setosus

HC - Hypnum cupressiforme

CR ~ Camptochaete ramul osa

WC - Yeymouthia cochlearifolia

LE - Acanthocladium extenuatum

LC - Leucobryum candidum
Porells elegantula

L
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‘ figure X.1 Concentraticns of cadmium
Figure X.2 Concentrationz of copper
Fispure X,3 Concentrations of lead
figure X.4 Cenecentrations of zinc
Figure X.9, Silver concentritions (pg/g Jdry weight) in 153

bryophytes (solid lines) and their sub-
strates (broken lines) Tor plants collected
ncar a silver mine at lLaratoto, Mew Zealand.,
lean values are shown in triangles. Locations
were : Mineralized area (M), Treatment plant (TF)
and background (B). %The bryophyte suecies :

C3 - Cyrtovus sciosus

HC - Hy_.nuw gupresciforme
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10 days -~ (3 sheep)
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Mean concentiitions (pg/g dry weight) of heavy 93
metals in surfsace soils from various inter-
changes of the jjuckland wotorvay, New Zealand.
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New Zealand
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