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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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lode, Tui Mine, Te Aroha.
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Cadmium, copper and zinc concentrations 116
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Raukaka lode, Tui Mine, Te Aroha.
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trations (ug/g) in surface soils sainpled at
various distances (m,) along an east-.est
transect of a paddock in the vicinity of the
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distence corresponus to points nearest the
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(pe/e) of scils as a function of depth (cm)
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at time of the mining operations ceasing and
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Cadmium concentrations (pg/e dry weight) in 119
nasture specice samnpled at various distances
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in the vicinity of the ore-~crushing treatment
plent, Twui Mine, Te Archa, Unbroken line
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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
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later. Zero distance corresocnds to points
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Zin¢ congentrations (pg/e éry weight) in 119
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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
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(inset), fuckland. Saampling sites are.shown
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GENRLL INTRODUCTION,



During the¢ last 70 ycars, industrial activities have
augmented the natural levels of some metals to such an extent
thet sume sre now present in the environment in qusantitie:: which
mey prcve toxic to a whole range of animals anag plants. Since
the mid-1250's concern about the release of scme elements, in
the form of residues from industrial processes or as components
of doumestic wastevs and cunsumables, has been focused on the
hcavy metals lczd and mercury. &xamination of Chemical Abstacts
and other review material revesls that in the period 1950-1973,
nearly 10,000 scientific papars were published ccncerning the
biological effects of lead and lead pollution. (Brooks, 1977).
In addition, essential micronutrients (copper and zinc) have
attracted attention where they are found in abnormally high
ccncentrations as have other elem<¢nts such as cadmium, chrcmium,
nickel and silver.

The discovery of increasing lead levels in Greenland snow,
(surozumi et. al., 1969), tte 'survey of lead in the atmosphere of
three urban communities" (U.5.H. .%., 1965), and the reported
high blood lead level of @& control groupr of ianchester children
(Gordon gt. 2l., 1967), catalyzed interest in lead concentrations
in gir, water, food, scil, and blood.

The natural levels of cadmiun, chromium,; copper, lead,
nickel, silver, ancd zinc in tne environment are shown in Table
O.1. 8ince lead is the magjor element invéstigsted in this work
most of the discussion will be centred cn the presence of lead
in the envircnment.

Lead is a relatively minor constituent of the carth's
crust, occurring at levels of about 15 ng/g (igneous rocks).

In its natural state, lead is found mainly as galena (PbS.)
However, since lead compounds are generally insoluble and there-
fore poorly transferred from one phase to another (Stubbs, 1972),
the concentration in natural waters is extremely low— between
0.001 and 0.01 pg/g.

lis a consequence of its presence in soil and water, lead
enters the food chain and becomes incorporated into plant and

animal tis<ue. The natural lead level in vegetation (expressed



Table 6.1.

Natural Levels of Various deavy Metasls in the Environment.

Concentration in:

Heavy Metals

——— . = y——

L2 ca. Cr Cu Ni Pb Zn
Igneous rocks (pg/g) 0.20 0.13 117 70 100 15 80
Soil (pg/g dry weight) 1.0 0.06~0.5 200 20 40 10 50
Vegetation (pg/g dry weight) 0,06 0.01 0.2 n 5 26 120
Fresh water (pg/ml) 0.00013 #0.08 0,00018 0.01 0. 01 0.001  0.01
Marine Water (pg/ml) 0.0003 0.00011 0,00005 G.003 0.0054 0.001 0.01
alr (ng/m3) X s €0.002 «0.02 ¢0.002 0.8 0.7
Blood (,ug/ml) 0.024 0.0074 * 1.07 x* 0.2-0.4 6.5
Toxicity to plants. Severe moderate Severe Scvere Severe Severe Mhoderate

¢« Normal packground levels not guoted as wost work has been centred on anomolously
high levels as a result of polluticn studies.

References: Bowen (1966); Brooks (1272).



on a dry weight basis) averages around 2-3 ng/g or 70 pg/g on an
ash weight basis (Brooks, 1972),

Throughout history, lead has been well kKnown and widely
uscd by mankind (Grandjean, 1975) and so over a long period has
been dispersed by man into the¢ environment. Furthermorc,
Murozumi gt. al. (1969) reported very great increases in the
lead concentration of snow and ice frcm locations in northern
Greenland and the Jintarctic during the past 30 years. finother
geochemical indication of increasing contamination is based upon
the analysis of seawater from different depths by Patterson
(1971) who showed that about 1.5x101og of discharged lead
entered the oceans per year, several million years ago, whilst
measurement of lead in river water shows that some 2.ux1011g of
lead are currently entering the oceans. :fnalysis of lead concen-
tration profiles showed that young waters in the Pacific and
ilediterranean Oceans contain an excess of lead compared with
deep older layers (Tatsumoto and Patterscn, 1963) and this is
due to the washiout of lead aercsols with rainwater (Chow and
Patterson, 1966).

Similar studies showing the increased contamination by lead
have been reported by 3chrosder & Balassa (1961);Hard et 8l
(1974b ) using tree ring-core samples, and Ruhling & Tyler (1968)
who analysed moss samples of up to 100 ycars of age from Swedish
herbaria,

It is estimated that about 180,000 tonnes of lead are
mobilised naturally each year throughout the "orld as a result

’

of weathering processes. (Bryce-Smith, 1371). Probably 10% of
this total is lost in treatment of the ore to produce the
concentrate and a further 10% is lost in making pig lead (Brooks,
1977).

There are two major sources of lead pollution: industrial
(including mining activities, smelters, refining lead scrap and
hattery factories), and emission from motor vehicle exhausts
(as a result of lead alky.additives to petrol),

The amount of lead discharged into the environment from
smelters, mining activities and similar industries has only



in recent years been recognised as a major scurce of pollution.
Lead ores averspe about 2% -~ 200 lead from wuich 8 concentrate
averaging 60% - 80% is produced by a flotation process. The
concentrate is roasted to remove sul bhur and the lead is then
smelted., The World's largest base metal smelter is situated at
fvonmouth, necar Bristol, inglend. Tuhe major investigations of
heavy metal pollution from this source (/Abdullah et. al., 1972;
Burkitt et. al. 1372; Butterworth €t., al., 1972; Little and
Marton, 1972) have shown that measurable effects of heavy metal
pollution in soils extended to at least 10km from the smelter
and that the pattern was strongly linked with the prevailing wind
direction. Similar l¢ad patterns in the leaves could be detected
up to nearly 4O km away from the source. ‘“ashing procedures
removed 85% of the lead burden from e¢lm lcaves, indicating the
airborne nature of the lead pollution. Particle sizes of
metallurgical dusts and fumes from smelters can range from 0.001
to 100 pm. COther investigations near industrial smelters at
Swansea, South vales anc Cockle Creek, LKcwcastle, .lustralia
(Goodman and Roberts, 1571; tcayman, 1972) showed similar elevated
lead levels in scil and air samples within uistances ct 16km
from the source,

Lead pollution from wmining activities has been studied to
a lesser degree than for smelters, Several investigations on
soils, prass, vegetables and drinking water from lead - rich
environments (Crudgington ¢t sl, 1970; Chisnall and Markland,
1971; Mcrkland and Vallance, 1971; Page €t. al. 1971; Brooks,
1972; Ward et al, 1976), showed lead levels of up to 2-5 ng/g
(drinking water), 250-6680 pg/g (scil), L pg/g (vegetables) and
200 pg/g (grass : dry weight basis), Such mining activities do
not directly appear to present such a large problem as other
sources of lead pollution due to the absence of a gaseous
component and the fact that operations are restricted to areas
well away from population centres. However, dust from opencast
operations and ore treatment plants could scatter from the
mining area, large amounts of lead as well as other heavy metals
such as cadmuim, copper, silver and zinc, thus presenting a



pollution problen,

Emission from motor vehicle exhausts i3 byfar the most
serious source of lead ;ollution. Jsntiknock lead alkyls in the
form of tetraethyl l.ad (TEL) and tetramethyl lead (TML) are
added to petroleum spirit in the range of 2-Lg of TEL per gallon.
During driving, 25% to 75% of the lead is =mitted into the
atmosphere as airborne particulates, depending on driving
conditions (Hebibi, 1973; Cunningham et. al., 1974; Huntzicker
et. al., 1975). Ter Haar et. al. (1972) reported that 18% of the
lead consumed is exhausted as particles of less than 5u mean
maximal diameter. It has been estimated that more than half the
lead exhausted in city driving is less than 8p, L% is less than
2n with an increase in the proportion of particles of large
diameter emitted with high speed driving (Hirschler egt. al.,
1957; Mueller ¢t. al., 1963; Hirschler and Gilbert, 1974). is a
result of this lead particulate cmission, measurements in
Stockholm (Laveskog, 1971) showed that aerial tetraalkyl lead
is present in concentrations excecding O.5}1g/m3 in the rush
hours while otherwise it is around 0.1 pg/mB. Cities like Los
Lingeles heve a lead value of about 5 pg/mo (Hell, 1972) in the
atmosphere although lead levels of 71.3 pg/m3 have been recorded
during peak traffic periods on Los ingeles Treeways (U.S.HEW,
1966).

The extensive literature devoted to lead pollution of the
atmosphere, soils and vegetetion along major highways as a
result of motor venicle exhaust emissions, generally concludes
that wind direction and general traffic movement patterns along
the highway influences the lead levels mecasured (Warren and
Delavault, 1960; Cannon and Bowles, 1962; iitkins 1969; Singer
and Hanson, 19869; Chow, 1970; Smith, 1971). The distribution
and degree of accumulated lead from motor vehicle emissions in
the Mew Zealand environment has been reported by Ward (1974a).

£il though lead pollution is directly related to either
industrial or motor vehicle emissions, other sources worthy of
mentioning are : the release of soluble lead from glazed earth-
enware surfaces into the liquids contained in the vessel,



(Gilfillan, 1965; XKlein et. al., 1970) and lead poiscning
(particularly in children) from lead in paint pigments (Copeland,
1971).

It is clear that ian's efforts have seriously upset the
natural cycle of lezd in the environment as shovn in Figure 0.1,
and as & result of the continuing discharge of lead compounds
into the environient, scrious consideration has been given to the
effect of present lead levels in lan vhich are closer to the
threshold of potential clinicsl poisoning than those for any
other toxic chemical pollutamt (Bryce-Smith, 1271 a, b).
Patterson (1965) calculated the natural daily intake of lead,
both from the diet, through food ane drinking water, and from
the atmosphere, concluding that an estimate of the natural body
burden is 2 mg lead / day / 70 kg of body weight.

Lead may be taken into the bcdy by inhalation, ingestion or
through the skin. The uptake of any inhaled particulate mater-
ial is a function of its size and solubility. The size of the
particle will determine the fraction which is depositec in the
lung. Percentage deposition incrcascs with particle size fram a
minimum or 25 percent for particles approximately O0.5u in
diameter to a maximun of almost 100 percent for particles
greater than 25p. These particle sizes are witiiin the limits of
those associated with motor vehicle cxnaust eniission particulates
(kobinson ¢t. al., 1967).

Inorganic lead (Pbe7) is a general metadpolic poison which
may accwnulate in a number of body tissues such as erythrocytes,
liver, and kidneys. It inhibits enzyme systems (delta-amino.

. levulinic acid (LiL:) dehydrogenase) necessary for the formation
in bone marrow of haem, the pigment which combincs with protein
to make haemoglobin., Young children are particularly affected
and can suffer mental retardation and semi-permanent brain
damage (Vigliana and Zurlo, 1951; Harrison ¢t at., 1969;

Catton et. al., 1970). This susceptibility by children to lead
poisoning is recognized in the assessment of the toxic level in
the blood which for adults is regarded as 0.8 pg/l but for
children only 0.25 pg/1 (Zielhuis, 1972). F&ymptoms of lead



Figure 0.1,
Cycle of 1lead in the environment.
. Contamination of water by 1lead pipes.
. Contaminated water drunk by humans.

. Lead enters water via weathering processes.

1
2
3
4, Mining operations.
5. Lecad smelting.

6. Uptake of 1lead by plants via root systems.
7. Smelter fumes pollute air.

8. Contaminated plant food eaten by humans.

9. Polluted air, deposits 1lead on vegetation.

10. Lead pollutes air via motor vehicle exhausts.
11. Contaminated vegetables eaten by food animals.
12. Food animals eaten by humans.

13. Children injest 1lead from paint flakes.

14. Lead glazes contaminate foodstuffs eaten by

humans.
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poisoning wrange from mild (headache, fatigue, constipation, mild
anaemia) to severe (nephritis, ¢ncephalopathy). The most
insidious e¢ffect of inorganic luvad is its ability to replace
calcium 1n bones and remaln there to form 5 semi~permancnt
reserveir for long term release long af'ter the initial absorption.
The metabolism and pathologlcal effects of lead are reviewed by
Waldron & Stofen (1974).

Organic lead as TFL or TiL is ¢ven more poisonous than
inorganic lead. Lead as the tricthyl-lead ion (EtzPb+)
formed in the liver from T!L has 2 spccial affinity for lipoid
and nerve tissue especially in the bralin at greater concentrations
(Bryce-8mith, 1971). 4s a result, the earliest symptoms of lead
poisoning from this source are psychical, such @#s excltement,
depression and irritability. (Hunter, 1969),

fLiverage blood levels in adults arc reportz=d to range from
0.2 to 0.8 pe/e 1lcad. (Kehoe et. al..,1940; Geldwater and Hoover,
19€7). Hhany investigations hsve shown blood lcvels c¢xceeding
these values in suburban and larges city communitics such as
Manchester (Gordon ¢t. al.,1967), Philadelphia (Ludwig et. al.,
1965) and Tokyo (Tsuchiya ¢t. al., 1975). Other methods of
evaluating lead poisoning other than by blocd are by using hair

or urine samples (Kopito et. al., 1%67; Xehoe, 1969; Reeves gt.
&l., 1979. Kenshaw ¢t. al. (1972) found that analysing hair
segments adjacent to the scalp after thorough washing was the
best measure of the body pool of lead and concluded that the
concentration of lead inc:eased with the distance from the hair
root.

Some cases of mild lead poisoning can be treated by
"chelation" using ethylenediamine tetra acetate (EDT.). Unfort-
unately, this procedure does not cure permanent brain damege
which may have occurred.

It should be pointed out however that although this study
is centred mainly on the levels of lead in biological samples,
some mention of the toxicity of cadmium, chromium, copper,

nickel, silver and zinc should be made.



The ability of plants to absorb and concentrate cadmium
means that it is a real danger to herbivores and a potential
danger to carnivores. Fortunately retenticn is very low (1-2%)
and accumulaticn is necessarily very slow. ilovever, atmos-—
pheric cadmium from industrial environments (ore trecatment
nlants ana smelters in particular) can account for larger
quantities of cadmiun: being retained by the body. HExposure to
high environmental cadmium levels can result in permanent
hypertension, cirrhosis of the liver and lung dawmage. Similarly,
copper, chromium and nickel are severely toxic to plants at
very high concentrations,

Zinc is an essential micronutrient for micro-~uvrganisms,
plants and anim«ls. 1n high concentrations, zinc is norumally
toxic to living systems, although there is evidence that some
olants accumulate as much as 154 of their dry weight as zinc
and are unaffected (lligeins znd Burns, 1975).

Silver is very toxic to plants (Brooxs, 1972). 4L man
welghing 70kg, consuming 750g/day dry veight dict would have to
exceed 60 mg silver/day tc reach the toxic limit, Normal silver
levels are 0,06 - 0,08mp/dsy (Saa, 1975). ibsorption of silver
results in a gencraliscd greyish pigmentation of the skin and
mucous membrancs (argyria) and deposition of silver in the
blood vessel walls, kidneys and pituitary glesnds. 4 comprehen-

sive review on silver is presented by Boyle (1976).

In view of the extensive evidence of pollution from heavy
metals in other countries it was ccnsidered that further
surveys of the effect of such heavy metals (particularly lead)
upon the New Zealand environmernt was of some urgency.

Lead as an environmental pollutant in New Zealand is
associated mainly with industrial operations (mining activities,
battery factories and smelting) and as motor vehicle exhaust
emissions,
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Cadmium,; copper, lead and zinc were rirst mined in the
Coromandel region ¢f MNew Zc¢aland near ¢ .roha in 1884 with a
view to supplying flux for smelting tne “airongomai ores, but as
the ore¢ was found to contziin not c¢nly lcead but also zinc, 1t was
unsui teble for this purpose. In 1897 the ares was taken over by
the Tul Compgany as a basc met2l proposition, There are two
reefs known as the Champion and Raukaka, n average assay of the
primary ore (7illiams, 1965) showed levels of 0.62% copper,
7.01% lead and 16.68% zinc. From 1964 the Tui Mine was under the
manapement of the Norpac Mining Company, until 1974 (when the mine
was closed), ore frow the twoc lodes was being mined at the rate - -
of 120 tcnnes per day (Wodzicki and “ieissberg, 1970).
Geological investigations (henderson and Bartrum, 1913; Cochrane,
1969; "eissbery and 'odzicki, 1970) hnave shown that the metallic
lode body is basically quartz-pyrite, sphelerite, cholcopyrite
and galena. @uartz is the main gangue material,

The base metal ore minecs in the twe lodes was crushed prior
to separatiocn procedures. 7The dust l'rounx such operations presents
a serious problem of lead dispersion within the imuediate envir-

onment composed of forcust (large Beilcochmiedis tawa trees) and a

dense thicket of uncerstorey and sccuondary growth species such

as Melicytus ramiflorus, Hedycarya arborea, Brachyglottis

4in aserial view of the Tui Mine, Te ..roha, 1is shown in Plate
0.1. Reference positions are shown in Pigure IV.1., and on the
acetate film positioned over the plate.

Following the crushing procedure, the base metal ores were
concentrated by a flotation process into copper wnd lead-zinc
concentrations. These ccncentrates were then exported for
smelting since no such industry has been established in New
Zealand. The flotation process used may also present a major
source of environmental dispersicn of cadmium, copper and zinc
in the forn of soluble metals in the watcr.

A view of the Tui Mine ore treatment plant, settling pond
(in fore=-ground) and tne immediate environment at Te Lroha is
shown in Plate 0.Z2.



Plate 0.1,

Aerial view of the Tui Mine, Te Aroha.






Plate 0.2,
A view of the Tui Mine treatment plant, settling pond

and the immediate environment, Te Aroha.
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In contrast to a study of cadmium, copper and zinc levels
in soils 2nd vepetotion =zs o result of the airborne exposure
from the Tul 'ine ore trentmeat 2lant, experiments were
proposed tc determine tne cadmiwm, copper and zinc uptake and
accumulation in vegetation (3. tawa) growing over a base metal
depesit at Te ircha (the Raukska lode)., The results of these
investigations are reportea in Section IV 3., In Tection IV. C.
there is man assessment of the accumclaticon of cadmium, copper,
lecad and zine in the local environment, coaused largely by air-
borne particulates from the ore treatment vlaint falling upon
vegetation and soils in a nearby pisture over =i period of time
(at closure of the ore treatment plont and 6 months later).,

Because of the known toxicity cof silver towards animal and
plant life (Sax, 1975), @nd becnuse of the virtual abscnce cf
studies c¢n pollution from this element in the vicinity of
industrial establishments and mines, a study was made of the
totnl seriaul silver burden in sc¢ils and vegoetotion derived from
a mine and trestment plant ot harstoto, which 1s 3€ km N, of
the Tul Base wine.

The Tirst diccovery ot Wwavatcto was wede in 1887 when a
specimen was found with @ reported yield of €0 oz po0ld and
2,146 oz silver por ton (7illinms, 196%). The nistory of mining
in hoeratoto (Bell and frascre, 1%i2) vios cne of reperted failures,
partly cwing to the high cost of treat ng osclatively low-grade
argentiferous ore, aond partly because the ore wns found to
&lve ploce in certain of the low-lcevel adits to varren calcitic
veinstone. The rocks of the ares are largcly Tertiary calce-
alkaline velcanics that range in composition from andesite to
rhyolite (Weissbcrg and 'lodzicki, 1970). The mnin eccnomic zone
is centred arocund the Silver gucen Reef whichh consiats mainly of
cavernous guertoze repléacements after calcite, with minor ribs
of massive quertz, tihe whole being stained rusty orown and black
with iron and manganese oxides. Certain lenses of the vein-
stones carry argentite (LigoS) ond hessite (igoTe).

Lin aerinl view of the Maratoto mining area is shown in

rlate 0.3. The acetate film cover illustrates particular points
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corresponding to Figure IX.1. Plate 0.4, shcvws the immediate
aren surrounding the ~aratoto ore treatment plant (above), and
the Silver tueer. Reef area (below).

oi*incipally secondary growth

“

The surrounding cnvircnment 1is

with @ collection of Beilschmicdia tawa., wining opwrations are

very similar to those of the Tul Mine, Te¢ iLrchs, where ore
crushing and conversion to a [inely divided cencentrate enables
larie amounts of silver to be dispersee from the vicinity of the
ore trestment plant. The pattern of silver distribution in
pastures and scils resulting frem fallout fron ore trucks was
coumpared with that derived from the trcatment plant. The results
of these investigstions ar< rcported in Section IX,.

The assessment of backgrcund levels for heavy metals in
bryophytes is of considerable importance especially in many
countrics in industrial Burope, since as a result of extensive
heavy netal contamination from mining activities; industrial
compl exes etc. (Ruhling and Tyler, 19€9) the oversll heavy metal
content oi" backiround sauplus nas increncsed. Tirue background
values are easily obtained in the Yew Zealznd environment (as a
result of the reduced presence of industrisl contamination)
allbwing for comparison with those heavy nmetal concenteations
derived from mining activities at Te [roha and Maratoto.

articuler interest was given to the oryophyte dypnum cupressi-
forme (Hedw.) as various studics on heavy metal uptake by this
bryophyte have been reported overccas., The cconclusions of this
investigation ure presented in Scction XK.

. Finally, mention shoulc be made of the two magor sites of
urban lead pollution in New Zcealand that were investigated in
this study.

The distripution. of lead from industrial activities such as
battery factories and smelters is surveyed in Section VII. The
Te Qmapabateery factory and smelter is situated in the industrial
region of fuckland City, at the intersection of two major
suburban thoroughfares. The smelter associated with the battery

factory is a secondary smelter (i.e. processing scrap from old

batteries). The main chimney is approximately 30m high, giving



Plate 0.k,
A view of the immediate area surrounding the Maratete
ore treatment plant (above) and the Silver Queen Reef

area (below), Coromandel.
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a direct source for lead iallout 2nd cdistribution to considerable
distances from the battery factory awxa,

Sin aerinl view of thwe Te FPapspoottery factory and smelter is
shown in Plate 0.5. The =cetate film cover illustirates the
sampling sites associoted with Figure VII.A1.

The magnitude and distribution of lead particulate . poll-
ution from motor vehicle emissions 1s bust illustrated by the
fuckland Motorway (having 2 maximum traffic density of 63,500
vehicles/24 hours). #part I'rom luaa, very little attention has
been pald to the posaibility of pollution frowm other heavy
metals derived from wotor vehicles (such as cadwlium, chromium,
copper, nickel and zinc). The results ol these investigations
are reported in Scecetion IV, A view of the suupling sites on the
median strip of tihe .uckland kotorway is shown in Plate 0.6,

Overall, the work presented in this thesis cvn bhe divided into
the fcllowing aspects of heanvy metal poilution in Mew Zealand:

(1) the development of atcmic absorption technieuces

: (flame and non-flame) to study lcad in animal whole
bleed =and heavy metals in gencersl in vegetation,
natural water, soils, stream scdiments, wool and
animal tissues (Section I),

(ii) a study of thc general lead levels in domestic animals
(cattle, cats, dogs, hcrses and shcep) as & function
of age, sex and breed, and special cases of genecral
lead poisoning in cattle, dogs and horses assoclated
with exposure to lead from water transported by lead
piping and service station arcas (Section I1I1),

(1ii) a study of the contribution of airborne lead partic-
ulate distributions from motor vehicle emissions to
the levels messured in sheep whole blood, organs,
muscle tissue, bcones, and‘wool as a result of exposure
to lead either by ingestion or inhalation (Section III),



Plate 0.5.
Aerial view of the Te Papapibattery factory and smelter,
Auckland,






Plate 0.6.
A view of the sampling area in the middle of the

Auckland Motorway, Auckland.
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(iv)

(vi)

(vii)
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& study oI the associated levels of cadmium, chromium,
copper, luad, nickel snd zinc Irom motvor vehicle
cieiscions in pelstion to traffic denslity; pasture
speciee and scil depth along the JJuckland Motorway
(Section IV): @nd the distribution and accumul ation
of lesd from motor vehicle enissicns in rcadside
pasture =2nd eoils with respuct tu indivigual pasture
specics snd to study the scasonal veariation in lecad
levels (Secticn V),

to study the influence of lvad distribution =nd
accumulation frem industricl activitics such as the

Te Jircha base nmetal mine and cre~crushing treatment
plant (Becction VI) including the environmental levels
of' cadmium, coprecr end zinc: and from the Te Papaps
(..uckloand) battery factory arnd smelter (Section VII),
te investiygste the mode ol uptake of lead by seedlings

Y
ta

cf Leliuw prienne L., @nd

wrifolius regens L. in
vroer te we termline ths relative importance of lead
abpsouration cither vian the root gystem Oor by alrborne
particulate deposition in the real situstion (Section
ViIii),

to'study the distribution and deposition of silver as
4 result of wining sctivities at Maratoto (Zection IX)
and to comoine this with an assessiicnt of natural
background #nd anomalous levels (from wining activ-
ities) of" ecndmium, copper, lcad, silver and 2zinc in
vzirious New Zealand bryophytes, in particular

Hypnum cupressiforme (Zection X).




SZCTION I

LTALYTICAL

MZETI0DS.

15
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A, 1ITRODUCTION

In recent years the tremendous progress made in environmental
cnemistry has been a direct result of the develoument of atomic
absorption spectrophotometric methods (usinyg flame and non-flame
devices), direct-reading emission spectroumetry, and anodic
stripeing voltammetry (£8SV). Although there are many possible
analytical technigues that can b¢ usea to determine such elements
as cadmium, coppcr, lead, silver, and zinc in various environment-
al, biological and industrial matrices only colorimetry (to some
degree), emission spectrometry, polarogrszchy, LSV, and AAS have
any likelihood of fulfilling the requircments of speed, sensit-
ivity and reproducibility.

The main colorimetric method used for tne detersiination of
such elements as lead, is based on a dithizone extraciion
(3tanten, 1966)., Ditnizone is a reagent of mor. than adeguate
sensitivity and, provided that certoin cosplexing agents are
present, is cif' reasonable selcctivity. Solutions of lead
dithizonate in carbon tetrachlorige have a paximum absorption at
a wavelength of 520nm and obey the Beer-Lambert law up to about
3 pg/g Pb. Hhowever, if the steps involving the buffering of the
solution to pH 9 for the subsequent extraction of lead are not
carried out as rapidly &s possible, samples containing significant
amounts of calcium and phosphate (especially silicate r ocks and
soil, and whole blood samples) may give some precipitation of
calcium phosphate that may occlude lead and cause low recovery
values., A particular disadvantage of tne dithizone method is
interference from copper, iron and zinc (Thompson and Nakagawa,
1960), which although nct rescting with dithizone in ammoniacel
citrate medium at a pH value greater than 8.5 when cyanide
is present (whereas lead dithizonate is readily formed), give
coloured compounds which inhibit the absorption value of the
lead complex.

Anodic stripping voltammetry has proved to be a very versatile
technique for the determination of trace elements in the concen-
tration range of 10 6 - 10—1ﬂ. The application, sensitivity and

limitations of this technique are summarized by Shain (1962),
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3arendrecht (1967) and Ellis (1973). Barly a plications of ASY
were carried out by Ross et sl. (1956), De Mars gt._al. (1957)
and artin & Shain (1958). with successful determination of trace
metals in suach complex media as brines (Ariel snd Bisner, 1963),
fresh water (1arrison et sl., 1971) and blood tatson et al.(1970)
3loom & Noller (1976).

The major advantage of ASV is the increased sensitivity
associsted with the decreased cost of instrumentation. Searle
et al, (1975) reported a technigque requiring 50 pl of blood for
lead analysis by ALY whereas the basic polarographic procedure
of Hylander & dolwmguist (19954) required 5 ml of bloova with its
pirecision being rather low and the teciinique leng thy and coinplex.
In general, itnhe best resolution and highest sencsitivity for ASV
are attained with a small zumplitude excitation (sinusocidal or
pulse) a2t a mercury film electrede (Coneland et al.,1973 a,b),
Colovos et al. (1973) determined trace amounts of zine, cadmium,
lead and corper in airoocrne Yarticulate matter by AZV and report-
ed coefficients of variation of 3.6, 2.5%, 2.00 and 3,0% respect-
ively for the following concentration ranpes (pé/15ml): cadmnium
(0,01-0.05), copper (0.1-0.5), lead (0.5-2.5), zinc (0.1-0.5).

As in wmost trace methods, sample preparation is often more
troublesome than the actual measurement and usually accounts for
most of the error. Two important considerations invclved in the
use of ASV are the interference from other chemical substances
and the reyuirement of chemical pretreatment so that the sample
is in the Po°" ion state and not in a combined, complex state
(Kozlovskii and Zecbreva, 1572; Heiman and Brainina, 1973).

Although direct-reading emission spectrometry affords a
rapid and sensitive method for snalysis of trace constituents in
environmental material, the eguipment is extremely expensive and
as with AEV, the appropriate instrumentation is absent from our
laboratory. Therefore, the availability of the carbon rod
atomizer and 1ts well-established capabilities provided the basis
for this analytical method being adopted turcughout most of this
study.
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Atomic ab«or:tion spectrophotcmetry has prcoved to be an
eminently suitable method for determining lead (and most other
heavy metals), especially for rspid determinaticn of low
concentrations of the metal.

ward (1974a) ieported on the developument of analytical
techniques associated with tae determinaticn of lead by AAS, in
particular in the ficld of sample preparation, (including
preliminary treatment; washing, ashing ana acid digestion of
samples). In tnls section the advantages and disadvantages of
flame atomic absorpticn devices apre discussed with particulsr
emphasie on nun-flame devices, in particular th2 carbon rod
atomizer.

Of major intercst in this study is the determination cf lead
in wnole blood sawplwzs. Table 1.2. in Part C ¢f tuils section
summaries tne meéjor ccntributions by various suthors to the
diff'erent anelytical technigues such as optlcal ewmission spectro-
scopys nolarography, colorimetry, ctomic fluoresence as well as
those methods alreedy mentioned in this intrcduction. Special
attention is ;iven to the volume of whole blood required for
analysis, the detecticn limits and any particular experimental
procedures ased.

The waln disadvantage of flame ALT is the volume of the
bloowd ruyuired r'or cacn analysis; - 2 4 ml. sample of whole
blood may contain lese than 1,0 pg lead end s0 to determine the
whole-blood lead content using cenventional AAS methods reguires
the instrument to be operated at or near its extreme detcction
limit of the clewment. £lthough whecle-blcod leacd can be pre-
concentrated by chelation and extraction into an organic solvent,
this introduces tine possibility of reagent blank interference.
Therefore it is necessary to develop a technique for whole-blood
lead determination using CRA methods. The analytical and medical
advantages of this technique are also diecussed in tnis section.
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B FLaMS ATORIC A3500-TT 0N - P .CTROPHOTOUMATRY,

1. Genersl introduction.

The developnent and use of atcmic absorption spectropho-
tometry (A4%) since its inception by ‘falsh (1955) has oeen
extremely rapid. Beriefly, "atcmic ubsorption spectrouctry is a
spectrochemlcal process whereby a free atca abscrbs rcadiation of
the same wavslength wihich it emits when it is in & state of
excitation." Ieasurement of the extent of radiation absorbed
enabler the ccocncentration of the element to be determined.

Any litersasture survey f AAS wcula be rather extensive.
Brooks ¢ Symthe (1975) reviewed the progress of LAAT for the
period 1955-1971, discuseing the folloising top:cs: the volume of
literature, cwantries in wiiich research was carried out end the
language in which the work vas published, the identity of the
principal journsls which punlish atomic absorption papers, broad
categories of research, and the economic benefit of the technigue.

The application of flasime AAS is <xtensively cutlinea by
Margoshes & Scribner (1966, 1968); Xirkbright (1971): %Winefordner
and Vickers (1270, 1972, 1974); > tniefije et. @, (1976). This
serics of Analytical Chemistry reviews gives a detailed account
of publicstions developing the variocus instrumental applications
and methods of flame cells. It is not the aim cf this study to
conduct a detailed review of the aliready well established
techniques of Ilanme .S, 1lnstead, flame and non-flamc methods
will be compared and tnelr respective advantages anda disadvan-

tages reviewed.

The advantages of Clame £LiaS atem cells can be generally
outlined as follows:

(i) they are convenient to use, reliable and relstively

free from a tendency to memory effects. Most flames in

common uce can be made virtually noiseless and safe to

oper: te,

(ii) most burner systems are smsll, durable and incxpen-

&ive sample solutions are fairly easily and rapidly handled

by the use of relatively simplc nebuliser assemblies;
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(iii) a wide variety cf flames are aveilable to allow

the selection of coptimuwn conditions for many different
analytical purposes;

(iv) the signal-to-backyround and signal-to-noicse ratios
ootainable are sufficiently high to allow adeyuate
sensitivity «nd precision tu be obtained in a wide range
of analyses at different vavelengths between 200 sand 800nm,

L1 though most of these sdvantages ol flane LHAE facilitate
routine analysis cof many e¢lements and sample matrices, a detailed
A (—

review of the disadvantages of flame ALS will He given in Section

I. C. in order to place it in perspective against flameless AAS,

2. Instrumentation.

Essentially an atomic absorption spectrophotometer consists

of:~
(i) a stable radiation source emitting atomic. spectra
including resonance lines,
{ a5y an atomizing device producing «n atomic vapour

(usually a flaine),

(iii) & monocchromator to isolate the rescnance line,
(iv) & radiation detector (usually a photomultiplien),
coupled to awplification and readout facilities.

Analyses were carried out on a Varian Techtron 445 atomic
absorption spectrovhotometer with an air-acctylene flame and
Varian Techtrcen hollow cathiode lamps.

ThefHJel/oxidant mixture of air-acetylcne is particularly
suitable for lead which does forw highly refractory oxides.

This flame also gives an approximate temperature of ZMSOOK which
is important in tie production of free Pbg* atoms and reduces
the chemical effects of radicals and other substances present in
the flame.

Correction for non-atomic absorption or background absorption
(see section I. C. 6b) is achieved by means of the hydrogen
continuum source with a spectral range including the same wave-
length as the analyte. FPFor routine analysis a Varian Techtron

BG 6 background corrector fitted to the spectrophotometer was
used,
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5. Preparation o) standsrds.

=]
e

£ stock sclution was przpared whica ccentained 1000 pg/ml of
the analyte being investigated, froun wnich working standards
Yere prtpaetd Fresghily' fer cach Gay's @nalysis ov successive
dilutions t¢ give stanuarss over the range ol' 1-100 pg/ml. A1
the chemicals ured viere of analyticsl grade purity.

£11 potential scurces of contawination of the standard
solutions were examined. All contsiners ana egulpment were
thoroughly cleaned and solutions were stored in polypropylenc
bottles to avoid contamination and to reduce the danger of

ansorotion of lead on to the walls of the contaeiner.

L. Preparation ol sumples,

Samples analysed by flame ALS were prepared by the following
methods:

(a) £nimal orgsn sasples.

(1) organs, muscle tis

411 animal organs, muscle tissus and bones were prepared by
ashing 1.0g (wet weight) «#t 4L50°C in o muffle-furnace and re-
dissolving in 2i. hydrochloric acid (prepared from a redistilled
reagent) for anslysis.

The alternstive method is to use hCIOu which is rather
expensive and dangerous (stanteun, 1956). The variation in lead
recovery ss a result of ashing and acid digestion of the sample
was reported by Ward (1374a).

(ii) wool.

10cm lengths of sheep's woel (noting which was the inside
end) were diviced into washed and unwashed grouss and then cut
into 2cm lengths. «waslhiing was performed sy placing the wool in
polythene bottles with 150wl of 0.2% agetergent sclution. The
bottles were shaken for 30 minutes with a mechanical shaker.,
Samples were extracted and washed with 100ml of deionized water,
placed on a BUchner funnel and washed with eight further 100ml
portions of deionized water. During preliminary trials, lead
was undetectable (< 0.05 mg/l) in the detergent solution before
the washing procedure. After drying for 3 hours at 110°C samples
of 0.5-2.0g were ashed at 450°C and redissolved in 2M hydrochloric
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acid.

(b) Scil samples.

S0il profile samples were collected by mesns of a ccore
extractor with a diameter of 2.5 cm., Zach core was divided into
1.0cm lengths, &o0il samples and stream sediments were dried for
% days at 60°C and sicved to -60 mesh., Digestion of O.1g samples
was carricd out with 10ml of & 1:1 mixture of concentrated nitric
and hydroflucric acids cuntained in 50wl polypropylene squat
beakers. The solutions were taken to dryness cver a water~bath
and the residues redissclved in 2M hydrocnloeric acid (1.0 to
10.0ml depending upon the elemental concentrations of the sample
being analysed). Further dilution was necessary in some cases

(eg. samples from the Te Papdpa battery factory - “ection VII).

(¢) Plant (pasture, nstural vegetation and bryophyte)samples

(i) pasture and natural vegetation samples.

Pasture snd vegetation samples were divided (in most cases)
intc washed and unwashed portions for @nalysis, the washing being
carried out by agitation in slowly-running tap water followed by
rinsing in distillea water. Pasture specles were also divided
into leaves, rcots, stolons etc. Samnles (5-10g) were dried at
6OOC and ashed at u5OOC, Subsamples cf ash were dissolved in
appropriate volumes of 2ii hydrochlowric acid.

(ii) bark and twig samples

Samples c¢f 3e¢ilschmiedia tawa (Te Aroha mining area ~Section

VI and the Maratoto silver mining area -Section[X), were collected
2t heights of approzimately 2-3 m and washed in distilled
water to remove any surface cantamination. Preparation was then
carried out as above for pasture and natural vegetation samples.

Tree ring-core samples are o small that dissolved ashed
samg}es baﬁe”ggdﬁfum.énd é}lﬁér cohcgntpations at the lower
detection limit for flame ALS. Theref'ore tree ring—core samples
were analysed by use of CRA (Section I. CL4) for cadmium and
silver. Copper and zinc levels were determined by normal flame
ALAS methods as for pasture and natural vegetation samples,



(iii) bryopnyte samples,

The growtn fowa of wany dryophytes tends tc encourage
accumul=tion of considceroble ceorls tnrt is very difficult to
scprate from the plant meterisl., Tuls problem has been
cxtensively aiscusszed by Shrcklette (1965)., Unless the material
is c¢arefully cleansed, contaminaticn of the somple will occur,
yielding nighly varisble and unusually large :ish values.,

411 bryophyte s:amples wcre oven dried ot 6OOC for threc days,
Using procedurcs rvcomnsnded by Shacklette (1965), the muterial
wns teased, placed in a <60 mesh sieve and the majority of the
801l or substrnie particles remcvea by blasts of campressed ir.
Samples wcre then washed with high pressure top wnﬁer for twenty
minutes. The wash was termindted nfter sgitation for 2hr. in
distilled water. Toe sauples were then oven dried at 6000,
nshed nt 450°C ~nd dissclved in 21 hydrochloric acid at a patio
cf 0,05g #sh to 10ml of wreid,

5. Detection limits nd instrumcntal operiting conditions.

() The anulys:s line, sensitivity

¥

ind detecticn limits.

The most scnsitive anslysis lines (nu) fer codmium,
chromium, coppery, lead, nickel, silver snd zinc 2ie shown in
Table 1.1. togethur with their sensitivity (pg/wl for 1%
absorption}in an sir-scetylene flnme.

The 1limits of dotection for this study, in general, are not
important, for the saumplee investigated had clemental concentrations
in solution which were in most cases 10- fold higoner than normal
environmental (background) v~alucs. here the c¢lemental concentra-
tion in solution approached the lower limits cf detection,

| flame S mothods were replaced by CRhy This is particularly
necessary for cadmium and silver an=alysis of water and tree ring-
core samples and lead in wholc blood samples. This is reviewed
in more detail in Scection 1. C.La.

(b) Instrumentnl operating conditions.

Table I.1. gives the instrumental oper ting conditions for
cadmium, chromium, copper, lead, nickel, silver and zinc using

conventional flame A4S,



Table I.1.

Spectrographic Opwvrating Conditiocns

- s—

Fill gas

*%indow

Operating current (iut)
Strike voltage (V)
Operating voltage (V)
Spectral band width (nm)
Sensitivity® (air-acetylenc
inalysis line. (nm)

Element

tg G4 Cr Cu L] b 4

neon " " " " " "

pyrex 4ueriz pypex guartz " ' "

S 5 5 3 5 5 5

280 500 280 280 300 €90 300

190 220 160 200 180 200 170

0.5 0.5 0.2 0.5 0.2 1.0 0.5
flame) 0,029 ©0.011 0,055 0.04L0 0,050 0.110 0,009

328.1 226.86 357,99 324.8  232.2 217.0 213.9

sug/ml

he
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(e) Interferences.

There zre reletively fow interforences in an air-accetyvlene
flamwe fer cadwium, chrosium, copper, lierd, nickcl, silver s$nd zinc.
It 1s consideredunmecessary to revice ny effects of interference

using f1lame .05 as this is covered in detnil in the literature.

The effects of scatter by incident light odeing deflected
without veing absorbed witi: the resulting spurious increcse in
the @bscrpticn sign.l, was ccupensnted Ucr by use of tne continuous
spuctrun of the hydrogen lamp st the same wavelength as the

apsorbing line. (refer to Section I.C6Db. ),

€. Conclusion.

The various instrumental, saeple ond standard preparations
associnted with conventionsl flame 45 anve deen desceribed in
this subscction, Jlthough tne methods ocscribed fer the analysis
of cadmium, chrowiuam, ccpper, lezd, silver sna zince are quite
adequste in vorious sainple witrices; the application of tie
carbon rod atomizer weg neceestry foirr woter, tree ring-core oand
whole blocd onalysis. The disadvantages ol flame o005 methods as
the basis for developing ond investignting the use of a non-flame
J4i3 technigue for these ssmple metrices is described in the next

subsection.
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C. FLAGLEES 4TONIC BCORFILON TECHIIGUES,

o

1. General introduction.

In the vast, atomic absorption spectroscopy (£.S) has been
widely used as the main technigque for inorganic trace analysis.

/s such, the reguireirent to produce # population cf free atoms
within a well-defined optical path must involve an atoaization
method that is siuple, fast, reproducible and ¢fficicent, In order
to increase the sensitivity of [.°§, suvveral workers have endeavour-
ed to increase the efficiency of the atom reservolr by using more
efficient nebulizers (ficll gt. al., 1968: Veillon and Margoshes,
1968), slotted burners (Russell «t. al., 1957) and reducing high
temperature flames (illis, 1965: .mos and Willis, 1966; iMossotti
ané Duggsn, 1968: Pickett and Koirtyohann, 1968),

filthough there are many advantages in using flare cells
(as outlined in Section I, B1.) in particular the e¢ase and
rapidity c¢r operation, rccent studics in .43 heve been centred on
the development of non-flaome cells in an attempt 1o overcome some
of the disadvantages of flame cells. The disodvantages of flame
cells can be generally outlinec as follows:

(a) the efficiency of pnecuntic nebulizer spray chamber
systems is low; only 10-20% ¢l the anulyte solution reaches the
flawme using indircct nebulizers,

(b) flame cells are only rorely able to atomize sclid samples
directly,

(e) the zmount of sawple finally reaching the flame and
hence the production of atoms in the ground state, is governed by
many variablces such as {lame temperature, interactions between
flame pases, matrix components and analyte; chemical interferences,
and the extent to which the analyte molecular species are 55 . LR 5
dissociated. MAs the zonc of the flame in vhich absorption
actually occurs is only a small section of the whole flame,
(combined with the overall effect of (a», the number of atoms
contributing to the analytical signal is small compared with the
total amount of element aspirated,
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(a) Plame gascs also produce background absorption and
emission bands at the wavelcngth ol the resongince line or the
analyte glement. This gives rise to an unaccepladle signal nuise
wlith a cunsequent loss ol precisicon,

(e) precise control cver the ciemical environment of the
analyte and ccencemitant atoms in flame cells 1s not possible.

The degree of contrel of chemicsl compositicn thsat csn be
obtained by variation of the fuel-to-cxidant concentration ratio
is accomp:nied oy simultaneous changes in the flawme temperature
and ite spectral absorption characteristics.

The advent of flemelesr atomization hnz ;reatly reduced the
limitetions imposed by flame atomization processes. In particular
it has increased the efliciency of atomization and reduced the
nndesirable influence of variable vhysico-chemical properties of
solutions. The bosic advantages of flomeless 475 (in particular
for the graphite furnace or carbon rod atosizer) can be out-
lined as follows:

(a) Pulse¢ vaporization of the element achleved by raising
the temperature under controlled conditions produces a denser
population of ground state atoms. in a confined space in ccntrast
to the low density population oif' the flame, This enables a higher
order of rensitivity and lower detection limits along with pre-
concentration of the sample cn the rod,

(b) a smaller sauple size is regquired : less than 20 ul
(0.020 ml) of sawple is required {or a carbon ros atomizer
determination whereas a flame analysis requires about 5ml of
samnple,

(c) whereas extensive sample dilution is often reqguired
for flame analysis, most liquid samples (including organic
solvents and liguids with @ high dissolved solid content which
cannot be aspirated into a flame) can be analyzed directly by
flameless cells,

{ay prior chemical pretreatment of the sample is minimized
thereby reducing the amount oif sample handling. The sample can

be ashed in seccnds by electrical heating,
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(e) the rapid reduction ¢f oxygwn-containing components

is ensured by the presence orf incundescent carbon.

2. (a) Historical developument of £lameless 45,

The application in asS of nun-floame devices is extensively
outlined by Kirkbright (49971); wineferdner & Vickers (19572, 1974);
and iiefije et._al. (1376). The nuwber of junlications covering
this topic is far too large tc review in depth, but for the sake
of completencss @ brief sumumary of the historical development of
non-flame devices will be givern here.

The major non~-flame stomization methods that have been
investigated comprise four distinct groups : furnaces, filaments,
cups and rods, and other devices (cathode-sputtering cells, d.c.
electric arc, induction coupled plasma ctc).

As sarly as 1€73, Champion g¢t. al., who developed the first
flame emission spectrometer, introduced san2les into a flame on
a mounted platinum wire., & similar approcach was originated by
Ramage (1922) ror semi-quantitative analysis: powdered samyle
was rclled into filter paper and introduced into a diffusion
flame. The Pt-wilre procedure was extended and considerably
refined by Rramsay and co-werkers (1950, 51, 53%) and applied to
the determination of sodiwn and potassium in micro-volumes of
insect fluids. i ilthough there have been many extensions using
plotinum loops, wires and boats (liol jamac and Lawrsson, 1968;
Katz, 1968; Mesterov and Naumov, 1969); most require samples to
be dried on the device and inserted into a flaue. The use of
this type of micro-sampling technique in £:iS was developed by
Delves (1970) who accurutely determined concentrations of lead in
10 pl samples of whole blood &fter nartial oxidation vi th H202
in micro crucibles made from nickel foil. The samples were
volatilised by using an air-acetylene flame and the product was
fed into a nickel absorption tube situated in the flame. The
"Delves sampling cup'" technique has been developed by many more
workers (Fernandez and Kahn, 1971; Fernandez, 1973; Hicks et.al.
1973) as will be explained in more depth later.
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(1) furnaces

The first basic non-flame furnace atomizer was developed by
King (1923). In 1359, L'vov and cc-workers adapted the King
graphite-type furnace to study 1its vcotential as a source of atomic
vapours for atomic abpsorption. 1n # series of publications
(1961-65) the potential of this crucible was extended to the
analysis of nearly forty elements. The instrument consisted of
a tube of gruphite Scm lung, 0.25 to O0.5cm i.4. 1lined with
tantalum foil =z#nd placed in an inert atmosphere. Initially
heating was e¢ffected by a gpark between an auxiliary electrode and
the furnace, but later work used a simple resistive heating of
the furuace.

Further non-flame devices were investigated by Vidale (1960),
lkislan (1963), Choong ¢t. al. (1964), fudson (196L), and Tomkins
& kircoli (1967). These basically vwere cvither silica tubes or
stainless~steel absorption cells heated by 2 wesistance wiire.

L'vov's graphite furnace was further developed by Massmann
(1967, 1968) who described a graphite cuvette device with o micro-
sample which was pipetted directly into the furnace followed by a
three-stage heating prcgramme of drying, charring and atomization.
Corrcction for non~selective background absorption in A4S was
re ported using a two-channel spectrometer and monitoring the
absorption ¢ a nearoy e¢lemental non-resonance line. The
"Massmrantype'" graphite furnace used by Manning & Fernaandez (1970)
to determine copper and strontium in milk was commercially
produced as n heatee graphite atomizer manufactured by the Perkin
Zlmer Corporstion. £ furnace on a much larger scale and developed
by Woodriff and co-workers (1968) was resistively-heated, but the
sample was placed into the tube by means of a small carbon cup.

Recent developments using non-flame furnace devices have
been reportec by Headridge & Smith (1971) who constructed a simple
induction furnace for determining volatile elements in solutions
and volatile matrices by ALS., Omang (1971) determined lead in air
using a graphite tube furnace with a sensitivity of 9.7 pg/mS.
High frequency induction graphite furnaces were used for the
determinations of lead and cadmium in pulp and paper (Langmyhr
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et. al., 1974 a), and dental moterinl (Lungmyhr et. al. 1974 b).
Similar studies have centred on the analysiss of cosl and coal ash
(Block, 1975), “teel (Frech, 1975, 1376 a,b) 2nd hair (il<er gt.
al., 1976).

.+ dual chonpbepr furnnce was developed to dumonstrate the use
of the Zeeman effecct for background correction in the determin-
ation of le¢ad in 3% salt water sclutions @and bovine liver without
the usual drying and ushing steps. (.icdeistii and elLaughlin,
1976). The lower limit of cetection vas 50pg of lead.

(ii) filaments

The original work by 3unsen (1659) introouced atomization..
technigues in which a wire loop or a sauple beat carrying the
saisplc was introduced intc the hot flame gses. SBeveral recent
non-flame devices use an clectrically heated filament or boat,
Ufvarson (1967), Brandenourger & Bader (1957, 1968) measured
nanogram smounts oOf mc¢rcury by amalgnmating 1t on a wire and then
heating the wire to vaporize the mercury. & platinum l1oop was
used by 3ratzel et. al. (1969) to atomize elements from a thin
film obtained by immersion of the loop into the sample solution,

West & Yillioms (1969) ntomized several elements using a
heated carbon filament 5 cin long and 0.6 cm in dinmuweter with
szmples being micro-pipetted inte an indentation on the top of the
rod. Other applications similar tc thi:t by “est weore made by
fmos e¢t. al. (1971). Fapur & “iest (1274) using a 3.2mm diamcter
carbon filament which could accommodate a 5-pl sample drop,
determined lead in "instant" coffee and tea powders down to 0.02
ne/g.

(iii) cups, rods and tantalum boats/strips.

The development of tne "Delves-cup" technigue was followed
by investigations using & graphite cup (Dolinsek and Stupar, 1973),
gold plated graphite cups (lech ¢t. al. 1974), and graphite discs
(Robinson ¢t. al., 1975).

Brod.ie & Matougek (1974) determined cadmium in air by
placing cut filter discs into & graphite sampling cup. The
particulate matter from samples was collected on the filter by
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drawing the air throaugh the cup with a portavle puwmp, The cups
were then clamped between supporting roas and subjucted to a
drying, ashing and atomization cycle.

The predominent advuncement of non-flame devices has been in
the use of carbon rod stomizer cells (Brodie ana matougek, 1971;
MatouSek and Stevens, 1971; Bratzel e¢t. al., 1972). The
applications of the csrbon rod atomizoer will be covered Ln more
depth in Jection IIB. 25,

finother nen-graghite atomizer was Donegsn & Burgess's tantalum
boat (1970) which allowed larger volume samples to be used for
direct dryinpg, ashing snd atomizations. Other boat devices have
been investigated by Kahn & Sepestyen (1970); Delves (1970) and
Hwang et. al., (1971).

(iv) other non-flame devices.

Other non-flame methods of atomization which have been
investigated include cathode - sputtering cells in which atom-
ization is produced by @ sputt.oring action similar to that of a
hollow cathode lamp. Extensions of this idea have been invest-
igated by 7alsh (1962), Gcleb & Brody (19€3) and Massmann(1970).

The use of the d.c. arc for sample atomization in /[u.& has
been described by several workers (M:irinkovic et. al., 1967:
Kantor and Ezrdey, 1969), Cpark sources to atomize the sample
were reported by Robinson (1962 a,b). Cimilar devices include the
use of RF or microwave plasma sources (endtl & Fassel, 1969,
1966: Fric¢nd and Diefenderfer, 1966),

The use of lasers offers the possibility of direct atomization
for the examination of solid surfaces by 48, The heat produced
at the solid when a focusseG laser beam strikes it, may vaporize
the solid material over a small area of surface. (Rasberry et. sl.
1967).

Finally, Venghisttis (1967) proposed a techniguv for the
direct conversion of solid samples into atomic vapour, in which
the powdered sample¢ is mixed with @ solid - propellent powder:
the mixture is then compressed and ignited.



32

Research kg still countinuing into the develovment cf new
methods and the performance of ¢xkisting methods of non-flame
atunization. The wost proasising and widely used non=flaine
atomizers are varicusly dusi.ned graphlite Jurnaces snd in

particular carocn rod atoniz rs.

2. (b) Review of technigues for wholg blood aunnlysis.

The litersture o analytical techiniques in usce for the
determination of lead in chemical and biologicel systems can be
divided into : optical c¢cmission spuctroscoly, anodic stripping
voltammetry, polarography, colorimetry, atomic absorption (flame
and non-flame) and atomic flucre=cnce. [ gencral review of the
major worker: in cach of these ficlds is outlined in Vable I.2.
together with the volume of blood used, detection limits and
relevant notes.

Optical cmission spectroscopy, snodic stripoing vol tammetry
and polarography gonerally deiand high sxill, Are somcewhat time-
cuonsuming, reguire 2 larger san.le Lhan can be guncrelly obtalned
and in the cawe of cmission specirvscony hececnltotes very
expensive equipment.

The¢ m=iin colorimetric methecd used for the determination of
lead is based on = dithizone vxtraction (3erii., 1951; Stanton,
1966). Dithizecne is & reapent of adeguate sensitivity and
proviuea that certaln complexing a.ents are present is of reason-—
able selectivity., The maln disadvantage of the ditnizone
ftechnique is thot it i1s non-specific unless the pH is rigidly
controlled. sAnother major factor against colorimetric methods is
the requirement of large samples of blood and vxtensive analysis
times.

The anticoaguldnt versenate (EDTL), a common chelating agent
used for the treatment of lead poisoning, interferes with most
extraction or colorimetric methods regquiring samples containing
it to be pre-ashed before analysis.

aAlthough AAE using flame cells has proved to be a potentially
adegquate method for the determinaticn of lead in whole blood,

blood pretreatmnt is usually required. This is because whole



Tanle 1.2.

Review of Technigues for '"hole Blood Lead fnalysis

Analytical Volune cf Detection
Methods (Reference) Blood used Limite Yotes
(pe/ml)
Optical Imission Spectirroscopy
Cholak 1235 10-20 Dirwct spuctrographic dstermination.
Wells & Seidner 1365 10-20 10l precipitation of blood, subcr-

fAnodic Stripping Yol tamuetry

ratant

e e f e s e o | e L

laced Cn

«lecetrode,

dcriuchi et. al. 1948 =60 icid dipestion, o¢sii dissolved in aul
and run. asl) 1cin

Scarle ct. al. 1975 D=£F Terchloric acid addition neated dist.
11,,0 added cnd lead ions concentrated on

[
electrcie (=-R00mv) before "stripoing” in
Fz(og-frce) atnesshere.

Morrell & Giridhar 1976 005 B3lsod sonicated, diluted with a hets
exchange reagchnit, plated and stripped
=no digestion step.

2o0larography

Nylander & Holmquist 1954 0=20 Mitric acid digestion, dithizone N

extraction in H2O/h61.



fnalytical Volume of NDetection

Methods (Reference) 3lood Used LZimits
(m1) (pg/ml) Notes.
Candell 1359 20.00 0.0 ‘3 isclo digestion, dithizene extraction,
Keenan gfi, 8l 1963 '—méifﬁﬁmm'“”””bjgbh“) prek sxtraction in THuCI.
Colorimetry
Berman 1961 1.00U J.e0 TC.i uigestion, Githizone extraction,

lcad-ditnizine complex, read 1n spect-

ronhotoneter at ™, 520nu.

ftomic JAbsorntion : Flane.

3erman 19564 5.00 il hi20 Protein precigitetion, oxtrsction into
MI3Y with 4T7DC and azsvpirastion of organic
lﬂ:jtr.

Slavin & Sprague 1964 5.00 < 0. 34 TC. digestion, chelatec with Nuokt and
Kc¢tone,

Sprague & Slavin 1966 1.00 0.10 TC,. precipitation, centrifugation; no
chelation or extraction.

Berman et. al. 1968 0.25 0.50 as above for Berman (1964) but smaller
volume fcr aspiration.

Hessel 1368 1,00 0.20 Protein precipitation with HC1OM,

supernatant filtered and aspirated. W
Fy




Analytical Volume of

(Reference)

NDetecticn

Methods Blood Used Limits Notes.
(ml) (pa/ml)
Donovan & Feely 1369 25.00 0.08 sishing; direct extraction with AFDC/MIBK.
Farrelly & Pybus 1963 .50 0.05 Direct extraction with .:25C/mM1BK aspiration.
Westerlund-Helmerson 1570 11.00 — Bxtraction with Triton X-100, APDC/MIBK
cirect analysis of supernatant into flame.
Delwes gt. al. 1971 2.00 0410 ieid di,estion, followed by il3K extraction
(multinle element analysis tectinigud).
Lyons & quinn 1971 5-10.00 0.05 lead concentrated on anion-exchsnge resin
'nd aspirated,
Zinterhofer et. al. 1971 6.00 0.05 Triton X-100, »¥DC complex with NIBE
extraction,
Mitchell et. al. 1972 1.00 J.05 " " o "
fimore 1974 5.00 0.0¢ " " " "
Litomic /Zbsorption : Delves Cup. Direct analysis, sample driec, ashed with
Delves 1970 0.01 0.01 5,0, in nickel crucible, vaporized.
Fernandez & Kahn 1971 0.01 0,02 Sample dried in nickel crucible, redissolved
W
NG

in H,0,, dried and vaporised.




finalytical
Methods.

(Reference) Volume of

Detecetion

Blood used Limits Motes.
(ml) (pg/ml)

Ediger & Coleman 1972 0.01 <G.05 Standard Delves proccdure, background
corrsction,

Joselow & Bogden 1972 0.01-0.05 7.,02 Pilter vaper spot, analysed dircctly cn
Delves- cup.

Olsen & Jatlow 1972 0.01 0.02 <lbumin-coited cups, H,0, digostion,
dricd and vaporized.

Fernandeg 1973 0.01 0.01 mvaluation of technigucs using Delves cup
method, background =bsorvtion,

Hicks ¢t. al. 1973 0.01 0.01 Standard Delves technigue.

Rose & wWillden 1973 o.M 0,04 “et ashing with aqus regia, analysis
direct in moditf'iecd Telves mosorption tube.,

Atomic Lbsorption : Sampling Boat,

Kahn & Sebestyen 1970 0.020 0,001 Saline dilution, dried in sampling boat,
vaporiscd.

Hilderbrand ¢t. al. 1970 0.10 0.002 Protein precipitation, supernatant

placed on Tantalum bcat dried and

9¢

vaporized.

o —




finalytical
Hethods

of
3l ood Used

(ml)

Volume Seteetion
(Reference)

lLimitsg

(pe/l)

e vy e v s

7990

Motes

- TS Sir— R —————— e

e e v v Tiaaryy.. - o

dwang et. al. 0.10 cxtracticn with Saponin, formamide

and 2700 re-exirsctod in BIBK, wvagorized

@) Mia Diezat,

hauser ¢t. al. 1972 IR =50, G.002 Uaosenpling boat, vacudan dried, ashed and
Mawsd in 7.5 o paratus,

Hwang ¢t. al. 1975 v.025 U.ong Tater diluted, placed on Ta ribbon dried,
asherd, atcomizeda on ribbon in H2 atmospherc.

atomic sbsorption : Furnsice and Cuvette

orval & Butler 1572 0.04 0.o5ng silution by welght ada to cuvette, dricd,
diluted with ngoz, dricd and ashed on
cuvetie,

zwaly et. al. 19574 0.20 Ok 1@ Diluted aist. h203 10ul applied to
furnace and directly dricd, asnec and
atomized,

Fernandez 1975 0.05 0.u01 Dilution with Triton X~-100, direct applic-
ation to HGL-2100 graphite furnace.

Xilroe-Smith 1975 0.05 0. 001 3lood oxtraction in #Cl (10 mol / litre)

and ¢xtraction in perchloric TCA and HZO'

—

129



£nalytical

Volume of

Detecction

: Referenc - L x .
Methods eference) 59005 sed  Limite Otes.
(ml) (jag/ml)
Kilroe-Smith 1276 0.05 <ing Threc different matrices; Ticl, HNO, and a
)
mixture of porcinlorie, TGOS, watcer.
Syringed 1nto cuvettc.

Ltomic fbsorption

Tube

2
1971

s cups aid carbon rods.

Matougek & Stevens 0.0005 10ug Zylene added tc prevent standards frowm
soaking 1ntc red, deuterun lam) uscd for
backzround abscrpticn.

Kubasik et. al. 1972 0.001 < 0.20 pilution in Tritun X-100 and direct
analysis @fter bdackground ccorrecticn
apelicd.

Kubasik & Volosin 1972 0.05 < 0.07 Dilution in Triton X-100 and dircct
analysis.

Rosen & Trinidad 1972 0.0005 0. 005 Trested wilith x/lene and ingected 1in Gt
anag suosecyuently dried, asnced and atomized.

Posms et. al. 1975 0.950 0.015 Blcood treated witi hNOi in carbon-tupc¢
and subj.cted to dry ash and atomization
cycles.,

Koizumi & Yasuda 1976 0.010 0.002 Dilution with Sodiuiz citrate and anslysis

on a modified Massmanntype carbon atom- oo

izer,




Analytical
Methods

(ﬁ . ) Volune of etecticon
Refercrnee _ -
B3lood Uzed

(1)

Linilts

(pe/ml)

itomic sbsorption :

S ety

Hwang g¢t. al.

Yotes,

$0l1id Fhasc Dupyle.
1970 0.5 0,001

Ltonde Jbsorption

Cernik & Saycers

wilth APDC/MIBK organic

layer placed on beoat dried vsporizead.

Dircct extraction

(Volumec based) < 0,004

Cernik

Blood le& surevad cn popcer discs, dried,
vanoriecd o carbon cup background

correction.

1973 "

Ltomic Fluorcsence

——

Flamgless.

fimos gt. Aal.

1971

ammr s v o -

Direct znaelysis ufter diluticn signal
measured =t ocnc wavelength, backzround at

another, using carbon rod,

nebulised.

v

it

iluman & Norval 1274 2-5 0.001¢ Dilution with distilled HZO and
BVALULTION OF n3'OMIC ABSORSTICN SYSTUINS: Intcrlaboratory determinations of LD,

-
A o

Oy

Kepper €t.

1970 "peoled &00m1"

poolea blooc allowing evaluation of

various mothods,

finderson egt. ai.

1971 —

< 50ul

Investigated Az fleme, Delves nickel cup,
eraphlite rod, clectrically neatea Ta

ribbcn and ©ilter paper disec. ™
\O




iinalytical A volume Detecti
] (Refcr&nce) voiume of Detection
fiethods.

3lood Used Limits
( ml )

(pe/ul)
Kopito gt. al. L e=lynl e Variations in cxtractlcn procecures using
TCix with » 2DG/wiRN, o

AN S

,eurchloric aeid, nl0;
-/

gystem, fuilcocwed dy wopiration.

3aily of Kilroe-Cwmith 1975 0.>5ml :

cf 7 different ways cf

£ blcod samcles @ with application
¥

L£re. ol te Luves

and Ko SaI

asamain-cuvette

Volosin ¢t. al. 1975 0.5ul —_— Corparison of 5 methods a simple
dilutiocn- with Trton x-100 direct analysis
with no souzple preparation- and & stand-
ard chelation extraction procedure,

o%
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plood, even if dilutco, cunnot be asypirated virectly into the
burner, Most procedurcs described in tne literaturs gencirally
invelve a step in which biood proteins are precipitated using
trichloroacetic acid (TCi), peérchloric or nitric acid, or
chelated with ammoniwn pyrroiidine dithiccerbawnte (L.PDC) and
extracted into methyl iscbutyl ketone (wIBK) with the orgsnic
~hase belng aepirated directly into the flame., % good descrip-
tion of these technigues ie given by Hassel (1968). Spavt from
direct solvent extracticn of lesd from blocd somples fellowing
arotein precipitation, other mcthods described involve time-
consumning wct or dry-ashing proccdurcs. The major Jisadvantage
in 51l these proceduires 1s the need for large sample voluuies.
Moat of the method= currently bpbeing usced invoelve Tlameless

gtomic wbsorption devices, The maln advantages arc

o)
'_l
=
=

&}
F_J

o

sar.ple pretroatment »nd the need feor a lesser guantity o sam=7 =,
This latter point is extremely importunt in cascs such as the
remncval of blcod frur childrenn., These micero-techniguos regulrs
only 1—50p1 whereas genersliy >5 ml was reguioed fer other
iwethode previously doscribed, One du'ficulty ~iiich has owen
investigatea 1s that wvhich ccnesrns tue sipetting or weighing o
very swall blood samples. Gernik ¢ Sayers (1971) proposca a
technigque involving spotting blovd cn to filter papers, alloviisy
it to dry and punching out discs ol a precise didmeter (with 2
blood volume €z 75). The Giscs were thon dircetly =nzalyscd oy a
non-rlame device.,

iin ¢valuation of non-flamc atumizers for determining olood
leaG levels has been nede by Snderson ¢t. al. (1974), Kovito e*.
al. (1974), Bailey & "ilroe-Smith (1975) and Volesin et. al.
(1975). The major advantapge compared vith /.% using flame cells,
is the improvement in detection limits from 0.05-1.00 pg/ml to
0.001-0,002 pg/ml lead for non-flame devices. “With the use of
caroon rod or furnace techniqgues, selective temperatures can be
used to control the canbustion cf organic material, prior to thr:
atomization of' the lead. This providc<s better precision than o
be obtained with a flaue,

Therefore, in this work, the carbcn rod atomizer was usaed
for the determination of lead in whole blood. 1In order to
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achieve rapid routine analyses by this method various aspects of
the experimental procedure and methods were investigated as out-
lined in the next subsection.

3. Instrumentation

(a) Carbon rod atomizer assembly.

i Varian Techtron rﬁb stomic fosorpticn Epectropaotoneter
as outlined in Section 1.33. was used throughout &ll experiments.

The burner (used for air-acetylene flame work) was replaced
by the worxhcad of the Model 65 CRA : Carbon .tod istomizer
(Varian Techtron) for flamcless atomization (Plate 1.1.)

Power was supplied to the workhead by the CRei power pack at
three different vasriable voltages;* dry 0-1.8V, ash 0O.,4-4V and
atomize ¢-9V, for varying lengths of time (5—603‘5-60s and Q-10
scconds, respectively).

Jn inert stmosphere was provided for the rod by supplying
argon to the workhead via a gas [low meter. ‘rgon was allowed to
flow (3.8 litres/min. for all experiments) throughout tihie entire
cycle but hydrogen (supporting a hydrogen diffusion flame) was
permitted to flow by means of & solenoid switeh only during the
ashing and atomization portions of the cycle (Hé flow rate was
2.2 litres/min.) Water as a coolant flowed at a rate of 0.5
1litre/min.

The recorder used was a rRikadenki Kogyo fast response (0.358
f.s.d.) Model B161, This was coupled to the ...C, amplifier rcad-
out to give a full-scale deflection with a 10mV signal., The
attenuation was varied when amplification of the signal was
required. The recorder was of the null-balance-point zero type
which prevented base~line¢ drif't éuring continuious operation.
Chart speeds used were betueen Lem/hr and 10ci/hr.

¥NOTS: - these voltages are actual voltages and do not correspond
to the range of voltage control settings vhich are represented
by a linear 0-10 scale on the instrument,



Plate 1.10
The workhead of the Model 63, Carbon Rod Atomizer

(Varian Techtron).



Figure 3.1.3. ;

="
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The e¢lectrode system consisted of a 55am length of Poco FX91
(Poco Graphite Inc., Decatur, Texas, U.S...) 4,5am in diamcter
with a machined platcau 1<=-15mm long in the centre of the rod
reducing the thickness in this portiun to approximately Z.2mm; in
crder to localize the heating., 4n indentation 1.5mm deep and
5.5mm in diamcter drillecd into the top of the platcau allows 1-5

ul cf solution to be retained on the rod,.

(b) Experimental procedure.

The solutiouns required for each study weile preparcd tn 5Sml
polypropylene vials immeaiately prior to analysis. 1In w:0ost cases
a 1 Pl sample or the solution was wicrosipetted on to the rod by
means of an .xcallbur scéd-volume pipette eguipped with disposable
t.flon tips. These tips were replaced wnen the volume dispensed
was not reproducible @s when the tips were damaged in any way
(for water analysis) and sfter every application (for whole blood
analysis).

Decontamination of the rod was effected by heating it to a
tempertdture above the oxtimum atomization temp:irature of the
element involved and repeating the process until no more =atomic
vapour could be detected oy the instrument. This process is
reguired at the beginning of every scries of ccncentration
standsrds (especially conlaining high lead levels) with new rods
and with excess carbonization during whole blood analysis.

Prior to a particular serics of elementsl determinations, a
temperature-voltage progcamnie waAs chosen which suited the
variables of drying the sample without sputtering, ashing the
sample without causing loss of the ¢lcment and then atomizing the
sample ef'ficiently. The chosen atomizing temperature was high
enough to avoid memory effects but not so high as to reduce
appreciably the life of the rod. iach rod had an average life
of about 300 determinations. '

Lfter each sample the rod was allowed to cool before placing
another sample on to it. The effect this cooling time had upon
signal profiles (analytical absorption curves) is described in
Section I1.C.5.e.
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411 absorption signals were roccorded using the %% trans-—
mission mode of the amplifier unit. In cvery case, & minimwn of
three dbscrption penkae were used for any cne re<ult, I1f reprod-
ucioility was good (A.F.D.ﬂ/t 3%), then turee peaks were used out
usually five Cr more peaks werle necessary tu glve a reascnable
level of confidence to the results. The absorution peaks were
then read (to the neasest 0.1%), aversged, and were then converted

to absorbance values by tables,

L. :reparation of standards and samplces,

(a) ZHater analysis

The use ol Cie techniques I'eor water analyels weice necessary
for cadmiuui, lead and 21lver during th. coursc of study outlined
in this worn. The detcetion limits tor flame a8 for cadmiwa,
lead and silver are ©,000% pg/ml Cd, 0.0z pgdiml Fb and 0.002 ug/ml
£g respectively (Pzrker, 1972). For a S5pl s=suple, the detuction
limits for CRL. technigues are less than 0.00002 pg/ml Cd, 0.0002
pe/ml Pb oandé 0,00004 ug/ml g (Parker, 137Z). These limits may
be lowered by increasing the sanple velunn. or peeccencentrating the

samplec on the rod.

Water samples were collected in 100ml polypropylene bottles
and analysed 1lmmediately on return to the laboratory. Test et,
al. (1966) reported on the losses of gilver dus to its absorption
cn container surfaces cspeclally aofter 10 days storage. flthoygh
silver is adsorbed on to borosilicate glass -, flrntjpolyethylene-
and silicone-coated containers, cixperiments have shown that
sodium thiosulphate prevents silver losses. Therefore there is a
rcal need to andlyse water samples imuncdiately after collection.

Stock standard solutions wepre pepared oy dissolving the
appropriate amount of analyte (in thc form of the compound
containing the anion of intcrest) in distilled double~deionized
water to give a solution 1000 pg/ml with respect to the added
ion. 11 the cnemicals used were of analytical grade purity.

The more dilute solutions required were then obtainea by zuccess-
ive dilutions with the purified water. The stock solutions were

stored in polypropylene oottles while the weaker solutions were
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freshly prepared nrior tc analysis,

+Tter tne deternination of a tenperature = woltage drogramme
standacd calibration curves weie obtained Which obeycd Beer's law in
the concentration ranges of 0.1 to 1.0 pg/ml u=ing the absorption
lines 228,8 nm Cd, ¢17.0 nm Ph and 328,1 nm ..g. 8 a result of
the sample matrix not being composed ¢ the same matrix as the
standard soclution, acgcuricy was confjrolled by using the standard
additions method for calibraticn curves. ‘atur samples were  then

analysed direcctly without any prior cacwical pretrecatment,

(b) Tree ring-core anslysis,

Tree ring~core samples cof Beilsghmiedia taws (Benth. & hook
f£.) hove ash samples whicn in solution a.proach the concentration
limits of detegtion for gadwmium, and silver, Therefore, to obtain
accarate snd more prygclsce elementel levels Tor true ring-¢ore
saliples, C.L whs necessary, OLHlandapd cslioration curves were
ogtained ag explained ansove for water snalysis,

Copper and zing levels were determined by using the Llane
fLAR procedure outlinced in part 3.4c, (Scetion 1),

(¢) “holc blood analysis - for lead.

e o,

The measurcmentg of lcad in whele blocd by ase of C.it has
been reviewed using many diffcrent methodr of somnle preparation,
In a review by 3a2ily & Kilroe-“mith (1975), scven mcthods of
cample procparation arme described. Of numerous suggested, there
are three major methods

(i) simple dilution (where cne volume of whole blopd

is diluted with 1-5 volumes of surfactant solytion);

(ii) direct analysis of whole blood (no sample prepar-

ation).

(iii) 2 stendard chelation extraction procedure in which

sodium diethyl dithiocaroamate and methyl isobutyl
ketone (isopropylacetone) are used.

Volosin et. al. (1975) in @ review of these three methods,
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concluded that method (1) using “riton X-100 sas the =urfactant
gsolution hod the most advantages for routine dlcod-lead cnalysis
in a2 clinieal laboratory.

Originally liessel (19€8&) zdded 5% Triton ¥-10Q0 (an alkyl-
phenoxy polvethoxy derivative of cthanol) to blood to give
solutions dircvctly, romoving the need to carry out preliminary
protein precipitation. FKubasik & Volosin (1974) alsc dsscribed
the direct determination of lcad im whole pnlood using CR:. in
evaluation of the micro-tecchnique involving Tiiton X<«100 for lead
in whole blood has been recently reported by cller & Bloom (1975).

The technigue adopted in this work for the determination of
lead in whole plood is thet involving Triton X-100. : stock
solution cf Triton X~100 (Rohm and haas, Fhiladelphia, Pa), 5% by
volume in distilled water was prepored. LeAad standards based on
a stock 10Q0 pg/ml anal grade lead nitrate in distilledé water,
were diluted with equal volumes of 5% Triton X-100 solution and
added to 'pooled' whole @loou in the ratic 1:1 by volune ™ to
give working standards corresponding to 0-1.0 pg/ml Pob. These
values reprecent 'added lead' only. “ince the method cf adaitions
was used in preparsing calioration cureves, the original lead
content of the 'pooled' wnole blood (~0.20 pg/ml) was corrected
for. The working standards were stovec 1n polypropylene bottles
and made fresh prior to vviry group of annlyscs.

“hole blood samples belng analysed verce nlso diluted (ratio
1:1 by volume) with Triton ¥-100 and applied to the earbon rod
atomizer (1 pl). Determiination of the true load content from the
calibration curve was ootained using the standard additions
method for calibration,

An evaluation of this micro-technigue for lead in whole blood

using Triton X-100 is described in the next subsection,

#* NOTE: '"pooled" whole blood was obtained by adding various
normal whole blood samples colleccted from a Veterinary Clinic.
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5. Developient of analytical technigues tor the determin-

etion of lead in n&atural waters and whole olood.

(a) 1ntroduction,

In order toc develop 2 rcutine method for the determination
of lend in natural vaters and whole 0lood =amples using CR: an
evaluation c¢f the effects of various sddi tives and motrix inter-
ferents on the adbsorpticn signal for lead was made. The influ. -
cnce c¢n absorption signals and analytical (ansorbance) profiles

through varistion in instrumental settings wi:e also investigated.

(b) Anslytical (absorbanecg) curves,

(i) 1lcad in natural waters.

Optimumr parameteres for the dry, ash and atomize cycles cof
the Model ©3 Ci' were determined by altering the time and voltage
sctting until smooth curves were obtainced. The ash and atomize
voltageé settings which are thée most critical, %ers adjustéd to
give the beet absordance reading for luad using backgrcund corr-
ection for non-atomic aubsorption (molecular absorption and ligit
scattering eficcts). Long dry timc settings were foundé to give
more reprcoducible results.

In order tc determine the optimum CGR.. paramcters for deter-
mining lead in naturel wstcers, an initial astwdy or the dry, uash
andg atocinize cycles for lend = (b (“03)2) in a1satilled water
solutions were investigatec., Thu variation in aosorbance obtained
from 1 pl samples of theBu agueous lead standards atomized on the
rod using several different &shing and atomizing voeltages are
shown in Figure IL.1.

The optimum instrumental parameters for lead analysis in
distilled water using the wavelength 217.0nm, slit width 150p,
and slit height 4nm over a lead concentration range of 1-5 Pg/ml
are 5.0v (ashing) and 4.0v (atomize). Because of the low
volatility of lead, voltage settings below these respective
values fo. each cycle were inefficient in producing maximum

absorbance. This is a direct result of incomplete ashing of
matrix components during the ash stage (which is shown by a slow,



Figure 1I.1.
Analytical (absorbance) curves obtained from Tpl samples
of lead (as Pb(NOBDZ) atomized on the rod using several
different ashing (above) and atomizing (below) voltages.
The standards were prepared 1in distilled water and had

a lead concentration range of 1-5 nug/ml.
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broad ash ana otomlac ok on the recoruer siznule,)

Bimilerly, volitog . satidngs spweciiching £.0v cause the
solvent to wvaporate ropldly followed oy renaltling sputtoring and
reduection of ancorbunce. This is u-ually sncesn by & 'very Tost'
aph peak or multiple atomize peake compenaed ol thoe 2tomic signal
followed by & shorp cmission peek (identificd by A.~ceatinuum Bmp).

i swueary of the instruncentsl e raccices Tot

* Gitermining

1
leao in natuenl cabters i3 given in Soction 1, C,7.

(1i) lumd in wiole blood

The precision an<d accuiticy cf O rosults are aflceted by
the naturse of the mateix during the dry, ash end atomizing cyeclec.
“hole blood is & wajor vAsinple, 3eing o ceompl. X witris viich
cennet be easll,; sinulstod, vhele hHloocw centainsg wany volatile
subetoncens thet ern influcnee toce production of the atomic vapour
of levad, Theeefore it is not encugh to say thi t ealibration ..
curves determined using lead stapdaras preedsrud in agueous
matrices nre sufficiently aceurate to detupmmine the lead content
of whole blood. For this reascun tow dnalytical tecusnigue used was
& form of the methed of standard ndeitiocns. The vhole blood
wiilch 18 useu Lor preposing tie stanuasrss 1s derived I'vas a low
neturel lesd enviivnient,

In goneiewl, nzitu:al leaaw lovels Of vvhole dlood &ie below
1-0 yg/ml. PhTTergiece unlimeE boe ranLu of lend couacentrat.ons
investigated fer water snalysiz (O pb/w o), @ cuslitnle lead
range for wicle blood analysis would be 0.1-1.0 pg/ml.

Variatiwn in the aosorbance signal cbtained Yrom 1 pl
sziples (Triton X-100, 'lead-spiked' whole »nloc” standards)
atomized from the rod using scveral differcent sshing and atomizing
veoltages arc shown in Rigure 1.2

Ltomization of the whole bloocd eample shews ountiwmum instrum-
enﬁal varame ters of 5,0v (ush) and 4.0v (atomize), Long dry and
ash time scttings were found to give wmore redroducible results,
This appears to be consistent with a stecdy release of lead atoms
from an ashed motyrix luyer soread cvenly cleng the carbon rod.
During the dry cycle, to prevent frothing c¢f the sclution; the
dry vcltage setting must boe maintained ot a minimum



Figure I.2.
Analytical (absorbance) curves obtained from 1pl samples
of lead (as Pb(NO3z),-'spiked' whole blood diluted with
Triton X-100), atomized from the rod using several

different ashing (above) and atomizing (below) voltages.
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level ( L-5v), 7his enables the solvent tc cveporits gently oand
is demonstratec by a prueorader trace that decgreises te thwe base-
line before the ash stage. Voltdge settimgs gre@tér Liy¥n 5.0v
auring the ashing cycle, decompose and velatilize ~11 the 0l ood
matrix compeonents too rapicdly cousing tae production of & peak
signal wrich does not retum to the haselince beforc the atouize
stage begins., This nun-stcmic absoeption which is pencrated

during, the ashing

)]

tige, wncn chucked by the L

D

o~ centinuus. lainp

shows th-t thure has been an initial loss of lead atoms durlng

5]
N
(@)

ashing or presntcemization of lead during the ash stage. Similar
ohservations are made for atunize voltage settings > L4,0v vhich
generally progduce @tomize pealks thot arce noy gciuplete so that the
rcecorder frace has not returncd to tie baseline bel’orz the gover
cycle is Tinishud,

legcoracr traces or sivnal profiles of le2d in vwhole blood
diluted aith Triten =400 at & wavelconpth of 217.0mn aree shcwn
in Migure I43. Variation in absordbince recoracd daring the dry,
ach and atomize stages at the optimuw instrumental vol tage scpt-
ings, and at scttings abuve and brlow the optimumn vol {oge ssttings
ar: sheown ccmpsred with tle non-atemic peoks (mesasured using the
Hy-continupu laup).

£ osummery of the instruanental pacrameters uscd Lo the
analysis or lead 1in wuaole bleou 1s given in Hecetion 1.6.7,
5light variations in the voliage settings ueed at cach stage may
be necesssry owing to healin, variations caused by changes in the

geometpy of the rod with agling.

(e¢) Effcet of adéitives on sipgnal profilcs, asnd analytica

(absorbance) curves.

The numerous methods suggested in tihw literature for tne
preparation’ of samples for the determination of lead in whole
blood by CR.: introduce many difficultics. .‘1lthough moet techniques
are based on direct sample analysis avoiding sclvents such as in
LPDC/EDTA-type extractions, a compariscn should be made to
investigate the effcct of additives (used to hemolyze or digest
the whcle blood matrix) upcen the efficiency of lead recovery



Figure TI.3.
Signal profiles of 1lead in whole blood using CRA.
Variation in absorbances for three voltages (optimum;
and above and below optimum) for dry, ash and atomize
stages of the atomic (Pb., lamp) and non-atomic (Hp. lamp)

absorption peaks.



OPTIMUM SETTINGS

atomization, Pb lamp )

OPTIMUM SETTINGS
background, H, -

continuous lamp)

LOW VOLTAGE SETTINGS
incomplete atomization,
Pb lamp )

LOW VOLTAGE SETTINGS
background, Hj -

continuous lamp )

HIGH VOLTAGE SETTINGS
loss of lead during

ashing, Pb lamp )

HIGH VOLTAGE SETTINGS

incomplete atomization,

ABSORPTION

TRV R

atomize

\4

|
dry

—— OSh

N
ul

g

i

= dry

ash

atomize

Mh

dry

ash

atomize

W

dry
ash
atomize
L
¢ — ash ary
{%. atomize
— dry
ash

L
F atomize

H, - continuous lamp \




50

by Cku:,

Four different citraction methods were investignted in
canparison to whele pblocd diluted with Teltornr 5~-100 2ndé wholce
blood analyscd dircvcetly without any hysical or cucinical pre-
treatment, 4 serivs of lead standards was peepured from a
'pooled’ whole blood sample over the leau concentration range
Op l=1m0 pg/ml added lcead, SHach standnpd was then diluted by =
1:1 volume with the following sditives

(i) whole blood (no physical or chemical Hretreatment),

(ii) whole blood + double-distilled watcr,

(iil) whole blood + nitric¢-perchlorie acid, (Baily and

Kilroe¢~Tmith, 1979),

(1v) wholc blopd + corc, ammonia solution,

(v) whole blood + 1000 pg/ml NaCl solution,

(vi) whole blcod + Triton X-100.

The influence of these ~dditive soluticna on the corrected
analytical (avsorbance) curves for leud iz shcwn in Figures
I.4. and I.5.

In all cases, ccomparcd with the Triton X-100 methed used
in this study, the addca 'interferent' doipresses the absorvanco,
With no physical or cuemical gretreatnient of the whole blood
sample, the lead signal is nsckedly depressad, probably due to
premature loss of lead from tie atumizer during the dry and ashing
stapes, This is shown in Pigure 1.0. which 1llusteates the
signal proriles cotsinad Trom lead atemizotion in the drescnce
and abscence of the verious acditives. The amager ¢freect of no
aretrestment is tee influcnce of ‘'carbonisstion' from the blood
matrix on the rod causing a change in the¢ reuve of vaporization of
lcad atoms. £ dense smoke is produced auring the ashing stage
with the resulting preacoanizaticn of lead atoms. Cne method of
altering the presence of this 'ecarbon-lining' to the rod is to
increase the drying and ashing voltage scttings, but this still
results in a reductiocn in the absorbance.

In nearly all cases, the "interferent" causes either the
production of a slow broed dry and ashing peak (as a result of
incomplete ashing of the matrix components) or a reduction in



Figure I.h4
Calibration curves for added 1lead in whole blood after
addition of various solutions: double-distilled water
(symbol O), conc. ammonia solution (symbolsn), Triton-
X=100 (symbol®.).
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Figure 1I.5.
Calibration curves for added 1lead in whole blood after
addition of various solutions: no physical/chemical
pretreatment (symbol /), nitric-perchloric acids (symbold)
and 1000pg/ml NaCl solution (symbolf®).
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Figure 1I.6.
Signal profiles (absorption peaks) obtained from 1lead
atomization in the ©presence and absence of various
solutions added to whole blood (lead atomization, Pb

lamp; background, Hy lamp).
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thc¢ height of the ash and ctonize peaks (through loss of lead oy
'sputtering' or pructomization). Tuis results in poorsensisivity
ana reproducibility.

The method using Triten X-100 over the lend concentration
range of 0.1=1.0 pefil had a R,8.D, < o whercas the other
e thods wxceeded S with a maximuam R.3.D, of 15%.

Comparison of the abscrbance measured a2t wech lcad cconcen-—
tration as a rosult of the presence of @n 'interlfcrent' solution
resulted in a percentage lead recovery of lese than 60% ( (i),
(ii) and (v) ) and up to 4o ( (iii) and (iv) ) relative to
the absorbance for dilution W tih Triton X-100.

(d) Effcct of EUTA and heparin (Wholc Blood @nti goagulants)

on analytical (absorbance) curves.

The clinical application of CRA for lead analysis of whole
blood is very much dependent ucvon theeffuct of ZDTY. and heparin
w ich are uscd as antl coagulants cr chelating agents and are
normally »nresent in clinical Vacutainer bettles., Kahn & Scbestyen
(1970) weported th+t EDNTA interfercs with most cxtraction or
colorimetric metheds and that zamples centalning it must generally
be ashed., ZDT: 1s a oetter anti coagulant than heparin. The
advantage of such anti ccagulants is in the prevention of small
blood clotes forming which interfere with tze applicaticon of whole
blood sanples on to the surface of the atomizer. Yoller & Bloom
(1975}Pcportcd o metnos for rcuoving clots forucu in whole blood
during storage enabling tue zamgle to oe analysed oy CR:. This
method requircs the sample tubes tc be dupped into a Dewar flask
of liguid nitrogen wialch freezes the blood. tf'ter thawing ot
roon tempeirature, blood clots are broken and the sample is ready
for analysis.

Kubasik & Volosin (1974) reported that although EDT4 causes
a serious lowering in the analysis cf urinary lead utilizing an
eXtrection technigue, the ClU methods they investigated showed
no interferences from EDTS. Therefore the effect of BDTA and
henarin (0.005 to 0.01 wolar) added to freshly ccllected whole
blood over the added lcecad concentration range of 0.1-1.0 pg/ml
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was inveatignted. 4 seriecs ol lead whole blood standairds was
prepared in the following 1:1 ratios:

(i) whole plood - LDTL,

(ii) wnole bluod + EDT. + Tritoun X-100,

(iii) whole blood + heparin,

(iv) whole blood + heparin + Triton X~-100.

The results were comparcd witn the standard CRE. method uscd in
tils study (dilution with Tritcn X-100).

The effect of added EDTS and heparin to whole blood 1s shown
in tne analytical (asbsorbance) curves for added lead concentrations

of 0.1-1.0 pg/ul in Figure I.7.

The aosorbance of lead in the presence of 3DT. 1s variable
and recduced, particularly at highcr lead concentrations. In
contrast, heparin shows very little effect., However, improved
absorbance is obtained when %6 Triton X-100 is added to the
solution whiich causce preliminaey hemolysis. During the deter-
mination with EDT. . by CR: the hcipghts of the non-atomic peaks
during the dry and ashing stages awse somewhat higher than those
for lead solutions with EZDT. and added Triton X-100. licparin
causes a broaacning of the ashing non-atomnric peak without any
significant change in the¢ atomization peak., The signal profiles
for le¢ad solutions in the presence of EDTS aad heparin, with and
without Triton X-100 addaed, are saown in Pigure 1.6.

The major piroblem with the use of uDI.. and heparin in
clinical whole blood Vacutainers during sampling is the risk of
introducing lead contamination. The precision of the Triton
X=100 wethod is not affected, us any significant interferences

caused by EDT. are controlled by the presence of Triten X-100.

(e) BEffect of variation of time between sauple applications.

The maximum atcmic abcorption signal is very much dependent
upon the time of application of the sample on to the rod surface.
The dispersion of lead atoms into the optical path can be
influenced by the position ¢f the sample on the rod surface and
the degree of sample soaking into the rod (Kubasik et. al.,1972).
As such, one possible factor is the time interval between the



Figure I.7.
Calibration curves for added 1lead in whole blood after

addition of EDTA and heparin in the presence and

absence of Triton X-100,
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e Whole blood + Triton X-100
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o Whole blood /heparin

ADDED LEAD CONCENTRATION
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Figure TI.8.
Signal profiles (absorption peaks) obtained from 1lead
atomization in the presence of EDTA and heparin with
or without addition of Triton X-100 (lead atomization,

Pb lamp; background, H, lamp).
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previous atonization (nd the application of the next sample on
to the atomizer surface.

In order tc demenstriate this varioble '"lead-spiked' whole
blood samples with an added lead cencentration cof 1.0 pg/ml
diluted with Triton X-100 were apylied to the rod in the normal
manncr (deseribed in Sccetion I, C3a.) af'ter variocus time intervals

since the completion of the previous atomization cycle.

Figure I1.9. shows the variotion in absorbance for the
atomization of lcad as a veriable of time (in scconds) between
the complcetion of an ¢:tomization cycle and sample agplication.
For efficient rcproducible lead absorption signsls, a standard
time interval of at least 120-150 seconds is required before
sample application to the rod is carried out. The major loss cf
lead astoms is througn 'sputtering' of the sample on the rod
before complete cooling has occurred from the previous atomization.

The variation in signal profiles is shown in Figure I.10,

The longer time intervals produce sharp atcumic signals, with
higher peak absorbsnces. At reduced time intoervals, the tempder-
ature is too high on the rod surface causing preatomization with
a reduction in sensitivity and reproducipbility. Thercfore during
routine analysis of batch samdles requiring over 50-100 deter-
minations, the time interval between atenization and sample
application is important. Reduction of this time intcrval to
recauce the overall operational tinme also roeduces the efficiency
of the CRa method.

6. Interfercnces and background absorption,

S — —

(a) Interferences.

The succuss of atomic absorpticn as an wnalytical wetihod
depends on tne productiovn of uncombined (frec) non-ionised ground-
state atoms in an atomic vapour for absorption of radiation at a
unique and specific wavelength for &4 given cleément. Jfiny substance
which hinders or masks tne process will be an interferent in
atomic absorption. Most interference work has been outlined for
non-flame cells using eleinents in various matrices (L'vov, 19561,
Massmanp, 1968; Manning and Fernandez, 1970; i\nderson gt. al.,



Figure TI.9.
Variation in the 1lead atomization absorbance as a
function of the time interval (seconds) between sample

applications.
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Figure :I1.10
Signal profiles (absorption peaks) at time intervals of
5,60 and 150 seconds between completion of atomization

and application of the next sample (lead atomization,

Pb: lampy -baekground,: H, .lamp).
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1971; Dipierro and Tessari, 1971; Gcgar ang Gonzelez, 1972;
Takcuchi g¢t. al., 1972).

It is not the purpose of this study to investigate this
subJuct wiich is c¢xtensively outlinca in the literaturc in part-
icular a review by “inefordner (1970), It should be pointed out
however, thit some chemical interfercnces play a major role when
non-flame cells are uscd. S3eudin gt. al. (1971) reported that
there are four possible types of interierence:

(i) hysical effects (e.;. voeriation in the volatility of
the clemcnts),

(ii) wosorption by molecular compounds cor so called
snectral interference,

(iii) fcermation of staole compounds in the s0lid thase
(during ashing),

(iv) formation of ccmpounds in the¢ goseous phase (during

atonizaticn.)

Matousek (1971) shew:sd the effect on the abscrption peak
helght obtalned when anslytes w re atonlzed Irom seversl solutions
of different natrices and mentionad the effect of scme paramceters
(c.g. voltage/time =ettings) on the peak height. ite concluded :
that the peak height is proporticnsl to the vaporization rate.
and that the presence of any caitrancous ions in the samlle
decreased the peak height only by decreasing the vaporization
rate of the analytce. This was gucestioncd by .mos et. al. (1971)
who suggested that Interfercice was caused hy ilncoumplete dis-
sociotion of molecules formed either in the solid state or vapour
state in tne piresence of large numbers of c¢xtrancous ions,
ratner tnan by diffcrent vaporization rates. They studied tne
absorption signals for lead in the prescnce of several compounds
(hSPO » NaCl, XC1, mgGl
It was obscrved that the depressant interference tnat occurred in

CaClz) which were all present in blood.

varying degrecs with all of the compounds could be reduced oy
using an argon/hydrogen stmosphere and a limited fiele of view
immediately ahove the rod. Matousek & Stevens (1971) used a
eynthetic blood standard for the analysis of lead end other

elements in blood without eny direct interference studies being
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reported. Manning & I"ernondez (1@70) showed that a MaCl ccncen-
tration ¢f 300 mg/cmj reduced 4 lead signal by 30.., wolch
indicates that NaCl may be a major interferent in nntural water
mitrices, On the other hand 3cird gt. al. (1372), in en invest-
1gation of the effect of vleven cations ¢n cadmiwn determinations,
found nc¢ interference with 200 pg/wl KCl; 500 ps/ml NaCl sceverely
depresscd tie signal wvhereas 1000 pg/ml KC1 and 1000 pg/ml LaCl
enhanced the signal, The other reported investigations on non-
flame cell interferences have ocen made for cadmiun (Bretzel gt.
al., 1969), lesd (&ndersen e¢b. al., 1971; awang c¢t. al., 1372);
Silver (slder and dest, 1972) ond cadmiun, lead and silver with
other ¢lements (JLlger et. al., 1971; Jackscn znd “‘est, 1972;
Reeves et. al., 1973).

Several conflicting thecrice and resultes on tae effect of
interfersnces using floucless atomization devices can be summar-
iscd as:

(i) a vopour roccmbination effect, causing occlusicn of

atoma o the analyte,

(ii) the formsticn of compounds volatilised concurrently
witn the clement but not distocliating, proeventing the
occurrence of atomic sbsorption,

(iii) ~ combination of camponents in the matrix resulting

in rate~of~vaporization changes.

On to: bagsis of this literature survey it was assumed that
it was necessary to check the chemical interfer=nce of 1000 pg/ml
ion solutivns (as nitrates) on the absoroance ror cadmium, lead
and ailver in natural water analysis. The ions investigated wure:
213, 8a°%, Bid*, ca?", ca?*, cedT, ©olT, crot, culT, FeST, KY,
NgZT, Na’, Niz*, Bor 7, Srz*, end 2n°". Usin. an argon/hydrogen
atmosphere and a limited ficld of view immediately above the rod,
no ion showed an 'interferent' effect greater than 5% of the
normal absorption signal.

(b) Background absorption.

In flameless atomic absorption all peaks other than atomic

absorption pcaks are termed non-specific absorption which includes
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backgrcund absorpticn (light scattcring snd molecular absorption).
Light scattering from carbcn particles released 2t high
temperatures wag investigated by L'vov (1261), Dipierro & Tessari,
(1971). i#cleculsr sbscrption has becn reported by L'vov (1968);
Takeuchi ¢t. 2l. (1272): Culver & Surles (1975): Pritchard &
Reeves (1976). Iolccular absorption by organic cowpounds is
predominantly found during the ash stage when the presence of mole-
cular species in the sbscorption cell causes absorption of light at
the same wavelength as thne analyte resonance line,

Moleculzr cbsorpticn czn srise during tiue stomize stage when
ashing of the matrix components is not compleéted during the prior
ash stage or if the matrix centeins large amounts cf inorganic
salts. Therc may also be light scattering caused by carbon
particles during ths atomize and ash stages.

Corruvction for non-stomic absorption or background absorption
is only required in thoese inetsnces when a composite non-atomic/
atomic abscrbance peak due to inccomplete ashing is obtalned during
the atomize stage. Correction is nachieved by the gquantitative measure=-
ment of the non-atomic signai by means of the hydrogen continuum
source, TFor routine analysis of =samples during this study the
BC 6 Background corrccteattachment for the atomic absorntion
spectrophotmeter was used.

7. Instrumentsl operating conditicns,

A1lthough the instrumental operating parameters and methods
for the determination of lead in whole blood end natural waters
have been reported in detsil in this section, the instrumental
operating conditions far the analysis of cadmium a2and silver in
natural waters and tree ring-core samples were also investigated
using the szme procedures as outlined for lead,.

In summ&ary, tie instrumentsl operating conditions used for
flameless CRi analysis of lead in whole blood ang natural waters,
and cadmium and silver in natursl waters anag tree ring-core
samples are snown in Taple 1.3.

The calibration curves (analytical ahsorbsnce curves) for

cadmium and silver (natural water and tree ring-core samples and
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Table I1.3.
Instrumental Operating Conditions Used for Flameless (CR:)
Analysis of Lead (in whole Blcod): Codmium, Lezd and 3ilver

(in natuml Jotcors and Tree Ring-core Szmrlcs).

General Paramcters Elements
Cadmium Lead sl v
Wavelength (nn) 228.8 217.0 328,1
Slit width (jm) 150 150 150
Slit height (mm) L=5 -5 14=5
Lamp current (i) 3 6 3
Gus flow rate (1/min)ir. 5.8 e 3,6
H2. 2.2 2.2 c.2
Lead in %hole 31004 Voltage Dime (s)
Dry 5 20 to 25
Ash 5 20 to 30
Stomize 4 to 4.5 195 we s
Elements in Natursl ‘otors and Trec Qing-gores.
Cadmium Dry 3.5 20 to 25
£sh 25 ite 5H% 15
LHtomize 3.5 to 4.0 2.5
Lead Dry 4.5 te 5.0 20 to 25
iish 5.0 10 to 15
sitomize N5 Ee .0 .5
Silver Dry o5 15 to 20
f Ash 4.0 10
astomize 2.8 2.5 tc 3.0

Variations in voltage/time setting depending upon geometry and
age of rod,
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lead (natural wator sasples) arc shown in Pigures' I.11 (cadmium)
I.12. (lead) and I.13 (silver) respoctively. The calibration
curve for lead aaded 1o wihcle blood diluted il th Triton X-~100

is si:own in Pigure 1.7.

8. Conclusion.

In this section the develcpment of various analyticul
techniguees aseocisted mewnly with tihe detoerminetion of lead in
whole blood were cutlined. #ollevin; a revieyw of tue mein dis-
adventages of flawe atomic absorption spectrophctometry, = inoie
detmiled investigation into the apnlication & non-flame A4S
itndicated the sdvantoges of using the carbon red atcmizer (CRA)
for the determination of' lead levels in w.acle blood with the
addition of Tritcn X-100 (an slikyl ohcnoxy volyethoxy derivative
of ethnnol).

The main conclusiones of this investigat.on can be summarized
as follows:

(i) the CR: method required a 1:1 diluticn of whole blood

stuilzles with Triton X-10C before sample avplication
(1 pl) to the atomizer:

(ii) an evaluation cf the optimum instrumental psramectors
leqd tc attainment of maxinum abgsorbance with a reprod-
ucibility of <€ t 5.

(iii) when the absorbance of lead in whole blood without
acéitives was compared with solutions sucn as double-
distilled water, nitric - percnloric acid, conc.
amgonia solution, Triton X-100, and 10060 pg/ml NaCl
solution; maximum absovrbance in the lead concentration
range of 0.1-1.0 ng/ml was obtained by addition of
Triton X-100;

(iv) the effect of EDTS end he arin (whole blood anti-
coagulants) in reducing the absorbance of lead was
¢liminated by the addition of Tritcocn X-100;

(v) a study of time between sample applications, showed

that the longer the time interval, the higher the

peak absorbance so that during routine analysis, the



Figure TI.11,
Calibratien eurve for added cadmium wusing a CRA methed
for natural water and tree ring-core =analyses. Added

cadium coneentrations were in the range O.1—1.0pg/ml.
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Figure TI.12.
Calibration curve for added 1lead using a CRA method
for natural water analysis. Added 1lead concentrations

were in the range 0.1-1.0pg/ml.



(6/6M ) NOILVYLNIONOD QV3IT
90 20

1 1 L] 1

33N VE40Sav

L7
@

1¢0




Figure 1I.13.
Calibratien eurve for added silver using a CRA method
for natural water and tree ring-core analysis. Added

silver concentratiens were in the range O.1—1.0pg/ml.
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time interval between the et atomization and the
next sanple application is importent, #nd there is
& considerable preduction in senaitivity if the time
interval 1s reduced below 2 minutes:
(vi) the possibility ¢f interfering ions was examined and
corrcction for background aossorbance wass achieved
by the use of & BC6 background ccrrector as a
supplementary unit to the atomic absorption spectro-=
puotonieter,
The optimwn instrumental oper- ting parsmsters using the
CRA method for cadmium &nd silver anzlysis of natural water and Lcec
ring-core sampleés and lead anelysis of natural water, weré also
detcrmined.



S8CTION 1T
LD LIVELE IN WHOLE BLCOD OF NEN ZL'LAND

DOMEGTIC ANIMALS,
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1. INTODUCTION.

Domestic animals may be cxposed to substantinl amounts of
lead in their environment. This cccurs froguently in dogs and
cattle, ené is related to tue habit ¢f chewving or licking objucts
indiscriminately (Waldren snd Stofen, 1974).

Individusl susceptioilities in animaels vary consideradly.
Cumulative lesd poisoning of the type comnmcnly found in men has
also buen described in cats and dogs (Garner, 1367; 3loom et al,
1976). The sovurces ¢f lead available to domestic animels are
numerous (Zook and Carpenter, 1271). Dogs cften develop symptoms
f plumbiew as a result of chewving objects covered with lead-based
paint or by eating metallic lead. Cats, which are selective
caters are not directly subjected to lead poisoning like dogs
although they may ingest lead-ceontzining dusts or other substances
that contaminnte their coats. .Jnother source of lead poisoning
Tor most demestic animals is thne result of licking discarded
batteries or drinking water tragsported by lea? picing. Poisoning
Of horses is nomally sissoclated with leag from lead mining and
smel ting operstions. Berzell (1971) reported a case where Few
York 200 znimals developed lead polsoning aiter chewing paint on
bars or wocdwork of cageg. Snother potential source of lead to
domestic Dets may be the larpe quantities of canned food ard meat
consunied. These mests conlain & large proportion of offal such as
liver and kidneys wnich tend to sccumulote lead (Hankin et al.,
1975 a,0).

£ ma jor source of lead poisoning in domestic animals is the
increased atwespheric fall-out of lead deposited directly on
vegetation slongside roadways as a result of motor vehicle exhaust
emissious. Campoell egtd]l (1971) investigated the effects of lead
chlorobromide on groups of cynomoclgus monkeys and rats. Reports
of increased lead leveles in rodents invertebrates and earthworms
within the vicinity of highways have been made by Smith gggl;(197@
Jefferies & French (1972); illiamson & Evans (1972); Gish &
Christensen (1973); Quarleﬂ'gggg;(197u) and Frgslie & Norheim
1979.
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Wildgoose (1970) reported con lead toxicity in domestic pets
including pathology ond symptoms and trestment of absorbed lead.
nead enters the body principally oy inhslation cr ingestion. On
ansorption, the bulk of the lead cnters the portal circulation,

sasses through tine intectines unchanged.,

is excreted as blle and
Lead that reaches the syntemice clirculst.on 1s veposited in ocne

ang in soft tissue- psarticularly tne liver, Kiuney,pancreai and
brain.

'rem the extensive litersture of c¢linical symnptows of 1lead
poisoning, mention should be made of work by Zoci o Carpenter
(1971); Zook et al(1972) and .aldron & Stdfen (1974).

Table 11.1. summaries thc major contributions to the invest-
igation of lead peiscning @nd toxicity in various domestic animals
over tne past five yeacs,

The effect of lead as a particillarly serious pollutant is
reflected in whcle bioow levels where in some cascee concentrations
in animals and huwmans nre close te levels conside red btoxic by many
health authorities, JsLlthougn the lead content of human whole
blood seldom falls below 0.20 jg/ml (Tinker, 1971), safety limits
ranging from 0.20 py/ml (lierabewy ond Tikkoneun, 1970) tc 0.80 jng/ml
(fiunter and Russell, 1954) have been prouoscd.

For.domestic animals, Zook ¢tal (1972) reported 0.19 40,08
pe/ml lead for wnole blocd of healthy dogs and 0,54% 0.64 pg/ml
for animals saowing symntoms for lead poisconicg. Zook & Carpenter
(1971) concluded that values cver 0.60 pg/ml vere indicatise of
poisoning, whervas “ilson & Lewis (1963) reported o mean of 0.30
pg/ml for healthy dogs and 0.93 pg/ml ffor enwwals showing signs of
lead poisoning. ‘Thomas ectal, (1975) censidered s wnole-blood lead
cuncentration 2, 0.60 pg/ml as the limit for aiagnostic lead
poisoning. In a recent study, Bloom gtal (1976) reported mean
values inclucing 0.06l4 pg/ml for lead in the whole-blood of
healthy dcge (considerably lower than those repgorted by any other
workers).

Lead date for other domestic animals are relatively sparse.
However,tiilloughby & 3rown (1971) reported normal values of 0.11
+ 0,09 pg/ml for horses. Data for cats are somevhat lacking,



Table II.1
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Summary of the Major Litesrature (1971-1976) Concerning Lead

Pcisoning ¢nd Toxlicity in Various Domestic . nimela.

Domcstic animals (genersl)
Iriester & daycs (1974)

Nesthery & Miller (1975)
Neathery & Miller (1976)

Cattle
Dinius e¢tal (1973)
“illiams (1973)
Tolleson (1974)
Lynch gtda (1976)

Cats ‘
Zook & Carpenter (1971)

Bloom etal (1976)
Dogs
Zook (1972)
Zook etal (1972)
Stowe c¢tal (1973)
Zook (1974)
Schalm & Hollidgay (1975)

Thomas ttal (1875)

Dodd (1976)

lecad poisoning in cattle, horses,
cats #nd dogs.

wotnroolism and toxicity (including
ca, KE) .

metabolien and toxicity of lead.

subclinical lead intake in calves.
lend poisoning in cattle.

lead toxicity in angus calves.
young calf riesponse to low doscs
of lead.

neurological and hasematological
signs in cats,
age and sgX variation ror cats

and dogs.

piatheclogical anatomy of lead
poisoning.

analysis of dcg's blood, urine,
hair and liver.

orsl lead toglicity to young dogs.
urban dogs.

hacmatology.

3 groups of dogs frcm a suburban
cominuni ty

lead poisoning.

(continued...)
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Horse
Lronson (1972) S long term cxposure of lead causing
soclscning
‘il1loughoy c¢tal 1(1972) interacticns of toxic amounts of
lewd =nd zinwe,
Knight & Burau (1973) chironic lead poisoning.
Dolluhite ct.8l (1975) poiscuning in horses,
Shee
Carson gt al (1973) low level lead ingection.
Geldaer ¢t al (1973) behavioural toxicclogicel assess-

ment of the ncvurological effect of

lead.
Fick (1975) lead toxieity.
Fick ¢t al (1975) dictary lead.
fick et al (1376) dietary lead, tissue mincral

comeosition and nosorption,
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though Bloom ¢tal (1976) rceported 0.05 & 0.04 pg/ml for 26
animnls. ~llcroft (1950) has reported normal levels of 0,14 &
0.01 pg/ml for sheep and 0.131 0,01 pg/wl for cattle.

Because data for whcele blood of dcmestic snimales are
sometimes contradictory and are un.venly distributed among the
variocus classee cf Jdcomestic animals, tunere is c¢learly a need for
1 larre-scale survey lnvolving a single analytilcal meéthod applied
to specimens from large nunbers of several demestic 2animals from
a single geographical wunit. Sueh a survey would avoid differ-
ences due to climate or interanalyst variability.

2, Study arca,
Between Jdanuary 1975 and December 1976, whole blood samples

for cattle, cats, dogs, hcrsces and sheen werc collected a2t the
Animal Health Research Centres, iiassey Univereity (central North
Island) and Linccln University (ncrthern South Island). Those
whole blood sfmples wece part of norwal Veterinsry Pisld collect—-
ions, and included gjeheral informa.ticon such as bresd, sex, age,
and histcory. In 211 1142 dorcstic animnls (252 cattle, 113 cats,
271 dogs, 258 horsce and 248 sheey) were tested for lead levels
in whole blood. The resultz of this survey are reported in this

scction.

3. Results and discussion.

(a) The age distribution of lead concentrations in whole blood,

The age distribution of whole-blood lead concentrations
(pg/ml) in domestic animals is shown in Table 11.2, For the sake
of clarity, only means and ranges are given.. Standard deviations
are shown in the test whenever necessary.

The data showed no significant diffcrences for cats, dogs
and sheep, but the larger ruminants (cattlc and horses) consist-
ently showed lower lead levels (0.12 and 0,13 pgdml) for animals
in the first age group compared with those over 18 months.
Results of a t-test for differences in mean values for older and
younger groups within each animal classification were : 4.67
(250 a.f.™ for cattle and 5.81 (256 d,f.) tor horsecs, and

*Note. d.f. :degrees of freedom



Table II.Z.

The fge Distribution of Whole-blood Lead Concentrations (pg/ml) in Mew Zealand Domestic (nimals.

Lead concentrations by age  (Years).

Total
fnimals  NO- 1.5 1.6-4.0 L.1-8.0 £.0
Cattle 252 WMean (64) 0.12 (63) 0.19 (62)  0.18 (63) 0.23
Range 0.06-0. 21 0.05-0,eh 0.04-0.28 U,06~0,3%2
Cats 113 Nean  (36) 0.253 (32) O.et (26) .20 (17)  0.19
Renge 0.06-0.%2 0.07-0.,40 0.06-0, 32 0.06-0,2¢
Dogs 271 Mean (B6)  o0.21 (82) 0.23 (6L) 0.25 (39) 0.23
Range 0.08-0,36 0.10-0.40 0.06-0.35 0.06-C,42
Horses 258 MNean  ¢78) onf s (70) 0,17 (61) .22 (49) 0.23
Range 0.0L-0, 22 0.04-0.20 0,0%-0.30 0.03-0.40
Sheep 248 Mean (65) 0.18 (64) 0.21 (656) 0.20 (53) 0.21
Range 0.07-0.2L 0.06-0.26 0.08-0.26 0.05-0. 2%

Value in brackets indicates the number of animizls per age groud.

99
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indicated o very-highly significant (¥ less thon 0,001) difference
between them.

fean lead concentrations, yug/ml (for all nges) were : 0,18
1 0.10 fer cattle; 0.21 & 0,05 for cats: 0.25 ¢ 0,06 for dogs;
0.19 £ 0,10 fcr horses and 0.20 £ 0,05 for sheep. These values
are similar tc thosce optained by most other workers although in
the case of cats and dogs they are considersbly higher than the
values obtained by Bloonr gtal (1976).

(b) The sex distribution of lesad c.oncentrstionsg in wholg
blood.,

The sex distributicon of lead concentrations in whole blood

is shown in Table 1I.3.

Therc was some evidence that male cattle have significently
lower lead levels than female or neutercd cattle., Tnere was a
very-highly significant diffcrence in the mean of male cattle
considered os one group andé fomele and aeutered snimals coasid--
cred @s another. i t~test gave 3.8% (<50 d.f.). ©No other
differences according to sex wore nceted for other domestic
animals, Similar findings nuve been recported for cats and do-
py Zook & Carpenter (1971) and Bloom et~ {(1975).

2

(c¢) Variation of whole-blood lesad cencentrations amon

o . e

different brecds.

The variation of vhole-bicod lead cuncentrations among
different brecds of demestic asnimsls is ehown in Tahle 11.4,
There were no detectoble diffcerences auniong different breeds cf
sheep, horses or cats. However, sacep dogs froa rurel arear
had only just over half the lead content (0.15% 0.08 pg/ml) of
pedigree dogs, 87 of which wepre from city areas snd which had
a wcan lead content of 0.27 4 0.07 pg/ml. This difference was
very-highly significant (t = 3.1 for 80 d.f.). Lt should be
noted that only 82 deogs were included in this survey because i
was restricted to sheep dogs and the thrce comsonest brceds

among city dogs.



Table 11.3,

The Sex Distribution of “hole-Blood Lead Concentrations (pji/ml) in New Zealand Domestic animals.

Lead Concentration by Sex.

Animals Male Penale eutered
Cattle Mo. 118 92 L2
Mean 0.14 0.18 0.19
range 0.06-0.22 0.06-0, 26 0.07-0.31
Cats No. L L6 25
Mean 0.21 0.25 0.2¢
range 0.08-025 0.08-026 0.0€~-0.24
Dogs No, 156 90 eb
lean 0.2¢ 0.cc 0, 20
Range 0.,05-0.28 0.08-0,30 0.06~0..8
Horses No. 87 90 L5
Mean 0.24 0.23 0.20
Range 0.04=0. 3L 0.04-0.30 0.08-G.26
Bheen No. 148 100 -
Mean 0.19 0.21 -
Range 0.08-0.24 0.08-0.26 B

89



Table II.4.

Variation of “hole-Blood kead Concentrations (pg/ul) fmong Different Breeds of New Zealand

Domestic s£nimels

Lcad concentrations by breed

Total Areed
Cattle L6 lLngus 10 0.28 0.,08-0. 36
Priesian 12 0.13 0.06~0,30
Jersey n 0.17 0.04-0.24
Friesian/dersey X 10 0.29 0.06-0.40
Cats 23 Siamese 11 0.20 0.07-0.25
Others 12 0.49 0.06-0,24
Dogs 82 Corgi 20 0.25 0.10-0.33
German Shepherd 25 0.29 0.14-0,38
Labrador 15 0.25 0.,11-0,32
Sheep dogs 22 0.15 0.06-0,22
Horses 66 Standard breed L0 0.20 0,05=0, 26
Thoroughored 26 Q.21 0.06-0.26
Sheep 60 Perendale 20 0.20 0.06=0, 26
Romney 28 0.20 0.04-0.26
Southdown 12 0.19 0,06-0.28
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The significantly lower lead levels in ferm dogs compared
with city dogs has ulresdy beci observed by Bloom gt al. (1976)
who reported mcan valucs of 0.045 snd 0,066 pg/ml respectively.
Ratio wise these values are simllae to our own, but in absolute
terms are ccnsiderably lower,

Thomas et al (1975) reported that there was no significant
association: between whole-blood lead levels and size expected at
maturity or brecd of dogs, in particular terricr, poodle, collie,
and mixed,

cLover le¢ead levels measured in the wihiole blood of rural dogs
must surely be a reflection of reduced access to pollution from
motor vehicle e¢xhaust emissions, since other forms of pollution
such as lead frau piping and paints would presumably not be
greatly different in both types of environment.

Limong different breeds of cattle, there was a significant
(P 1ess than 0.05) difference in the means of fingus and Friesian/
Jerscy X cattle considered as one group and the remaining breeds
considered as another. iiesn values were 0,294 0.07 and 0,15
0.08 pg/ml respectively and the value of t was 1,87 for L4 degrees
of freedcm,

(d) ¥hole-blood lead Goncentrations in Gomestiec @nimals With

guspected 1 ¢ad poisoning.

Table 1II1.5. gives data for a nuaber of domcestic animals
suspected of having died from lead poisoning.

In all cases lead levels in whole blood exceeded 0.50 pg/ml
and the highest values weirre in dogs from service station areas,
These high values must surely result from peisoning from leaded
petrol either from fumes of idling motors or by contemination of
food or water.

There were no recorded cases of poisoning of cats or sheep,
probably because they tend to be less highly regarded than dogs
or larger ruminants so that post mortcms are scldom carried out
on them. The significantly higher lead levels found in dogs
compared with larger animals may be Because dogs will require

much less lead tc give elevated concentrations in the whole blood
than will cattle or horses. Obviously, the high values found in



Tatle 171.5.

Whole-Blood Lead Concentrations (pg/ml) in New Zealand Domestic sinimals with Known Histories of

uLeaa roliscening

animal Source of Poisoning Pb_in blood Yormal Pb
Dog
q ” RO . . \ -
2 -y» Corgi (m) wWater (Pb piping) 3.67 0.26
2 -yr G.Shep.(m) jater (Fb piping) i1.82 0.29
5 ~yr G.Shep. (m) Service st=tion areca 6.Le 0.28
7 -yr Labr. (F) “ervice station arca 7.4L0 0.25
Cattle
-yr Friesian (m) Water (Pb piping) 0.52 0.13
3 -yr Jersey (F) wWater (Pb piping) 0.70 0.17
Horse
5 yr - Std. (m) ater (Pb piping) 0.54 0.20

#Sex denoted in brackets (m: male; F: fcnale)

Lé
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animals near service stations must cause some cuncern aboutl the

health of humans werking in these arcas,

L. Conclusion,

The develonment of a rapid, preccise and reproducible imethod
to determine whole-bloed lend levels using the carbon rod atom-
izer enables surveys involving large numders of samples tc be
carried out. 1In tiale section tuz results of n survey tc deter-
mine the lead levels of whole-blood of Mew Zealand domestic
animals was reported.

In summary, cats, dogs and shcep snowed no significant
differences in lead levels aeccording to age, whereas larger
runinants such as cattle (t = L4.67 for 2504.f.) and horses
(t = 5.81 for 256 d.f.) showed & very-highly significant
(P € 0.001) differcnce between those snimals younger than 18
montns compared with all other sge groups. Generally there 1is no
eignificant diffuerence in lead content as a result of sex for all
animal groups investigate. (although cattle soowed a very-highly
significant differcnce between mele and fewale - noutered animals)
Detectable differences among diffcrent breeds were cnly measured
for dogs and cattle. Sheep dogs fran rural arcas showed a very-
highly significant difficrence (t = 3.1 for 80 d.f,) compared with
pedigree dogs from city arcas. It should be emphasized thet the
whele--hlood lead level of a domestic animal 1s very much dependent
upon the eating/drinking habits of the snimal and the type of
environment in which it lives,

The lower lead lovels measured in the whole blood of rural
dogs is obviously (ss already pointed out) a reflection of the
reduced contact with lead pollution predominantly from motor
vehicle exhaust emrissions, industrial smelter fumes and service
station pollutants. This is supported by results from 3loom et al
(1976), and Thomas ¢t 8l (1975) who investigeted the lead concen-
trations in three groups of doggs from a suburban Illincis
community where normal urban dogs (total nc. 8#9) showed a mean
whole-blood lead concentration of 0,07 + 0.073 (&,D.) compared
with dogs from the city pound (total no. 50, mean Pb 0.262 +
0.157) and dogs owned by families from low income arcas of the
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city (total no, 98, mean Pb 0.172¢ + 0.174). This clearly shcws
the influence of tiue type ot enviromusnt wheee dogs from city
pounds are directly subjected to high levels ¢f motor vehlcle
exhaust emissions and citv lcad duste/fumes and those dogs from
low inccme areas were ;uost of tle hour ing consisted of old,
deteriorating dwellings in which peecling and chipping leod--based

paints are the main lead source.



SECTIOM III.

LE/D LEVELS IF SHIEP IXP0OZED TC MOTOR VIEHICLE EMIGSIONS,
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£, HHOLS BLOCD Lifw.D L7Veiss TN SHIEP ZXPOSED 70 MOTOR

VEHICL & _MISSIONS,

1. Introduction.

Blevated lead cencentrations in the whele blood of domestic
animals as a result of lead poiscning, have been viell documented
following the originsl work of Blaxter (1950) &and Jdlcroft (1951).
These and later papers (Prigge and hapke, 1972; Hapke, 1973: Fick
et. al., 1976; Van Gelder et. al., 1973) have buen concerned
mainly with lead poisoning framn ccntaminated water and other
similar sources, and have invoulved numercus artificial experiments
in which lead sslts (usuaslly acetates) were fed to domestic
animals. slthough recent work (3lcom c¢t. al.; 1976; YWard et. al.
1977a - Gection II) on whele blood levels in various domestic
animals has by infercnce, taken into account the possibility of
voisoning from motor vehicle lead emissions, it is surprising
that very 1ittle work has been denc on whole-blooa lead levels in
animals grazing cvr living adjacent tc busy motorways. ‘“here such
investigations have boecn made, theyhave mainly involved rodents
ané other small animals (Yuarles gt. al., 1974; Jefferies and
French, 197¢; %iilliamscn and vans, 1972).

Because of the sparsity <t data on lead uptake by ruminants
grazed near roadsides, and bzcause of the potentizl sericusness
of" such uptake tc & country such as New Zecaland, which is heavily
dependent on agricultural exports, the following series of studies
were carried out to investigate the e¢ffect of mctor vehicle exhaust
emissions upon the lecad content of the blood of sheep grazing near
roadsides. The experiments were designed to simulate real
conditions and to aveid feeding artificially with lead selts
which can never resemble the end product cf motor vehicle
emissions. The results of these experiments are reported in
this Section.
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2. Description of experiments.

Lead levels in whele hlood vere determined by use of the
carbon red atcmizer as cutlined in 3ection 1.6.

The fcollowing cxperiments woere csrried out:

(a) The lead centent of the whole blood of a flock of 62
sheep (Romney breed of various sexes and ages) was determined,
This flock had becen grszed for nearly six mentins along the verges
of a major highway (5000 vchicles/24 hours). Comparative data
were obtained for another flock cf sheecp from the same area but
well removed frcem the effect of motor vehicle eéxhaust emissions.

(b) PFour sheep (Romney cwes cf 2, 2, 4 and 5 years of age)
were removed from the above contamineted area and transferred to
a paddock well away from motor vehicles., The lead content off the
whole blood was monitored 2t repular intervals for 185 days.

(¢c) PFour sheep (Romney ewes cf 2, 2, L4 and 5 years of age)
from an uncontaminated arca viere plnced 1in a paddock at Massey

¢ n busy rcad (8000
vehicles/24 hours). The whcole-blood lead levels were monitored

rmy

University. This pasture wae adjacent t

at regulor intervals.
(d) Ten sheep (Romney ewes and wethers of various .ages) were
kept in 2 pen well away from motor vehicles and were f£ed with fresh

~

grass collected from the verge ¢f a busy rcadway, The whole~-blood
lead levels were mcenitored cover a 9 day pereiad,

(e) PFour sheep (Romney ewes of ¢, 5, 5, and 5 years of age)
were placed in a pen near 2 busy highway (8000 vehicies/24 hours)
without access to locnl foroge. The sheep were fed with feed from
a non-contaminated area and the whole<blcod lead levels were

monitored for & period ¢f 5 days.

3, Results and discussion.

(a) The whole blood lead centent of sheep grazing ncar a
highway.
The lead content of whole bloocd of a flock of sheep grazed for

6 months near a highway at Pannevirke was compared with an adjacent
flock in Iigure III.41. The other flock was from a non-contaminated
area, The means and standard deviations of the two populations



Figure TIII.1.
Histogram of whole-blood 1lead 1levels (yg/ml) in sheep

grazing near to, and away from, a major highway.
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were 0,904 0,05 pg/ml and 0,204+ 0.01 pg/ml respectively.

The histogr m shoews that both populutions can be separated
completely on the basis of the lcead content of their whole blood.
Zightecen sheep had leéad levels exceeding 1.0 pg/ml. These
cencentrations #re extreicly high andg are comparable with levels
found in sheep fed artificially with lcad salts as rcpcerted by
Blaxter (1950). The samc author fcund a maximum of 1.30 pg/ml in
the whele blced of a sheep fed with 30g of leadé as acetate., This
level was resched by one thira of the sheep in this study,

The meean lead content ¢f the contaminated pasture was 60 pg/g
(dry weight) and cerresponds tc an ingostion of 7.2g of lead over
a period of 150 days if a daily intake of 800g of feed is assumed.
The mean lead content of a 'background' pasture was < 5 pg/g
(dry weight) and corresponds to <0.6g of lead ingested over the

same time period,

(b) The rate of Jdeerevase of whole-blood lead levels after

remcval of animals from a contaminated area,

fhen 4 sheep froum the Dannevirke vxperimental arca (sece above)
were removed toe 2 pacdock well away from motor vehicle emissions,
the whole-blood lead levels decreased during & pericd of 185 days.
The cata are shown in Figure III.Z2.

The concentraticn decruased from about 2.00 tc 0.60 pg/ml
during the first 10 days. Back g¢round valiucs (0,20 pg/ml), though
approached, hed still not been rcached after 185 days. Unfortunately
1 sheep died after 85 days as a result of inhaletion pneumonia
and septicaemia following routine sheep "dipping".

Lead 1s known to be stored in the bones of shecp (Fick et. al.y
1976) and these form a convenient rescrveir for gradual release

of lead into the blooud over a long period.

(c) Uptake of lead by sheep brought from an uncontaminated

arca to a paddock near a _highway,

When 4 sheep from an uncontaminnated srea (lead content of
pasture 5 pg/g9 dry weight) were placed in a paddock near a
major highway (lead content of forage, 19 pg/g dry weight), the



Figure 1III.2.
Deerease of whole-blood lead levels (pg/ml) in four

sheep after removal from a contaminated area.
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lead content of the whole blcod rose from 0,20 to sbcout 3,00 pg/ml
during the first 24 hcurs., Thereaftér, there was a gradual
decrease over 14 days tc a value cf apout 1.5 pg/ml. This 1is
shown in Figure I1I.3.

The pasture used in this experiment was lucerne (Medicago
sativa L.). During the initial period the sheep wereconsuming
leafy material almost cxclusively. Tinls had been exposed te lead
contaminstion during the preceding rest period. &5 the experiment
continued, the diet contained 8 greater proportion of stem material
witn a lower lead centent. 1t was alsc 1likely thaet intake was
reduced slightly as the palatability of the feed declined. The
combination of thcse twe factors is suggested ss the cause of the
post peak reduction in whole-dblood lead. It 1s also possible that
lead was being removed from the blocd for storsge in other body

crgans as will be outlined in Section III.B.

(d) Uptake of lead by sheep placed gway from motor vehicle

c¢missions but feé with prass from roadside verges.

“hen 10 sheep were placed in a coencrete pen well away from
motor vehicle exhoust emissicns and were fed with grass freshly
cut from the verges of a busy highway, there was an immediate rise
in the whole-blood lead levels as shown in Figure I11.L4,

The mevan values increascd frem 0,17 pg/ml tc 1.1 pg/ml over
a period of 9 days. The lead centent of the feed varied from
40-70 ng/g (dry weight basis) Figure 1II.4. also shows (broken
lines) the total daily intake of lcad. Increased intakes towards
the end of the test period are due partly tc the higher lead ccntent
of later feeds and partly to increased consumption of grass as
the animals became used to the new environment. There zppeared to
pe some relatiocn between the lead content of the whele blood and
the caily intake of lead.



Figure 1III,3.
Whale-bleod lead levels (pg/ml) in sheep transferred

from a Dbaskground area to a contaminated paddock,



4.5p

—a , 1- ]“?, Q, Romney
o0—o0 .2%-4, Q. Romney
A-—-A ,4—4]'2,9, Romney
>¥—0 ,>5, Q, Romney

Hg/a Pb WHOLE BLOOD

] 1 1 L : .

-

2 3 L 5 6 7
DAYS AFTER EXPOSURE

10

1l

12

3

14



Figure III.4.
Whole-blood 1lead 1levels in pg/ml (continuous 1line)
in sheep placed in a background area and fed with
grass from roadsides. Daily uptake of 1lead 1is shown

as a broken line.
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(e) Uptake of le¢nd by sheep placed near o busy hiphway

and given feed frem =n uncentamlnated aren,

The e¢xp.riments so for had shown that the lead content of the
feed was an important factor detenuining the lead content of
the whole blood in the experimental animals, In order to
establish whether inhalation of lead particulates was a
centributing facteory, 4 sheep were placed ncar & busy highway
without acccess to lecal feed, The sheep were fed with forage
(2.5 pe/g lead - dry weight) from an uncontaminated area. is
Qefore there was an immediate increase in the whcole-blood lead
level as shown in Figure 1I1II1.L5.

The rate of uptake was very similzr to that of the vrevious
experiment and would seem to indicate that ingestion by rorage,
and inhalnaticn of pesrticulates in the a&ir werc equally important

in affecting the lecad content of the whole-blood,

L, General discussicn and summary.

Znhanced lead levels in the whole blood of sheeg are in
themselves cnly symptumatic of elevated concentrations in bones
and rescrvoir organs such as liver and kidneys, 211 of which
have been found by Fick et. al. (1976) to have enhanced lead
levels after feeding artificially with lead salts. “hether or
not lead will be found in the same reservoirs afler ciperiments
under natural conditions of grazing ncar highways is somewhat
uncertain and an investigation into this subjuct is described
in part 3. of this section,

In summary, the lead content of whole blood of 62 sheep
grazed continuously for 6 months near a gajor highway was
compared with 38 sheep from a nearbywmcontaminated area. Mean
values of 0.90 and 0.20 pp/ml werc Obtained. Four sheep from
the conmtaminated area were placed in an uncontaminated paddock
and the lead countent of the whole blood decreased rapidly
'during the first 10 days and thereafter more slowly. sfter
185 days, whcle-blood le¢ad levels had still not guite reached

normal levels,



Figure 1III.5.
Whole-blood 1lead 1levels in sheep (four individuals
shown as different symbols) placed near roadside but

fed with uncontaminated forage.
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finimals from an unccentaminated arca showed a2n immediate
rise in the wholc—bloodl 1lcad levels when placed near a gajer
highway. &heep placed in 2 conerete pen away Trom motcer vehicle
exhaust cumissions showed a risc in lead levels when ted with
forage cut from thne verges of @ busy highway, Sheep placed near
a highway and fed with forage from an uncontaminoted area showed
an increase of lead levels in the whole blood, comparable toc that
of the previous cxperiment,

It was concluded that lead uptake by ingeustion of polluted
forage and by inhalation of airborne particulates are both
mechanisms reswvponsible for enhanced lead levels in ovine whole
blood,
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3. Li. D LIZVELS IN 5:EEP ORGANS, HMUNLCLE TISSUE, 3CNES AND

HOOL.,

1, 1lntrcduction.

A8 outlined in the previcus sub-section, numecrcus experiments
have been carricd out cn lead levels in organs of domestic
animels since the early work of ~llcroft & Blaxter (1950) and
Blaxter (1950) who found enhsnced levels of lead in benes, livers,
kidneys and lungs of sheep after artificial dosage (orally and
intravenously) with lead salts, Similar studies were cbtained
in recent studies (Prigpe and Hapke, 1972; Fick g¢t. al., 1976)
al though 2gain, dosage was carried out artifically with lcad
salts,

Since motor vehicle emissicn is environmentally by far the
greatest source of lead pclluticn, the re 1s clearly a need for
resenrcn orientated specifically to this preblem and with
experiments designed to repreduce as closely as possible to the
natural cuvnditiuvns vncountered by animals grazing closc to road-
sides., Tlie e have been few experiments of this nature; although
Quarles et. al. (1974) investigated the lend centent of small
mammals living near roadsides. Othere studies (hapke, 1972;
Gelder £t. al., 1973; Fick ¢t al., 1975) based on the effect of
Gietary lead on sheep have been related to neurological and
patholcgical effects with lead levels of whole blood cnly being
reported instend of 2 more detailed account of the absorpticn and
distribution of lead in the body crgans, muscle tissue and bones,

Because of the known accumulation of lead in human hair
(Renshaw et. al., 1972; Reeves et. al., 1975), there was the
possibility that elevated lead levels in sheep organs would be
reflected in the wocl. If this were to be the case, wool sampling
would offer a much simpler method of asscssing the lead burden
in sheep. For this reascn, the lead content of sheep wool was
investigated in addition to that of other organs of the animal.

It was considered that the above work was necessary because
of the risk to domestic pets and humans of meat contaminated with
lead (Hankin et. al., 1975) and because c¢f the potential damage

to export markets of countries such as New Zealand which are
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heavily dependent upon the cxport of meat, Secticn 1I1.... reported

the associated lcad levels in the whole bdlood of these sheep,

2. Materials and methods.

Thre¢e experiments weire carried out as follows:

(i) 4 flock of sheep (Romney ewcs Of vaCficus ages) was
grazed continuously for 6 moentis along the grass verge cof 2
highway (average daily traffic density of 5000 vchicles) near
Danncvirke, North Islancd. The flock was ccontained by a moveable
electric fence. The 1lead content of eacn of 62 shecp was monitored
and ten individuals were sclected on the basis of relatively high
blood 1lecad levels as e ported in Section ITII,:i.3a. 8ix of these
sheep were lumcdiately slaughtered anc tueir organs analysed for
lead, The remaining 4 sheep were kept for 2 further 185 days in
a paddock well away from motor vehicle cmission ang then slaught-
ered, The lecad content ¢f various crgans was again determined.

(ii) Ten sheep (Romney ewes and wethers of varous ages)
were kept in a pen well sway from mctor vehicle emissions and were
fed with contaminated feoed from the gracss verge of a busy highway
(8000 venhicles/2h4 hours) w«t Palmerston Forth. . fter 9 days, L
of the sheep (individuals with the highest blood lead levels) were
slaughtered and their organs anslysed for lead,

(iii) Pour sheep (Romney ewes) were placed in 2 pen near a
busy highway (8000 vechiecles/24 hcurs) 2t Falmerston North and fed
with lucer ne hay frcm a non-contaminated area, The sheep were
slaughtered after 5 days and the crgans analysed as before.

The sbove experiments were designed to test the effects of:

(i) 1lead reccived via the lungs and digestive system;

(ii) 1lead¢ ingested from the feed alone;

(iii) lead innaled via the lungs alcne.

Background values for lead in shcep organs were obtained
by analysing randcm sanplcs from a2 freezing works, Sheep organs
were bprepared for analysis and analysed as outlined in Section I1I,B.
Lead levels in the wool of 12 shecp were also analysed as an alter-
native method to whole blood analysis for determining the potential
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lecad burden in shecp. Sempzling ond the method of =nalysis for

wocl is cutlined in Secticn I.B.L(a)(ii).

3. Results ~nd discussion.

(a) Les=ad in crgons of sheep grazed ncar a highway.

Lead congentrations for organs of 6 sheep grazed near a busy
highway are shown in Tavle IlI.1. Etandard deviations represent
real differences among the individuals cf 2 population because
of the experimental error (obt2ined by analysis of 10 replicates
and nct shocwn in the table) saccounts for cnly about 10% of the
overall standard deviation.

4 series of t-tests were used to establish the significance
of' differinces vetween groups. Becvause they are self welghting,
t-test are valid cven for very small populations.

Frcm toble III.1. 1t can be nocted thot very-highly significant
differences (T €0.001) existed between means of lead levels in
organs of 'contaminated' animals and in organs of 'background'
animals., The only cxcepticns were in the kidney mecullae after
6 mcnths (3) ani in the short digital extensor (& and B).

In absclutce terms ¢asily tine highest lead cencentrations
were in the kidney cortex (154 pg/g wet weight), liver (20 pg/g)
and bones (~30 pg/g). These findings porallel the data of
Prigge & Hapke (1972) and Fick gt. al. (1976) in ezxpcriments
involving artificizl feeding with lead snlts.,

With animal production and meat guality in mind, it is
fortunate that muscle tissue snoews the smallest cancentrations of
lead in absclute terms (though not relative to background values).

Bones, because of thelr high propcrticn of tetal body weight,
represent the grestest rescrveir of lead within the animals,
Their rate of lead loss is also very slow. 4fter 6 moenths, lead
concentrations in bcnes had not changed appreciably although
the level of this element in kidney cortex had decreased from 154
to 12 pg/g. The high level of l¢ad in bunes will clearly cnsure
that the animals will have a@bove-ncranal levels of lead in their
organs probably for the whole of their natural life-spen, It
is prcbably these high levels in bones that accounts for the: very



Table

Tk . 15,

8L

Mean Lead Concentrations (pg/g wet weight) in Orgens of Sheep

Grazed Fear a Busy Highway.

L = immedintely efter reuoval freom roadside (6 sheep)

B - 6 months after removal from roadside (4 sheep)

C - background valucs (10 sheep)

Organ A B c
fbdominal muscle x 0,6 ~ 0,2 x0,5 + 0.05 0.11 4+ 0.02
3one (shoulder) x2L4.4 ~ 4.0 %28,5 + 4.5 0.12 + 0,02
Bone (vertebrae) ~<35.5 + 4.6 ¥34.4 = 5.0 0.13 + 0.03
Broin (cerebrun) x 1.5 + 0.3 *1.4 » 0.04 O.4ip + 0,10
Cascum * 1,9 + 0.4 *0.6 + 0.2 0.30 + 0,09
Ileart muscle 1.5 £ 0.4 1.0 x 0.2 O.45 + 0.14
Intestine (large) * 3.2 + 0.8 0.5 + 0.1 0.41 + 0.09
Intestine (small) * 4.0+ 1.8 x1.5 + 0.4 0.29 % 0.10
Kidney (curtex) * 154.0 = 34 *»12.0+ 8.4 0.8 =+ 0.1
Kidney (medulla) * 3,0+ 1.0 2.0 #1.5 0.7 = 0.1
Liver *»20.0 + 6.0 * 5,0 + 1.0 0.7 =+ 0.2
Lung 2,0+ 0.6 *1.7 + 0.2 0.6 + 0.2
Pancreas * 2,2+ 0.7 *1.3 + 0.4 0.25 + 0.13
Rumen ¥3.1+ 1.1 #1.4 1+ 0.5 0.26 + 0.08
Shoulder muscle ¥ 0,45+ 0.14 ¥ 0.45+ 0.06 0.14 + 0.01
Short digital extenscr 0.29+ 0,07 0.286+ 0.06 0.20 + 0.04
Spleen * 1,8 + 0.6 %x1.8 + 0.4 0.6 =+ 0.1

* Very-highly significant differences Trcm background
by t tests (P<0.001)

as determined
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slow reduction of whole-blcod lead levels to backgrcund values
when the scurce of pclluticn has been removed (Scetion IIILA.).
ilthough the lead levels of =2cible muscle tissue were

probably within existing sarety limits for human ccensumption, the
high l<ad content of other corgens could oo reflected in unaccept-
able concentrations in pet foods (Hankin st, al., 1975), since
liver and kidneys form 2 high properticon of such foods., Livers
and KkKidneys are also vccasionally consumed 0y humens, imposing a

direct threat on human leac uptake.

(b) Lead in organs of shcep awny Crom motor vehicle emissions

but fed with contaminated grass,

The date for lead levels in shecvp kept away from mctor
vehicle emissicns but f'ed with ccntaminates pasture sre shown
in Table III.Z2.

fis befere, nearly all orgens showed & very-highly significant
increase of lead content compared with backgrcuna., The only
excepticn was the kidney medulla. Probably because of the
shorter expoause to lend (5 days instend of 6 mcnths), the
absclute ccncentrations of this element were not as great as
in the previous experiment., This particularly is evident in
bones where values were ten times lower than in the previous
experiment, though still very much higher than background,
Highest absolute valuces were in the kidney cortex and liver.
It is clear that accuwmulation in these organs takes place very

rapidly.

(¢) Lead in organs of sheep exposed to mctor vehicle

emissicn and fed with uncontaminated j.rass,

The data for lead in organs of sheep exposed to motor
vehicle emissions and fed with uncontaminated grass are also
shown in Table III.Z2,
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Table 11iI1.2.

Mean Lead Concentrsticns (pg/g wet weight) in Organs
of “heep

D - not expcsed to motor vehicle emissions but fed with grass
from a roadside Tor 10 days (3 sheep)
E - exposed t> motor vehicle emissions but fed with uncentaminated

grass for 5 days (4 sheep)

Organ D E
Abdcminal muscle * 0,44 + 0.22 * O.44 + 0.04
Bone (shoulder) ¥ 1,9 + 0.2 ¥ 1.6 + 0.07
Bone (vertebrae) ¥ 1.4 + 0.2 * 1.4 + 0.03
Heart muscle * 1.1 + 0.1 x 1.5 + 0.4
Intestine (small) * 3.1 + 0.2 ¥ 1.5 + 0.2
Kidney (cortex) *39,7 + 8,3 ¥ 3.5 + 0.8
Kidney (medulla) 1.1 % 0.1 ¥ 1.6 + 0.3
Liver *8.4 + 1.9 x 4L.O + 0.7
Lung %2.0 + 0.05 » 8.0 + 3.6
Pancreas * 1.4 + 0.4 x 1.6 + 0.4
Rumen * 1.5 + 0.1 » 1.2 + 0.3
Shoulder muscle ¥ 0.37+ 0.01 % 0.46+ 0.03
Spleen % 2.3 + 0.1 ¥ 5.6 + 0.9

* Very-higanly significant differences from background
(see Table III.1.) as determined by t-tests (P £0,001)
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fAlthough the exposure time was only 5 anys, X significant
ceneentrations of lead were apparsnt in the bones and other

organs, all of which had levels which were very-highly significantw
(P<0.001) higher than background. The essentisl difference
between the data for this experiment nnd for the preceeding cne

lies in the high relative cencentration of lead in lungs (8.0 pg/g
cumpared with 2.0 pg/g for experiment B) and the low relative
accumulations in the liver (/4.0 and 8, q.po/g‘an kidnuy cortex

(3.5 and 39.7 pg/g) respectively. It is clesr from this experiment
that 2 reletively high 1lc¢ad burden coan be accumulated by sheep

by inhalation through the¢ lungs instead cof tac elternative

mechanism of ingestion.

(@) Lead content of sheep wool as_a _result of exposure to

motor vehicle emissicns,

The sineep exposed to motor vehicle emissicn lead whilst
grazing aloung the grass verge of State Highway 2, near Dannevirke
and froawm backgrcund arcas (Part B2(i)) were sampled by taking
10cm lengths of their wcol (noting which was the inside end),
Figure III.6. shows the mean lcad content (pg/g dry weight) of 5
replicates fer unwashed (continucus lines) and washed (broken
lines) wool samples from sheep subjected to motor vehicle emissions
(above) and those frum a background arca (below), expressed as a
functiocn of distance (cm) measured from the inside to the outside,
The mean whole-blood lead level 1s @lso shewn, £11 L4 sheep were
Romney ewes ranging in ape from 4-5 ycars,

It is apparent that there is no e¢vidence tc suggest that
sheep in fact 'excrete' lead from the boedy organs, muscle tissue
and bones intc the wooi. Those sheep gbazing in lead-centaminated
areas show a predominant pattern of clevated levels towards the

¥ The experiment was cf nccessity limited te only 5 days because
of the risk of leaving sheecp unattended over a weekend where
there was some risk of interference from, "anti-social" elements
of the population,



Figure III.6,
The mean lead content (ng/g dry weight) of washed
(broken 1lines) and unwashed wool samples from sheep
subjected to motor vehicle emission lead (above) and
low background lead levels (below), expressed as a

function of distance (cm) measured from the inside to
the outside.
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cutside with ain associnted increase in the aniount of lead
rencvable by weashing which suggesis that such lead levels are due
t¢ the impgact of =2icborne lead parvticuldates adbering to the wool
fibres (which act rathcere 1ike an air filter)., Obviously some
percentage of these particulatee 1s chenically or physically

bouné into the wool fibre wnilst the rest can be removed by
washing. Those shecp sampled in background arcas saow no relative
pattern of lead abscrpticn towards the skin-centact or outside
endis, 4. noemal lcad level for shecp wool would be 5 pg/g (dry
weight).

There was an extremely gcod correlaticon bvetween the lead
content of the outer 2 cm ¢f woel and the coentent of whele blood.
This is shcwn in Figure III.7. . total nuwaber o2f 12 shecp were
sampled from contaminsted and backgrounc arcas. The correlation
was very-highly significant (2<0,001). The corrclation was
prescrved even for washed wocl samples. The gignificance of this
finding is that it is apparently pessible to use easily sampled
wocl materiel in place ¢f whole blowd tc assess the lead burden
of sheep. 1t wny be orgued that 12 individunls de nct represent
a very large sample but the assessiment of significance is carried
cut by a self-welghting statistical technique where pregressively
higher values of r are necessary tc cstablish a given degree of

significance os the nunber of sangles decreases,

4. Conclusion.

The experiments show that significant lead ccncentrations
can pbe found in curgans of sheep grszing adjacent to busy highways.,
Patterns of lecad uptake fellow closely thoese found in experiments
inveclving artificial feeding with lead salts., It is clear also
that tals lecad ourden is acguired partially by direct inhalation
of airborne lead frcm motor vehicle exhausts and partially
indirectly by ccnsurption ¢f contaminated Trorage. Jlthough it is
difficult to establish which mechanism is the more important, it
is apparent that bcth can result in lead levels in organs which
are well abcve background values., The major differences are
in accumulation of lead in the lungs in the former case and in the



Figure III.?7.
The 1lead content of the outer 2em wool (ng/g dry
weight) of twelve sheep from lead contaminated and
background areas as a function of the 1lead content

of their whole blood (pg/ml),
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kidney cortex =2nd liver in the latter.

Thesec is no evidence to suggest th-t sheep 'excrete' lead
from the budy c¢rgans into the wool. Slthough woshing remcves a
significant percentage of lead froem the wcol of shecp vxposed to
motor vehicle emissions, airboerne lead particulates adhcecre and
may become incorporated into the wocl fibres, especially in the
outer 2cm of wcel cxposed tou f=llout. 0 normal lcad level for
sheep wceol woul? be 5 pg/g (Ary weight) with elevated levels cf
>15 ugp/g being reached. 4 very-highly signitficant correlation
(P<0.001) wos obtained between the lead content of the outer
2cm ¢f wocl and the content of the whole blood.

Because of increasing worldwide ccencern about meat gquality,
it would seem to be advisable to avoid grazing stock on the grass
verges adcgjacent to highways. If such grazing has to be de due
t¢ eecnomic circumstances, at least the offal should be discarded
in an effert to reduce lead levels in pet {ved wiaich is scmetimes
censumed by humans (Hankin e¢t. al., 1375). In a2dditiwn tu the
pecrhans mincr hazard prescnted by pet fued, theve remains the
nDeseibility of dircet cinsumpticn I contaminsted livers or
kidneys by humens, £Lssuming an acceptable daily intake of O.Llmg
of lead (W.H.0., 1972) by sdult humans (children shculd have a
much lcwer intake), it is clear thaet & single serving of 200g of
liver cuntaining 20 pg/g lead would supply the maximum permissible

clemental intake for a pericd of 10 days.
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SECTION IV,
HE.VY MLTAL (Cd, Cr, Cu, Ni, Pb and 2n) FOLLUTION FROM MOTOR
VEHICLE SMISTIONS ..vD ITF “FFECT ON RU.DSIDE ROILZ ~ND PASTURE
SPECI." ALONG T UCKL:ND MOTORAY, NEY ZE LAND,
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1. Introduction.

The magnitude and distribution of lead particulate
pollution from motor vehicle emissions has been extensively
investigated in recent ycars., The pressnce of lead in soils and
pasture species near highways has been related by many authors
to such variables ns traffic density (Cannon znd Bowlecs, 1962;
Kloke and Ricbartsch, 1964; Daincs gt. al., 1970; Page and Ganje,
1970) and predominant wind dircctions (Vard et. al. 1974b). The
possible hazard to health by lead pollution from this source has
been highlighted by work on lead levels in soils (Chow, 1970;
Olson and Skogerbec, 1975) and highway pastumes and plants
(Lagerwerff, 1970; Schuck and Locke, 1970; Ter Haar, 1970;
Rabinowitz and “etherill, 1972; and Ward c¢t. al., 1975b)

Apart from lead, very little attention has been paid to the
posesibility of pollution from othe¢r heavy metals derived from
motor vehicles. Studies on particulate components in motor
vehicle emissions have been centred on luad, sulphateynitrate,
halides (their associnted gascous mixtures) and hydrocsarbens
(Habibi, 1970, 1973; Lec ct. al., 1971; Heicacl and Hankln, 1972;
Moyers et. al, 1972; Tc¢ Haar gt. al., 1972; Lonneman ¢t. al.,
1974). However, Lagerwerff & Spccht (1970) reportcd the presence
of cadmium, nickel and zinc (as well as lead) in soils and
grasscs at roadsides. These elements were prosumably derlved
from motor vehicle eiziszsions and for & site with 468,000 vehicles
per day, had the following range of concentrations (Pg/g ary
weight) for surface soils in the interval 8-32 nweters from the
road : cadmium, 0.94-0.24; lead, 540-140: nickel, 7.40-2.40;
zinc, 162-114. Corresponding valucs for grasses were : cadmium,
0.75-0.48; l1lead, 51.3-18.5; nickel, 3.86-1.3%; zinc, 4O0-30.3.

Gish & Christensen (1973) also measurced concentrations of these
elements in soils and cvarthworms and showed a decrease with
increasing distance from the road.

The toxicity of all the above elements towards humans has
been well documented (#.11.0., 1972) and becausc of the paucity of
data on pollution by thesc elements (except in the case of lead)

from motor vehicle exhausts, there is clearly a need for further
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studics on these and other heavy metals. This need is further
reinforced by the Tact that none of the preevious studies had
included chromium c¢r copper (beth of which are components of
motor venicles), and nonw had attempted to cerrelate elemental
concentrations witn traffic densities.

Therefore, in this section’work is reported on concentrations
of cadmium, chromium, coppuvr, lead, nickel and zinc in soils and
pasture species aleng & busy wotorway in Juckland City, New
Zealand., Elemental concentrations were also correlated-with

the traffl ¢ densities at egach collection locality.

2. BStudy area,

The swucklana mctort.ay is situated to tie south of New
Zealane's largest city, .uckland (population approximately
700,000). The sampling sites viere selected cn a 1meter wice,
grasscd isedian strip located in the centre of the motorway,
which at some locations has thrce lancs on either side, (Market
Road to Ellerslic). Seventeen sitos, corresponding to the
various motorway Inteircnonges ore listed in Table 1IV.1,

Surfroce soils (0-1 cm.) were collected at all seventeen
sites and soil profiles werce sempled at sites 1, 3, 5-9, and 12.
Background soil samnples =icre taken from the same soil type at
distancces well away fron the e¢ffect of motor vehicle emissions.

The pasture specics sampled frowm the median strip of the
sucklondg Motorway weee

Lolium perenne L. (perennial rycgrass), Trifclium repens L.

(White clover), Toa annua L., Ddetylis glomerata L. (Cocksfoot),

lolcus lanatus L. (Yorkshirce fuog), Bellis perennis L. (daisy),

Paspalum dilatastum L., and "flatweeds" of the genera : Plantago,

Bellis and Crepis.
Sample preparcstion and analysis of these samples were

carried out as explained in Se¢ction I1.B.



Table 1IV.1.

Mean Concentrations (pg/g dry weight) of FKeavy Metals in Xpface Soils from Various Interchanges

of the Auckland Motcerway,
Mew  Zealand.

No. Interchange Opening Distance (km) Traffic Density Concentrations (mean of 5 replicatesl

Date from Central Vehicles/24 hr. Cd Cr Cu Ni o) Zn
B0

1 1.4 28,000 <0.6 60 40 40 800 144
2 Symonds St. - Khyber Pass 12/66 2.0 47,500 2.5 75 70 90 2330 338
3 Khyber Pass - Gillies Ave. 9/66 3.1 63,500 1.9 75 50 115 2798 550
4 Gillies Ave. - Market Road 6/65 4.5 50,000 1.3 80 250 70 2264 663
5 Market Road - Greenlane /55 5.8 57,000 3.8 110 130 150 3064 450
6 Greenlane - Racecourse 12/63 6.8 54,000 2.6 70 480 110 1265 400
7 Racecourse - Ellerslie 12/63 8.0 51,750 1.2 65 120 70 1665 350
8 Ellerslie - Mt. Wellington 7/53 1.2 43,000 <0.6 55 110 70 1332 275
9 Mt. Wellington — Otahuhu 12/55 13.8 45,000 0.7 60 40 95 2000 263
10 Otahuhu - Otara 12/55 16.7 43,000 <0.6 65 35 120 1400 175
11 Otara - Papatoetoe 12/55 1742 43,000 <0.6 75 30 60 1200 200
12 Papatoetoe - Wiri 12/55 20.6 28,600 0.7 65 25 70 1398 250
13 Wiri - Manurewa 5/63 23.4 28,500 <0.6 50 25 65 1232 156
14 Manurewa - Takanini 5/63 25.7 21,500 Om7 50 20 85 1465 175
15 Takanini - Papakura 12/65 29.8 19,000 <0.6 60 25 85 800 175
16 Papakura - Drury 12/65 31.9 14,000 <0.6 45 20 25 533 113
17 Drury - End of Motorway 12/65 32.5 12,000 0.7 45‘ 20 70 1000 135

background . <0.3 9. 12 8 14 64
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The mean ccencentrations of cadmiuni, chromium, copper,
lcad, nickel and zinc in surface scils sampled from the various
interchenges of the Jiuckland motorway are presented in Table
IV.1. 411 six elements show sipgnificantly higher levels along
the motorway compared with background arecas. kMeasurements of pH
gave value¢s of 6,10 te 7.40 wiilech were sufficiently high to
ensurc minimurn movement c¢f trace elements tiircugh the soil
profiles (Chow, 1970).

Slthough elemental lcevels are considerably higher than
background for all elemunts, there was a possibility that in some
cases, tne soil had been transported from clscwherce in the city
during the construction of the motorway and that the high levels
were due tc naxturally high concentrations of scime elements in the
baseltic svils of the suckland arca. This could apply to
chromium and nickel, though not tc the other clements which are
not usually enriched in basaltic subcstrates. In orcer to confirm
tlx true origin of ncevy wmetuls in the soils; a nwuber of soil
profiles w.re 8nalyscd. Decrcase cif elemental concentrations
with depth would indicate surface contamination {rcrm motor
vehicl es, whereas unchanging concentreticns woulcd shew that
anomalous hecavy metazl levels were & function of tne substrate
itself,

Figures IV.1 and IV.2 show ccncentrations of six elements
in soill profiles from nince interchanges divided into three groups
according to traffic densities.

It is clear from these figures that clemental ccncentrations
invariably decrease with depth of all sampling sites and that
this is most avparent at the interchanges with the hecaviest
traffic densities, it the busiest sites, elemental concentrations
decrease by an order of magnitude in a depth of only 10cm.
Concentration patterns of elements in all soil profiles,
indicate that these¢ clevated levels in suirface soils are due to
gxtraneous sources (presumably motor vehicle emissions) and
are not a function of soil type.



Figure 1IV.1.
Concentrations (pg/g dry weight) of 1lead, copper and
zinc in soil ©profiles from mnine interchanges of the

Auckland Motorway, New Zealand.
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Figure 1IV.Z2,
Concentrations (pg/g dry weight) of nickel, chromium
and cadmium in soil profiles from nine interchanges

of the Auckland Motorway, New Zealand.
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(b) FPusture speccies.

Zlemental ccencentrations in pasture plants (without regard
to specics) are shown in Teble 1V.2. The data does not include
figures for cadmium beeause cuncentraticns were at or below the
limit of «detection (0.2 yg/g) and were scarcely distinguishable
from backgrcund. Zinc values have alsc been excluded because
the natural concentration of zinc in vegetation is relatively
high (50 pg/g dry Wcigbt) and it was not possible to different-
iate valucs from background,

It is clear from Table IV.2., thAat washing removes about
one third of the heovy metal burden of the vegetation and
indicates its superficial deposition upon the pasture species.
For unwashed material, concentrations on the busicst intersections
arc about eight times higher for chromiun, three times as high
for copper, six times higher for nickel and one hundred times

than back ground.
&5 high for lceada 5s may./be expected, lead is guantitively the
greatest pollutant among the four ¢lements studied.

The se¢ values for heavy metals in s0ils and vegetation when
comparcd with those obtained by Lagerwerff & Specht (1970) for
a site with similar traffic density (400,000 vehicles per 24
hours) arc higher for lead and nickel in soils and higher for
lead in vegetation. This difference can be c¢xplaincd by the
greater proximity of these sites to the line of trafric,

slthough elemmental coencentrations were obtsined for all
masture specics at each sompling site, for the sske of brevity,
valucs for cnly cne site (Mo. 5) are shown in Table IV.3, The
data show obvious intecrspecific differences in uptake of
pollutants. 111 parts of waite clover (roots, l..aves and stolons)
usually show ccnsiderably greater uptake of chromium, copper,
lead and nickel. This enhanced uptake does not appear to be
a function of the shape of the leaf, because other broad-leafed
species such as daisy and flatweeds have ccnsiderably lower
accumulations of most e¢lements, Washing usually removes about
one third of the aerial bumrien from leaves of all species,
Paspalum grass tends to have the lowest aerial burden of any of
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Table 1V, 2.
Mean Concentration (pg/g dry weight) of Heavy metals in Washed
and Unwashed Iasture Leaves (Without wmegnri to specics) Sampled
from the Various Interchonges of the .uc-dand Hotorway, YVew
Zealand.,

Conceéntrations (mean of 2 5 preplicates
D

Site
No. Cr _Cu Ni Pb
Washed Unwashed Jashed Unwashed vashed Unwashed Washed Unwashed

1 1.0 1.6 8.6 15.6 1.5 2.5 153 236
2 1.9 3.8 14.2 22,6 2.2 4.8 236 363
3 2.2 3.0 2z.h 32,1 2,0 3.2 267 371
L 2.0 2.8 23.6 32,2 1.8 2.5 221 305
5 =25 2.3 19.4 25.6 1.7 2.6 341 510
6 5l B 5.1 15.6 2z.0 3.0 L.7 132 250
7 3.4 7.1 18.6 28.1 3.0 5.4 2053 297
8 2.4 3.2 18.53 26.5 3.4 L.8 2,7 399
9 1.8 2.5 14.5 4.1 2.3 L.0 254 318
10 2.5 1o il 25.6 2.5 4.9 199 277
11 1.7 2.6 13,0 17.0 2.2 2.9 175 248
12 1.4 3.0 P 48.9 2.1 3.1 171 218
13 1.7 2.3 8.9 14.6 2.3 3.9 160 303
14, 2.0 B 12.6 20.9 2.2 3.0 245 329
15 1.7 2.9 T4 13.6 1.9 3.8 32 155
16 1.0 2.0 6.7 11.8 0.9 1.6 63 99
17 1.3 2.2 6.5 12.6 1.6 2.3 86 165
Background

0.4 0.6 9.0 o) C.7 0.9 3 5
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Table IV.3.
Mesn concentrations (pg/¢ Gry weight) of Heavy Metals in Fasture
Speciecs (roots, leuves aond wihite 2lover stolons) Sampled at Site No. 5

(Greenland Interchange) of the tuckland Hotorwn:y, Iew Zealnand.

Concentrations (mean o¢f 5 replicates)

Vegetation

Cr Cu Ni -b

Sampled .
Un- un- Un- Un-
Washed washed Yashed washed ashed washed "ashed washed

fihite Clover

()
roots 3.1 3.9 €9.7 60.6 1.9 5.2 155 6L5
leaves 2.3 3.8 37.8  50.4 3.8 L. 365 638
stolons 1.9 b 27.3 us .9 1.3 5.5 481 707
' Ryegrass
(PR)
roots 1.9 5.6 15.2 28,8 1.4 4.0 360 4L80
1lcaves 1.6 2.5 Thss 20.8 1.9 2.8 306 345
Poa .innua
(P?)
roots 1.0 W 16.0 22.0 a.5 2.5 315 L60
leaves 3.1 3.9 c3.4, 31,2 2.6 3.3 501 546
Yorkshire
Fog (YF)
roots 1.0 2.9 12.0 25.6 0.8 2.8 228 L08
leaves 1.6 2.3 16.9 27.3 1.3 3.3 390 553
Flatweeds
)
roots 1.1 2.2 15.0 27.0 0.6 1.8 186 225
leaves 0.5 1.7 20.9 22.6 1.3 3.1 352 1044
Daisy (D)
roots 0.6 0.9 7.5 9.2 0.7 0.7 122 165
leaves 1.0 1.6 15.7 18.3 1.1 1.5 248 313
Paspalum
(P)
roots 1.1 1.7 9.7 18.0 0.2 0.7 8L 213
leaves 0.8 130 14.8 18.3 1.3 1.3 <78 305
Cocksfoot
(C)
roots 1.0 pe”) 9.6 8.8 180 2.0 152 376

leaves 1.2 1.9 11.7 15.6 0.6 0.7 286 332
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the pollutants studicd. Tho exXperiments indicate expected
elemental levels in pasture spociuvs adjacent to major highways

and it is cluar that if grazing close te such sources of pollution
must be undertaken, then wnhitc clover should be aveided and grasses

such as paspalum cncourdaged,

(c) Statisticel analysis.

In order tc assces the relationship oetween traffic densities
and the two further variables cf pollutant concentrations in socils
and vegetaticn, Spearmsn rank correlation coefficients were
computed for @1l possitle pairs ci' variables involving each of
the six heavy moetals studicd. These relationships arce shown in
Table IV.L.

In all cases there is at least @ significant (P g~0.05)
relationshi; between traffic density and clemcental concentration.
in surface solls. Thise relotionships are very-highly significant
for the vlceuwents chroniwi, coppery, lead aad zince, The less
definite correlaticns for cadmium is provably because there were -
relatively few sites it wolich tuls elcment could pe mensurced
accurately.

The relationshipns between traf ic denelity snd concentration
in vegetation, show that the pgrass, yorkshire fog, is usually the
best overzll indicaior of trarfic «censity from ite content of
four heevy mctals. By ccentrast, only the copper content of
cocksfoot reflects traffic density.

s may be expected, the vegetation/sovil relationships which
do not involve a direct correlaticon with traffic density, are in
general weaker and fe«er in number. Iost species show a mutual
relationship for copper, leac and nickel, but only wnite clover and
paspalum give a plant/soil relationship for chrumium,

L. Conclusion.

From the data presented in Table IV.l4., there can be no doubt
that motor vehicle traffic is resgonsible for the build-up of all
six heavy metals in soils and vegetation along the motorway. The
source Of the lead is obviously leaded gasoline as has been so well
¢stablished in the literature. Lagerwerff & Specht (1970) have



(97)

Table IV..h.
Significancegiof Relationships betueen tue Three Variables of
Traffic Dunecities, Concentration of Pcellutants in Vegctation,
(unwashed leaves) and in Surface “cils from the suckland kotorway,

Mew Zealond.,

Pcllutant First Concentrations in vcgututlonb
(second variable)
varlable we PR B W P° D PG
Cr Cuncentrations & - S - - - - -
Cu in S S S o g gY 8% 5
Ni surface S** S S a* - - ~ -
Pb scils gEm. ghe  sEe TR 9 GRE S -
Concentrations in VUpetﬁtionb
(secong varinble)
46 PR R YR Fi D B G
Cr Traffic S = o oo g i =
Cu densitievs g 6 o ¥ ER L 5% S~ §
Ni at 2 - S g% g - - -
Fb interchanges 3% 0 8* gS»* o* g S
Concentrations in soils
(se¢ecend variable)
o Traffic =
Cr . C L. g ¥
densitics
Cu at g * >
Ni ) 5
= interchanges g%
Zn g *® X
i Significances calculated froem Spearman rank correlation
coefficients
ke very-highly significant P £ 0,001
g» highly significant 0.001 P 0.01
g significunt 0.01 < PLO.05

o 3ee Table 1V.3. for meaning of symbcols.
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suggestel thrt cadmium and zinc ave fcounc togcecther in lubricating
0ils as part of many actitives such as zinc-dithiophosphates .
where cadmiunm may be an impurity in the original zinc used to
preparc the additive. The sanic authors reported 20-90 yg/g
cadmium in car tyres as a prcbable result of the use of zinc-
dicthyl-carbonate (and associatecd cadmium contamination) in the
process of wvulcanization,

Nickel anc¢ chromium sre freguently user in ¢ rome~-plating,
and copper is a cowmon constituent of piping and other components
of engines =na chas:is. The presence of these vluments in soils
and vegetation along motorways 1is probably due to mechanical wear
and tear which deposits these metals in tne fine dust of the road-
way and from there to scils and vegetation.

The extent to which the above heavy metals (apart TCrom lead)
constitute a hazard tc public hcalth is a gquestion somewhat outside
the scops of the present work, but because of their known toxicity
to humans, this question shouléd be studicd further, 1t is not
likely that zince will present much of @ problem because normal
backs round levels in soils, animels zndé vegetation ase so high
that further contributions from motor veticle cmissions would
need to be extremely high to cause signifiicant effects. Levels
in soils, of chromium end nickel, though much nigher than back-
ground, are ncverthelees about the same as in some special soill
types such as those derived froam basic anu ultrabasic rocks and
presumably could be toleratec by mort orpsnisms. The c¢xXceedingly
high copper levels (U480 pg/g) ace scme cause for concern as are
als¢ the cadmium concentrations of up to 3.8 pg/g in soils. The
latter concentration may seem low in absolute terms, but when it
is remembered that a level of 1.0 pg/g cadmiwn for foodstuffs is
a limit advocated by many health authorities throughout the world,
even a concentration of 3.8 pg/g in soils sheuld not be ignored.

In summary the following conclusions should be pointed out
from this investigation:

(i) Cadmium, chromium, copper, lead, nickel and zinc were
measured in soils and pasture species along the fuckland Motorway

at enhanced levels and correlated well with traffic densities,
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(ii) ccncentrations in soil profiles decrvased with depth
and showed that the source of polluticn was acrisl deposition
I'roem motor vehicles,

(iii) wsbeut one third of the aeriul burden of cach element
was removable by washing of vegetaticn species,

(iv) highest accumulaticn of hceavy mzotals was usually
found in waite clover and the lowest in paspalum grass,

(v) ¢lemental concentraticns in pasturs species were
usually well correlsted vith traffic densities, particularly in
the case of the groass, yorkshire fog,

(vi) plant/soil corrclations for individual heavy metals
were in general poorer than for relationships involving traffie
dengities and concentrations in plants oOr scils,

(vii) apart from lead, build-up of chromium, and copper
should give the most cuncern becausce of their toxicity and high

concentrations comparced with background.

MASSEY UNIVERSITY,

LIBRARY
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SECT1ON V.
PiRTICUL. Tz LaAcD DBPOSITION FRCM #OTOR VIHICLE LXIWUST EZMISEZIONS
ON SOIL ..7D PSSTURE SZPEC01LB L0 CERT T0 & 3BUSY Now Zo.,.L.ND TN THE

HIGH LY.
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1. Introduction.

The ansalysis of vegetation =nd scils to sheow the distribution
ané accumulaticvn of icad &3 a result of petrcl combustion and
discharge from motor vehicle ¢xhaust emissions slong wajor high-
ways has been investig=tesd exXtensively in recent years. Zarly
observations by ‘arren & Delavault (1360), Canncn & Bowles (1962),
and Ruhling & Tyler (1968) shcwed that leadé levels in vegetation
and suils near ma jor highways werc inordinatcly high depending upon
the distance from the highviny, traffic vclume and direction of
the prevailling wind.

Approximotely 79% cof the metallic lead in gasoline combusted
by a motcr vechicle 1s e¢xhausted in the form cf lcad particulates
into the atmosphere (U.2.D.R.o.%,, 1970). Eighty-five % of the
sirborne particles are lees than 4p in dlameter (Daines gt. al.,
1970), Most cf these are removed from the atmosphere within
approximately 35 umetors of the highway Zue to gravitaticnal
s=ttling and impncticn un varicus costacles. mrd egt. al. (1974b)
indicated thut the magnitude and distribution of lead in trees
situated within 5 meters of the siae of 2 busy Paluerston Forth
thoroughfare was a functicn of the side ¢f the tree facing the
highway, the height above ground level and the bark layer sampled,
The distribution of lead in the tree ring=cores indicsted the
released centribution of lead frow motor vehicle exhsusts, 1t
was also observed that signii'icant elcocvated lead levels do not
occur belov a deptsn of Sem in the soil at distances of 7-30 meters
from the highway.

“Work on lecad levels in vegctation growing within 100 meters
of a New Zealand State Highway with a reletively low traffic
volume showed thot accunulaticn pgave a close fit to curves showing
an exponential decay with Gistance, for abcut 50 meters cn either
side of the highway (Ward et. al., 1975a). Similar patterns of
lead distributicn in the sweet-corn plant werce also measured,
(Warc et. al., 1975b).

The results of Section IV indiceted that the surface-soil
lead content in the median strip of the Avnrkland Motorway,
subjected to maximum traffic vclumes of > 60,000 vehicles per day,
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resched levels as high as 3000 pg/g (cdry weight basis).
issociated pasture species ot the swe sitc contained 488G and 345
Pg/g (ary weight oasis) in tuc roots unl leavea rospectively of
rycgrass (Leliws perenne n.). Of tie leaf-leadecontent, soinc
30% ig¢ removaple by washing. Thnis fraction in a field situation
coul¢ be washed off by rainfall. However, all the load, whether
as surface deposit or bound to the leaf, is ingested by the

grazing animal.

The work reported in this section was carried out to determine

the distribution of lead within pasturcvs adjacent to a reascnably
busy Yew Zcaland 3tate Highway (average daily traffic density of
5000 vehicles/.ay) and to observe any seasunal patterns which

may occur in the different pasture species and soil.

2. Study arca,

The site selected was con Sitate Highway 1, betscen Bulls and
#arton in the central regicn ¢f the North Island. It cffered a
recasonably flst contour with pesture on cither side of the high-
way which at this point runs more or less ncrth/south, at right
angles to the predominant wind dircetion (westerly). There were
no hedgerows, trces or other obstructions to air movement.
Between the edge of the carriageway and the fence on either side
was a 6 meters strip of crushed stone snd rough grass. This area
was 1lgnored in tnis study as 4he prime cbycctive was to study the

pastures grazed by stock.

To the c¢ast of the highway, the pasture was on old-established

brcwntop (Agggstis tenuis) -~ dominant sheep pasture which has been

subjected tc a set stocked regime with little or no fertiliser
applied for many ycars. To the west, was 2 more recent perennial

ryegrass (Lolium perenne L), white clover (Trifolium repens L. )

pasture which has been regularly topdressed and was rotationally
grazed during the course of these cbeervations.,

The soil type of the area is an Ohakea silt loamy;agweakly
leached, modcerate to strong gleyed yellow-grey earth,
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3. Methods.

s permanent transect was e¢stablished perpendicular to the
highway and extcnding 50 meters into tac pasture c¢n cither side.
iit intervels =alcng this, sasmples were collccted during the four
seasuns., The pasture was grazed for only 2 months during the
suniuwe r on tne castern side.

00il samples rom the top twe contimaters wer. taken on all
occasions, while 30il cures vere catruictec using a 2.5cu stainless
steel corer during the autunn end winter seanmpling periods for
profile distributicn studies. Trofilces were taken to @ decpth of
Lem 2t distances of 1, 3, 5, 25 and 48 meters from the roadside
ffence during the cutumn sampling snd to a depth of 10cm at S
distnnces of 0, 5, 15, and 35 meters on ¢ither side of the high-
way during the winter period.

Pasture samrles collected @uring the initial sampling
(eutumn) comprised leaf meterial cnly, which wis separsted into
washed and unwashed subscmples prior to analysis. Thereanfter,
complete plant samples were ccllected and these were spearated
intc rocots and leaves, Leaf parts werce nct wasned but roots were
washed to remove adhering soil particles.

Sample preparation mnd nnalysis wos carried out as described
in Section I.73. and results arc ecxpressed 28 the mesen of 5 deter—

minations.

(4) Results and discussion.

(a) Scil leag levels

The mean lead content of surface souil (0-2cm) tor the four
seasons is shown in Figurc V.1,

The date sheow a decline in leed content with distance from
the fence, and seasonal diffsrences are apparent near the fence,
inparticular, the high sutumn values,

So0il profile analysis for the autumn sample is shown in
FPigure V.2. The most noticeable feature of these data is the
rapid reduction in lead cuntent with depth, particularly near to
and on the eastern side of tne highway., This indicates the poor
mobility of lead within the scil system as hns been already



Figure V.1.

The mean lead content ~f surface soils (0-2cm) sampled

at ‘various distances (meters) on both sides of a busy

New Zealand state highway for the seasons: autumn

(symbol A), winter (symbol#® ), spring
(symbol 0).

(symbol@ ), and summer
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Figure V.2,
Lead levels (Pg/g dry weight) in soil profiles : depth
(cm) sampled during the autumn, at various distances
along a transect across a busy New Zealand state
highway. Symbols represent 1 meter O, 3 meters N\,

5 meters ®, 25 meters i, and 48 meters %.
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reported by Chow (1970), Fage & G'nje (1970) ~nd ‘ard ¢t, al.,
(1975a,b). This significant sccumulation of lead con the enstern
side of the highway alsc rceflects the influence of the annual
prevailing winu direction (westorly).

On the western siac cof the hipghwnay, 21though the profile at
1 meter from the fence follows the expeeted pattern, there is then
little aifference betiwvwn the other points on the transect and
there is 1little ¢vidence of a bulle up in thne surface scil. On
inguiring, it w#s estiblished Lthat thac paddock had been ploughed
some five ypurs previcusly ena ilnspection of the paddceck revealed
an unploughed headland some 2 metera wide ntlong the rcadside fence,
Thus, the profile 2t 1 meter fell on this headland and was similar
to those from the cld pasture across the highwsy, whereas those
profiles more distant from the highway on the western side h:d
not yet re-establishced @ significant lead build up in the upper
horizons. Thercfore agricultursl activities such as ploughing may
prevent the sccumul=aticn of high lead levels in the upper most
5ecm of séil, thereby redaucing the availapility of leaxd to the
supported pasture.

In order to estasblish o more absclute depth to which lea
may be distributed in thesc prasturces, scil cores were taken to a
depth of 10cm during the winter period. The results arc shown
in Figure V.3.

Blevated lead levels occur to a cepth ¢f 10cm on both sides
of the highway at a distance of O0-1 meters from the fence. How-
ever, the depth distributicn of lecd is significaitly reduced
especially @t distances approaching 30 meters from the roadside
fence. Seasonal variation between autumn and winter sampling is
particularly noticeable at distances of 0-32 wmcters on the eastern
side of the highway. ilthough the prcedominant wind direction
aduring bcth these seascnal periods is westerly, a signifiicant
southerly wind ccmpcnent occurs during the winter which may
reduce the distribution of lead during this period towardcs the

eastern side of the highway.



Figure V.3.
Lead 1levels (pg/g dry weight) in soil profiles: depth
(cm) sampled during the winter at various distances
along a transect across a busy New Zealand state highway.

Symbols represent O meter ®, 5 metersé, 15 meters@&, °°
30 metersQO.



s (0 meter
LEAD CONTENT ( ug/g)

a 5 meters
PREVAILING WIND 1 300 ® 15 meters
DIRECTION o 30meters

4 200 }

4 150 F =
) 4 100 F
L]
| ]

L 1 L 1 1 1 i 1 1 | 1 1 1 1 1 1 1 i
10 8 6 4 2 0 2 4 6 8 10

DEPTH (centimeters )



105

(b) Lead content of pacture species.

(i) ryegrass (Lolium percnng L.)

Figure V.4. shows the lead content of rycgrnss olong the
transcct during the seaiscns autumn snd wintcr; Figure V,5, for
spring and summcr. . gain the prevailing wind effect is discernable
particulsarly during thce winter poriod when the leaf content shows
a marked difference between the enst znd west side 0f the road
within the first few meters of the fenceline. Thsre were no root
samples coullected during the autunn period sc that for the other
seasonal pericds and 2t 2l1 distances studiecd the lead content of
the leaves ¢xceeds that of the rcots and is inGicative of the air-

borne nature of the source of lead,
(ii) white clover (Trifolium reps=ns L.)

Figure V.6. snors the lesd content of white clover along
the trensect during the seasens autumn and winter., Figure V.7.
Tfor spring and summer. :Sgain there 2re no root data for the
autumn sampling. In white clover there is little or nc difference
in lead content between plant parts. The winter peak in leaf-lead
observed in ryecgrass is agaln present in white clover close to, and
gast, of the highwry fence, and is suggested that 1t is caused in
the same way as cutlined for ryecgrass., Seasonal differences
occur and the Jata fer the summer sampling show higher levels to
the west of the highway than to the east. This 1s the only species
which demonstrates this reversal, 4As indicated by the freguency
wind direction diagrams reprceoenting the total seascnal wind run
(Garnier, 1958) shown in Figuree V.4-7. it is supgestcd that the
predominant wind dipection during the autunn and winter secasons
is westerly whereas in the spring there is a considerable easterly
component and the sumner a rcl«wtive rcduction in total wind run
with light and variable winds with no predominant wind direction.
Therefore the significant balencing out of lead mesasured in the
leaves of ryegrass during the summer and the elevation cf lead on
the western side of the highway for white clover during the summer
may be a direct result of the change in the dominance of the

prevailing wind direction during this scason compared with the



Figure V.4,
Lead levels (pg/g dry weight) of 1leaves (symbol O) and

roots (symbol O) of perennial ryegrass (Lolium perenne L)

at different distances along a transect across a busy

New Zealand state highway sampled during the autumn
(above) and winter (below).
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Figure V.5.
Lead 1levels (Pg/g dry weight) of 1leaves (symbol @), roots

(symbol O) of perennial ryegrass (Lolium perenne L) at

different distances along a transect across a busy New
Zealand state highway sampled during the spring (above)

and summer (below).
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autumn and winter., It wos alsce obscerved that the whitce clover
leaf cancpy on tne westorn siuve of tiae highway during the summcr
was domingted by large leaves compared with the rather smaller
lesved white clover (with a density of less than 505 of the
canopy) on the vastern side of the highwny. Thercfore increased
lead levels in the lenves of white clever cn the western side
during the summer may bc o result of tnls increased lenf arcea
index.

Washing procedures remcved about one=tnird of the lead
ourden of those levaves sampled for both speciecs., rlevated lead
levels (particularly in surfoce soils during the autumn; white
clover leaves iIn the z2utumn ana rycgirass leaves in the autwunn and
winter) close tc the roadside fence on the downwind (eastern) side
could be caused by 2 "rurd-splash" from passing wmotor vehicles
during the wet weather periods. 7he scascnal rpainfall rfor this
study area is > 10mm during the sutumn and rinter; and < 1mm

for the spring ond summer, (pec week).

(iii) other pasturg soecics

Browntop (/Lgrostis teniug) provided a pattecrn very similar
to ryegrass, 28 did Poa gnnus L. except in this species there was
significantly greatcer (254) lead in the rcots than the leaves up
to 5 meters from the fence on the castern side. Flatweeds

(largely Bellls percnnis L.) again showed a similar pattern to

rycgrass cAcept during the summer when within 5 meters of the
fence line on the eastern side, the leaf content was more than

twice as large as the rcot content.

(5) Conclusion.

There is extensive evidence to shcew that significant amounts
of lead from motor vehicle exhaust emissicns are found in soils
and pasture species within 30 meters of the roadside fence. Soill
profiles showed a rapid reduction in lead content with depth,
particularly ncar to, and on, the¢ eastern (windward) side of the
highway during both the autumn snd winter. Significant lead
accumulation occurred to a depth ¢f 10cm. It is suggested thot

seasonal variations in tne lead content cf tanis scil are directly



Figure V.6.
Lead levels (pg/g dry weight) of leaves (symbol®%),

(symbol 0) of white clover (Trifolium repens L) at

different distances along a transect across a busy

New Zealand state highway sampled during the autumn
(above) and winter (below).

roots



WHITE CLOVER (Trifolium repens L.)

PREVAILING WIND
DIRECTION

v

Autumn

|

A

LEAD CONTENT (ug/g)
4 40

30

20

10

Winter

¢

® Leaves

o Roots

10

—4—:— =2000miles /season

10

0
DISTANCE (meters)

(3 months)

10



Figure V.7.
Lead 1levels (ug/g dry weight) of leaves (symbol®& ), roots

(symbol O) of white clover (Trifolium repens L) at

different distances along a transect across a busy New
Zealand state highway sampled during the spring (above)

and summer (below).
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rel=sted to the particular prevailing wind-dircction during theot
censon and the influcvnce of "rond-splash" from passing motor
vehicles especinlly during the cutumn and winter,

211 the pasture spescies studicd, in paeticulsr ryegrass

(Lolium perennc L.) ond white clover (Trifolium repens L.),

indicated elevated lead levels within 30 meters of the roadside
fence with the ntmospheric nature of the lead scurce beling
reflected in thot cne-third of the lena purden of acrial plant
components beinyg rewrcved by washing., Generally the lend content
of the leaves exceeded thnt of the rocts. Scvasonal differences
occurred but it is suggested thnt as shown with scils, the pre-
dominant scascnal wind dircection greatly influenced the degree of
lead accumulaticn cn both sides of the highwoy,

It was observed that agricultural activities such as ploughing
may prevent the cccuniulation of high lead levels in tiae upper
must Scem of 20il and thereoy reducing tihic availability of lead to
the suppceeted pasture., Similarly the individual species density
within the pasture mny influcnce @ particulzr specceies accumulaticn
of lead zs shown by white clover wher: during the sunmuer, the
increased density and lesf mreaz index of one pasture comparcd with
that on other side of' the highvoy, produced a significant reversal
in the degrce of lead distribution cn tae westward side of the
highway.

Overall it can be clcarly seen that thuse elevated lead
levels in the pastures adjacent to a relatively busy New Zealoand
State Highway will increase the degree of lead availcobility teo

grazing animals.,
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2ECTION,VI,

g

HEAVY M=T.L POLLUTION FROM 2 B.iSE MBTAL MINE,

T34 AROH/., NEW ZE/LLND,
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A. GENERAL INTRODUGTION.

The distribution sand sccumnulstion of sirborne heavy metals
fron industrial sourcecs has becn widely reported. PMost interest
has becn concentrated on soil end vegetaticon ccontaminations by
zine, lvad, copper and recently cadmium, (MHerten and Hammond,
1966; ¥nder, 1963: Costezcu and lHutchinson, 1971; Little and
Martin, 1972; Buchtucr, 1973). Other environmentrl components
studied wore : mosses (Goolmnn «nd loberts, 1971), leaf surfaces
(Roberts, 1972; Little, 1973), struam #né marine sediments
(Goldberg, 1965; Prcston &, .s 1972: Hellsworth and Jdams,
1973), and waters (Butterworth ect. gl., 1972; Burkett gt. al,,
1972).

Elevated levels of heavy metals have béen connected predo-

al
h

minantly with emissions from smelting complexes (/ibdullah et.
al., 1972; Burkett g¢t. al., 1972: Butterworth ct. 21, 1972) and
to a lesser degree from mining activities (Chisnall and Markland,
1971; marklana and Vallance, 1971). Pollution from tne localised
area near mines and its ef'fect on agriculturc have been studied
by Crudgington ct. al. (1973).

The principal cbject of thie study was a comparison of base
metal accumulaticns in plants growing directly over ore deposits
with those in planis growing on deposits assccianted with the
mine and its ore processing., Heavy metael ccncentrations were
also measured in sediments and woter ssmples in o1 stream
originating from the vicinity of the ore body. The results of
this study for cadmiun, copper and zinc are rcvorted in part B,
(lead levels were previously reported, ™Ward, 1974a).,

In contrast, part C. reports the accumulations of cadmium,
copper, lcad and zinc in tne local environment, caused largely
by airborne particulates from an ore-crushing trea2tment plant
producing a finely-divided concentrate, The <ffect of this
plant on vegetation and soils in a ncarby pasture has also

been investigated.
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B. CaDmlUM, COX-.2 . ND Z1HC i¥N SO0TLix, STAftM S5DIRMNTS,
LTERE JND AU VAGET.TLON L Gi0UNRD THY TUL MINE.,

T 00,

1. Btudy arez.

The Tul mine ccamenced operations about 10 years ago, It
is about 3 km north/east of the township of T¢ sroha and is at
an altitude of about 600i on the west siae of the southern
txtension of the Coromandel Peninsula Range orf the flank of
Te “roha Peak (952m). The Coromandel Peninsulz is in the
north/cast of the Neorth Island of New Zealand,

The region is steep (slopes of up to u50) with bush-~clad
hillsides. The country rock consists of a relatively hard
propylitised andesite of the miocene period. There are two
mineralised reefs known as the Champion and Raukaka., The
Ruakaka Lode has been teaced for o strike length of about 600m
and has a divp of 607 south/east., The Ghampion Lode has been
traced by surface outcrops for a strike length of over 450m and
has a dip to the nurth/east.

The mineralisation conslsts principnlly of galena, sphalerite
pyrite, and chalcopyrite (+illioms, 1965). guartz is the mein
gangue matcrial,

The eclimate 1s warm-humid with =n annual rainfall cf 150~
200cm., The precdominant winu airection is westerly.

The flora counsists of o typieal licw Zealand broadleaf,
evergrecn forcst with tall species such as Bellschinledis tawa
(Benth. & Hook.f.), 'tuwa' being dominant. Smaller trees and
bushes such as Brachyglottis repands ( 'rangiora') and Schefflera

digitats ('five finger') are common beneath the forest canopy.

The soils are clansified as yellow-brown eaiths, and vary
in depth from over 200cm on the geéntler slopes to almost nothing
on the steeper hillsides, & soil survey of the arca has been
carried out by Weissberg & Wodzicki (1970).



Samples were ccllected in four major regicns as shown in
Figure V1,1, : samplces 1-i2 Roukaks Loge aresn; 13-~2% Valley Rroad
ares (backeround); 24-39 trowtment plant; ond 40-130 Champiocn
Lode area, Sawples 1-12 and 40-130 viere collocted in 1367 before
cxXtensive disturoance of the arcas adjacent tc the outcrops of

the two lodes,

3]

)

were taken from heights of 1-3m, and soils weee taken within Scm

1

it esich saupling point, leaves (3 tawa and S, digitate

of the surfrce, Tree trunk-corc samples (6mm diameter) of B
tawa were taken at sampling sites 3, 5, 12, 13, 17, 22, 26, 33
and 36,

Stream scediments and water samples were obtained at sites
S‘ to S84p along a stream and S1i in the scttling pond adjacent
to the enst side of the troatment plant.

Samplce preperation and analy=is were carrvisd out as out-
lined in Zection I.3. In particular the usc of the cearbon rod
atomizer to determine condmium levels in tree ring-core and water
samples is explaincd in Scction I.C.4. Copper and zinc levels

were determined by conventional flame 43 methods.

3. Results and discussion,

(a) Soils.

The base mctal contont of soils across the Reukaka Lode is
shovn in Figure VI.2. 3ecause the data were log-normally
distriouted, thecy are snown with logarithmic co-ordinates,

The highest elemental levels occurred at the base of the
Raukeka Lode outcrop, situated at sampling site 3. In this
arca the metal content of the soil sampled tc the south (3')
was twice that to the north (3) of the outcrop., Samples along
the direction of the lode showed variable metal concentrations,
with the highest levels at sites 6 and 10. The metal contents
for the Raukaka Lode were : 15-280 pg/g for cadmium, 15-2800
pe/g for copper, and 70-2435 pg/g for zinc (dry weight soil).



Figure VI.1.
Map of the Tui Mine area, Te Aroha, showing sampling
sites. The Champion (C) and Raukaka (R) 1lodes are
shown as broken lines. Ridges are shown as dotted 1lines.

(T.P.) represents the ore-crushing treatment plant.
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Figure VI.Z2.
Cadmium, copper and 2zinc concentrations (yg/g) in soils
from a transect across the Raukaka 1lodes, Tui Mine,

Te Aroha.
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Bacground values for this acea were ebout 0.5 pg/g cadmium,
4O pg/g copper and 50 pg/g zinc.

The c¢lemcental concentrations in soils from the Chanpion
Lode arca were 12-175 p,/p cadmium, 5-800 ug/¢ copper, and 30-
5300 pg/s zinc.

Samlesfrom the vicinity of the Valley 2ond area (sites
11-16 which 2re not shown in Figurc VI.3.) showzd metal contents
of 0.5-2.5 pg/& cadmium, 41-190 pg.g coppur and 61-336 pelg zinc.
Values within this area should have presuwnibly been nesrer to
background levels, but sites 15 and 16 showed high elemental
concentrations; these were probably due to road construction with
contaminated rocks, and windborne cust deposition from mining
activities adjacent toc the trectment plant.,

The distributicn of cadmium, copper ancd zinc in soils around
the treatment plant is showm in Figure VI.3. These soils are
derived from non-mineralised country rock and c¢loevited concen-—
trations of bnase mcetols must have b-én due to deposition of air-
borne material from the treatment plant.,

The elemental crontents of soils decreased markedly with
distance from the treatment plant along swmpling sites 24 to 29
(which also incrcase in clevation). Levels slong the ridge
decreased towarcs background values 2t a distance of greater than
150m. Highly contaminated soils occurred, os & result of direct
deposition of windborne dust f'rom the treatment plant, within
30m of the¢ source. The range of metal concentrations in soils
adjacent to the plent was 5-50 pg/s cadmium, L45-145 pg/g copper
and 77-326 jug/g zinc.

(b) Vegetstion.

Elemental levele in the leaves of Beilschnicdia tevia and

Schefflera digitata are shown in Figure VI.L4, Jdccumulation of

all three metals shows a pattern similar to that of the
corresponding soils (Figure VI.2.)

Background values in B. tawa lcaves from the Valley Road
arca were 0.05 pg/e cadmium, 2.0 pg/g copper, 6.0 ng/g zine,
(dry weight basis). 7The conversion factor for expressing data con



Figure VI.3.
Cadmium, copper and zinc concentrations in soils (Fg/g)
in the vicinity of the treatment plant, Tui Mine,
Te Aroha. For scale and sample site identification see

Figure VI.1.
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Figure VI.4.
Cadmjum, copper and zinc concentrations (pg/g dry weight)

in leaves of Beilschmiedia tawa (symbol A) and Schefflera

digitata (symbol@&) from a transect across the Raukaka 1lode,

Tui Mine, Te Aroha.
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an ash weight basis is 10.2

In the vicinity of the treatment plent (Figure VIL5.) there
was a pattern of zinc concentrations in B. tawa leaves which was
similar to that already noted in soils,

The highest metsl @accuwnulations were within a 100m ra”ius
of the source, although cven =t greater aistances, valucs above
background ucie cotained, sspecially for zinc., Distributions
scemed tO depend muainly on the dipection of the prevalling wind.
Blemental luvels at sites 38 ana particularly 39 were higher than
expected because these specimens grow witiiin 10m cf the scttling
pond. It is suggecsted that absorption from the root system may
occur at these sites, as only 8=154 of the metal burden could be
rewoved by washing the leaf surfaces.,

The degree of absorption or fixation of the metal into 3.
tavia leaves is shown in Tablc VI.1. as the percentage (mean of
5 determinations) removed by washing with water.

Inspection of the table shows » dissimilor pstterns, Mear
the treatment plant, 55-71% cf 211 3 metals was rcmoved by
washing. This suggeste the accumulation is deposits of inert
material upon tie leaves, wihich has deen previously reported by
Little & Martin (1972) for fallout from a smclter. The lower
proportion of cadmium and zinc removable by washing suggests that
these elements are more i'irmly bound into the leaf structure than
copper. Ready incorporaticon of c¢admium and zinc into the guard
cells and cuticles of leaves uas been reported by Bukovac &
“ittwer (1957) and Prancke, (1967).

The samples from the Raukaka Lode, which involve accumulation
predominantly via the root systems, siow a predictably 1low
elemental comvonent removable vy washing with wiaiter. .<lthough
absolute concentrations of all el-ments in leaves were apprec-
iably higher then in samples taken from near the treatment plant,
the percentage rewmoveblce by washing was 4 or 5 times lower.

The samples from the background area showcd thet a very
high pecrcentage o the metal burden was removable by washing,
particularly (as before) in tne case of copper. 1t is suggested
that even these 'background' samples contain an appreciable



Figure VI.5.
Cadmium, copper and zinc concentrations (pg/g dry weight)

in Beilschmiedia tawa leaves 1in the vicinity of the

treatment plant, Tui Mine, Te Aroha. For scale and

sample site identification see Figure VI.1.
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Table VI.1.

Nean Percentage Zlemental Content Rwenoved by “ashing 3eilschmiedia

tawa Leaves

Leeation

Irectment Raukaka Bac¢kground
2lant Lode
Cadmium
Removed by wasliing 56% 150 755
Copper
Removed by washing 1% 125 90%
Removed by washing 55% 10U% 750%

Table VI, 2.

Cadmium Concentrations (pug/y dry woight) in 2cm Lengths of Tree
Trunk Ring-Corces of Beilschmiedia tawa

Distance from centre of tree trunk (cem).

Site 0-2 2-4 L-6 6-8 8-10
Treetment plant

26 0.11 0.1¢ 0.17 0.31 o
34 0.15 0.11 0.14 0.20 -
36 0.04 0.08 0.12 0.08 -
Raukaka lode

3 i, Wz T2 T 1.41 -

6 1.68 0.91 1.35 1.29 -
11 0.03 0.07 - 0.08 0.07
Valley road

22 0.14 0.18 0.18 0.22 -
17 0.18 0.10 0.15 0.19 0.22

13 - 0.05 0.10 0.10 0.10




115

component of aerisl fallout, and that true background samples
will pyrobably be found &t considerably sreater distances away

from the mine and treatment »lunt.

(e) Trce ring-core samples.

The concentrations of copper and zinc (pé/g dry weight) in
2cw lengths of 6uw uianmcter cores of 3. tawa are shown in Figure
VI.6., cxpressed as a function cf uistancc from the centre of the
tree trunk. Corresponaing gata for caumium are shewn in Table
VI.2. The conversion factor for expressing ¢ata on an ash
weight basis is 7.9.

Figure VI.6. shows 2 main patterns of uptake. Samples from
ncar the treatment plant show elevatced contents of base metals
towards the outside of the tree, whereas specimens growing in the
Raukaka Lode show no significant trend tc increcasce or decrease
towards the exterior. The 'background' samples also show a
tendency tc increase towards the outside.

It will salso be noted that the trend tc have incrcasing
concentraticn of base mcetals towards the outside of tune tree
trunk decreases progressively with increasing distance from the |
treatment plant. |

Uptake patterns of base metals in tree ring-cores seem to
reflect the mechanism c¢f uptake. ‘Yhere accumulation is via the
root system, distributions asre relatively unif'orm whereas aerial
fallout results in higher levels towards the cxterior of the

trunk. This &accumulsticn is probably due to absorption via the

bark, which in the case of Beilschmicdia taws is comparatively
thin,

(d) Streum sediments and waters,

The concentrations of cadmium, coppeér and zinc in stream
sediments arc shown in Migure VI.7. Samples at site 811 are
from the settling ponud at the treatment plant. The general
pattern is for a decrease of values with increasing distances
from the source. Howecver, even 2t the furthest site shown (810)



Figure VI.6.
Copper and zinc concentrations (pg/g dry weight) 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.
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Figure VI.7.
Cadmium, copper and 2zinc concentrations (Pg/g) in
sediments of a stream originating from the vicinity

of the base metal deposits, Raukaka 1lode, Tui Mine,
Te Aroha.
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the concentrations are still extremely high.,

The corrcsponding cadmiuwm, copper and zinc levels for water
samples are snown in Figure VI.E., 4spain there 1s evidence of a
decrecase of vealues with increasing distance frem the source,
although the decrc¢asec 1s much less apparent than for sediments.,
The values arc extremely high and even at site S1O are at least
an order of magnitude above normal backgrcund levels., Jsnalysis
of water samples after filtration vin & millipore filter (O.BQPm)
showed that 35, % of the copper and 9,6% of the zinc was retained
by the filter.

L, Conclusion.

It is clear that there 1is @ widespread distribation of air-
borne cadmium, copptr and zinc frow duct particles emanating from
the ore treatment plent at the Tul Mine., Strcam scdiments and
waters are also heavily polluted in the immediate area of the
mine and treatment plant. It is also cvident that trees prowing
over the ore boldiss centain naturasl levels of these base metals
in amounts c¢ven giester thon those derived from windborne sources,

fiinalysis of tree ring-core sections showed a1 dissimilar
pattern between airborne depositicn and accumulaticn of metals
via the root system. With alrborne accumulation, trec ring-cores
showed a significant incrvase of levels towérds the outside of
the trunk. “7hen elements were saccumulated vie the root system,
concentriitions were appreciably uniform theough the entire trunk.

/it this stage it is important to asscss the overall environsw
mental im.act of operations at Te ..roha. In part C. an invest-
igation is reported that reveals the accumulations of cadmium,
copper, lead and zinc in the local environment, causecd largely
by airborne pollutants (as finely-divided councentrate particulates)
from the ore-crushing treatment plant. The effect of this plant
on vegetation and soils in & nearby pasture is assessed and an
evaluation is imade of the total heavy metal burden before and
after 12 months from the cowpletion of mining activities in the
area,



Figure VI.S8.
Cadmium, copper and 2zinc concentrations (pg/l) in waters
of a stream originating from the vicinity of the base

metal deposits, Raukaka 1lode, Tui Mine, Te Aroha.
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C. CIDMIUM, COTPIR, Li:iD A¥D ZINC CORTMINATION UF J

FarTUi BY THE TUL BaSGs BZT,L. MINING OP RATIONS

1. Study area.

The Tuil #inc began operations about 10 years ago and closed
in Jugust 1975 because of economic problems. ..s a result of the
work reported in the previous subscction (for cadmium, copper and
zinc) along with that for lcad (%ard, 1974a), the effect of air-
borne particulate deposition from the ore-crushing treatment
plant cn 2 nearby pasture and scil was investigated. The
paddock used for the experiments runs in an east-west direction
down a very steep slope (c. 50°) and is about 500m long and 100m
wide. The upslope end of the paddock 1s about 700@m north-west of
the treatment plant.

2. Mhatericls and methods.

Pasture species and soil sauples were taken at intervals of
50 downslope from tue o¢nd of the paddock clousest to the treat-
ment plant. Spucies studied were : Dactylis glomerata L.

(cocksfoot), Holcus lanatus L. (yorkshire fog), Lolium perenne

L. (perenniul ryegrass), Poz annua L., Trifcliua repens L.

(white clover), and flatweeds of the genera Bellis, Crepis, and

Plantago.

So0il cores were taken ot distances of O and 450m from the

upslope end of the paddock. Samples were taken @t two different
periods. The first coinciding with the closure of the Tui Mine
(ﬁugust, 1975) and the second period 12 months later. In this
way it was hoped to determine whether there was any lessening or
change of the heavy metal burden in plants and soils 12 months
after mining operations had ceased.

411 plants and soils were analysed for cadmium, copper, lead
and zinc as outlined in Section I.B. .11 ccncentrations were
expresaed as pg/g dry weight.
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3. Results =nd discussion.

(a) Soil.

The elemental concentrations (pg/g) in surface soils sampled
along ar east-west transect ¢f the paddock for tne time periods
of the mining operstions ceasing and 12 months later (broken line),
are shown in Figure VI.9., Clearly, high concentrations (over 10
times background in scme casecs) had accumul=2ted in the surface
soils (top 1-2 cm) by .ugust 1975. fxcept for lead, these levels
are similar to heavy metal cencentrations found in soils adjacent
tc busy motorways (Ward et. al. 1977b~Scction IV. which were
3.8 pg/g cadmium, 130 pg/g copper, 3064 ng/g lead, and L50 ug/g
zinc in scils at the Market Rcad - Greenlnne interchange of the
.uckland Motorway). However, cne year later there had been about
a 40% reduction of copper and lead, and 255 of cadmium and zinc,
Elsewhere aleong the transccet, levels were consistently lower after
12 nonths except for copper concentrntions wnich remained
virtually unchanged after the first 50m in the downslcpe directicn,

Figure VI.10. shows c¢lemental concentrations in soils as a
function of depth for the two time puriods at two sites, one
nearest the source of pcllution (distance Om Irom the upmost
end of the paddeck) and another as far as possible downslope
(distance L50m). Theire is luss diiferentiction after 12 months
between elenental concentrations at the surface and at a depth
of Scuiy indicating a steady loss of pollutants from the surface
soil after the cumpletion of mining activitics. kovement down
the soil profile is indicated by increased concentrations of
copper and lead at depth associated with the more hecavily contam-
inated site. After 12 months, however, c¢ven the least polluted
part of the paddock contained concentrations of hecavy metals
well above normal. Yormal or ‘'backgraind' levels for elements
in this type of soil in the Te Aroha arca were established as
being : 0.5 pg/g cadmium, 4O npg/g copper, 20 pg/g lead, and 50
pe/g zinc.



0 Figure VI.O,
Cadmium, copper,, and zinc concentrations (pg/g) in surface
soils sampled at various distances (m) along an east-
west transect of a paddock in the vicinity of the ore-
crushing treatment plant, Tui Mine, Te Aroha. Unbroken
line represents sampling at time of the mining operations
ceasing and broken 1line 12 months 1later. Zero distance

corresponds to points nearest the source of pollution.,.
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Figure VI.10.
Cadmium, copper, 1lead and 2zinc concentrations (Pg/g)
of soils as a function of depth (cm) sampled at the
distances O and 450 m along an east-west transect
of a paddock in the vicinity of the ore-crushing
treatment plant, Tui Mine, Te Aroha. Unbroken 1line
represents sampling at time of the mining operations
ceasing and broken 1line, 12 months later. Zero distance

corresponds to ©points nearest the source of pollution ..



20022 8007 "% -
Om 450m 0m 450m
300/ 600}
200! 400} j
100/ ! — i
: 5335353&5, - L= = Y
ol .+ . . e Ol L
300 .jugfgﬂ o o 30 fug/g_Qgi o : som
200} 20} :
100% 10/ L
| . ;E333&3,3 A
015354 q?mghgﬁzﬂ% 0 1534 i 2345

Depth(cm)




119

(b) Pasture specics.

The distribution of heavy metals in the six pasture species
is shown in Figures VI,11. (cadwmiwg)y, VI.12 (copper), VI.13 (lead)
and VI.14 (Zinc).

The initial heavy metal burden of pasturce species at the
more heavily contaminated parts of the pasturce is well above
background, but concentrations show a significant decrease after
12 months, which is precatcst for sites closest to the source of
pollution. Deccreascs of cadmium are usually more pronounced for
leaves thun for roots and represent an expected pattern where
the source of pollution from airborne particulates has been
removed,

Copper concentratiens in all specics decreased with time
(Pigure VI.12), particularly in ryegrass and Poa annua, at sites
closest to the treatment plant. This 1is clcarly a specics
dif'fercnce.

48 with other cvlements, lcead levels show an overall decrease
in all specics ot upslope sites (Figure VIL13)., Slightly higher
lead levels in cocksfoot and yorkshirce fop at downslope sites
may be caused by leaching of lead from the upper parts of the
pasture near the treatment plant,

Figure V1,14 shows zinc ccncentrations in pasture species
and therc is cvidence (as bcfore) of reduced levels at sites of
maximum centamination, and slightly <nhanced levels dcwnslope in
roots of cocksfoot, leaves of yorkshire fog, stolons cf white
clover, and lecaves and roots of flatwecds., Since only soluble
forms of these heavy metals would be expected to lesch downslope,
it is to be vxpected that this leaching would be reflected in
higher accumulations by vegetation in the lower-lying parts of
the pasture.

The evidence of movement of hcavy metals through the soil
profile (FigureV130), and of leaching downslope across the
surface (Figure's VI.13 and 14), indicates that both mechanisms
may reduce the effects of pollution from the treatment plant.



Figure VI.11.
Cadmium concentrations ng/g dry weight ) in pasture
species sampled at various distances (m) along an east-
west transect of a paddock in the vicinity of the ore-
crushing treatment plant, Tui Mine, Te Aroha. Unbroken
line represents sampling at time of the mining operations
ceasing and broken 1line, 12 months 1later. Zero distance
corresponds to points nearest the source of pollution.
Leaf samples are shown as circles and roots as triangles,

(white clover stolons as squares).
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Figure VI.12.
Copper concentrations (pg/g dry weight) in pasture species
sampled at various distances (m) along an east-west
transect of a paddock in the vicinity of the ore-
crushing treatment plant, Tui Mine, Te Aroha. Unbroken
line represents sampling at time of the mining operations
ceasing and broken 1line, 12 months 1later. Zero distance
corresponds to points nearest the source of pollution.
Leaf samples are shown as circles and roots as triangles,

(white clover stolons as squares).
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Figure VI.13.
Lead concentrations (pg/g dry weight) in pasture species
sampled at various distances (m) along an east-west
transect of a paddock in the vicinity of the ore-
crushing treatment plant, Tui Mine, Te Aroha. Unbroken
line represents sampling at time of the mining operations
ceasing and broken 1line, 12 months 1later. Zero distance
corresponds to points nearest the source of ©pollution.

Leaf samples are shown as circles and roots as triangles,

(white <clover stolons as squares).
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Figure VI.1k4,
Zinc concentrations (pg/g dry weight) in pasture apecies
sampled at various distances (m) along an east-west
transect of a paddock in the vicinity of the ore-crushing
treatment plant, Tui Mine, Te Aroha. Unbroken 1line
represents sampling at time of the wmining operations
ceasing and broken 1line, 12 months 1later. Zero distance
corresponds to points nearest the source of pollution.
Leaf samples are shown as circles and roots as triangles,

(white clover stolons as squares).
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L., Ccnelusion.

It is concluded thit there hes been much reduction of heavy
metal contamination ¢f surfoce scils in the paddcecck at Pe /iroha
during 2 period of 12 months after the ¢nd of mining. Loss of
pollutants appecars to have resulted by downward leaching through
the soil profilc aad by dewnelcpe movement, Continuation of this
process should ultimately result in clemental ccncentrations in
plants and ©oils appreaching background valucs, This is likely
to be achieved more rapidly by the morce-mobile. c¢lements cadmium,
copper, and zinc. If the expericnce of lead mining in Great
Britain is any indicaticn (e.g. Crudgington egt. al., 1973; who
found consicderable residual lead polluticn of soils from 2000-
year-o0ld Roman lead mines), lead levels will never approach
background within the forcsecable future,

The experimental paddock has proved to be a useful subject
of study, not sc much because it represents an isolated and
localised example of contamination from heovy metals, but rather
because it naes arfcereded o means of studying the rate ot which

such effects 7ire reduced,



SECTION VII

LE:D POLLUTION FROM A NE% ZEALsND BATTERY FACTORY
£AND SMELTER COMPARED ITH TH T FROM MOTOR VEHICLE

EXHAUST ZMISCIONS.
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1. Introduction,

The distribution ol airborne lead from batteory and smclting
worike inte the surrounding srese has boeen given consideruble
attention 1n iecent yecacs. The catenslve study o¢f the Avonmouth
(U.X) industrial couwplex by such authors as f£haullah gt al,(1972),
Burkitt ¢tai. (1972), Butterworth ¢t al.(1972) and Little & Mmartin
(1972), illustrst:s the potenti=l pollution problems in such
environments., Gimilor studivs have also been undertaken in such
countries as the German Federal Republic (Garber, 1970), South
west Africe (Marchand, 1974), and sustralia (Buavington, 1975).

Following investigations into ¢nvironmental lead levels from
motor vehicle exhaust cmissions in New Zecaland (7ard et al., 1974b,
1975a,b), the fcllowing suivey of a Mew Zealand battery factory
and smelter situated in the industrial region of Auckland City
was undertaken to asscss lecad levels in scils and vegetation from
this industreial source, and to ccmpare them with lead concentrat-
ions derived from wotor vehicle smissions from a nearoy major
suburban thoroughfare. The purpose cf this comparison was to
study the velative atmospheric and soil movnilitivs of lead and
to assess which was tiw more sipgnificant sousce of pollution in

that immediate cnviisonment.

2. Htudy 8rea.

The battery factory and smelter ace situated in an industrial
region of Auckland City, at thie interscetion of twe magjor
suburban tnoroughfares (mean daily teafiic density of about 5200
motor vehicles). The surrounding arca consists of many grassed
aress and gardens from vrilch samples were collectea, Theire are
no othcer ms jor sources of levad in the arca other than from the
battery factory and smelter or f'rom motor vehicle emissions in
the thoroughfarcs.

The suelter associated with the battery factory is a
sccondary smeltecr (i.e¢. processing scrap from old batteries).

The main chimney is approximatecly 30m high, giving a direct source
for lead fallout and distribution to considerable distances from
the battuery factory areca.
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3. Materials and methods.

Samples were colluctea Trouw 5 maln areas as shown in Pigure
VII.1: samples 1-3 (battecry iactory and adjacent thoroughfare
arca); L-7 (battery fuctory arca); £=13% (smclter arca); 14-16
(varying distances from tne smel ter) and 17-22 (thoroughfare
transect not associated with the battery factory or smeltcr arcas).

At sach sawpling peint, suf'ace scils (0-5cii) and the
following pesture specices were collected : Loliuwm perenne L.
(perennial ryegrass), Trifolium rsegens L. (white clover), Poa
annua L., Holcus lanatus L. (yorkshire fog), and flatweeds (of the

genera : Plantapgo; ‘3¢llis and Crecpis. Soil cores were taken to a

depth of 20cm &t sites 5, 8, 16, and 17 using a 2,5cm diameter
core @xtractor.

Sample preparation and analysis wwre carricd out as described
in Section T.3. The appropriate Jdilutions were carricd out when
necessary, especially Tor solls when the lead concentrations were

very. high.
L. Results and discussion

(a) Soils.

The mcean lead content of surface solls at the various sampling
sites is shown in Table VIL.1. Sach value is the mean of 5
determinations expressced as % on a dry wel; ht basis,

The: =xtensive accumulation of lead sbout the smelter and
battery factory arcas is shown clearly at several sites., The
levels at sites & and 11 are even uigher than those for soils
collected fram lead mineralization at e Aroha (Ward et.al, 1576)
but in these two sites, additional pollut.on is derived from the
presence Oof numerous storeou batteries and their shedding of
oxidized lead canpounds. aApart fran these twec sites, therec is a
trend for decrease of lead levels in the soils at increasing
distance from the smelter. Sites 17-¢2 had a mean lead content
of about 0.1% which is typical of soils adjacent to roads of
similar traffic density (e.g. "erd et.z2l., 1977). It is probable
therefore that most of the lead burden at these sites is derived

from motor vehicle emissions rathu¢r than fallout from the industrial
rlant,



Figure VII.?.
Sketch of the Te Papapabattery factory and smelter,
with a nearby major thoroughfare (inset), Auckland.
Sampling sites are shown by numbers 1-3 (battery
factory and adjacent thoroughfare area); U4-7 (battery
factory area); 8-13 (smelter area); 14-16 (varying
distances from the smelter) and 17-22 (thoroughfare
transect not associated with the battery factory or

smelter areas).
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Table VI 1,
The Mean Lead Content of Hurlace So0ils at Varicus
Sampling «=ites JSround a Battery actory, Smelter

and Thorocugnracve.

Sampling site liean lcad centent soil

(%0 dry weight)

Battery factory and adjucent thoroughfare

arcs

1 Q0,16

2 Q0,51

3 0.97
Battery factory arcga

L i.5

5 3.1

6 22

7 4.1
Smelter ar.a

& iy

) &.15

10 0,11

1 10.50

1e 0.31

13 0.u46
Distance from the smelter

14 0.25

15 0.13

16 0.02
Thoroughfare transect

17 0.10

18 0.08

19 0.05

c0 0.11

21 0.08

22 0.07
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iilgh lead levels in surfscc soils as a result of probable
contamination by sirboirnce particulates, raise the gueéestion as to
the mobility of this lead burden in the scil, and whether this

plants growing in

£t

lead can be takeh up via the roct systems ¢

a

these sovils. The logorithun of the mesn lead content of soil

f depth (cm) at sites

@]

(pg/¢ dry weight) cxpressed as a function
5 (battery factery arca), 8 (smulter arcs with additional pollu-
tion from storced batteries), 16 (scne distance away from the
smelter), and 17 (thorcughfare), is shown in Piguwre VIL, 2.

Scils contaminated cnly from motor vehicle cxhaust emissions
show a characteristic cxponential decrease in lcad gontent as a
function ¢f aepth, Zigniflcant accunmulation ¢xists only in the
first fow centimeters. This 1s su ported by simiisr findings of
Chow (1970) and “ard c¢t.al (1975b). Seils contaminated with very
high lead levels f'rom tue batitery factory, smelter, and stored
batteries, show extensive concentrati ons «ven at a depth of 12cm,
However, tnese nigh levels are probably duce te the magnitude of
the lcad burden on the suwface of the scoll rather than to any
dififérence of mobility within the scil profilc. &t sites greater
than 90m. from the industrial complex, distribution pattcrns for

lead were similar to those for motcr vehiicle vXhausts,
(b) Vegetat:on.

The mean lead content of various crgans ¢f unwashed pasture
species at the various sampling sites is shown in fable VII, 2.
The genecral pattern is for the highest lead levels to occur in
the pasture species located within the vicinity of the industrial
complex. The¢ mean lead contents (c¢xpressed as pg/g dry weight
and without regard to spccies) at thie various sites are invariably
lower in roots than in aerial partis of the plants and i1ndicate
deposition principally from airborne particulates. The background
lead levels for these pasture species would be¢ less than 5 pg/g
dry weight (%ard egt.al., 1576),

Since lead is transported primarily in particulate form
(Daines et.al., 1970; Schuch and Loche, 1570; Sealcy et.al.,
1972; Hobibi et.gl., 1970) in the course of airborne distribution,

the higher lead content of the leaves compared with roots reflects



Figure VII.Z2.
The logarithm: of the mean lead content of soil
(pg/g dry weight) expressed as a function of depth (cm)
at sites 5 (battery factory area), &8 (smelter area
with additional pollution from stored batteries), 16

(some distance away from the smelter), and 17 (thorough-

fare).
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Table VII.Z.
The Mean Lcecad Content of Unvashed Rootlsy Leaves and Stolons
(white clover) of Pasture Species 2t Various “mmplling s reas

LZround a Battery Factory, Smeller =nd Thoroughfare, Valucs at

e
=
L

Bach Site¢ are for toots (R) and Leaves (L). Concentrations in

Parentiicses Ruefer to Gtolons,

Mean lead content Eg/g dry weight
oy - e = = e ) ""Y‘-‘—"k“"ﬁ""—‘__“-""‘"' T
ampling site zercnuid hite Poa  1orkshire Flat-
s e LYCETrass clover -@lnua fog weeds

Batioty fEctofy Gnd adjacent - T T e
thoroughfare arca
1 R 595 L65 350 301 307
L 1048 1076(713) 428 530 Su3
2 R 566 oL8 85 515 258
® 1086 1138(660) 1216 1540 678
3 R 1407 1041 10392 1144 786
L .2329 2007(1115) 1142 1617 1418

Battery factory area

4L R 586 9&0 6L 680 775
L 1456 1864(1L32) 1675 1345 1205
5 R 560 2156 2059 761 956
0 1784 236L(1543) 2923 1227 1058
6 R 1721 1635 572 561 1220
L 1948 2023(1512) 2509 2&82 1995
7 R 1412 1528 1586 1309 1429
I L8l 2297(1223 2427 231 2514
Smelter arca
8 R 2830 2379 1659 2533 2861
i L4305 3012(2714) 2232 3896 L667
9 R 958 14,87 140 1121 1429
L 1747 2156(1952) 1617 15562 1528
10 R 1098 1246 1290 572 1125
I 1710 1763(13¢1 1974 1896 1645
6 R 7322 2923 3904 3573 3526

L 8923 L4295(239L) 6864 5143 8397
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12 R 172 150 887 761 L40
Iy 6u2  372(205) 574 1185 846
13 R 258 2u6 157 206 208
L 52l L65(264) 223 372 425
Distanccs fronm the smelter
1 R 561 L4 551 389  L82
L 706 R08(743) 585 734 856
15 R 68 75 L 112 8L
L 186  211(139) 129 148 126
16 R 28 191 29 3 L6
L 149 195(1u5) 59 75 88
Thoroughfare transcct
17 R 186 165 192 165 140
L 345 405(260) 398 525 385
18 R 120 105 1193 121 145
L 248  265(210) 260 265 240
19 R 65 L8 56 60 54
L 205  185(65) 202 165 145
20 R 205 185 195 256 245
L 465  L70(345) 480 548 546
21 R 145 125 120 135 160
& 260  280(205) 275 290 275
22 R 60 52 55 75 60
L 195 145(80) 186 192 160
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the overall e¢fficiency of atmospheric deposition of lead
compared with the cdternative pethway vion the socil.

Table VII.3. c¢xpresscs the eean percentage of the original
lead content (without species differentiation) which was remove-
able by washing.

The data show that @i ilncrease in the lcecad burden of the
vegetatli on usually results in a concowitant increase in the
proportion rcuovable by wasning. This is particularly noticeable
at sites & and 11 (ncar the swelter). The proportion removable
by wasnhing 1s always higher for samgles from the complex thén in
those cbtained from ncar the tihioroughlar:, This may reflect the
different physical and/or cheuical fcrms cof lead at the two types
of location., It has buen sup gested by Ter haar & Bayard (1971)
that the lead particulates derived from motcr vehicles initially
exist as lead oromochloride followed by conversion into oxides,
carbonates, oxycarbonatcs, sulphates and cxysulphates after fall-
out wrocesscs have occurred. More recently, Olson & Zkogerboe
(1975) have suggested that following dissolution processcs,
¢specislly in soil systems, there is & high probability that the
resulting lead cempound 1s insoluble lead sulshate., Because lead
sulphate is just as likely tc be the end preduct of fallout from
the smelter and is c¢ven more likely to be so at sites 8 and 11
where batteries are stored in the open, the gquostion must arise
as tc why a greater percentage of the lead burden of vegetation
is removable by washing, for sites of maximum accumulation of
lead, There is clevarly a 1limit to the dewrec of physical
adsorption of lcad pasrticulates upon vegetstion., The threshold
of such 'supersaturaticn' can only be determined by pot trials on
sclected species, out 1t is significant that the values reported
here for lead in leaf material, greatly exceed the highest values
reported for vegetation near motoriays (1044 pg/g «t the Auckland
Motorway - Section IV.), and orc treatment plants (2855 pg/g -see
%ard et 81, 1976). It is likely therefore that conditions of
supersaturation exist in the vicinity of the battery factory
and smelter. |
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Table VII.3.
Mean Percentage Lead Gontent Removeable by Woshing
regard to snccles) at Various Sites MNear a 3attery

Factory, Suaelter and a Thoroughfare

— o — e - —— T ST L L m— - o —

iean % lead content removed by washing

Sampling sitc

roots leaves

Battery factory and adjacent

thoroughfarc arca

1 26 33

2 25 38

5 27 L2
Battery factory area

L 32 56

5 30 58

6 37 58

7 27 50
Smelter arca

8 45 65

9 30 52

10 27 L7

11 16 w2

12 51 55

13 30 53
Distances from the swelter

14 26 36

15 25 43

16 22 L2
Thoroughfare transcct

iy 20 32

18 18 30

19 18 30

20 24 36

21 20 52

22 20 28
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The pattern o lead ccencecentrations in soils anid pasture
swecles, flects the dilution and fallout rates znd provides
information about the ntmespheric mobility of lead (Lee, 1972).
In Migure VII.2., it can e @scen that high lead concentrations
derived from the industrizl complox are found at depths of up to
12cm, wher-as near the thoroughfare (motor vehicle emission) the
metal iz confined mainly to the tow 5cin.,  From Table VIIL3, it
will be ncted that up to L45% of the 'industrial' l¢ad could be
removed from roots by washing, compared with only up to 24% at
situs near the thoroughfarc., This nehaviour can be explained
¢ither by highor lcad levels in the industrial complex area
producing an initially higher surlace burden which washes down
to the root systems, or it can be explained on the basis of lead
being in a different physical and/or chemical form which is more
mobile in the soil. Since the sleope of all the curves in Figure
VII.2. is approximately the same, the mobility of lead in the
soil profilces appears to be similor end thoe higher percentage of
'soluble¢' lwad at the root system for plonts ot sites ncar the
industrial complex is presumanly a reflectiuvn of the initially
higher deposition of lesd al the surfuce of the soil, a devosition

which is also refloecied by higher levels at <depth.

It is clear that there is o widespread distribution of
airbcocrne lead from motor vehicle emissions, the battery factory,
and smelter within the study arca, A further component is
derived from weathered compounds of lead from the battery storage
arcas near sites & and 11. 7The significant contamination of
soil and pasture specics reflects the extensive lead deposition
as airborne particulates, and thce products of weathered batter-
ies from all the above sources, It is alsc evident that
pollution from the industrial plant is by far the grecater source
within the study area, comparcd with emissions from motor
vehicles.

It is difficult to determine the arca affected by lead
contaniinaticn from this industrial complex because of other

adjacent sources I'rom motor vehicle emissions and other
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industrial comnplexes. The pattern is further compliceted by the
influence of topography and building dcensities. Thease two Cactors
mitigate against any consideration of tue e¢ffvcet of prevailing
wind oirection sana velocities,

£lthough this industrial complex will have & local effect
considerably in excess of tnat from motor vehiclc cimissions, it
cannot bc of such over2ll cconcern, owcauss vxhaust depositions

are sc much more universal in their distribution,
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1. Introduction.

Elevated lead concentrations in vegetation bordering road-
sides was first detectud in Canada by erren & Delavault (1960).
The lead was derived from motor vehicle emiscions and this source
of pollution ans been investigoted very ¢xtéensively, The earlicr
work (e¢.g. Cannon and Bowles, 1952) on lead uptakc by vegetation
did not differentiate among different specics, but later workers
(Ter Haar, 1970; ward e¢t. al., 197%a; Golasmith ¢t, al., 1975)
studied lead uptaxke by individual specics end in all cascs found
that a sizcable proporticn of tune lead burcen renovable by
wasining, was precwiably derived from airvorne particulates as a
result of combusticn of tétracthyl - and tetramethyl load from
gasoline,

Accumula tion of lwad by Duasture specics and food crops is
clearly a significant hcealth hazard and in ¢ recent survey of
pasture plants growing along a motorway in Juckland City, New
Zesland, ‘ard ct. ai. (1977b) - Section IV., found a mean value

of 638 ng/g lead (dry weight basis) in unwashced leaves of

perenne L. (perennial ryvgrass). In the cese of the clover,
washing reduced ths lcad concentration to 365 pg/g, and reduced
the value in rycgrass to 306 ng/e.

Although 1t has been widely assumcd by many workers that
le¢ad accumula tion from motor vehicle cxhausts 1s largely by air-
borne particulates, there is ample evidence for accumulation of
lead in surface scils (Chow, 1970; Pagec and Ganje, 1970; Singer
and Hansocn, 1969; %ard e¢t. al., 1975%a), and there remains the
guestion as tc what c¢xtent uptake by root systems frowm the scil
is responsible for the nhigh concentration of lcad in roadside
vegetation, In order to investigate this problem, the following
pot trials were carricd out to determine the uptake cof lead by
scedlings of L. perenne and T. repens end the results of these

investigations are presented in tuls scction.



133

~

2, Literature review.

Studics centred on lcad uptake freom soil sources have been
nuncrous but inconclusive. Martin & Haminond (1966) studicd lead
uptake by bromcgrass (Bromus _nermis, Leyss.) from sandy loaw
soils with a range of lecad content between 12 snd 680 ug/g.
Results indicated that only plants grown in thnce scil with the
680 pg/g level accumulated a significant amocunt of lead. Thils
accuitul stion was cnhanced by thic additicon of = chelate, but the
maximum accumulation was only 34 pg/g.

Praovicus to this study significant cuntrioutions weie made
by Ishizuka & Tanaka (1962) and Rasmussen & .denry (1963). The
former authors showed that 50 pg/g lead added to culture solutions
supporting rice plants, aid no harm a: the lead was precipitated
astSOu.Whun no soi‘ was present, 10 pg/g lead was the critical
level before yield and chemical cemposition of the plant was
affected. Rasmussen & Henry (1963) reported the wfTects of lead
on the growth of sweet orange seedlings in nutrient sclution
cul tures. Levels of 0-31.25 pg/g lead at pH L.5-6.5 in the
nutrient solution were investigated., Root growth was stimulated
by intermediate levels of lead and inhibited by the highest
level @t pH 4.5-5.5; root and shoot growth were inhibited by-all
but the lowest lead levels at pH 6.5.

Ter Haar ¢t. al.(1969) studied the uptake fron air, water
and soil of lead by perennial ryegrass and radishes. They
concluded that uptake of lead from watcr applicd to tho leaves
and fron the soil was nct significant. half of the lead content
of the grass was obtained from the soll with little absorption
from simulated rainfall.

Miotto egt. al. (1970) grew several crop species in contamin-
ated soil and in acid-washed sand to which soluble lead was
added in low concentrations, Their results e¢stablished that
lead can be absorbed tarough the root system and that some trans-
location to other plant parts dces occur. I[iowever, most lead
taken up by plants remsains in the root system.

In an eXxperiment designed to assess the relative importance

of air, water, and soil as sources of lead for ryegrass (Lolium
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perenne L.) and radish (Raphanus sativus L.), Dedolph et. al,

(1970) showed that only zir and soil were significant sources
and that both grass and radish leaves derived 2 to 3 pg/g of
lcad from scil sources,.

Typical results of adding lead to soll are summarized by
the work of Bauwwshardt & %iclch (1972). Lead «ss added to soil
in field plots in amounts varying from about 20 to 1000 Pg/g.
Then corn, (Zeca mays L.) was grown for 2 ycars. 2Significant
concentrations of lead were found in the corn kKerncel. The
rcsults indicete that the length of time fcecllowing the addition
of lead has an influence on its biclogical availebility. Thus,
in the second year, lead ccentent of the plant was significantly
less than in the first year. Gimilsr sclution culture and soil
pot trials tc adctermince the absorpticn of lead by plant roots
have buen reported by Miller & Kocwpe (1970), Broyer gt. al.
(1972); Zuber & Bovay (19372) and Bazzaz ct. cl. (1974).

In controlled - ¢nvircnment oxperiments, Jones & Clement
(1¢72) grew perennial rycgrass plonts in 16 soils with contents
of extractable lead in the reanye 5.3-59 pg/g. Lead contents in
wnole plants increascd with increasing lovels of scil 1lead,
wainly as a ruesult of accumulution in the roots. In solution-
culture experiments it was shown thet lcecad wne eeadily taken up
by perennial ryegrass roots, but that o¢nly a smzll proportion
was passed to tre shoots,

Finally, Rolfe (1973) report.d on thc lead uptake by
selucted tree seedlings and concluded that uptake was significan-
tly affected by the s0il lcad concentration with higher uptakes
assocliated with higher soll lead levele. liead uptake by plants
was reduced by sppeoximetcly heli when high levels of soil
pnosphorus were present,

Although consicerable roedearca nas buen done on centamin-
ation of vegctation by lead, tie overall picture is incumplete,
especially concerning tne c¢xtont to which uptake of lcad by root
systems of L. perenne and T. repens is rsespensible for the high
concentration of lead in leaves and stolons, 1In such controlled-

environment cxperiments a more eignificant interpretation of the
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mechanism by which lead is distributed throughout thesc pertic-
ular pasture species coan be obtained to enapblce compzrison viith
the observations made from pollution studies c¢f the natural

¢nvironment. (Scetion IV to VII).

3, Materials and methods.

Seedlings were grown in 250 ml plosti.c pots containing a
chemically-inert silica sand. This substrate was chosen because
previous tests showed only a 5% aoscrption of 2 1% solution of
lead nitrate, in contrast to local soils and jwnice wnich
absorbed B80%. Lead nitrate was mized thoroughly with the sand to
previde a large number of pots containing various ccncentrations
(0-10,000 pg/g) of lead in the substrate (all in triplicate).

Seceds (20 in each pot) of Trifoliuwm repens i. or Lolium perennc

L. woere placed in selected pots at a depth of 1em selow the
surface of the substrate. Xach pot was saturated with a modified
Hoagland sclution in vhich the sulyhhte and phosphate concen-
trations were revucced tc avoid precivitating lead. 11 pots were
placed 1in separate dishes, and were watered fron below during

the experiments. Experiments were carricd out in a glasshouse
vith random placement of pots and ccecnstant rearrangement of them
to avoid variations due to cxposure te sunlight. The experiments
were allowed to run for up to 14 weceks,

Lt prede terinined periods, plants weire harvecsted and diviaed
intc, roots, stolens (for white clover only), «@nd leaves. Leaves
and stclcns were not vashceo, but roots were wiasiued Ior 50 minutes
in deionized wster ana rinscd taree times.

Plant waterial wepre preparcd and anszlysced as outlined in

Sc¢ction T8,

i, Qesulte and discussion,

(a) Uptaske of lead as & function of ths lcead centent of

the substrate.

Figures VIII,1 and 2 show the lcead content of perennial
ryegrass (Figure ¥111,1) and white clover (Figure VIII,2)

expressea as a function of lead concentrations in the substrate



Figure VIII.A,
The lead content (ug/g dry weight) of leaves and
roots of perennial ryegrass (Lolium perenne L.) expressed
as a function of the 1lead content of the substrate
(pg/g) for various pericds of growth: 6 weeks (symbol®),
8 weeks (symbol®@), 12 weeks (symbol®), and 14 weeks

(symbol A),
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Figure VIII.Z.
The 1lead content (pg/g dry weight) of leaves, roots and

stolons of white <clover (Trifolium repens L) expressed

as a function of the 1lead content of the substrate
(pg/g) for various periods of growth: 6 weeks (symbole®),

8 weeks (symbolw¥), 12 weeks (symbol<®), and 14 weeks
(symbol & ).
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and at periods of 6, &, 12 snd 14 wecks after germinaticn of
the sewds.

Leaves and roots ¢f clover ultimately accumulated more
lead than the corresponding organs of ryegrass. The roots of
both spucias ceontained somewhat nmore lead than the corresponding
leaves (or stclons)., For waite clover, an approximate limiting
value for uptake secmeu to oo reached after 12-14 weeks for lead
concentrations vxcceeding 800 pg/g. This limiting value was also
in evidence for ryegrans. 1t 1s elso evident that there was
some delay in maximum lead uptake by both species., atf'ter 8 weuks,
comparatively 1little lead had been accumulated by leaves and
stolons of white clover but thcecre was @ considcerable increase
during the interval 8-12 wccks., A rcason for this increase may
be a breakdown in the mechanism whereby plunts are able to
precipitate lead at root systems (o2& phosphate or sulphate) as
has been knovn foi nearly 50 yeare (dammett, 1928). The same
pattern of c¢nhsnced uptake 1s shown in clover rcots. In the
case Of ryegrass, uptake of lead by leaves and accumulation at
roots, incrcased considerably after € wecks and reflected a
similar uptske patturn as for clover.

For plants growing in suostrates containing 5000 and 10,000
pe/g (0.5% and 1.0%) lead, valucs in all organs cf both species
were the same (or vven & 1ittle lower) as for tie 1000 ug/g
substrates and indicated tnot a limiting value for lead in plant
organs doegs in fact exist. The cata are not shown in Figures
VIII 1 and 2 because of problcems of scale.

In general, concentrations of lead in plant material were
only about one¢ tenth of' those in the substratc but represent
nevertheless an appreciable uptake in absolute terms. fis out-
linea in Scction IV it was found thet 345 pg/g lead was measured
in unwashed leaves of ryegrass and 638 pg/g in clover lecaves.
These plants were growing adgjacent to a busy motorway where the
soil conteined 3064 pg/g lead. If the results of these pot
trials are applied to the real sifuation, and if 80 pg/g and
60 pg/g are approximately limiting values for lead in leaves of

clover and ryegrass respectively for plants accumulating this
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element via root systcms only, *then clearly most of the lead
burden of roadsidce plants must oe derived from airporme partic-
ulates. These particulates must account for about 85% of the
lead bucden of white clover and about £0% of that of ryegrass.

(b) Morphological e«ffccets of lead,

The effect on plant height of various lcad concentrations
in the substrate is shown in Figure VI1II,.3 and illustrated in
Plate, VIII.1 (4 months after germinaticn).

Lifter 35 days, the mean height of rysgrass seedlings was
nearly 8cm for substrates free of load but was less than half
this height for a substrate contoining 560 pg/g lead. At the
1000 Pg/g lead level, plant height was less than a quarter of
that of normal plants., In the case of white clover, a very
similair pa@ttern was cbvious, thouglh overall plant heights were
always less thon for rycgrass in all subsastrates,

It is clear froi the above cxperiments, that high lead
levels in the substrates hove a msrked stunting effect on both
white clover and ryegrass and when these results apre applied to
the real situation, it is obvious that high lc¢ad le¢vels in soils
near major highways must have a scrious effect on the growth of
eccnomically important psasturc species. In such situsations,
retarded growth will be wlso aggrovateo by the very large air-
borne component of the lead burden of roadside pastures.

(c) The effect of lead upon germination of seuds,

Figure VIII.4 shows the effect on seed germination of
different lead concentrations in the substrate. Each pot
contained 20 sceds of either species and germination was 100%
complete after 35 days in cases where a lead-free substrate was
used. Percentage germination decreased in a linear manner for
increasing contents of lead in the substrate. IFor substrates
containing 1000 yng/g lead (levels commonly found in soils near
busy thoroughfares), germinations were reduced to 20% for rye-
grass and 10% for white clover,



Plate VIII.N,

The effect on plant height of perennial ryegrass

(Lolium perenne L) and white clover (Trifolium repens

as a function of various lead concentrations in the

substrate four months after germinatione.

L)






Figure VIII.3.
The effect on height (cm) of perennial ryegrass (Lolium

. perenne L) and white clover ( Trifolium repens L) of

varying concentrations of 1lead in the substrate:
Gpg/g (symbol &), 100pg/g (symbold), 500pg/g (symbolO)
and 1000pg/g (symbolf®).
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Figure VIII.k4.
The effect on germination of seeds of perennial ryegrass

(Lolium perenne L) and white clover (Trifolium repens L)

of wvaricus concentrations of lead in the substrate:

Opg/g (symbol®), 100ug/g (symbold®), 500pug/g (symboll )
and 1000pg/g (symbol@®).
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5. Conclusion,

The experiments h-ve highlighted the serious effect on
pastur: specics, of eleveted lead lovels in the substrate, I
the data arc anplicd to the real situstion of pasture species
growing adJjucunt to major tnoroughfarcs, the following conclus-—
ions can be made:

(1) Lead accumulatien by aerial perts cof clover and rye-
grass can total about 10% of the lead content of the soil and
is somewnat greater for white clover than for ryegrass, This
accumulation is howcver very small compared with the lead
burden from airborne particulates, and by itself probably does
not present a serious hazard for grazing animals;

(ii) elevated lead concentrations in soils affect the
plant heignt of both species to an equal degrec, Concentrations
of lead exceeding 500 pé/g in the substrate (valucs typical of
most roadsides of major thoroughfsnrcs) are sufficient to reduce
plant heights by c¢ne half. The a~ctual sitw:tion nust be consid-
erably worse than this bwcause of the much tigher lead burden
derived from airborne particulatcs;

(iii) the germinatiocn of seed of persnnial ryegrass is less
affected by itiigh lcad levels in the substrate than is germin-
ation of white clover. This indicates the nccessity for altering
the balance of seed mixtures in favour of white clover where a
balanced ryegrass/white clover pasture is desired in a ccntamin-
ated site adjacent to busy highways.
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SECTION IX,

SILVER II" SOILS, ©0:i°W SEDIMENTT, WATERS O MD VEGITATION NEAR

A SITVER MINE J¥D TRELTMINT PL.RET 2T HARNTOTO, ME¥ ZEAL.ND,
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1. Introducticn.

Environmentsl contaminstion from various hecvy motnls such
as cadmium, coppcr, lead @nd zinc hos been often reported from the
vicinity cf smclting complexes wnd mines, (Little & dMartin, 1972;
Ward ¢t. ul., 197e). rovever, very few studiecs have been carried
cut on silver pollution- frow industrial and mining activitics,
Although Klein & Russell (1973), as part of a wider project
involving several hesnvy metals, measured silver councentrations in
soils =rcunu & coel- burning plznt, ccil leveles of this element
increased cnly very slightly (0.24 to 0,272 pg/g), and scarcely
represented significant pollution,

The background silver ccncentraticn in igneoue and sedimentary
rocks is about 0.3 ug/g¢ (Hawkes ond Vebb, 1972), 3sveral workers
(Warren snd Delavault, 1950; Hormbrook, 1571; wuin egt. al., 1973)
hsve repartcd silver levels in scils and vegetaticon in ccnnection
with biogeochemnicsl eapler. tion studics,

Because of the known toxicity of silver towoards nnimcl and
plant life (Sax, 1975) and bccause of the virtual 2bsence of
studles cn polluticn from this clement in the vieinity cf indust-
rial establishments and mines, = study was nnde of the total
aerial silver burden in svils and vegetaticn derived frcm @ mine
and treatment plant at Marstoto, Mew Zealand, 1t was alsc hoped
to compare the data with silver accuwaulated naturally by plants
growing in the vicinity of an ore deposit in the Silver gueen Reefl’;
the main source of ores for the treatment plant,

Silver concentrations werc also measurcvd in sedimnents and water
samples in a stream originating from the vicinity of the ore body,
and in pasture specics and svil from a pacdock adjacent to the

access road to the ore treatment plant.

2. Study arca and uethods.

The Maratoto Valley is situated some 15km east of Paeroa, in
the Coromandel Region, New Zealand. The rccks of the area are
largely Tertiary calc-alkaline volcanics that range in composition

from andesite to rhyolite (eissberg and Wodzicki, 1970),
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The Silver gwueen Reef consgists mainly of cavernous quartzose
replacements aficr caleite, with minor ribs of magsive guartz,
the wiole beling stained rusty brown ondc bl.ck with ircen and
mang onese oxides.,  Certain lenses of the veinstcenes carry argentite
(3528) and heselte (;:g2 T¢) with n osmall cuantity of gold (3Bell
and Fraser, 191c; iaian, 1972).

The vegetntion cover uvver tie Silver wucecen fecf dppears tu
De principally sccondary growth. The main canopy species of the
wmaratoto Valley is Beilschmicuia tawa (denth & ook, f.) 'tawa.'

The climnte of the area is mild, equable anad bwnid, snnual

ainfall averages apout 2000mn:.,

In a8 treastiment plant situnted in the lower Mapatoto Valley,
the ore 1s crushed 2nd converted to a concentrate by a floatation
process. Figure IX.1 ruoresents thwe saupling m=ree : the Silver
gueen Reef transect (sites 14-22), treatment plant area (sites
1-1%, 23=4) and the pasture transect acrcas A paddock adjacent tc
the treatment nlant access rond (sites 26-39). Some other samples
were taken from background areas.

Leaves, twige and tree ring-corcs were ccllected from

Beilscimicdia tawa trecs located acros: the Silver gueen Reef at

sites 14-17, and st sites adjocent te the treatment plant (1-13).
Similarly, pasture somples werc ccllected ot sites 14-23, and along
the paddock transect at sites 28-39.

Sample preparation and analysis of silver was carried cut as
outlined in Section 1.B. In particular the detcernination cf
silver using a carbun rod atomizer for water and tree ring-core
samples is covered in Zection I.C. Bratzel g¢t.al. (1972) and
Rattonetti (1974) have also reported on determining silver levels

in biological samples using the carbon rcd atuinizer.

3. Results snd discussion.

(a) Silver in soils

The silver ccntent of surface soils (pg/g dry weight)
collected at sites from the Silver Yueen Reef, treatment plant and

background arcas is shown in Table IX.1.



Figure IX.1.
Map showing study area and sampling sites: S.Q.R., Silver
Queen Reef; T.P., treatment plant; and P.T., pasture transect
(inset) associated with the silver mining operations,

Maratoto.
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Table 1X.1.
Silver Concentrations (wesn of rive ueterminations st each site)

of Surface %oils, 'vashed/Unwashed leeves, wno %asbed Tolgs cf

Bellschmiedia taws Eampled from the Maretote Valley.
; - ( St 2 - om0 rre. oorh
5 Silver Concentrations pe/p dry weight

Sampling sites

Soil rashed lcaves Unwashed leaves ashed twiqs

Treatment plant

1 3.30  .." 1,70 2.40 1.30

2 2.25 0.77 1.90 1.44

3 2.00 1.09 1.74 1.73

g 1.50 1.05 1.80 1.33

9 1.00 @f Sl 1.85 1.63

6 1.00 1.38 2.00 2.37

7 1.75 1.77 2.08 1.83

& 1.00 1.64 2.24 1.56

S 0.75 1.72 2.05 i, 52

10 2.25 1.48 1.70 1.17

1M1 .00 1.04 1.26 0.99

12 1.75 1.22 1.55 1.09

13 1.50 1.01 1.%49 0.99

Silver gucen Reef

14 6.00 1.42 1.68 1.35

15 L4.50 1.17 1.31 1.24

16 2.75 0.92 0.96 0.90

17 1.25 0.51 0.66 0.55

Background

Bdg 1 0.25 0.23 0.25 0.20
2 0.16 0.20 0.22 0.20

¥ Sampling sites as shown in Figure IX.1.
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The highcst silver level cccurred on the Filver wueen Reef at
site 14. 1n this ares the silver cuntent of the scil wes more
than 10~fcld higner than in background areus,

The silver concentraticona in scils Ifrom the treatnent plant
areq were siynificantly higher than backgrcund valueés, and as
thcese scils are derived frowm non-mincralised country rock, tae
elevated silver coencentrations niust heive been due tc deposition
cr airborne material from the trectiment plant.

The silver content of scils decrcased with distances fraom
the treatment plant aleng saapling sites 1-5 and 6-9 (at the same
helight above tne treatment 3lant) and elong 10-132 (which alsc
corresoocnded to on increase in elevation).

The distribution of silver in surflace scils sampled along
a transect a2cross a psddock &d, zcent to the access road to the
treatment plant is shoewn in Flgure IX.,2. The silver content of
tiresc scils snows ¢ cunsicerable accumulaticn cspeclizlly within
L4 meters frowm the rodsicde, as 2 result of deposition from wind-
burne dust frcm passing ore-trucks, 3IZlevated lovels ot sites
38 - and 39 werce probably due te contominaticn from mineralized
scéiment derived from the Mnratotc atrcam, which is lcocoated within
10 meters of these sites. 2inilzr elevated levels occurred at
sites 32 and %3 and were peobably derived from a small creck
running thrcugh the padacck.

The highest silver concentraticns in soils from the paddeck
appear t¢ be associated with scdiment/water deposition rather
than firborne ccntamination frowm vehicles using the road (although
the latter is still & significant scurce of conteminaticn).

Figure IX.2. also shcews silver levels (pg/s dry weight) in
soils, expressed as a functicn of deptins for each sampling site.
ilthough tliere is en accumul«tion of silver to a depth of 1en,
considerable levels of silver are measureble at lower depths,
Samples taken at depths ¢f 5 aud 10 cm for sites 28, 34 end 39 had
mean silver levels of 0.45 pg/g and 0.30 pg/g respectively which
are still higher than for background valucss of about O.Zolug/g.
Therefore, unlike lcad (%ard gt. al., 1975a), which approaches
background values at depths ¢f cnly a few cm in areas subJjected

to airborne contamination, silver has scme degree cf mobility in



Figure IX.Z2.
Silver <concentrations (Pg/g dry weight) in surface soils
(upper part of figure) along a pasture transect, in
the Maratoto Valley. Concentrations in soils are shown

as a function of depth (cm) in the 1lower part of this

figure.
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the scoil.

(b) Silver in vegetation.

The silver levels (expresscd as pg/b dry weight) in

Beilschuicdin tawn leuves (washed and unwashed) and washed twigs

are 8lso shown in Tavle 1X.1.

ASccumulation of silver shows a pattern similar to that of
the ccerrespending scils although lovels measurcé frcea the Silver
Wueen Reel are not es high for plant material in comparisoun with
those¢ valuss for the treatment plant 2rea, leéar tie treatment
plant (sites 1-3), @ mean value of 36,4% of the silver content
of the lenves was removed by washing, compared with 15.85 at
distances further away from the »lant (sites 10-13). Other values
were 12.7% cn the filver wueen Reef, and 8.5% in background arecs,

The low proporticns of silver removable by washing, rcflect
the degrece of airberne contamination of each sirea and suggest that
silver 1s more firmly bound intoc the leaf structure than elements
like copper or lead (Little and Macstin, 1974; “ard et 21., 1975a).

The influence of wind-direction (predcminantly N~%W) is shown
in the elevated values at sites 3 and L4 cumpared with the pattern
fer scils, The samples from the Silver uceen Reefy, which involve
accumulation predominantly via the root systems, show a predictably
low silver component removable by washing with water,

The mean plant/scil ratios of silver for c¢ach area are:
treatment plant, 1.29; Silver gueen Reef, 0.36; background, 1,18,
This shows the e€xtensive effect of fallout arcund the treatment
plant and suggests that even background samples cuntain an
appreciable component of acrial ifallout,

The degree of silver camtamination es a result of airborne
particulates emitted from the treatment plont arca was measured
using Pinus radiats samples from site 24. The mean silver content
(pe/g dry weight for 10 samples) was: bark, 1,16 with 15.6%
removabl by washing; sporcphylls, 0,26 and 38,6%; needles 3,87

and 20.2%. Since the source of silver ccntamination of these
specimens of P. radiata was presumably aerial, it is suggested
that large particulates accumulate near the fascicle sheath at
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needle bascs snd on bark surfaces, and are sudscquently wasted
downwards by reinfall. The high silver content of 2 padiota
needles is dircctly relatee toc the efficient surface uirovided for
accumulea ti vn due to their high surface-to-volume ratic, Similar
findings hove been ncteu four lesd levels cn Pinus strobus needles
near major highways. (3mith, 1971).

The mean silver content of pasture samples (pg/g dry weight)
taken from the vicinity of the treatment plant (site 232), Silver
Queen Reef (site 14) #ad background sreas is shown in Table IX.2.

The distrioution of si1lver in the rocts and lecaves of pasture
species avpeors to bu directly influenced Dy the arca in which
they weee sampled. The silver ccncentration in le aves is always
higher thoan for rocts near the treatment plant and reflects the
influence of airborne silver deposition, Silver levels are
always highcer in the roots than leaves near the filver Queen Reef,
where 1t 1s sugpceSted tihiot the mechanisn of aptake is viaythe r oot
systeins.

The accumulation of silver in the pasture specics (0,07 pg/g
in roots and 0.09 pé/é in leaves) is significantly higher than in
backgrcuné anreas,

The veriation in silver cwntent in pasture species sampled
at various cistances slung & transcct acrouss the access road to
the trewtment plent is shown in Figure IX.H.

The speciecs sampled were:

Lolium perenne L. (psrennizl ryegrass), Trifolium repens L.

(white clover), JAprostis tenuis Sibth (browntop), Holcus lanatus L.

(yorkshire fog), Poa anuua L., =nd flotwecds of the gencra,
Plantago, Bellis and Crepis.

The pattern of silver contamination in 211 six species is
gimiler to that fcr scils. The highest eilver cconcentraticns
appear to be associated with sediment/water deposition from the
Maratoto stream (site 39) and from a creek (sites 32 and 33). It
is suggested that although there is a significant source of air-
borne silver frcm vehicles using the adjacent road, pasture
species appear to have a predominant fraction cf the silver in the

root section of the plant which nay be due to washing of silver



Figure 1IX.3.
Silver concentrations (Pg/g dry weight) in some pasture
species sampled along a transect in the Maratoto Valley.

Symbols: A washed roots, #® washed 1leaves, Ul washed
(white clover only).

stolons
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Table I¥X.2.
Silver Concentrations (mean of Tive determinaticns at each site) of
inshed Pasture Species (roocts ond leaves) Sampled From the Maratoto
Valley.

- — — | m—

Silver concentrations pg/g dry weight

Treatment plant Silver gyuecn Reef Background

Pasturc species

rocts lcaves roots leaves roots leaves

Lol iun pLrenne e
(Perennial ryegrass) ®RB5 195 1,26 0,75 0,06 0,08
Trifolium repens L.
(White clover) 1.35 1,64 2,31 0.65 Q.08 0.10
Poa annua L. 1.07 2.33 1,36 0,78 0,06 .0.07
Dactylis glomerata 1.,
(cocksfoot) 0.99 1.63 1,07 0,85 0,10 0,10
Hclcus lanctus 1.
(yorkshire fog) 0.61 1,85 1,64 0,92 Q.06 0,08
flatweeds - of the gencre
Plantage Bellis and

Crepis 0.89 im 35 2.74 1.43 0.12 0.14
Lotus corniculntus
(lotus) 1.05 1.17  1.56 0,90 Q.08 0.08

Anthoxanthum odoratum L.
(sweet vernal) 2.09 2,49  0.52 0.31 0,07 0,09
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from the least surisces, accumulation in the s0il and entey via

the roct systen,

(c¢) Silver in trec ring-cores,

The ccncentration of silver (pg/g dry weight) in 2cm lengths
expressed as & function ¢f the distance frcm the outside of the
trec trunk.

Figure IX.4. shows that twc main patterns of uptake way
oceur. Samples from ncar the treatment plant (sites 1 and 4) show
elevated silver levels towards the outside of the trec trunk,
whereas specimens growing on the £ilver wueen eef shcw no
significant trend tc increasce cor decreasg levels cf silver.

These levels are in general higher than for samples from the
treatment plant arca,

It is suggestud that accumulatiocn of silver may prcbably be
due toe mbsorpticn via the bark (thin in the case of B, tawa) for
specimens sampled near the treatment plant and that there is a
mechanisin of accumulation via the root systems for samples from
the Silver wuecn Reef arca.

1t is ncoteu that backgewund valucs tend to averagé slightly

below 0.1 pg/s.

(d) silver in stream sediments &nd watcrs.

=Y

The mean ccncentraticns ¢f silver in stream sediments
(expressed as ug/g dry weight) oand water (mg/l) sampled at various
sites are shown in Table IX.3.

The general pattern is for a steady decrcase with increasing
distances from the source. The highest silver lcvels are found
near the Silver Queen Reef. The influence of airborne particulates
frcm the treatment plant is less pronovunced in the case of plants
and soils.

Silver concentrations in stream sediments and waters from
background arcas are about 0.02 pg/g and 0,00013 mg/1 respectively.



Figure 1IX.hk,
Silver concentrations (ng/g dry weight) as a function

of distance (cm) from the outside of Beilschmiedia tawa

tree trunk ring-cores sampled from the Maratoto Valley.



Figure IX.4,
Silver concentrations (pg/g dry weight) as a function

of distance (cm) from the outside of Beilschmiedia tawa

tree trunk ring-cores sampled from the Maratoto Valley.
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Table IX.3.

Silver Guncentrations (lacan of five Jetermninstiuns at coach site)

of 8tream Scdiments nd Yaters 3ampled Froum tlic Moratotc Valley.

—

Fiil meruConcas thicatisons

Stream scaiment Hater

Qe n 3 VS 1 4 @ . L
Sampling site (pa/e dry weight) (ria/1)

Silver gucen Recf.
18 7.00 0.080
19 6.50 0.050
20 6.00 0.030
i 3.70 0.025
22 2.75 0.020
Treatment Flont
23 3.50 0.025
Background,
25 2.00 0.020
26 1.¢5 0.015
27 0.75 0.002
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L. Conclusion.,

In conclusicn to this investignticn, the follcowing pcints
can be made:

(i) Silver in so0ils showed clcvated levels neacr the treat-
ment plant (due to merial fallcut), and alse in natural vegetation
grow.ng cver the ore deposits:

(ii) pasture soils showed silver ccntaminaticn derived
partly from Jdepositicn f'rom cre trucks and partly fron flooding
by minerzlized strean sediments. Silver in pasture specics
reflected the same pattern;

(iii) silver levels in leaves ond trunks of Beilschmiedia
tawa showed distinctly different mechanisms of uptake from the two

process of aerial fallcut and natural uptake oy root systems;

(iv) the silver content of stream sediments and waters
though anvmalous near the deposits ond treatint clant, showed a
progressive decrease with incruvasing distance from the source,

In asseegling the dogrec of cnvironmental contaminstion of the

3)

Maratoto Valley from the precence cof silver deposits and mining
activitienm, it sppcars tnat there is n significant increase in
silver levels (in sure eascs wore thrn 10 £0ld higher than back-
ground) which may represent to seme degrec a pollution preblem in
the immediate arce, 3c¢cause of the limited dispersicn of silver
and because of the sparsity ¢f population in this region, it 1is
likely that any pollution problem is occupatiocnal rather than

envircnmental.
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SOCTION X.
HELVY MBETS-LE LN S0ME NEW Z:onldilD

BRYOPHYTS.,
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1. Introduction.

The ability of brycphytes and other planta to accumulate
trace elemnents frun thel r substrates is well known one forms
the basis of the biogeochemical metnod of prospecting (3rooks,
1972, Studiecs in this field have been reported from Finland
(Lounamasa, 1956: Bramets@- and Yliruokanen, 1971, New Zealand
(‘7hitehezd and Brooks, 1963; 3rooks, 1971; Brooks et. al., 1973)
end the United States (Shacklette, 1267; 1972).

Uptake of heavy metals by bryoph/tes and other plants
(e.g."Spsnisn moss" - wartinez gt. al., 1971) can also serve as
an indication of pollution from industrial socurces and has”been
studied extensively in Mnland (Lounauma, 1956 ), Sweden (Ruhling
and Tyler, 1968; 1569; 1970a; 1970b; 1971), the United Kingdom
(Goodman and Roberts. 1971) and United States (unrtine2 gt. al.,
1971). Sources of pollution were wninly from mining activities
(Lounamaa, 1956) and umelters (Goodman and Roberts, 1971). 1In

"pracky round" concen-

many cascs it was impossible to deterwmine
trations ovcenuse of gencerally nigh levels of industrial activity
in the countreies concerncd. Goodman & Roberts (1971) and

Rihling & Tyler (1963; 1970a: 1971) working with the upiquitous
mose Hypnun cupressif.orme Hedw., listed as "pacxgrcund" concen-

trations: (pg/e on a dry weight basis) of about 1.0 (cedinium),
7.0 (copper), 40.0 (lead), ané £0.0 (Zinc). In the vicinity of
a South Wales smelter, Goodman & Rooserts (1971) reported maximum
velues of 9.5, 68.0, 348.0, and 345.0 ng/g respectively for these
salle ¢lements in this spoecics.

Because of the difficulty of obtaining true background
values for heavy metals in bryophytes from industrial “uarope,
it would be of intere=t to obtein comparative values from a
relatively unpolluted country such as New Zealand and further~
more, the assessment of concentration levels determined near
sources of mining activity would be of intere=st. In earlier
papers, Ward et. al. (1976; 1977c) surveyed heavy metal concen-
trations in soils and plants in twc mining arecas of New Zealand,

Hypnum cupressiforue and other bryophytes were present at both

locations, and have now been samplced and analyscd in order to
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asscss their value as indicetors ol acnvy metaol contawination in
the New Zealand environment., It was also desired to cowmpare
concentration levele in Ji, cupresciforie with thosc Gateineé in

S —-

other countiries.

2. Descerinticn of a1 tes.

The two aseas investig=ated were the Tul 3ase mine of Te liroha
and the Consolidated 3ilver mining Co. inine at karatoto. The
Tui mine (now closed), 2 souwce of base i tals (cadmium, copper,
lead and zince), is situated about 3xm N,E. cf Te :sroha township
in the focthills of the southern vxtension of thea Coromandel
Teninsula Ronge. The Consolideted £ilver diining Co. ¢ilver mine
is situatel some 15k &, of Tacroa in the Marstoto Valley. This
site is about 36kmk M. of the Tui 3asc Mine. o ccmprehensive
description of these two nivas aie given in fection VIL2. (Te
Aroha) ana fcetion VII.Z2, (aratoto).

Lt e Lroha, tne vegetation of  Beilschmicodiz tawa (Benth.

& l1ook f.) os the maln cancpy cempenent of the mixed broadleaf
vvergreen forest, supeorts bryopnytes which grow in abundance on
the {orest floor, oun fallen logs, and &as vplipuytes.

At Maratoteo, tne vegetation on the 3ilver gueen el is less
ma ture and consists of scirudby sccondary girowth vwith few tall
trves remaining following extensive clea ance at the turn of the
century. The re«f is traversed by scversl strcaws, the banits of
which ave well covered with bryopiuytes.

5t both sites undergrcund mining s employed with a surface
crusher and orc treatment plant producing a ccncentrate. Dust
produced by the crushers and containing heavy mctale may be
expected to produce increased metal concentrations nears the treat-
ment plant.

3, Materials and methods.

The followin, bryophytes were studied : all except the liver-
wort 2. gl¢pantuls ave mosses. Ten specimens of each species were
collected.
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Group I. Epiphytie, mainly occurring on treces or fallen
logs:
Cyrtopus setosus (Hedw.) Hook.r. (& £);

Hypnum eupressiforme (Hedw.) . (K C);
Camptochaecte ramulosa (witt. Jaeg. (C R);

Weymouthia cochlearifolia (Schwaegr.) Dix.(W C).

Group II.
Terrvestrial, mainly occurring on soil:

Acanthocladium cxtenuatum (Brid.) Mitl. (43);

Porella elegantula (Mont.)’Hodgs. (PZ),
Teucobryum candidum (Brid.) Hook. f. et Wils. (IC);

Group III, Aquatic, mainly occurring in water or on wet stream

banks:
Fissidens rigidulus liook .f.et, .Jils. (FR)

At both Te Aroha and karototo, collectionz were made 1in
three different zones : A - across the mineralized reef; B - in
the vicinity of the treatment plant; C - in a 'background'areca
judged to be sufficiently far from the treatment plant and mining
area to preclude serious contamination.

Depending upon which group of bryophytes was sampled,
associated substrate samples cf water, soil, sediment or bark were
also collected.,

The various sam,1ling methods (in particular the washing
technique fo: bryophytes) are outlined in Section I, B.4.
Cadmium, lead and silver levels in natural waters were determined
using CRA as outlined in ESection 1.C.4.

4. Results and discussion.

The means (triangles) and ranges (solid lines) for concen-
trations of cadmium, copper, lead and zinc in bryophytes and their
associa ted substrates (broken lines) are shown in Figures X1-4.

All values represent samples from the base metal mine at Te Aroha.

Silver values from the Maratoto mine only are shown in
Figurc X5, It should be noted that silver was not determined at
Te Aroha, and base metals were not analyzed at Maratoto because
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Figure X.5.
Silver concentrations (Pg/g dry weight) in bryophytes
(s0lid 1lines) and their substrates (broken 1lines) for
plants collected near a silver mine at Maratoto, New
Zealand. Mean values are shown in triangles. Locatiens
were: Mineralized area (M), Treatment plant (T.P.), and
Background (B). The bryophyte species: o
CS= Cyrtopus setosus

HC= Hypnum cupressiforme

CR= Camptochaete ramulosa

WC= Weymouthia cochlearifolia

AE= Acanthocladium extenuatum

LC= Leucobryum candidum

PE= Porella elegantula

FR= Fissidens rigidulus
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entirely different wineprslization was present at both lecations.

All concentrations were expressced as Pg/g dey weight, the
only exception being the concentrations in watcer which were
reported as pg/ml. To convert dry-wcight concentrations (Table
X.1) to ash-weight <yuivalents, the appropriatce factors are 14, 6
and & for terrestrial, cpiphytic and aquatic bryophytes respect-
ively. These factors are tng mean dry-weight/ash-weight ratios
for each of the¢ three grcups of sanples.

Tie degrec of element uptake by bryophyties wae influenced
partly by their habitat and partly oy the locelity of the collect-
ion site. For plante collected at Te Arona, eclemental concen-
trations in all species tended to be approximately the same for
thne mincralized and treatment plant arcvas and the concentrations
of these elements in plants collucted as 'bacxgroundu showed
values which were ten times lowver.

The siiwilar concentrations ¢f heavy metsals in bryophytes for
mincralized and treatacnt glant arcas, contirested with tiue niuch
lower values fcr substrates in tie latter compured to the former
grca, fives an indication ¢f a different mode of uptake (Figures
X1-4) by thusc plants. In the former, uptake was presumably
dominated by passive ion-cichange through tihe rhizoid-soil inter-
face as suggested by Ruhling & Tyler (1970a). 1In the region of
tiic "dusty" treatment plant, uptake was presumably dominated by
surface absorption via aerial transport of the ore concentrate.
Apart from these two processes, other mechanisims such as active
transport and surface absorption may well play a part.

Transfer of ions from substrate to brycphyte was apparently
more efficient for epiphytic tan for tcrrestrial bryophytes in
the mineralized areas. This is apparcnt because bryophyte
accumulations were about the same despite a much lower elemental
content of the substrate of the epiphytes. A& similar pattern for
both moss types was also ¢vident for the background aceas.

Fissidens rigidulus accumulated cadmium and lead relative to

its environment. Further, it possessed approximately the samne
zinc but less copper. This variable behaviour is probably a

function of a diffcerence in ion exchange capacity of this specles



Table X.1

Ranges and Means of heavy lietal Concentrzstions, dSxpressed in pg/g Dry fcight, in Hypnum

cupre¢ssiforme from the karatoto and Te Archa kiining Areas in liew Zealand (10 plants frcm each

part of the two localities). Values for the Sane Zpecies From Sscden are lncluded for Compar-
ison and Represent wcans of 10 opeclmens srom tae 3ackground Liocality With the Lowest Heavy

Metal Concentrations.

— PR PR

Elemcntal Concentraiions

Location Ap v ad Cu Po Zn
New Zealsnd Mineralized areas (range) 0.16-0.60 .0, 860-4v60 °© 18-3) 160-202 112-156
Treatment plants (Range)  0,.01-010 1.,20-3.40 15-34 74-125 126-167

Background arcas (renge) 0,01-0,02 0.10-0.80  6-14 8-14 12-23
Background arcas (i.can) 0.01540.003 0.41+0, 21 10.1x2.4  10.642.0  17.2+3.3

Sweden, Lowest background (mcanf‘ S 0.68+0,03 6.8+0.5 L2+8 82113
lew Zecaland and 3wedish values - P<0, 001 P <L0.001 P <0,001 P<0.001

¥Data from Ruhling & Tyier (1971) t= -4.0 t= +4.3 t=-12.1  t = -15.1
Slo’x S&* S)py S*"

e*" very-highly significant difference

)
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relative to e¢uch metal (#Whitehead ané Brooks, 135Y).

The pattern of silver concentrations at Maratoto (Figure X.6)
was somewhat differcnt from that of Te Aroha. Although data for
tne mincralized arca werse similar (1.o. similar concentrstions cf
silver in all oryophytes but lower levels in the c¢piphyte sub-—-
straies), concentrations of silver in bryonhystes collected near
the trcatment plant were considerably lowsr than for specimens
from the mineraliz«d arca. This 1s probably a rcflcction of the
much low.r scalc of operations at this plant whoere production of
concentrate was very much less than at the T¢e [froha trcatment
area, 1t is also clecar that absorption of silver by the aguatic
bryophyte was relatively low in tac¢ minecralized and treatment
plant a.eas.

mlemental concentrations in Hypnum cuprcssiforme from New

Zealand are sumnarized in Table X.1. The mean background levels
arc compared with the lowest mcan valucs obtained by RUhling &
Tyler (1971) for the sawme species in Sweden, =z t-test showed
that background levels were lowucer in New Zesaland fovr cadmiun,
zinc and lead, and higher 1tor cupper. These differences, though
statistically significant, were rclatively small for copper and
cadmium, and cxtremcly large for the other two cledsienis where
mean valuws tere about four times higher in Sweden for lcad and
zinc. If consideration is taken of thoe highesst backizround values
ound in the “wedish sourcee then the differences become cven
greater and the Swedish concentrations exceed by factors of about
L, 2, 15 and 9, tnc New Zcaland values for cadmium, copper, 1lc¢ad
anad zinc. The lower concentrations in the Wew Zealand specimens
must surely rcéflect the inuch lover general level of industrial-
ization in thkis country. For the same reasoun, this and other
mosses should be in New Zealand, more positive indicators: of
heavy metal contamination than in industrialized areas of Burope.

5. Conclusion,

Cadmium, copper, lead, silver and zinc were determined in
bryophytes from two mining areas in New Zecaland., The following
conclusions were made:
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(i) Near the "dusty" trestment plant at T¢ Apoha, all
bryophytes huad high metal coencentrations comparcd with thc
substrate, and indicoted feliar uptsxe ul' arrboerne contaminsnts
comparcd with presumed uptake by passive lon--cxchange at the

rhizoid - scil interface in the mincralized arcas;

(ii) wuptake of silver near a treatment plant at Mavatoto
was at considerably lower levels than from tiae nmineralized arca.
Silver absorption by the agquatie bryophyte Fissidens rigidulus
was velatively 1lov in the mineralized and treatment olant arcas;

(iii) background concentrations of all clements cicept

copper in iypnum cuprcssiforme were lower than in the lowest

background values obtained for Swedish specimens of this species.
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AND

GENER/L CONCLUSIONS.
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Fa)

In Gucticn I, the develepment of voricus snalytical techniques
assocliated mainly witn the determinction of led in whele blood

was vutlined, The carben red stoemdzer metho? adepted on the basis
of' an investiaaticn inte the Jdisavvontages ¢f flame atomic
apscepticn spectrophotometry sad an evaluzticn of other analytical
metaods for whole-blocn lead analysis, reyulired & 1:1 cdiluticn of
whole onlood samples with Triton A-100 (an #1kyl phenoxy palyethexy
derivative of ethanul) before sawple @pplicatica (1 pl) te the
atcemizer., Sftor Geternining the optimium instrumental parameters,
maximue abscrebance was obtained with o reprocucibility of < 5%,
with the addition of Triton X-100 in the lead ccncentretion range
of 0.1-1.0 Pg/ml. The presence of such additives as double-
distilled water, nitric-perchloric nicid, conc, fmmonia sclution,
and 1000 pg/ml Ma Cl scluticn, resulted in n considerable reducticn
in absurbsnce. The effcct of EDTL. and heparin (whele-blceod anti-
cuvagulants) in reducing the assorbonce of lesd oas eliminated by
the addition of Triton X-100,

The »ctential of animal bdblocd sampling combined with the
subscyguent measurement of wncle-bloud lesd levels using the CRAG,
led to 2n extensive survey of the lead levels in whacle blood of
New Zealand dumestic snimals (Secticn 11.) and sheep cxpesed tu
mctor vehicle emissiuns (Section 11I.) In swmasry, cets, dugs,
and sheep shuowed no significint differcences in lead levels
cer ruminants such as cattle (t =
L,67 for 250 degrevs of Creedun) and horses (3 = 5,81 for 256 4d,f.)
showed a very~highly significant (P< 0.001) dirference between

accerding tu 2¢<, whereas lar

thuse animals ycounger than 16 meonths cciugared with all other age
gruups. Cattle alvc sheowed a very-unighly significant difference
between tihie seXx gruups, male and fenfle - neutered aniinals. The
ma jor finding of this secticn was the very-highly signirficant
difference (L = 3.1 for &0 d.f.) between sheep dcgs and pedigree
dogs from city areas. 1t is emphasized that the whole-blcod lead
level of a dumestic animal is very much dependent upcn the eating/
drinking habits of the animal and the type of envircnment in which
it lives. Therefore the lower lead levels measured in the whcele-

blued of rural dogs is surely a reflection cf reduced access to
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puvlluticn from moter venicle emissions, since cther f'crus of
polluticn such as leac frow riping and points would presumnably
not ne greotly different in both trspes o envircniment. This was
alsc reflecter In tau whele-blowd leod levels of @ogs living
within tue vielnity of service stations and which rceached 7.40
pg/ml coapired with normal lead levels of 0,29 pg/ml.

The lead levels of wicle -Dlocd, uvrgans, muscle tissue anc
bunes of shecp cxpose’ to nutor vehlele emissions inddicated that
the leqd burden is acquirved partially by direct innalation of
alirborne lerd frowm exnaust emissicons énd partislly indircectly by
crnsumpticn ¢f centnminated forage, lthougn it is difficult te
estanlish which wechanism is the more impertsnt, it is apparent
th=t bcth contribute to the accunuleti-n of lead in the lungs
(as a result of direct inhalatiuvn) ¢nd in the kidney gortex and
liver (by digustion). fccumulaticn of lead in these latter organs
presents a2 minwer nealth h=azae?d o2 g presult of the use of offal in
the preperation of pet food (Honkin et. al., 1975) which is sume=-
times ccnsune:d by humons, o nore significant nezara 1s the direct
c.nsumpticn of centamincted livers or kidneys by humans where,
assuming an occeptable daily intake of O.huig of lsad (.i1.0, 1972)
by adult hunans, 2 single serving of 200g I liver cuntaining
20 Pg/g lead woeuld supply the moxinum permissible clemental intake
for a peiricd of 10 days. ith enimsl producticn and meat quality
in minu, it is fortunate thot muscle tiscue shows the smallest
cencentraticns of lead in absclute terms. Benes, dbecause of their
high pceoportion of tcoctal body weight represents the greater reserv-
oir of lead within the animal.,

slthough there is noe evidence to suggest that sheep 'excrete!
lecad frein the dbudy ourguns inte the woel, a very~highly significant
cerrelaticn (P<0.001) was obtained between the lead centent of
the cuter 2 cm of weol (as & result o lead particulates adhering
and becuming incorporated intc the wocl fibre) and the lead countent
cf the whele bloocd. Therefore it is suggested thet it eculd be
possible tc use ensily sampled wool material in place cf whole
blood to assess the lend burden of sheep.
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The indicaticn that 2rt of the tcetasl lead burden 1In these

shee 1s acguired by d1lmcet inhalaticn ¢f airbcrne lead paprticulates

froum motor vehicle e£xhaust emissicns leé (o a2 moere detueiled study
of the aistributien of leaod from motcer vehicle cmissiocns and its
effect un roadside suilz and pacture species (Secticn IV and V),
Znhanced levels of not only lead but alsc eadmium, chromium,
cepper, nickel and zinc «e¢¢ aeasured in scils and pasture species
alcng the fucklsandg wetoeway and gorrelated w€ll with traffic
densities (ran.ing cver 12,900 - 55,500 vehicles/<h4 heurs). The
highest accumuleticns i heavy metals were feund in Trifoliuan
repens L. (white clover) and the lowest in pasgpalum grass, wWith
Ijclcus loncatus 1.. (yorkshire fog) indigating the best gorrelation
with traffic density. The apparent buildeup of c¢admium, chromium,
copper, nickel znd 2inc in soils and vepetotion aloing motorways
crobably orlginstes Irom mechanicgsl wear and tear of motor vehicles
(in perticular coar tyres « Cd, Zn; lybricating ¢ils - Cd, Cu, 2n;
chrome=-plnting - Cr, I'l; and the varicus ccmgonents oI englines and
chassis - Cr, Cu, ¥i), which deposits these motals in the fine

dust of the resdway ~nd frem the e toe s0ils and vegetation,
Evidence that the scurce of heavy metal pclluticn along sucgh motors

ways was aerisl depuesiticn from moetor vehicles was reflected in

the reducticn in elemental concentraticn with depth in suil profiles

and the removil of 2buwut cne-thirzd of the aerial huiden of eagh
element by washlng of tne pasture species., The influence of the
pirwdominant windairection upen the distribution ¢f lead from

motor vehicle enissions was indicated by the exponential degrease
of lead content in Liolium perenne L, (pervennial ryegrass) and
Trifcliuwm repens L. (white clover) with distince from a moderately
busy (< 5000 notor vehicle/24 hcurs) New Zecland state Mighway,
ncrth of Bulls. The scascnal variation in lead content of these
twe pasture species way be a result of the density and leaf area
index of @ prrticulsr spcecies, the infiuwence of "rord-splash”

frcm passing motor vehicles (especially during the autumn and
winter at sites closze tec the side of the highway) and the seasonal
variations in the prevailing winddirection. Generally the lead

centent cf the leaves exceeded that of the roots, It was also
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observed thet agricultural activities such os glcugaing may
prrevent the accumulnticn of high lead levels in tue upgper most
5cm of suil and thereovy reducing the avallability of lead to the
supporterd pasture,

In crder to obiain o tetal assessncnt of the variocus typés
of lead pclluticn in the New Zealand envircnment cther than that
Trom motor vehicle emissions, investigntions e¢re carricd cut un
the heavy metal distributicn from a base ietel mine, Te [ rcha
(Section VI) and lead pulluticn from a battery factory snd smelter,
Te Papag{&ectiun VI1). .irboerne cadmium, cupver, and zinc as
aust pvarticles enantting rrom the cre-c¢rushing treatament plant at
the Tul I.ine were widely spread inte toe imumediste envircnuent.
Beilschmiedia tawa (Benth. & licuk f.) trees growing cver the ore
bodies centained naturel levels of these sasc metals in amounts
cven greuter than thone derived from windborne sources. lSnalysis
of B. tawa tree ring-core scetions showed that with airborne
accumulation derived Trom psrticulate erissions associated with
the cre-crushing trecetisent plant, the highost clementnal levels
cceurred towaris the vutside of the trunk., In contrast, when
glements were accumulated via the rcct sveotem, (@3 with those
trees gruwing over the ore bulie s) coencentratiuns were sppreciably
unifoerm through the entire tirunk.

The signifiictint effect en vegetativn and scils ¢f airbcerne
particulates from the wvre-crushing trec tment plont was studied in
a nearby pasture. During a period of 12 months after mining
operations had ceased 2t the Tul mine, an over«ll decrease in
the elemental burden had occurred. In surfuce soils; there had
been abcut a JO% reducticn of cepper and lead, and 25 of cadmium
and zinc. The elemental cuncentration in svils as a function cf
depth indicated that there was less differentiation after 12
mcnths at the surface and at a depth of 5 cu, indicating a steady
loss of pullutants from the surface scvil aiter the completicn of
mining activities, The.ce was nc specific pattern for all pasture
species although coverall the initial heavy metal burden at the
more heavily contaminated parts of the pasture (which were well

abwve background levels) showed & significant decrcase after 12
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months especially ot thuse sites closest to the source of
pellution.  If this reduction of tae heavy metsal conteminatioen of
surface scils ond pasture s.ccies, probably =s & result of dcwn-
warG leachling througn too soll proerile snd oy dewnslope ncvement
cuntinues, the elumental concentrations in plonts and s6ils
should ultimately @pproeacn backpround values. ddcwevVer thls nay
nct cccur within the vicinity of the Te(hpaqalaattcry factory and
sinelter where eitensive loeaa deposition as airberne particulates
and the Drocucts of weathoereu batturies resulted in lead levels
cppreoaching 12.45 iry weight in surface soils and 0,845 dry weight
in some pestuire species adjacent tu the smelter. The mapnitude of
the lead bumicn weas ccflected in very high lead levels in soil
profiles ¢ven =t - depth of 1cem nas a resultl of coentanminaticon from
the battery factory, smelter snd stored vatterices. There 1s clearly
9 limit to the degpres of physical adsorpticn of lead particulates
uptn «egetaticn, since thé Jeenteor pirecentage of the lead burden
¢t veretation is rencvable by washing 2t sites of maximun
accumul sticn of lead., 1n coentrast with these lead levels measured
in roadside so0ils and vegetatien &t 2 nearoy thoroughiare, toe
lead coentanination from this industrial complex is mere cxtensive,
However, this industrial lead pcelluticon has enly & local effect
wheress thot from wmctor vehicle cmissions is wmore universal in
distrinution.

The accumulaticon of lesd by pastuve sypeclue ann f'ecd crcps
is clearly e significant health hazara., Jlthough it is assumed by
many workere that lead accumul. tion from niotcr vehicle exhausts
is largely by eirburne particulates zdhering and becocming incor-
porated intc the acrial cumpcnents cof vegetotion, there is ample
evidence for accumulaticn of luead vig soil systecas. Therefore, to
what extent is uptake by rcot systems from the scil respcnsible
for the hipgh ccncentraticns of lead in rocadside vegetation?

Lead accumulaticn by aerial parts of Trifolium repens . (white

clover) and Lolium perenne L. (perennisl ryegrass) can tctal about
10% of the lead content of the scil and is somewhat grester for
white clover than for ryegrass. For plants growing in substrates
containing 5000 and 10,000 Pg/g lead, values in all organs of both
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species were the same as for the 1000 pg/g suostrates and indicate
(as already wentioned Four thuse seils near the Te Papa batiery
factery and smelter), thit a limiting value for lead in plent
cre:sns does in foet exiet., EBlevated le2d concentvrations in sulls
alsc affected the plant height ol both spuclies., CGoncentrations
sxeeeding HOO pg/g in tme substrate (values typical of most
roedsides of mzgor thourcughfares) are suriicicont to reduce plant
heights by cne holfl. Titc clover seced germiiznticn is =1s¢ reduced
by high lead levaels,

in assg¢ssing the degrec ¢f environmental centamination by
lead within the vicinity of the ore-crushing trecatment plant at
the Tui Mine, Te Jfirochs, cumparison with another heavy matal,
silver wes made in 2 similar mining environment at aratoto.
Rilver in suils showed elevated levels near the tretmentplant.
(due te aerinl fallout), and alsc in notural vegetation growing
over tae ore devosits. JSirborne particulste depositicn of silver
from ore trucks resulted in elevated levels in pasture scils and
vegetation within 4 meters of the treatment plant access road.
Partial silver contamination in these pastures was also derived
from depousition of mineralized strean sediments aus a result of
flooding., The silver content of stream sediments and waters though
anovmalcous near the Jdeposits and treutment plant, showed a progress-
ive decrcuse with increasing distance from the source, The
significance o¢f the distincétly different mechanisms of uptake in

leaves and tree ring-core saumples of Beilschmicdia tawa (Benth,

& Hook f.) already ncted for lead was evident alsc for silver;
gither by a@erizl fallcut c¢r by natural uptake via ruot systems.

To sumilarise, heavy metal pollution (in particular lead) from
mining activities dues nut agpear to present such a2 large problem
as motor vehicle exhausts c¢r smelting operations. This is mainly
because c¢f the lack of a gasecus cocmponent, the limited cEispersion
of such elements as cadmium, coprer and silver, and because of the
sparsity of population in these mining @reas. licwever, animals
grazing on farmland within the vicinity of these ore-crushing
treatment plants and mining activities at Te Jfiroha and Maratoto

would be subjected to elemental concentrations in the pasture
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appreaching 2.5 pg/p cadmium, 12 pg/p cogper, 20 pg/¢ leud, 0.3 3 7
pe/e silver and 30 pg/g zine (éry weight) cowpared with normal
levels of 0.05 pg/g cedimium, 2.0 u./e¢ copper, 240 pg/e lead, 0,06
ug/e silver and 6.0 pyu/e zine (Jry weight). Poisoning of cattle
snd poniecs as a result oI grazing on furilandg containing high lead
levels has been revorted by Chisnall é iwarklsnd (1971).

Ancther giethod of indicating the influence of pullution from
industrial scurces such as mining activities (Lounaman, 1956) and
smelters (Goodman snd Roderts, 1971) is the use o' analysing
oryopnyte sanmples, Because ¢ the difficulty of oo taining true
pbackgroeund values for heavy metals in bryophytes frum industrial
Burcpe 1t would be of interest tc cbtain comparative values from
a relatively unpcllutes country such as Yew Zealand, in particular

ffor such a brycphyte as Hypnuil cupressiforme (Hedw.) which has been

studied extensively by other authors coverseas. Siimilar conclusions
tc those for 3cilschmiedia taws (3enth & Hcok f.) located at the
mining arcas of Te ..rcha and Maratotoe were cbserved in that all
bryophytes had high metsl concentreaticons compseed with the substrate
near the ore-crushing treztment plant and indicated fclisr uptake
by airborne particulates. In centrsst in the mineralized areas,
the presumed upbtake was by passive icn-wxchsnge at the rhizoid-soil
interface. TZilver absorption by tihe aguatic bryopnyte Fissiadens
Rigidulus (Heok f. et. *ils.) wes relatively low in the mineralized
and trcatment plant arcas. The ability tce use brycphyte samples

in New Zealand tu determine background concentrations wag shown in
Aypnum cupressiforme (iledw.) where sll elements studied, except

copper were lower than in the lowest backgrcund values obtained

for Swedish specimens of thils species.

Overall, what ccnclusions c&én be drawn soout the potential
health hazard presentea by deviant heavy metal (in particular lead)
levels in toe New Zealand environment? There can be no dcubt that
human industry hos increased the mobilizaticn of lead (and other
heavy metals) intc the VFew Zeclend environment. The use of lead
alkyls in petrol cunstitutes the major source of lead in the scil

and pasture along major thceroughfares and the atmosphere of cities.
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The investigations intc¢ the e¢flfect of motor vehicle exhaust emiss-
ions upon sheep, reported in this work, emphasize the potential
health prcblems that human inhabitants living néear mctorways in
large cities or connected with employment in the petrcl industry
could oe subjected too. Thomas ¢t. al. (192€67) rcporteu that the
blocd lead levels of men in a populatiocn living near the San
Bernardince (:s:lhambra - Los .ngeles, U.S...) freeway, was 0,227
pug/ml. The mean value for men living near a coastal area (con-
sidered to be a natural-lead leveled envircnment) was 0.16 pg/ml.
The difference between these two groups was statistically signif-
icant (P< 0.006). The correspending values among women were 0,167
end 0,099 ug/ml (P<0.0006). In a study cf the lead cuncentratiuns
in the atmosphere and population of Japan, Tsuchiya e¢t. al. (1975)
reported on the whole-blood lead and urinary s -aminoclevulinic
acld levels of cver 3000 policemen. They concluded thet the pl~-
of work or residence was statistically signific=ant, with blood
lead levels incressing with urbanization. Mocre ¢t. al. (1976)
cenfirmesd this in a study of the total bloed lead levels of a
group of 48 petrol vendors in the greater Hobart =rea, Tasmania.
The concentrations of lead in the blecod of petrol vencors (0,329
pg/ml) were significantly higher than those of @ compariscn group
of 47 clerks =md students (OM43 pg/ml).

Therefore any future woerk on lead in the New Zealand envircon-
ment could well oe centred on establishing the tctul lead burden
of humans by studying the whcle-blood lead and urinary & aminc—
levulinic acid levels of perscns living near the Auckland Motcrway
and the various effects of leac uptake by inhalation of motcr
vehicle emissions as & function of urbanization and emplcyment
(fer example; taxi drivers, service station attendents and street-
cleaners) in a lerge New Zealand City like juckland. Comparative
studies have already pecen reported by Mencel & Thorp (1976)in
Sydney.

There is sufficicent evidence to Justify the conclusion that
other than the Teﬂuﬁpﬁ battery factory and smelter, the mining
activities investigated in this work do not present any potential
health problems to humans ¢ther than those employed cr living

within the vicinity of the mining areas (which at bcth Te Archa
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and Marctote ia very aswall). Increased dissemination of lead and
the cther heavy metals assccisted witih thesc mining activities;

in particular cadmiuwm znd silver (both ¢f which are very toxic),
may only occur thrwgh the re-ope-ning of cperations and increased
housing development within the vieinity of the mining aceas
(especially ot Te sircha). DPollution from toe Te Papape battery
Tfactery and smelter although causing very cleveted lead levels is
only significant within the immediate area, which is predominantly

industrial .,

It is concluded that the tcetel lesd cuntent derived from
airborne emissicns (motur vehicle vXnausts and industrial
depesiticns) is increasing in the New Zealand environment, Besides
lead, c¢levated levels of cadmium snd copper as & result of motor
vehicle emissiocns slong major wctorways may alsc indicate a future
source oi' councern for human health. Such present-day levels of
these heavy metals may not pose o seriocus poelluticn preblem, but
if elementsl levels erc allcwved to CUntinugj?or a very long period,
it is not difficult tu envirage polluticon levels apprcaching the

magnitude in other countries,
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