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INTRCODUCTION

An estimated 350,000 metric tong of lead in the form of an
anti-knock  agent, tetra-ethyl lead, are burned annually in
internal combustion engines in the northern hemisphere and
introduced into the atmosphere (Goldberg, 1970). This 1lead
fallout has been shown to be an important environmental
contaminant. The concentration of this 1lead fallout was
investigated in the soil and biota from 3 Kansas roadsides, each
with a different traffic volume. The biota analyzed for lead
concentrations were vegetation, insects, and small mammal liver
tissue and stomach tissue with contents. The 3 traffic volumes
were 1,050, 7,255 and 10,181 vehicles per day (vpd). The 3 small
mammal species for which tissue lead concentrations were analyzed
were the short-tailed shrew (Blarina brevicauda), the prairie vole
(Microtus ochrogaster) . and the deermouse (Peromvscus
maniculatys). Sampling was done seasonally, during the summer,
1978; fall, 1978; winter, 1979; and summer, 1979. The lead levels
in plants and insects at 9, 12 and 15 m from the highway, were
also measured,

Since ingestion is a major route of entry for lead into small
mammals, a food habits study was conducted to determine the
relative frequency of plant and animal matter in the diet. The
relationship between diet and lead levels in animal tissue was
explored.

The specific objectives of this study were to determine:

1.the levels of lead in the roadside soil and biota,



2.the relationship between small mammals diet and tissue lead
levels,

3.the influence different seasons might have on lead levels,
and

4,if the vegetation and insect lead levels decreased with

distance from the highway.



LITERATURE REVIEW

General

Among the many sources of 1lead in our environment are:
storage battery casings, fallout from lead smelters or lead mines,
fallout from auto exhaust, use of lead-based paints, o0il wastes,
putty, linoleum, and pesticides {Aronson, 1972). One kilometer
from a zinc smelter soil contained 2000 ppm of 1lead (Buchauer,
1973) . 0ld orchard soils containing residues of insecticide
sprayings had 191 ppm of lead while 2.8 ppm was the highest lead
in vegetables grown there (RKenyon et al., 1979). Marten and
Hammond (1966) measured lead levels in soil samples from near a
battery smelter, a highway, and a greenhouse. The samples
contained 680, 59, and 12 ppm lead, respectively.

The major andropogenic source of atmospheric lead is
automobile emissions. Lead fallout from automobile exhaust has
been linked to the increased lead levels in roadside vegetation
and soil isotopic studies. Chow (1970) showed that the isotopic
composition of lead in the roadside surface soil was identical to
the isotopic composition of the gasoline lead. The lead
combustion products along roadsides have been shown te be mainly
responsible for high lead levels in plants, insects, soil, and
animals living near roads (Cannon and Bowles, 1962; Motto et al.,
1970; Jefferies and French, 1972; Giles et al., 1973).

Automobile emissions contain approximately 60-65% lead salts,
30-35% iron oxides,and 2-3% soot and carbonaceous particles

(Habibi, 1973). Lead ig exhausted principally as mixtures of



PbClBr, NH,Cl 2PbClBr, and 2NH4Cl PbClBr (Hirschler et al., 1957;
Habibi, 1973; Biggins and Harrison, 1979). These vehicle-emitted
compounds mix with the atmosphere to form atmospheric sulfates, of
which Pb504(NH4)2 SOAis usually the major lead component (Biggins
and Harrison, 1979). Greater than 50% of soil lead compounds were
identified as lead sulfates by Olson and Skogerboe (1975).

In general, the lead content of roadside soil and plants is
positively correlated with traffic volume and negatively
correlated with perpendicular distance from the roadway.
Significant variations occur, however, due to many additional
variables. The higher the speed or the heavier the 1locad, the
greater the rate of lead emission (Hirschler et al., 1957).
Therefore, any incline where drivérs would accelerate will have
greater amounts of lead emitted there (Habibi, 1973; Daines et
al., 1970; Ter Haar et al., 1971). Since lead accumulates in the
soil, road age is important. For example, a highway which was
opened in 1920 and carries 24,000 vpd has 3 times as much lead
(403 to 60 ppm) in the 5 to 15 cm soil depths as a highway built
in 1954 and carrying 56,000 vpd (Chow, 1970).

Climate greatly influences lead levels. Rainfall can bring
about large and rapid fluctuations in the level of lead on plants.
Ho and Tai (1979) measured a doubling of vegetation lead levels in
one week without rain, and a decrease by two-thirds during a week
with a rainfall of only 13 mm during a similar time period. The
pattern of lead accumulation on mature coniferous needles also has
been shown to vary with precipitation {(Heichel and Hankin, 1976).

The direction of the prevailing wind has a significant effect on



lead content of plants close to major highways. The plants on the
leeward side of the highway have higher lead values than similar
plants on the windward side (Page et al., 1971; Chow, 1970; Daines
et al., 1870). Other important wvariables which can cause a
deviation from the generalized correlations include soil type and
different plant species (see Literature Review for Soil and

Vegetation).

Scil

Determination of total cumulative lead in the soil provides
an index of environmental pollution which has occurred over time.
Siccama and Smith (1978) in their study of a hardwood forest found
soil to be a primary sink for lead. Coello et al, (1974)
indicated that lead tends to accumulate in surface and upper soil
strata, with little if any tendency for downward movement through
the soil. This observation is consistent with those of other
studies which have found vertical lead concentration gradients in
surface soils. Chow (1970) found lead concentrations of 122 to 39
ppm in the top 5 cm of s0il up to 30 m from a roadway carrying
56,000 vehicles per day (vpd). In soil deeper than 5 cm for
Chow's study site, the lead levels dropped to 17 ppm and lower.
Motto et al., (1970) noted a marked decrease in soil lead
concentrations when they compared the 15 to 30 cm depth to the
upper 15 cm of soil. Another study (Lagerwerff and Specht, 1970},
measured lead concentrations at four traffic volumes in the range
of 7,500 to 48,000 vpd and reported that lead concentrations

declined with 1increasing soil depth (0 to 15 cm). This tendency



of lead to be relatively immobile in the scoil is due to its
reduced solubility. The divalent cationic nature of lead causes
it to bind to organics in the upper horizons and to react with
sulfate, phosphate or carbonate anions reducing its solubility and
restricting downward migration in the soil (Smith, 1976). The
major form of roadside soil lead is insoluble lead sulfate (Olson
and Skogerboe, 1975).

Numerous research studies have analyzed the relationship
between traffic volume and soil lead levels (Chow 1970; Edwards et
al., 1971; Williamson and Evans, 1972; Motto et al., 1970;
Lagerwerff and Specht, 1970; Goldsmith et al., 1976; Burton and
John, 1977). 1In addition to the fact that lead is concentrated in
the surface soil there are two major points which are made in the
research studies. First, as distance from the 1lead source, the
roadway , increases the concentration of 1lead in the soil
decreases. Soil lead levels decreased from 122 to 63 ppm at
increasing distances of 7.6 to 30 m from the Baltimore- Washington
Parkway with 56,000 vpd (Chow 1970). In New Jersey, lead levels
in soil decreased gradually from 134 ppm at 7.5 m to 58 ppm at
67.5 m from a road with 12,800 wvpd (Motto et al., 1970).
Goldsmith et al., (1976) measured lead in soil for four traffic
volumes from 21,040 to 1,085 vpd and at four distances, 3 to 50 m,
and so0il lead levels decreased significantly in all traffic areas
as distance from the highway increased. The majority of lead
contamination appears to be within a narrow zone of approximately
30 m from the roadside (Motto et al., 1970; Edwards et al., 1971;

Williamsen and Ewans, 1972). The second major point made in



previous research is that cumulative soil 1lead 1levels and
accumulation rates are directly related to traffic volume, that
is, as traffic density increases, lead concentrations in roadside
soils increase (Burton and John, 1977). Traffic volumes of 1,085
vpd, 8,120 vpd, 21,040 vpd, and a study area combining 11,905 and
11,640 wvpd had soil lead concentrations of 26 ppm, 47 ppm, 87 ppm
and 127 ppm, respectively (Goldsmith et. al., 1976). However,
when interpreting soil lead contamination considerations must be
made for the road age, slope, erosion, and any factor which might
influence lead levels (see general literature review).
In summary, the literature makes 5 major points concerning
lead in soil along roadways,
1) lead is relatively immobile in soil, a primary
sink,
2) an extreme vertical lead concentration gradient
exists in soil,
3) as distance from the roadway increases, lead
concentrations in soil decrease,
4) envirommentally significant lead levels are
concentrated in a narrow zone of approximately
30 m from the source,and
5) lead levels increase with increasing traffic
volume when consideration is given to variables

that influence lead levels,

Vegetation

Lead becomes associated with plants through the roots and



foliage, Foliage 1is contaminated by 1lead from the atmosphere
whereas the major source of root contamination is the soil. Root
uptake of lead from the soil is minimal due to the extremely low
availability of soluble lead cations. Of the total 1lead 1in the
soil only 0.003 to 0.005% is estimated to be available for plant
uptake (Wilson and Cline, 1966). This minimal lead availability
is the result of soil adsorption of lead. The ability of soil
particles to adsorb lead makes large differences in  the
extractable 1lead necessary to detect differences in plant uptake
(Zimdahl and Arvik, 1973). As an example of soil lead adsorption,
bromegrass (Bromus ipermis L.) grown in a greenhouse in 4 soil
treatments with lead levels of 680, 95, 59 and 12 ppm contained
respective concentrations of 12.5, 3.0, 3.5 and 3.9 ppm (Marten
and Hammond, 1966). The second year of bromegrass harvest from
the soils in Marten and Hammond's (1966) study contained lead
levels which were not significantly different from the control
levels. The adsorption of lead by soil or, conversely, the s=oil
lead available to plants is a function of the so0il's content of
organics, phosporous and calcium, and of soil pH (Zimdahl 1976;
Simon, 1978). As the soil's organic content, in the treatment
form of manure, increased from 1.3 to 10%, the uptake of lead by
corn plants decreased (Zimdahl, 1974). Arvik and Zimdahl (1974)
found lead uptake by plants from the soil was dependent upon
solution pH, and not upon metabolic inhibitors or low
temperatures, indicating that the uptake is a passive process.
High phosphorous content, 500 ppm, in soil reduced lead

availability by formation of relatively inscluble lead phosphate



(MacLean et al., 1969). Liming of soil and high calcium content
have also been effective in decreasing available soil 1lead
(MacLean et al., 1969; Cox and Rains 1972; John and Van Laerhoven,
1972; Simon, 1978). Corn, beans, lettuce and radishes expressed
lead toxicity at lower lead concentrations in acidic soil than in
calcareous soil (Page and Ganje, 1972).

Generally, little translocation of lead from the roots to the
above-ground parts occurs (Keaton, 1937; Jarvis et al., 1977).
This is due to the lead precipitates which form on and in the
roots, preventing the passive movement of the lead (Simon, 1978).
The lead which is translocated to the above-ground parts forms
insoluble 1lead granules. Bittell et al. (1974) observed that
mitochondria precipitated dense 1lead granules. Electron dense
precipitates identified as 1lead have been observed in various
plant organelles, i.e., inside the plasma membrane, within
vesicles or vacuoles, chloroplasts, mitochondria, microbodies and
plasmodesmata (Ophus and Gullvag, 1975). The insoluble lead
granules are enclosed by dictyosome vesicles which eventually fuse
with the cell wall (Malone et al., 1974). The occurrence of these
lead granules and widespread deposition of lead within cells may
explain lead's low toxicity in plants (Peterson, 1978).

In addition to plant contamination by lead in soil, the
atmosphere is a source of lead contamination for plants. Large
amounts of lead are deposited on plant surfaces from atmespheric
sources. However, most of it remains as surface lead
contamination (Schuck and Locke, 1970). A range of 30 to 90% of

the 1lead associated with plant leaves can be washed off (Zuber et



al., 1970; Motto et al., 1970; Davies and Holmes, 1972; Lerche and
Breckle, 1974; Ward et al., 1975; Collet, 1978). Washing tends to
reduce differences between species, and Haney et al. (1974)
further concluded that more thorough washing would eliminate
significant differences.

The amount of surface lead contamination has been correlated
with leaf characteristics such as area, shape and surface texture
(Little and Wiffen, 1977). In vegetative types with different
canopy structures, Lerche and Breckle (1974) found lead to be
retained according to the receiving leaf area per unit volume,
Broad-leaved plant species like sugarbeet and turnip-rape collect
more lead per dry weight than grasses (Ervio, 1977). Greater
amounts of lead are found on crops with hairy, rough surfaces than
smooth surfaces (Page et al., 1971). Using leaves from ll species
of trees, Little and Wiffen (1977) showed in wind tunnel
experiments that rough or pubescent leaf surfaces collect up to 8
times more exhaust lead than smooth leaf surfaces. Haney et al.
(1974) reported that species exposed to the same level of
contamination will  have  significant differences in lead
concentrations. The significant differences due to species all
but disappear when leaves have the same surface structure (Lerche
and Breckle, 1974).

Two trends in plant lead concentrations have been observed
for atmospheric sources. The first pattern is a decrease in lead
contamination in plants with increasing distance from the lead
source (Chow, 1970; Motto et al., 1970; Page et al., 1971; Graham

and Kulman, 1974; Lerche and Breckle, 1%74; Ward et al., 1975;
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Goldsmith et al., 1976). Leaves of vegetable crops had decreasing
lead concentrations as did potato and carrot roots with increasing
distance from the road scurce of lead. Lead in vegetation was
21.3, 12.5 and 7.5 ppm, respectively, at distances of 8, 16, and
32 m from a Missouri highway carrying 7,500 vpd (Lagerwerff and
Specht, 1970). With a traffic wvolume of 56,000 vpd, the
Baltimore-Washington Parkway had lead concentrations of 48, 41 and
24 ppm in plants at 7.6, 15 and 30 m distances, respectively, from
the highway (Chow, 1970). At a Virginia intersection of a 11,905
vpd road and a 11,640 vpd highway, vegetation lead levels declined
sharply from 70 to 30 ppm at 6 to 12 m from the intersection, then
declined more gradually to 20 to 25 ppm at 18 and 50 m distances
(Goldsmith et al., 1976). The highest concentrations of lead
occur within approximately 30 m of the roadside (Motto et al.,
1970; Edwards et al., 1971; Williamson and Evans, 1972).

The second trend observed in plant contamination Dby
atmospheric lead source is a direct correlation between lead
levels and traffic volume. Motto et al. (1970) observed that the
overall Ilead concentrations of grasses and crops, growing along 9
highways with traffic volumes ranging from 12,800 to 54,700 vpd,
generally increased with traffic volume. Minor lead accumulations
were measured on crops close to roadways with less than 5,000 wvpd
compared to substantial 1lead accumulations near highways with
35,000 or greater vpd (Page et al.,1971). However, correlations
such as traffic volume and distance with lead concentrations in
plants should be made with consideration for road age, slope,

wind, precipitation patterns and plant surface structure all of

L



which are factors influencing lead levels (see general literature

review) .

Insect

Insects are an important link in the food chain of many
ecolegical communities. Energy flow through herbivorous insects
in an o0ld field community was 4 times greater than through mice,
and 7 times greater than through sparrows (Odum et al., 1962).
Therefore, insects exposed to lead in their environment may
constitute a significant source of lead for predatory animals
which ingest them. Price et al. (1974) showed a tendency for
increasing lead levels from sucking, to chewing, to predatory
insects in high lead areas (an area in close proximity to a
traffic volume of 12,900 vpd in their study), whereas low emission
areas (less than 2,000 vpd) did not show such a trend. Udevitz et
al. (1980) , who sweep netted insect samples near a highway with
7,422 vpd, found an average of 50 ppm of lead compared to 15 ppm
in insects far from heavily traveled roads. Dung beetles
collected along the same highway had 13.1 ppm lead, more than
twice the 1levels of dung beetles collected far from heavily
traveled highways. In another study, the predatory European
mantid (Mantis religjgsa) was analyzed and found to concentrate
lead. 1In an area with 13,000 vpd, the imago stage of the mantis
contained 14.8 ppm of lead which was 4 times the level sampled in
the imagos 39 days earlier and 7 times the lead 1level of the
control samples (Giles et al., 1973). However, Giles et al.(1973)

in the same study found the plant chewing Japanese beetle
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(Popillia japonica) and the predatory damselfly (Agrign maculatum)

did not accumulate lead. Grasshoppers likewise did not
concentrate lead. 1In areas with 21,040 and 1,085 vpd grasshoppers
had 3.8 and 3.4 ppm lead, respectively (Goldsmith et al., 1977).

Due to the significant lead concentrations that have been
found in some insects, trophic studies have been carried out to
detect biomagnification. A study of the food chain (vegetation -
dung = dung beetle) did not show any obvious biomagnification
(Robel et al., 198l1). 1In another study, the tissue levels of lead
in small mammals were less than many of their ground-living
invertebrate prey (Williamson and Evans, 1972).

Research has also been conducted to determine if  the
abundance of insects 1living near highways versus far away from
highways is different. This information would be useful as an
indication of the effect of lead on the survival and distribution
of insects. Williamson and Evans (1972) found that lead
contamination 1levels in soil and vegetation had little if any
effect on the abundance of 22 groups of ground-living
invertebrates. Also, the addition of inorganic lead to the scil
to produce concentrations of lead from 165 ppm to 19,000 ppm
resulted in no detectable effects on the distribution and
abundance of soil fauna (Williamson and Evans, 1973). However,
the effects of lead on individual species have not been examined.
Habitat variations seemed to be responsible for the population

changes which were observed in the Williamson and Evans'studies.

13



Small Mammals

Animals in the upper trophic levels are often used as
indicator species of toxic substances. However, in the case of
lead, predators, for example, often contain 1less of the heavy
metal than their prey. Wolves (Canis lupus) preying upon caribou
(Rangifer spp.) and reindeer (Rapngifer tarapdus which eat 1lichens
with high 1lead concentrations as a primary food source) contain
lower lead levels than their prey (Holtzman, 1968). Lack of
biomagnification observed by Holtzman (1968) is attributed to the
tendency for lead to be concentrated in bone more than any other
tissue. The predator consumes the £flesh of its prey leaving
behind the bones which contain high lead 1levels (Mierau and
Favara, 1975; Groyer et al., 1970). However, several studies on
small mammals feeding upon insects and/or plants have shown 1lead
accumulations which were correlated with the level of lead
exposure, Concentrations ranging from 2.6 to 31.7 ppm for 8
species (B. brevicauda, C. parva, B. maniculatus, B. lsucopus,
B. megalotis, M. ochrogaster, M. musculus  and S.
tridecemlineatus), with few exceptions showed a direct correlation
between lead concentration in whole bodies and the areas of high
(>12,000 wvpd), medium (2,000 - 6,000 wvpd), and low (400 vpd)
exposure to lead (Rolfe and Haney, 1975). Accumulations of 1lead
in the deermouse liver, kidney, and bone, but not in brain, lung,
stomach and muscle were related to both traffic wvolume (which
ranged from 4,200 -~ 38,000 vrd for 4 sites) and nearness to the
highway (Welch and Dick, 1975). Getz et al. (1977) found 1lead
concentrations were higher in small mammals living 5 - 10 m from a

highway with 19,600 wvpd than in populations near lower
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traffic-volume roads e.g. 1,360 and 340 vpd. M. penpsylvanicus,
P. leucgqpus and B. brevicauda captured at 0 - 10 m from a
highway with 12,470 vpd had significantly (P>0.05) higher whole
body lead concentrations than the control (animals living 1.3 km
from nearest road) but individuals trapped 25 - 45 m from the road
were not significantly different from control levels (Quarles et
al., 1975).

The trophic level of some small mammals has been correlated
with the animals' 1lead concentration. Three species of shrews
(Blarina brevicauda, Cryptotis parva, and Sorex gcinereus) all
generally had higher 1lead levels (body lead without stomach was
analyzed) than 7 species of mammals at a lower trophic level e.q.
rodents (Goldsmith and Scanlon, 1977). The levels of body lead in
the shrews had means (+ S.E.) which ranged from 34.81+9.5 to
6.5+1.4 ppm compared to a rodent range of 16.6+2.6 to 5.0+0.6 ppm.

There are many factors in addition to tréffic volume and
proximity to the highway which affect the accumulation of lead in
small mammals. Diet and behavior are two such factors., Jefferies
and French, 1972) attributed the 1.8 and 2.0 times more lead in
Microtus agrestis's body than Clethriopomys glarolus and Apodemus
sylvaticus to Microtus's habits of feeding on vegetation (the most
highly contaminated food of the verge) and its use of grass for
cover (keeping it near the verge and out of the less contaminated
fields). Along heavy-use roads (>12.000 vpd) species which
require dense vegetation and do not range out into cultivated
fields (Microtus ochrogaster, Blarina brevicauda, Cryptotis parva
and Rejithrodontomys megalotis) had higher lead concentrations than

15



species that extended their ranges into cultivated fields and thus
more than 50 m from roads (Peromyscus mapiculatys and Mus
musculus) (Getz et al., 1977). Low calcium levels in the diet
have been found to enhance lead toxicity (Six and Goyer, 1970)
while 1 ppm chromium in the drinking water of rats appears to
protect against lead toxicity (Schroeder et al., 1970). The sex
and age of the individuals being studied can be correlated with
lead levels, The body lead concentrations in the meadow vole,
were significantly greater (4.2 ppm) for adults than for juveniles
(2.7 ppm) though not in excess of diet levels (Quarles et al.,
1974). Schlesinger and Potter (1974) observed a direct
relationship between body weight (for P. leucopus and B.
brevicauda) and lead concentrations in the body (body without
stomach contents and embryos). The increase in weight with age to
maturity (Layne, 1968) may account for increases in body lead
accumulation with age. Several studies have reported a trend for
mean body-lead levels of female rodents and shrews to be greater
than in males (Clark, 1979; Jefferies and French, 1972; Quarles et
al., 1974), however none of the studies has shown this trend to be
significant  statistically. Clark (1979) reported Eptesicus
fuscus, big brown bats, to have significantly higher lead
concentrations in males (46.6 ppm) than females (31.5 ppm), the
reason for this difference being unknown.

Species differences also influence the results of lead
studies. The treatment of rabbits with nicotinic acid greatly
limited the effect of 200 mg of 1lead acetate (Pecora et al.,

1966) . However, 1in rats a 10-fold increase in niacin intake did
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