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(ABSTRACT)

Lead and cadmium frequently occur together as contaminants in polluted environments such

as roadsides, urban areas, mines, and smelters. Few studies have been conducted to

examine the possible interactive effects these metals may have on reproduction of wild

species.

The first part of this study was directed toward examining the effects of low level dietary lead

and cadmium on reproduction in Peromyscus Ieucopus. Two laboratory studies were

conducted. Treatment with combinations of 0, 1 or 4 pg/g lead acetate and/or cadmium

chloride was found to have no effect on overall health or reproductive ability of white-footed

mice. ln a second experiment mice were treated with combinations of 0 or 10 pg/g lead

acetate and/or cadmium chloride. Treatment was continued through three generations of

mice (P1, F1, F2); progeny of the P1 were paired with nonrelatives in the same group and

continued on the same treatment. Percentage of pairs producing at least one litter in a ten

week period was reduced in mice receiving both lead and cadmium. By the F2 generation

only one often pairs produced offspring. There were minor variations in litter parameters (#

pups/litter, birth weight, weanling weight and viability of Iitters) measured for the three

generations; however, treatment did not appear to greatly affect Iitters in those pairs which

had litters. ln the P1 generation kidney weights were lower in mice receiving lead and

epididymidis weight was higher in mice receiving cadmium. Mice (P1) receiving cadmium and

l



lead had lower numbers of spermatozoa/mg testis. Lead content of carcass, liver and kidneys

was analyzed in mice from the P1 generation.

The second part of this study examined the persistence of lead in the environment after the

source of contamination has been removed. Short-tailed shrews (Blarina brevicauda) trapped

in anorchard with a history of lead arsenate use had higher whole body lead concentrations

than individuals of the same species trapped in a control orchard. Within the treated orchard

lead concentrations in pine voles (Microtus pinetorum) were significantly higher than

concentrations in short-tailed shrews.
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Introduction

There is an increasing concern over contamination of the environment by heavy metals. Two

metals of primary interest are lead and cadmium. There is no evidence that either of these '

metals are essential and both are regarded as highly toxic elements. Anthropogenic usage

of lead dates back to prehistoric times. Knowledge of the toxic effects of lead dates back to

the Roman empire, although this knowledge did not always extend to the use of metallic forms

of the metal. Lead poisoning has a wide range of symptoms and has often gone unnoticed in

the past. Toxic effects of lead include hemolytic anemia, destruction of the central newous

system, impaired energy metabolism, osteoporosis, decreased fertility, fetal growth

retardation and fetal toxicity. Lead exposure has been shown to result in impaired learning

ability in several species including humans (Landsdown and Yule 1986), rhesus monkeys

(Macaca mulatta) (Bushnell and Bowman 1979) and black ducks (Anas rubripes) (Heinz and

Haseltine 1983). The toxic effects of cadmium also are well known. The symptoms of

cadmium toxicity are similar to those of zinc deficiency -- growth reduction, anemia, weight

loss, edema and destruction of kidney tissue and destruction of testicular tissue. Both lead

and cadmium are able to cross the placenta causing teratogenicity and fetal death. Both

metals also have been shown to have depressive effects on the immune system (Exon et al.

1979, Thomas et al. 1985).
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Little research has been done on the possible interactive effects of lead and cadmium

although the two often occur together in a polluted environment. Urban environments contain
many sources of lead and cadmium including industrial fumes, sewage and sludge treatment

plants, refuse incineration, steel mills, iron and brick works, automotive recycling or recovery

operations and high numbers of automotive vehicles (Martin and Cougherty 1982). Cadmium

has also been associated with electroplating plants. Pigeons (Columbia livia) and feral pigs

(Sus scrofa) living in or near urban areas in England were shown to have elevated tissue lead

concentrations (Hutton 1980, Hutton and Goodman 1980).

Substantial metal contamination has been associated with smelter facilities and mines.

Elevated tissue concentrations of lead and cadmium have been found in small mammals

collected near zinc-copper mines (Roberts and Johnson 1978, Smith and Rongstad 1982, Beyer

et al. 1985). Field voles (/Vlicrotus agrestis) and common shrews (Sorex araneus) living on

grassland established on metalliferous mine waste had much higher tissue cadmium

concentrations than individuals of the same species trapped on control areas (Andrews et al.

1984). Lead concentrations were found to increase exponentially with decreasing distance

from an abandoned mine site (Johnson et al. 1978). Cadmium accumulation increased with

age in white-tailed deer (Odocoiieus virginianus) (Sileo and Beyer 1985) and swine

(Munshower 1977) foraging on grasslands contaminated by smelters. Cadmium also has been

associated with sewage sludge which is often applied to cropland. Meadow voles (ll/licrotus

pennsylvanicus) fed crops grown on sludge treated soil had elevated tissue cadmium

concentrations (Williams et al. 1978). Plant sources containing as little as 1 ppm Cd caused

accurnulations of cadmium in kidneys ofthese voles. Results of extensive studies examining

the detrimental effects of lead on waterfowl and raptorial birds have prompted moves to

eliminate the use of lead shot (USFWS 1988).

Another major source of lead and cadmium pollution has been automobiles. For years the

primary anti-knock agents used in gasoline were lead alkyls, combustion products of which

are released into the atmosphere after the combustion of the fuel. ln 1978 an estimated 80
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Img of Pb/km were released from automobiles in the form of compounds containing scavenged I

lead (Smith 1976). Cadmium is released as a result of wearing of rubber tires by friction with

the road surface. Soil, vegetation, annelids, insects and small mammals (i.e. the entire biota

adjacent to roadways) has been found by numerous studies to contain elevated levels of lead

and cadmium (Lagerwerff and Spect 1970, Motto et al. 1970, Jefferies and French 1972, Gish

and Christensen 1973, Van Hook 1974, Quarles et al. 1974, Goldsmith and Scanlon 1977,

Scanlon 1979b, Ash and Lee 1980, Beyer and Moore 1980). Lead concentrations are positively

related to trafüc volume and negatively related to distance from the roadway (Scanlon 1979a,

Lau and Wong 1982). Concentrations in soil decrease with depth, most ofthe lead being found

in the top few centimeters. Metal residues also increase with increasing quantities of soil

organic matter (Lagerwerff and Specht 1970). The problem, of lead contamination near

roadways has been given less attention in recent years since use of leaded gasoline has

greatly diminished and is being phased out. Unfortunately, removal of the source of

contamination, while definitely a step in the right direction, does not solve the problem. Lead

has a long half-life and will persist in the environment long after the source has been

removed.

Many studies have been carried out to determine the concentrations of contaminants found

in polluted ecosystems. Recently there has been a move toward determining what these

environmental concentrations may mean in terms of toxic effects on wildlife. Very few studies

have examined possible interactive effects of different toxicants which commonly occur

together.

The white-footed mouse, Peromyscus leucopus, and other small mammal species form a

large portion of the prey base for many predators including raptorial birds. Any factors which ·

adversely affect these species may have a major deleterious effect on many other species as

well. There are two major ways in which toxicant effects on a prey species could adversely

impact the species higher in the food chain. The first, and most obvious, is through

contamination of tissues and organs which are ingested by the predator. lf the toxicant is

I
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biomagnitied or bioaccumulated, the impact on the predator is more severe. Raptorial birds

have been shown to be especially sensitive to many contaminants (Kaiser et al. 1980, Pattee

1984). Both lead and cadmium have been implicated as possibly biomagnitiable; however,

as yet little research has been carried out to examine the passage ofthese metals through the

food chain.

A second way in which contaminants affecting the prey species could adversely affect the

predators is through decreased prey availability. Both cadmium and lead have been shown

to have detrimental effects on reproduction in various species. Both metals have also been

shown to inhibit the immune system (Hemphill et al. 1971, Thomas et al 1985). Premature

deaths due to infection or disease could cause a reduction in numbers of prey, as could a

reduction in size, numbers, or viability of young.

Although studies have been conducted to examine the effects of cadmium and lead on many

species, little has been done to determine the effects of low dietary levels of these metals.

ln addition, little is known about the possible interactive effects of lead and cadmium, although

they often coexist in the environment.

The ürst part of the present study was conducted to examine the singular and interactive

effects of low dietary levels of lead and cadmium on reproduction in Peromyscus leucopus, the

white—footed mouse. The white-footed mouse has been suggested as a possible lndlcator

species for metals due to the consistancy of it’s response to metals in the environment (Beyer

et al. 1985). Two eleven-week experiments were conducted, in which mated pairs of

white-footed mice were fed various levels of lead and (or) cadmium in their diets. Experiment

A was run using combinations of 0, 1, and 4 pg/g lead acetate and cadmium chloride as

dietary treatments. In Experiment B, combinations of0 and 10 pg/g lead acetate and cadmium

chloride were used. In each of the experiments, reproductive parameters were recorded

during the eleven week periods, after which the pairs were sacriticed for examination oftissue
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metal accumulation. The offspring of the mice in Experiment B (receiving 0 and 10 pg/g) were
paired and reproductive success ofthe second and third generation were examined.

ln many cases environmental contamination problems are assumed to be solved when the
source of contamination is removed. This view fails to take into account the extremely long
half-life of many contaminants. The focus of the second part of the present study is on the

persistance of lead in the environment. Tissue lead concentrations in small mammals trapped
in orchards with a history of lead arsenate use were compared to those of the same species
trapped in a control orchard. Comparisons were made among species to examine the

possibility that animals higher on the food chain accumulate more lead. These orchards can

serve as a model for roadside environments alter the use of Ieaded fuel has been eliminated.

The objectives of this study were as follows:

1. Determine singular and interactive effects of low level dietary lead and cadmium on

reproduction in Peromyscus leucopus,

2. Examine the effects of low level dietary lead and cadmium on reproduction in P. leucopus

over successive generations of continued treatment,

3. Determine the amount of lead and cadmium accumulated in body tissues of P. leucopus

given subchronic levels of dietary lead and cadmium for eleven weeks, and

4. Compare tissue lead concentrations in small mammals trapped in orchards with a history

of lead arsenate treatment with those of a similar species trapped at a control site.

Objectives 1-3 are addressed in Chapter one and objective 4 is addressed in Chapter two.

Introduction 5
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Chapter 1 - Dietary lead and cadmium effects on

reproduction.

Introduction

Cadmium and lead are non-essential metals that naturally occur in small amounts. Both are

common pollutants and often arise from similar sources. The main routes by which

environmental lead and cadmium enter the mammalian body are ingestion and/or inhalation.

Approximately 2% of ingested cadmium is absorbed through the intestinal tract (Friberg et

al. 1974). Cadmium is known to concentrate in the small intestine wall, probably in the

mucosal cells (Valberg et al. 1977). This is especially true in young animals (Fox 1976). Since

the mucosal cells of young animals bind more tightly with cadmium, there is a greater

accumulation over time and hence greater toxic effect (Sasser and Jarboe 1977). Absorption

of cadmium is best measured by tissue concentrations. The metal has a long half-life in the

body and concentrates unevenly in the body tissues. About 50-70% of absorbed cadmium is

found in the Iiver and the kidney (Berlin and Ullberg 1963). Alter initial exposure, the Iiver

may have highest concentrations, but the majority of the cadmium shifts to the kidneys over

Chapter 1 · Dietary lead and cadmium effects on reproduction. 6
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time. After a long period of exposure, concentrations in tissues usually follow the trend of

kidney> liver > bone > brain > muscle. Cadmium concentrations in Iivers of

youngmallards(Anas platyrhynchos) given 20 ppm cadmium in food was twice the dietary level after l

twelve weeks (Cain et al. 1983). Kidney degeneration also was found after twelve weeks.

The half-life of cadmium can be 10-30 years for kidney and whole body concentrations (Friberg

et al. 1974). Within the kidney, cadmium concentrations are highest in the cortex area. This

pattern of deposition may be caused by cadmium replacing zinc in kidney and other body

tissues. Although the kidney is the primary organ for cadmium accumulation, there is

evidence that there is a threshold for cadmium accumulation in this organ. Cadmium

concentrations reached a maximum in kidneys of swine (Sus scrofa) fed dietary cadmium at

levels of 450 and 1350 pg/g for 6 weeks (Cousins et al. 1973). Concentrations in kidneys of

swine given lower levels did not reach a threshhold level, but continued to increase

throughout the length of the study. Lehman and Klassen (1986) found that although cadmium

concentration in mammalian tissue increased proportionally with an intravenous dose of the

metal, this was not true for oral doses. Deposition of an oral dose of cadmium in rats was _

dose dependent. At higher doses, a greater percentage of the dose was retained. At a dose

level of1 pg/g cadmium, 0.35% of the dose was retained; at a dose level of 10,000 pg/g, 1%

ofthe dose was absorbed. In rats given a low oral dose, the highest amount was in the kidney;

in rats given a high oral dose, equally high concentrations were found in both the liver and the

kidney. Absorption and distribution of cadmium following oral exposure differs with the form

of cadmium administered and with the nutritional status of the animal (Muller et al. 1986).

Deticiencies in protein, calcium, zinc, iron and other essential minerals can increase the

accumulation and toxicity of cadmium (Bremmer 1979).

The primary source of lead contamination in wild populations is ingestion of a lead

contaminated food source. ln an animal consuming from 2-108 mg Pb/day, the absorption rate

from the gastrointestinal tract is about 1.5% (Venugopa| and Luckey 1978). immediately after

absorption most of the lead is found in the blood stream. Over time, the distribution of

Chapter 1 - Dietary lead and cadmium effects on reproduction. 7
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ingested lead is: bone-50%, liver-25%, kidney-4%, reticuloendothelial system-3%, intestinal

1wall—4% and traces in the rest of the tissue. Distribution of lead in the soft tissue after
anextendedperiod of exposure follows the trend of liver > kidney > aorta> muscle > brain. I

Lead exposure results in detrimental effects at various stages in the reproductive process.

Many studies have been carried out to examine these effects. Fertility was reduced by 50%

in male mice given 2% lead acetate in their drinking water (Varma et al. 1974). Mutagenicity

was noted in litters sired by those males which successfully mated. ln studies of semen, White

(1955) demonstrated a species related sensitivity of spermatozoa to lead. Lead adversely

affected human and rabbit spermatozoa, but did not appear deleterious to sheep or cattle

spermatozoa.

An increase in prostate weight was reported in rats given 5 and 100 pg/mg lead acetate for

30 days (Hildebrand et al. 1972). Mean testes and seminal vesicle weights were not affected;

however, infertility due to low spermatozoan motility occurred and persisted after the

treatment ended. There was some indication of individual susceptibility differences; four of

the twenty rats receiving 100 pg/mg had a 70% decrease in testes weight. These individuals

also had higher blood lead concentrations. Females receiving the same dosage levels had

higher blood lead than males in the same groups. Females given 5 pg/mg developed irregular

estrous cycles. A 100 pg/mg dose caused persistent vaginal estrus. Even after the rats were

returned to a normal diet, a decrease in numbers of corpora lutea and an increase of ovarian

follicular cysts were noted. Oral doses of 2.2-3.0 mg/kg body weight lead for 3-5 days after

mating caused a decreased frequency of pregnancy (Odenboro and Kihlstrom 1977). A 1.5

mg/kg body weight dose resulted in a decreased frequency of implanted embryos, but no

effects on percentage of viable embryos were caused by this dose. No visible effects were

caused by a 0.5 mg/kg body weight dose. Wide and Nilsson (1977) also found that lead causes

decreased fertility in mice due to implantation failure. Mouse susceptibility to lead differs

during the various stages of implantation. Lead-related implantation failure may be due to

steroid imbalance caused by lead inhibition of the microsomal enzyme system (Odenboro and

Chapter 1 - Dietary lead and cadmium effects on reproduction. 8 1
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Kihlstrom 1977). A steroid imbalance may cause improper binding of steroids and increase

possibilities of failed implantation. The effects of lead injection on implantation in mice were
counteracted by treatment with exogenous estradiol and progesterone (Wide 1980).
Implantation is preceded by a rise in estradiol. lt was hypothesized that the hormone

imbalance created competition for binding sites which resulted in failed implantation due to
a decrease in bound estradiol.

Lead acetate was added to the drinking water of female rat weanlings (Kimmel et al. 1980).

After 7 weeks the rats were mated, while continuing to receive lead treatment. Although
doses of 50 pg/mg and greater caused growth retardation, there was no observed effect on

the ability to conceive, carry to term or give birth even in rats given 250 pg/mg. A dose

dependent delay in puberty resulted from doses of 25 pg/mg or higher. The offspring of the

treated animals had an even greater delay in puberty than their dams. Lead was felt to be

maternally toxic at doses of 25 pg/mg or higher.

The placenta acts as a limited barrier to lead. Several studies indicate that the placental

permeability to lead depends on the stage of pregnancy. Dilts and Ahokas (1979) suggested

that the placenta may act as a barrier during the last third of pregnancy. Transfer of lead to

the fetus decreased after day 16 of gestation in pregnant rats given lead in their drinking

water. Fetal weight and number of live fetuses decreased in rats given a 50 mg/l dose;

however there was decreased food consumption and weight loss in the dams, which makes

it difficult to determine the exact cause of fetal toxicity. McClain and Becker (1972) suggest

that placental transfer of lead is limited when the maternal blood lead concentration is below

a saturation of binding sites on erythrocytes. They found that inorganic forms of lead are

more damaging to the embryo, fetus and neonate whereas organic forms are more damaging

to adults.

Intravenous doses of lead chloride given to pregnant mice at the time of early fetal

organogenesis interfered with the development of female germ cells in the fetuses (Wide

Chapter 1 - Dietary lead and cadmium effects on reproduction. 9



1985). Female mice exposed to lead chloride (through maternal injection) on Day 8 as fetuses
had a decreased number of live near-term fetuses when bred as adults (Wide 1985). There is
evidence that lead sensitivity in embryonic rats increases on Days 10-15 and decreases on
Day 16 (McClain and Becker 1975). Embryo and feto-toxicity increased during days 10-15 but
teratogenicity did not. These effects resulted from doses of lead injected into pregnant rats.
Oral lead doses produced few results.

Offspring of rats ingesting 0.5% lead acetate in water throughout pregnancy had elevated
blood and brain concentrations, even though pups were transferred to an untreated surrogate

mother immediately after birth (Rabe et al. 1985). Although lead was able to pass through the
placenta, this dose produced no overt detrimental effects on the offspring. Pup weight was
slightly lower at birth but not later. This slight reduction in weight may have been a result of

decreased food and water intake of dams given the lead treatment. Lead is transferred in

maternal milk. After pups were born, lead was administered to nursing rats (Roels et al. 1977).

Pups of dams given 10 and 100 ll/mg had reduced levels of ALAD. Hejtmancik et al. (1982)
found that blood lead concentrations are not always related to tissue concentrations. Blood

concentrations tend to reach a plateau while tissue concentrations continue to increase. lvlore

than 50% of bone lead in pups nursing from lead - treated dams accumulated during the latter

half of the nursing period. There was also an increase in kidney, liver and intestine

concentrations of lead during this period.

Cadmium also has harmful effects on various reproductive stages. Direct injection of

cadmium into the testes causes immediate total destruction of the tissue (Kar 1961). Marked

detrimental effects on the testes are associated with parenterally administered cadmium.

Degeneration of testicular tissue is extremely rapid following intravenous injection (Gunn and

Gould 1970). Although not so rapid, degeneration also is caused by intraperitoneal and

subcutaneous administration of cadmium. High levels of orally administered cadmium have
been shown to cause swelling and hemorrhaging of testicular tissue; however this effect has

generally not been evident in animals given low oral doses. Cadmium was found to be toxic

chapter 1 - Dletary lead and cadmium effects on reproduction. 10



l
to human spermatozoa but toxicity varied among species in experiments carried out with

semen in vitro (White 1955).

A single subcutaneous injection of 1 or 5 pg/g cadmium chloride caused reduction in testis,

epididymal and seminal vesicle weight (Saksena et al. 1977). There was an accompanying

reduction in spermatozoa in the individuals receiving a 1 pg/g dose but the fertilizing capacity

of these animals was not affected. The 5 pg/g dose resulted in extensive damage of the

seminiferous tubules and various detrimental effects ranging from loss of Iibido to complete

sterility due to absence of spermatozoa. Dietary cadmium levels of up to 30 pg/g given to rats

caused no apparent detrimental effects on overall health or organ weights (Loeser and Lorke

1977). Cadmium accumulated in the kidney and liver but there were no apparent effects on

weight gain or spermatogenesis in males. No reproductive problems were apparent in rats

given 100 pg/g for 41 weeks although the weight of the adults decreased (Stonard and Webb

1977). Cadmium was not detected in fetuses produced by the treated rats.

Cadmium was originally thought to be unable to cross the placenta (Berlin and Ulberg 1963);

however, further studies have proved this false. Cadmium was shown to cross the hamster
(presumably Cricetus cricetus) placenta (Ferm et al. 1969). Zinc prevents teratogenetic effects

of cadmium but does not block the transfer of cadmium across the placenta. Cadmium also

crosses the guinea pig (Cavia porce/la) placenta with ease (Kelman and Walter 1977).

Cadmium from an intravenous dose is rapidly removed from circulation by maternal binding.

This results in a low fetal uptake which may have caused earller researchers to theorize that
’ the placenta was acting as a barrier to cadmium. Iron may interfere with the passage of

cadmium across the placenta. Cadmium induced fetal growth retardation in mice was

· prevented by parenteral administration of iron (Webster 1978). Mean fetal weight decreased

with increasing maternal dose of cadmium in drinking water of rats. Severe fetal anemia was

found in offspring of rats given as low as 10 ppm. Doses up to 40 ppm cadmium had no effect

on mothers but had detrimental effects on the fetuses. These detrimental effects were offset

by administering iron to the pregnant mothers.

Chapter 1 · Dietary lead and cadmium effects on reproduction. 11
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lnjected doses of 1.25 or 2.25 pg/g cadmium caused a dose dependent inhibition of ovulation

in golden hamsters (Mesocricetus auratus) (Saksena and Salmonsen 1983). lf only a single

injection was given, the effect was temporary. Long Iasting damage was produced by multiple

doses. Male offspring of female mice given cadmium during the fetal organogenesis stage

had poor mating performance and spermatozoa of low fertilizing capacity (Tam and Lui 1986).

Female offspring of the same mothers were fertile. The cadmium administration also resulted

in a high fetal death rate. Yu et al. (1985) theorized that embryotoxic and teratogenetic effects

seen in mouse preimplantation embryos after even a brief in vitro cadmium exposure were

caused by cadmium interference in cell energy metabolism.

Teratogenic effects of cadmium are known for several species. Severe facial malformations

and poor skeletal development have been caused by cadmium treatment of the golden

hamster (Ferm 1971, Samarawickrama 1979). Cadmium induced facial and limb

malformations have been noted in cadmium treated mice (Layton and Layton 1977), hamsters

(Gale and Layton 1980) and rats (Barr 1973). A synergistic cadmium/lead teratogenetic effect

has been reported by Ferm et al. (1969). Lead administered alone caused a consistent tail

angulation defect in the hamster embryo although hind limbs were normal. However; when

cadmium and lead are administered in combination, a severe malformation resulted in which

the hind limbs were totally fused. Der et al. (1976) reported a synergistic cadmium/lead effect

on the reproductive systems of male rats. Vacuoles and a lack of spermatozoa in the

seminiferous tubules that were evident in rats given both lead and cadmium were not seen in

rats given lead or cadmium alone.

Chapter 1 - Dietary lead and cadmium effects on repreduetien. 12



; Methods
l

Experiment A

One hundred and eighty pairs of white—footed mice (Peromyscus leucopus) from the captive

colony at Virginia Polytechnic Institute and State University were used in this experiment (for

further description of this colony see Sullivan 1973). All individuals were over 90 days old and

had never been previously paired with the opposite sex. Males were randomly paired with

females that had dissimilar parentage for at least three previous generations. Females were

within thirty days of the males age. Each of the 180 pairs were randomly assigned to one of

nine treatments. Treatment consisted of lead acetate and (or) cadmium chloride added to the

diet at levels of 0, 1 or 4 pg/g using a three·by-three factorial design (Figure 1.1). Diet

consisted of Agway rodent chow (Rat, mouse and hamster 3000) coarsely ground in a Wiley

mill using a 2mm screen. Treated diet was prepared by weighing the lead acetate or cadmium

chloride on an analytical balance (actual pg/g lead or cadmium based on molecular weights

of chemicals used are shown in Appendix l), adding it to 10 g of chow and then mixing this

amount by hand (using rubber gloves) into larger and larger quantities of chow. Hand mixing

was used to decrease possibility of contamination from appliances. Batch samples were

taken of each diet batch for later veritication of metal content.

The experiment was carried out in a temperature and light controlled room in the

Biochemistry building on the VPI&SU campus. The light cycle was 16L:8D, which was the

cycle to which the mice were accustomed. Each pair was housed in a separate shoe~box style

polypropylene cage with stainless steel lid and com cob bedding. Rubber gloves were worn

by all persons handling food or bedding. Gloves were changed between handling food,

bedding or animals from different treatment groups to minimize possible contamination. Diet

Chapter 1 - Dietary lead aha cadmium effects eh reproduction. 13
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Lead Acetate (pg/g)

0 1 4
Control 1Pb 4Pb

0 Group Group Group
(N=20) (N=20) (N=20)

1Cd 1Cd1Pb 1Cd4Pb
Cadmium 1 Group Group Group
Chloride (N=20) (N=20) (N=20)(us:/gl4Cd

4Cd1Pb 4Cd4Pb
4 Group Group Group

(N =20) (N =20) (N =20)

Figure 1.1. Treatment groups in Experiment A for pairs of mice receiving lead acetate and(or)cadmium chloride in their diet for eleven weeks.
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was available ad libitum in ceramic inkwell type food bowls. Water was also available ad

libitum.

Cages were placed on large shelved cage racks. To simplify care and feeding, cages for each

treatment group were kept together; however placement ofthe groups on the racks was varied

over time to minimize positional intluences. All mice were weighed and ear-tagged with a

numbered Monel tag at the beginning of the study. All pairs were identilied by a group

number (corresponding to the treatment being administered) and a pair number between 1

and 20 randomly assigned within the group. A cage card containing both individual and pair

identification numbers was attached to each cage.

Pairs were kept on the assigned diets for 11 weeks. During this time cages were monitored

daily for presence of litters. Number of pups was recorded (along with date of birth) on the

cage card. All litters were weighed at day one and day twenty-one. Due to the impracticality

of individually identifying pups, weights of the whole litters were taken and divided by the
’ number of pups to get average pup weights. Newborn pups were handled with rubber gloves

and placed back into the portion of the cage from which they were removed. Care was taken

to minimize disturbance during the weighing process. At twenty-one days of age pups were

removed and sacriüced using CO2 gas. If cannibalized or partially cannibalized litters were

discovered at ürst inspection, weight and number of pups were recorded as missing data.

At the end of 11 weeks all mice were sacrificed using CO2 gas. Carcasses were weighed and

immediately dissected. Reproductive organs were removed and weighed. ln males, testes

and epididymides were removed and separated. Right and left testes and right and left

epididymides were weighed separately. The right and left weights for each organ were

summed and divided by two, resulting in an average testis value and an average epididymis

value. In females, pregnancies visible upon dissection were noted and the number of pups

in each uterine horn recorded. Uteri containing visible fetuses were frozen separate from the

Chapter 1 - Dietary lead and cadmium effects on reproduction.
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female carcass. Uteri that did not contain visible fetuses were replaced in the body cavity.
Livers and kidneys from all mice were removed, trimmed of fat and weighed. _

Experiment B

Experiment B was carried out in an animal room in Cheatham Hall on the VPl&SU campus.
The room was the one that originally housed the mice, which eliminated the need to move
them to an unfamiliar area before starting the experiment. Treatment consisted of 0 and/or
10 pg/g lead acetate and cadmium chloride added to the diet using a two by two factorial

design (Figure 1.2). Fifteen pairs of mice were assigned to each treatment group. Proven
breeding pairs (known to have had at least one viable Iitter) were used. The use of proven

breeders eliminated the possibility of introducing infertile or incompatible mice into the
experiment, as well as possibly reducing incidences of pup cannibalization. Because

white-footed mice have a 21 day gestation period, all pairs were separated for liveweeksbefore

the experiment was started. This safeguard ensured that none of the females were

pregnant when the treatment was lirst administered. All mice were reunited with their original

mates and designated as the P1 generation. Treatment (mixed in the food as in Experiment

A) was started on the day that the females were placed with their original mates. The P1

generation received the treated diet for 11 weeks during which they were monitored for
reproductive success (as in Experiment A). Number of pups per Iitter, average birth weight
of pups, number of pups weaned per Iitter (weaned at 21 days) and average weanling weight

E

were recorded.

To examine the effects of low level lead and cadmium exposure on successive generations.

the experiment was continued through 2 futher generations. At twenty—one days, the young

(F1 generation) were separated from the parents, but continued to receive the same treated

diet. Weanlings were mated with nonrelatives from the same treatment group and the

Chapter 1 — Dietary lead and cadmium effects on reproduction. 16



Lead Acetate (pg/g)

0 10

Control Pb
0 Group Group

(N = 15) (N = 15)

Cadmium Cd CdPb
Chloride 10 · Group Groupluc/0) lN=15l lN=15)

Figure 1.2. Treatment groups in Experiment B for pairs of mice receiving lead acetate andcadmlum chioride in their diet for eleven weeks.
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reproductive success of these pairs was monitored for ten weeks after the mice reached

maturity. Number of pups per Iitter, number of pups weaned per Iitter, and average weight

of weanlings was recorded for each Iitter. The offspring ofthe F1 generation were also paired

with nonrelatives from the same treatment group and monitored while continuing to receive

the treatment. In the F2 generation, number of pups born per Iitter and number of pups

weaned per Iitter were recorded.

Breeding successes and Iitter parameters for the P1, F1 and F2 generations are examined in

this study. Body weight change, organ weights and tlssue metal analysis for the P1 generation

also are included.

Organ Weights and Spermatozoan Counts - P1 Generation

At the end of 11 weeks, all mice were sacriticed using CO2 gas. Organ weights, spermatozoan

counts and tlssue heavy metal content were examined in the P1 generation. Carcasses were

weighed and immediately dissected. Reproductive organs were removed and weighed. ln

males, testes and epididymides were removed and separated. Right and left testes and right

and left epididymides were weighed separately. The two weights for each organ were then

averaged to give an average testis weight and an average epidydimis weight for each

individual. Each testis and epidydimis was placed in a small plastic test tube containing 1

ml of Triton X/saline solution (0.9% NaCl containing 0.01% Triton X~100). This solution allows

for organs to be frozen for later spermatozoan counts without damage to the spermatozoa that

might occur if carcasses were frozen whole and dissected at a later date. Testicular and

epididymidal spermatozoan counts were taken at a later date using the process described in

Sullivan and Scanlon (1976). Seminal vesicles were removed, weighed and placed back in the

body cavity.

Chapter 1 - Dietary lead and cadmium effects on reproduction. 18
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Pregnancies visible upon dissection were noted and number of pups in each uterine horn
recorded. Uteri were weighed regardless of presence or absence of fetuses. Uteri that
contained visible fetuses were frozen separate from the female; those which did not were
replaced in the female’s body cavity. Livers and kidneys from all mice were removed,
weighed, trimmed of fat and frozen in separate containers or plastic bags. Stomach contents
were removed and discarded.

Metal Analysis

Tissues of animals from the P1 generation were analyzed for lead and cadmium concentration
with a Perkin-Eimer 350 atomic absorption spectrophotometer in the flame mode, using Fisher,
single-element hollow cathode lamps (see Appendix XIII for machine parameters used).

Livers, kidneys and whole carcasses were Iyophilized in a freeze dryer at -50 C and 50 · 100
utorr. Dried livers and kidneys were weighed and placed in test tubes. Carcasses were
allowed to remain in the freeze dryer for at least three days. They were then individually

ground to a fine powder in a Waring blender. A 1 g sample of carcass was weighed into a test
tube. All liver, kidney and carcass samples were then ashed in a muffie furnace at 450 C for

36 h. After the ashed samples were cooled, four ml of 5% nitric acid were added to each
sample using a 1 ml Eppendorf pipette. immediately after the acid was added, the samples
were vortexed. Before spectrophotometric analysis, samples were centrlfuged for 10 min to
remove particulate matter.

Each time samples were run, absorption was first checked to ensure machine sensitivity.

Sample readings were read in the concentration mode and standards were read every 10-15
samples, depending on precision of sample readings. This procedure checks the accuracy
of the spectrophotometer readings. Lead and cadmium readings were taken from the same

4 ml sample, since in the case of livers and kidneys there was not enough tissue to allow for

two samples. Tubes were kept covered with parafilm or aluminum foil between the time of
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weighing and the time the sample was run. Parts per million for each sample was recorded

based on machine readings, dry weight of the tissue in the sample and weight of the acid in

the sample. Food samples from the batches of diets used in both Experiment A and B

wereanalyzedfor lead and cadmium content. Food was dried for 48 h in a 150 C drying oven. One
‘

gram samples were weighed into glass test tubes. The food samples were then processed in ·

the same way as the animal tissues.

Data Analysis

Data were analyzed using the SAS statistical package. ln most cases a two-way ANOVA

procedure was used to examine possible main and interactive effects of lead and cadmium.

Because of missing data the general linear models procedure was used and type lll Sums of

Squares used for comparisons. lfthe ANOVA procedure indicated signilicant interactions, the

PDIFF option was used to examine differences between the least—squares means. The BMDP

statistical package was used for log-linear modelin.g of categorical data. In all cases the

p=0.05 level was used for determination of signiticant differences.

Results

Experiment A

The 4Cd4Pb group and the 4Cd1Pb group had 21 pairs. The 2Pb group and the 1Cd1Pb group T

had 19 pairs. Analysis of the batch samples from the diets used indicated that the control diet ‘

(Agway rodent chow) contained an average of 2.75 (:l:0.12) pg/g lead and 0.41 (:k0.02) pg/g
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cadmium). Results of analysis for the four batch samples from each group appear in Appendix

ll. Mice in all groups appeared healthy and seemed to behave normally. Mean body weight

change and organ weights of females are shown in Table 1.1. Organ weights for males appear

in Table 1.2. Because females were in different stages of pregnancy at the end of the

experiment, only data from males were statistically compared. Relative organ weights were

used for statistical comparisons. There was an overall mean weight gain in all groups,

two·way ANOVA procedure indicated no difference in body weight change among groups.

There also was no signiticant difference in relative liver weight or relative kidney weight.

Treatment had no effect on weight of male reproductive organs (Table 1.3). There was no

signiücant difference in relative seminal vesicle weight, relative testis weight or relative

epididymis weight. Relative testis and epidymis weights were based on an average weight

of the left and right organs from each male (as described in the Methods section). Mean

Squares and least-square means tables for the previously mentioned analysis can be found

in Appendix lll.

Breeding Success

Means for reproductive parameters recorded for pairs which had litters are shown in Table

1.4. There seemed to be a high frequency of cannibalism of young in all groups throughout

the course of this experiment. Statistical comparisons among Iitter parameters (# pups/litter,

pup birth weight, # weanlings/Iitter, weanling weight and Iitter viability) were carried out .

based on the total number of litters produced in each group. Those pairs which had no litters

were not included in analysis of Iitter parameters. Two factor ANOVA of the number of .

pups/Iitter indicated that the groups receiving the highest cadmium treatment had signiticantly

more pups/Iitter than the groups receiving no cadmium (p=0.0051). There was no effect of

lead on number of pups/Iitter; however, there was a lead/cadmium interactive effect (Pb/Cd

p=0.0066). The 4Cd4Pb group had the highest number of pups/Iitter, signiticantly higher than

l
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all groups except the 1Cd1Pb group and the 4Cd group. lt appears that groups treated with

cadmium had higher Iitter sizes although no clear pattern was evident. There was no

difference in average birth weight of pups, average weight at weaning (21 days old) or Iitter

viability (number of pups weaned/number of pups born). Mean squares and least squares

means for breeding success variables are shown in Appendix IV. Litters that were not of

weaning age at the end of the experiment were not included in comparisons of Iitter viability.

This resulted in a lower sample size for the variable ’viabiIity’ than for the variable ’number

of weanlings' in some groups. Since chi-square analysis would not have been adequate for

examining possible interactive effects of lead and cadmium, log-linear modeling was used to

compare the proportions of mice having at least one Iitter during the course ofthe experiment

with those that had no litters for the various levels of lead and cadmium treatment. Pairs that

had at least one Iitter during the course of the experiment were designated ’fertile’. Pairs

having no litters during the course of the experiment were designated ’infertile’. The

proportions of ’fertile’/’infertile’ pairs in each group used in the analysis are shown in Figure

1.3. Only 25% of the pairs in the 4Cd group had litters; however, the log-linear analysis

indicated that the model of complete independence was the only one which Ht for the variables

lead, cadmium and ’fertility’. This indicates that treatment level did not help explain the

’fertiIity’ variable, hence the differences in proportions of ’fertile’/’infertile’ pairs among

groups were not signiticant.

Experiment B

There were 13 deaths of adults during the eleven weeks of the experiment. Deaths occurred

in all groups and did not appear to be related to treatment. Analysis was conducted similarly

to that in Experiment A. Only data from male mice were used for statistical comparisons of

organ weights. Data for females are presented in Table 1.5. Although there was overall mean

weight loss for males in all groups (Table 1.6); change in body weight was not signiücantly
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Figure 1.3. Numbers of ’fertile’ (having at least one litter during the experimental period) and’infertiIe’ (having no litters during the experimental period) pairs of white-footedmice receiving lead and(or) cadmium in their diet for eleven weeks.
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different among different treatment groups, and all mice appeared healthy. Treatment did not
signilicantly affect relative liver weight, but males receiving lead had signilicantly lower
relative kidney weight than those not receiving lead (p=0.0011). There was no significant

difference in relative seminal vesicle weight or relative testis weight (Table 1.7). The relative

epididymis weight was signiticantly higher in mice receiving cadmium over those not
receiving cadmium (p=0.0332). There was no effect of lead or lead/cadmium interactive effect
on epididymis weight. Mean squares and least square means for organ weight comparisons

are shown in Appendix V. There was no effect of cadmium and no lead/cadmium interaction
effect on number of spermatozoa/mg testis. Mice receiving lead had signiücantly fewer

spermatozoa/mg testis (p=0.0121) than mice not receiving lead; however this difference was
not evident when comparing mean number of spermatozoa/testis. There was no significant

difference in number of spermatozoa mg/epididymidis or mean number of

spermatozoa/epididymis. Mean squares and least squares means for spermatozoan count

analysis are in Appendix Vl.

Breeding Success

Proportions of total pairs in each group having at least one litter are shown in Figure 1.4 for

the P1, F1 and F2 generations. ln the P1 generation the control group had the greatest number

of ’fertile’ pairs (pairs having at least one litter). Groups receiving only one metal had slightly

fewer ’fertile’ pairs than the control group and the group receiving both lead and cadmium

had the lowest number of ’fertile’ pairs. Although the bar graph appears to indicate a trend,

the log-linear modeling procedure indicated no interaction between lead, cadmium and

’fertilIty’ (the model of total Independence was selected). Pairing of weanlings from the initial

generation resulted in 15 pairs in the control group, 13 pairs in Pb group, 19 pairs In the Cd

group and 8 pairs In the CdPb group, for continued breeding in the F1 generation. ln this

generation (F1) there were more ’fertile’ pairs in the groups receiving one metal than in the

Chapter 1 - Dietary lead and cadmium effects on reproduction. 30
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control group, but only 50% ofthe pairs in the CdPb group were ’fertile’. Log linear modeling

did not indicate a treatment effect on ’fertility’.

All possible nonrelated weanlings within groups were paired, resulting in 11 pairs in the

control group, 15 pairs in the Pb group, 21 pairs in the Cd groups and 8 pairs in the CdPb

group for the F2 generation. The decreased number of ’fertile’ pairs in the CdPb group meant

that fewer non·related pairs were available. Although the F1 generation of this group

produced 30 weanlings overall, only eight nonrelated pairs could be made. In the F2

generation, only one pair out of the eight in the CdPb group was ’fertile’. This pair had three

litters during the ten weeks they were monitored. The log-linear modeling procedure

indicated a marginally signilicant (G2=3.99, p=0.0458) interaction between lead, cadmium

and ’fertility’ in the F2 by selecting the saturated model for the data.

Litter parameters in breeding pairs
f

Statistical comparisons of Iitter parameters were based upon total litters produced by ’fertile’

pairs in each group; the parameters were not based on total pairs (’fertile’ and ’infertile’) per

group. Means for Iitter parameters for the P1 generation are shown in Table 1.8. There were

no significant differences in the number of pups born per Iitter or Iitter viability. There also

was no signilicant treatment effect on average birth weight of pups; howeverthere was a main

effect of cadmium on average weight of weanlings. Weanlings of pairs receiving cadmium
A

weighed signiücantly less than those of pairs not receiving cadmium (Cd p=0.0147). There

was no lead main effect or lead/cadmium interaction on weanling weight.

Litter parameters for ’fertile’ pairs in the F1 were similar in all groups (Table 1.9). There was

no signiticant difference in number of pups/Iitter, litter viability, or weanling weight. Among

breeding pairs in the F2 generation (Table 1.10) there was a main effect of lead (p=0.0143)

Chapter 1 - Dietary lead and cadmium effects on reproduction. 33
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I
on number of pups/litter; mice receiving added lead had signiticantly more pups/litter than {
those not receiving lead. There was no cadmium main effect on this variable, but there was

I

a marginally significant (p=0.0460) Pb/Cd interaction. Litters from the group receiving both

cadmium and lead contained significantly more pups/litter than the other groups. Although

there was no main effect of lead or cadmium on litter viability; there was a marginally

significant (p=0.0469) Pb/Cd interaction. Litters born in the Cd group had significantly lower

viability than those born in the control group. It should be kept in mind when examining

comparlsons of F2 generation litters that only three litters were born in the CdPb group and

they were all born to the same parents. Mean squares and least square means for breeding

sucess variables for the P1 generation are shown in Appendix VII, the F1 generation -
Appendix VIII, the F2 generation - Appendix IX.

Metal Analysis

The means of the tissue lead content for liver, kidney and carcass of each group appear in

Tables 1.11 and 1.12. As in other analyses, males and females were examined separately to

avold possible effects of pregnancy on data from females. Only data from males were

compared statistically.

There were no significant differences in liver lead concentration. There was a lead main effect

on kidney lead concentration. mice receiving added lead in their diet had signilicantly higher

kidney lead concentrations than those which received no added dietary lead (p=0.0001).

There was no main effect of cadmium on kidney lead concentrations but there was a

lead/cadmium interactive effect (p=0.0001). Kidney lead concentrations were signiücantly

lower in mice from the control group than in the other groups. The group receiving lead had

signiticantly higher kidney lead than other groups. The group receiving cadmium was not

significantly different from the group receiving lead and cadmium. The groups receiving

added lead had significantly higher carcass lead concentrations than those not receiving

I
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Table 1.11. Lead concentratlons ('>Z;l;SE pg/g dry wt.) ln kidney, liver and carcass from female
mice housed with males and fed a diet containing 0 or 10 pg/g lead acetate and
(or) cadmium chloride for 11 weeks.

0 Cd 10 Cd
0 Pb 10 Pb 0 Pb 10 Pb

Kidney 0.5010.15 8.1710.86 5.4810.88 3.9410.52(N) (14) (13) (13) (13)
Liver 2.4210.32 2.1910.21 2.7210.24 2.5410.32
(N) (14) (13) (12) (12)
Carcass 6.2510.31 7.5910.28 5.8010.23 7.3410.38(N) (12) (13) (14) (13)

Chapter 1 - Dietary lead and cadmium effects on reproduction. 38
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Table 1.12. Lead concentrations (2iSE pg/g dry wt.) in kidney, llver and carcass from male
mice fed a diet containing 0 or 10 pg/g lead acetate and (or) cadmium chloride for11 weeks.

0 Cd 10 Cd
0 Pb 10 Pb 0 Pb 10 Pb

Kidney 0.59 i0.25 9.79 :l: 1.54 5.31 :l:0.44 5.67:h0.82(N) (12) (12) (14) (11)Liver 2.57:l:0.21 2.66 zl:0.13 2.35 :l:0.25 2.28 i0.26(N) (12) (12) (14) (11)Carcass 5.39 :l:0.28 6.95i0.66 5.64 i0.49 8.89:l:1.17(N) (13) (12) (14) (11)

Chapter 1 - Dletary lead and cadmium effects on reproduction. 39
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I
added lead (p=0.0001). There was no cadmium effect or lead/cadmium interactive effect on

carcass lead concentrations. Mean squares and least square means for tissue lead content
are shown in Appendix X.

Tissue analyses for cadmium were compromised and data were not statistically analyzed.

Discussion

Experiment A

The high incidence of cannibalism in this experiment can probably be attributed to a

combination of movement of adults to an unfamiliar area and inexperienced parents. lt has

been hypothesized that older mice (over one year) that have litters for the first time are poorer

parents than those having first litters at young age (Brooks 1984). Actual frequency of

cannibalism for each group is shown in Appendix Xl. The concentrations of metals in the diet

did not appear to be detrimental to the health and well being of the adult mice or the young

born during the experiment. There was no treatment effect on organ weights or change in

body weight during the course of the experiment. Since there was little cannibalism in

Experiment B, this behavior was evidently not a result of the treatment. Cannibalism of young

could confound results. A litter of pups could conceivably be born and eaten before they were

discovered, resulting in an unreported birth. Although the log-linear model did not indicate

interaction between treatment and number of ’fertile’ pairs, the 4Cd group appeared to have

fewer ’fertile’ pairs than other groups. Due to the fact that a similar result was not seen in the

group receiving cadmium alone in Experiment B, coupled with the fact that ’fertility’ was also

low in the control group, it is difficult to attribute much significance to this apparent result.

Chapter 1 - Dietary lead and cadmium effects on reproduction. 40
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The possibility that a lower dose of cadmium could produce a detrimental effect not seen at I
a higher dose can not be totally ruled out, but in this case this is highly doubtful. The variation I

in Iitter size did not appear to follow a pattern. All groups had mean Iitter sizes similar to the
,

mean for this species (3.43 pups/Iitter) reported by Layton (1944). Average pup weights at

birth were also similar to the reported range (1.5-2.4 g). _

Experiment B

The dietaiy levels of lead and cadmium used in this experiment did not cause undue weight

loss in treated animals. The weight loss that was evident in all groups was probably a result

of loss of weight gained temporarily while the pairs were separated before the start of the

study. There was no evidence of decreased food consumption caused by treatment. Food

consumption was measured over a ten day period approximately four weeks after the study

began. The weight loss was minor and all mice appeared healthy. The decreased kidney

weight in mice receiving added lead in their diet is slightly puzzling. Generally, lead toxicity

results in heavier kidneys due to edema and swelling of kidney tissue. Decreased kidney

weight is not usually associated with lead exposure. Decreased kidney weight due to

interstitial nephritis was associated with chronic lead intoxication in Australian children in one

study (Emmerson 1973). The possibility of nephritis can not be totally disregarded in the

present study, because kidneys were not examined histologically; however, the overall

healthy appearance of the mice is not indicative of severe kidney damage. lncreased weight

of epididymides in cadmium treated mice is consistent with reported results of cadmium

toxicity. Epididymidal spermatozoan counts were not affected by cadmium, but damage to

epididimides can not be ruled out since no histologlcal examination was carried out.

Frequencies of cannibalism (shown in Appendix XI.) were lower in this experiment than in

Experiment A. In the P1 generation, all mice were proven breeders, in F1 and F2 generations,

Chapter 1 · Dietary lead and cadmium effects on reproduction. 41
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pairs were mated at a young age. ln addition, all mice were housed in a room they were

familiar with, not moved to a new area as in Experiment A.

The treatments did not seem to have an effect on the number of pups born per Iitter or the

weight or viability of pups produced by pairs which had Iitters. There is however a deünite

trend toward ’infertility’ in the CdPb group. ln the P1 generation the number of ’fertile’ pairs

appeared to be decreased in groups receiving one metal . This difference was not signilicant

and was not seen in successive generations of mice on the same treatment. Because of this,

it seems safe to assume that the treatment levels for lead and cadmium alone had no effect

on reproduction of Peromyscus leucopus. ln the P1 generation, weanling weight was lower in

groups receiving added cadmium in the initial generation. Litter viability was not affected and

this weight difference did not appear to have detrimental affects on the survival of the

weanlings. Also, this difference in weanling weights seen in the P1 generation, was not

evident in the F1 or F2 generations. The lower viability of the Cd group in the F1 generation

_may be partially due to the fact that this group had more Iitters overall than the other groups.

Litter viability for this group (in F1) was similar to viability in F2 control and higher than

viability of the Cd group in the F2 generation so it is more likely a result of general variations
‘ than a treatment effect. The larger number of pups/Iitter in the CdPb group in the F2

generation is probably a result of the small sample size. When examining data for Iitters in

the F2 generation it must be kept in mind that there were only three Iitters born in the CdPb

group and all were born to the same pair of mice.

The evidence suggests that the combination of lead and cadmium in the treatment had

detrimental effects on the ’fertility’ of the mice over successive generations. lt is impossible

to discern exact causes of this lack of ’fertility’ given this experimental design. Both lead and
t

cadmium have been shown to have detrimental effects on both male and female reproductive {
systems. Since both metals are metabolized in similar ways and combined treatment could i
affect the metabolism of either metal, it is difficult to determine whether the decreased :
’fertility’ had one cause or many. l

Z
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Lead and cadmium both have detrimental effects on reproduction in females. Cadmium is

l

more olten related to distinct teratogenetic effects, such as clelt palate or severe angulation

of the tail. Although pups were not specifically checked for teratogenetic defects, they were
examined at the time of weighing. No obvious defects were noted in any of the pups. One

possible explanation for the decreased fertility is decreased frequency of implantation, which
has been connected to lead acetate treatment. Successful implantation is preceded by a rise
in estradiol. lt has been suggested that lead may in some way create a steroid imbalance

which results in failed Implantation (Odenboro and Kihlstrom 1977, Wide and Nilsson 1977).

Lead may interfere with the binding of ovarian steroids to uterine receptors by competing for

binding sites (Wide 1980). Detrimental effects of lead on implantation in mice were eliminated
by estradiol Injection.

There is little indicatlon that male reproductive organs or spermatozoan numbers were

adversely affected by the treatment. Although it is possible that some detrimental affects In

males may contribute to the decreased incidence of litters, it is most Iikely that the cause of

the ’infertiIity’ is a treatment effect on some aspect of female reproduction. Most of the

detrimental effects on the testes associated with cadmium have resulted from Injected, not

ingested doses. Also, there was no indicatlon of sterility in males, which would be the primary

male-related cause of the results observed in this study. The lower number of

spermatozoa/mg testis in mice receiving lead would not result in the type of ’infertIlity’

observed. Additionally, numbers of epididymidal spermatozoaatozoa were not different

among groups.

Both lead and cadmium have been shown to affect the fetal organogenesis stage at some

doses. Many of these types of experiments were carried out with injected lead doses so it Is

difficult to accurately estimate the result ofthe treatment levels in the present study on in vitro

development of mice. Mice in the F1 and F2 generations were exposed to the treatment from

the time of conception on. Male offspring of female mice given cadmium during the

organogeneis stage had poor mating performance due to spermatozoa of low fertilizing

Chapter 1 - Dietary lead and cadmium effects on reproduction. 43
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capacity (Saksena and Salmonsen 1983). Female offspring of mice injected with lead during l

pregnancy had small litters and high numbers of dead fetuses when bred (Wide 1985). :
Treatment effects on developing young may contribute to increased ’infertiIity’ over

M
successive generations. MI
The log-linear analysis of ’fertility' in the third generation indicated that there was an M
interactive lead/cadmium effect on the number of ’infertile’ mice. This result can be deceiving

M
however, because lead and cadmium are metabolized similarly and toxicants may have

4

threshold levels. lt is not possible to determine from this study if the effect seen in the CdPb

group would be evident in mice given an equivalent total amount (+20 pg/g lead acetate or

cadmium chloride) of either metal. It would be beneticial to examine this in future

experiments in order to better understand the cause of ’infertility’. ln a study using soluble

salts added to drinking water, Schroder and Mitchner (1971) examined the effects of various

metals including lead and cadmium on reproduction of mice. Lead (25 pg/g) caused the strain

to die out by the F2 generation. The same result was seen in mice given 10 pg/g cadmium,

with the addition of teratogenetic affects not observed in the group given lead. However;

marked detrimental effects on young observed in both groups (runts and stillborn young) in

the Schroder and Mitchner study were not observed in the present study. Since synergistic

interactions have been noticed in immunological, reproductive and teratogenic experiments,

and since combined treatment affects the accumulation of these metals in the mammalian

body, it is most probable that the effect seen in this experiment was caused by a synergistic

action of lead and cadmium.

Tissue Metal Concentrations :
MI

The control diet was found to contain some lead and a marginal amount of cadmium. This fact ,

must be kept in mind when examining body tissue concentrations of mice in this study. I
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Because the control diet was the same diet which is normally used to feed the mouse colony,
:

it must be assumed that all mice in the experiment had been receiving this amount of lead l

and cadmium throughout their lives. Il
The addition of cadmium to the base diet appeared to alter the pattern of lead accumulation

'in organs of white·footed mice. It is somewhat surprising that there was no differences in

liverleadconcentrations among groups, since the liver is considered a primary organ for metal

accumulation. lt is possible that liver deposition of lead is not the same at low levels as has

been reported for higher levels. Roels et al. (1977) reported that lead concentrations in livers

of female rats did not increase in groups given 10 pg/g but did increase at 100 pg/g. Kidney

lead concentrations increased in rats given both 10 and 100 pg/g. Lead in the present study

was presumably already administered in the diet at about 2 ug/g. Liver lead concentrations

may have already reached an equilibrium which was not changed by the additional amount

of lead added to the diet. Additional lead may have been accumulated elsewhere in the body.

Carcass lead concentrations were higher in mice receiving additional lead which indicates

lead was accumulating elsewhere in the body (probably in bone) besides kidney and liver.

The most interesting results were seen in kidney lead concentrations. All three groups

receiving additional metals had significantly higher kidney lead concentrations than the

controls. The group receiving only added cadmium had much higher kidney lead

concentrations than controls. This is a clear indication that the addition of cadmium to the

base diet caused a change in the accumulation of lead by the kidney. The mice receiving

added lead in the diet had the highest concentrations of kidney lead. Since the kidney is the

primary organ for excretion of material, it is reasonable that the kidney shows the greatest

level of uptake. Mice receiving added lead and cadmium had significantly lower accumulation

of lead in their kidneys than did animals receiving the same amount of lead without additional

cadmium. The addition of cadmium and lead caused a different distribution of lead, less lead

was stored in the kidneys and more in the remaining carcass tissues. Mice in the CdPb

group had kidney lead contents which were similar to the group receiving onlycadmium.Chapter
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Lead and cadmium, like most heavy metals, have a strong aftinity toward sulfhydryl (-SH)
,

groups and bind easily to molecules containing these groups. Both metals bind to similar

tissues although there is some difference in strength of bonding. Cadmium, in particular, has

been shown to have a high aftinity toward a protein called metallothionein. lvletallothionien

is a low molecular weight protein found in the liver and in the renal cortex which has a high

cysteine content. lt contains a total of 7 g-atoms Cd and (or) other metals/g—molecular weight

metallothionein (Kotonis and Klassen 1981). Although this protein can bind to other metals,

it binds most readily with cadmium. Administration of cadmium has been shown to induce

synthesis of metallothionein (Kotsonis and Klassen 1981). The cadmium·metallothionein

relationship is not well understood but the action of this protein may help explain the

distributions of tissue lead found in this study. The control mice were receiving a base amount

of lead and cadmium, most of which was stored in the carcass, probably in the bone since this

is the most common site of long term lead accumulation. Additional lead may cause

accumulation of lead in the kidneys as they attempt to remove the lead from the bloodstream.

The lead which is not accumulated in the kidneys may be stored in other carcass tissues. The

higher carcass lead seen may be a result of intestinal lead binding. The addition of cadmium

to the diet in the Cd group may induce the production of metallothionein. The metallothionein

would bind to the cadmium but would also bind to a lesser degree with available lead (the 2

pg/g in the base diet). Synthesis of metallothionein occurs in the kidney after the cadmium

concentration rises above a liver threshold level (Webb 1979). Binding with metallothionen

which is then stored in the kidney may be the cause of elevated lead in kidneys of those mice

given additional cadmium without additional lead over concentrations in kidneys ofthe control

mice. This may also explain why there is less lead accumulation in kidneys of mice receiving

lead plus cadmium than in those receiving lead alone. The lead may be "outcompeted" for

binding sites in the kidney and pass through to accumulate elsewhere in the body or be

excreted. This hypothesis is supported by the fact that lead concentrations in carcasses are

higher and kidney lead concentrations are lower in mice receiving cadmium plus lead over

those receiving added lead alone. This competition for binding sites may also result in a
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reduced ability of the system to bind lead where it would do little harm and may be in part a

cause for the effects seen in the group receiving lead and cadmium.

Conclusions and Recommendations

The results of this study indicate that levels of lead and cadmium which do not cause extreme

weight loss or obvious sickness in adult P. leucopus can have deleterious affects on their

reproductive ability especially when treatment is continued over several generations. There

is a great need for studies which examine the effects of low dietary levels of toxicants on wild

species. Further study ofthe possible synergistic effects of lead and cadmium on reproduction

need to be undertaken, since these metals commonly occur together in the environment.

Lead and cadmium occur together in roadside environments. Populations of small mammals

on median strips are especially affected since they may be fairly isolated and thereby affected

by exposure over several generations. Many small mammals do not venture out onto exposed

areas such as roadways or plowed fields. It has been estimated that divided highways with

clearances of more than 90m may represent barriers to movement of small forest mammals

equivalent to bodies of fresh water twice as wide (Oxley 1976). lf this ls the case, these

populations may be more vulnerable to deleterious effects of lead and cadmium on

reproduction.

Wild populations would have added nutritional deficlencies and temperature stress which

would exacerbate deleterious effects of metals or other toxicants. Studies which examine

effects of lead and cadmium in combination with environmental stress would give a better idea

of effects of these toxicants on wild species. However; there is still a need for base studies

on non·stressed animals to examine the mechanism behind effects of metals on reproduction.
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Low levels must be administered over successive generations before being considered
’no-effect' levels for wild populations.
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Chapter 2 - Lead in old orchard small mammals

Introduction

Lead arsenate was used to control insect pests from the 1900’s through the early 1950’s when

it’s use was largely superceded by DDT. Prior to the appearance of DDT on the market, lead

arsenate was used extenslvely in apple orchards throughout the country. These orchards can
A

serve as a rough model for examining the perslstence of lead in the environment after the

source of contamination has been removed. Several studies have reported elevated lead

concentrations in solls and small mammals from orchards with a history of lead arsenate use.

Most ofthe lead is found in the upper few centimeters of soll and generally in forms not readily

taken up by plants, although plant species vary in their ability to take up lead from the soll

(Lisk 1972). Lead concentrations as high as 6,236 ppm and 1,342 ppm (dry wt.) were found in

New York orchards nine years after cessation of lead arsenate treatment (Elving et al. 1978,

Haschek et al. 1979). Lead concentrations in pine voles (Microtus pinetorum), white·footed

mice (Peromyscus leucopus) and meadow voles (Microtus pennsylvanicus) trapped ln these

orchards were slgniflcantly higher than lead concentrations in pine voles from a control area.
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Pine voles were found to have the highest tissue lead concentrations, followed by meadow

voles and white-footed mice. Meadow and pine voles from the treated orchards were found

to have renal Iesions. lntranuclear inclusion bodies also were found in the pine voles. None
of the voles from the control orchard had any histological symptoms of lead poisoning. In

examining the results of this study, Haschek et al. (1979) suggested a relationship between

amount of fossorial activity of the small mammal species and lead accumulation in their

bodies. Elevated concentrations of lead were found in pine voles from two orchards in Virginia

(Scanlon et al. 1983). One orchard was actively managed, the other had been idle for several

years. Adult voles had signiticantly higher lead concentrations than juveniles. Voles trapped

in January had significantly higher lead concentrations than those trapped in November.
Orchard maintenance did not have a signiücant affect in concentrations of lead found in

tissues of pine voles.

There has been some indication that shrews, as insectivorous species, accumulate

considerably more lead than herbivorous or granivorous species (Goldsmith and Scanlon

1977, Scanlon 1987). However; little is known about the passage of lead through the food

chain. Accumulation of lead by prey species has serious implications for predator species,

especially those such as raptorial birds, some ofwhich have been shown to have a sensitivity

to low levels of lead. This study is an effort to identify the extent of lead accumulation in

different small mammal species living in old orchard environments. ln the past there has

been concern over the accumulation of lead in roadside ecosystems. Recently this problem

has been given less attention in light of the fact that the use of leaded gasoline has greatly

diminished and is being phased out. Although the elimination of leaded gasoline is a great

step toward a cleaner environment, the lead that has been accumulating for years will persist

long after this goal is accomplished. The present study was carried out to examine the

persistence of lead in an environment from which the source of lead input has been removed.

The treated orchards can serve as a rough model for future roadside environments, once the

use of leaded gasoline has been eliminated. —
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Methods

Trapping

Two actively maintained apple orchards in Botetourt County, Virginia (Figure 2.1) were

selected on the basis of past history of lead arsenate application. lf owner contirmation of

lead arsenate application was not possible, sites were selected on the basis of orchard age.

Lead arsenate was the most effective pesticide on the market for over 40 years and would
probably have been applied to most orchards in existence prior to 1952. Around 1952, DDT
became available and quickly became the pesticide of choice instead of lead arsenate. A

recently planted orchard was selected as the control site. According to the owner, R. M.

Kinzie, this orchard had been planted on cleared pasture land after the cessation of lead

arsenate use and hence had never been treated with the pesticide. lt was believed that using

an orchard as a control site would minimize possible differences caused by present

treatments. R. M. Kinzie also owned an orchard that had been treated. The two orchards were

designated Kinzie Treated and Kinzie Control. The other treated orchard, owned by Mr.

lkenberry, was designated lkenberry Treated. Exact lead arsenate treatment history could not

be obtained; however, annual applications on apple orchards in Virginia probably varied from

40 kg/ha to 67 kg/ha depending on tree size and number of sprayings per year (Scanlon et

al. 1983). All sites were more than 500 meters from any road; to reduce possible lead

contamination from automobile exhaust.

Snap traps were used to collect small mammals from orchards from June · August 1986. To

minimize travelling time and costs, orchards were trapped consecutively, although there was

some overlap. Traps were initially put down in a square grid with a randomized starting point.

After two weeks, grids were shortened and traps concentrated in areas of small mammal
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l
activity (based on trapping success). A mi><ture of rolled oats and peanut butter was used as
bait. Where pine vole runways were located, traps were positioned in underground runways
and covered with tar paper. This method also was used at runway entrances. When tar paper
was used, care was taken to assure that it did not interfere with trap operation. Traps were

placed one per tree or one per fence post along fence lines. Trap lines were checked daily.
· Animals caught were placed in whirlpak plastic bags which were labeled with species, date,

orchard name, and trap location. Carcasses were returned to the laboratoiy, weighed, had

length measured and sex and age determined. They were then frozen for later tissue

analysis. Animals were classed as juvenile or adult based on size, weight and pelage.

Soil sample cores were taken from the top 10 cm of soil to verify lead soil content. A stainless

steel, hand held soil corer was used for this purpose. Three core samples within a 60 cm

radius were pooled into a cardboard soil sample box. Ten such pooled samples were

collected per orchard. Three samples were taken from the periphery of the orchard, four at

trees along thetrap line and three from random trees within the orchard. Samples collected

. near trees were taken within the drip line, about 80 cm from the base of the tree. The soil

· samples were taken back to the laboratory for later metal analysis.

Laboratory Analysis

Soil samples were dried for 48 h in a 100 C oven. Dried soll was ground to a line graln with

a clean mortar and pestle and half gram samples placed in acid washed test tubes. These

samples were ashed in a muffle furnace for 48 h at 450 C. Stomach contents were removed

from small mammals and whole bodies were freeze dried, ashed, dissolved with 5% acid and

analyzed on a Perkin·Elmer 350 atomic absorbtion spectrophotometer (as described in

Chapter 1.)
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GLM procedures for unbalanced data were used to make statistical comparisons. Whole body

lead content ( pg/g dry wt.) of species was compared among orchards. Within orchards, lead

content of animals trapped was compared by species, sex and trap location when sample size

allowed. Trap location was designated as fence (F) for animals trapped along fences on the

periphery of the orchard and tree (T) for those trapped within the tree rows. Statistical

analysis was not carried out if less than tive individuals in a species were recovered in an

orchard. Too few juveniles were recovered to allow comparisons. Since other studies have

shown an age dependent accumulation of lead in some species, data from juveniles were not

pooled with data from adults when analyzing differences among species and orchards.

Results

Mean whole body lead concentrations for adult small mammals trapped in three orchards

(Kinzie Treated, Kinzie Control and lkenberry Treated) are shown in Table 2.1 (median values

are shown in Appendix Xll). Trapping success was extremely poor. Six species were trapped

but all species were not represented in each orchard. Mean lead tissue concentrations for

species trapped in the lkenberry orchard appear in Table 2.1, but too few individuals were

trapped to include species from this orchard in statistical comparisons. Means for juveniles

are shown in Table 2.2. Since other studies have shown an age dependent accumulation of

lead, juveniles were not pooled with adults for statistical analysis among species and

orchards.
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Table 2.1. Whole body lead concentrations ( §3SE in pg/g dry wt.) of small mammals trapped
in 3 orchards in Botetourt County, Va. during the summer of 1986.

'Orchard

Kinzie Kinzie lkenberry
Treated Control Treated*

Species N Pb N Pb N Pb

B. brevicauda 18 13.16 3 1.95* 19 4.44 3 0.54* 0 ··C. parva 0 -· 0 ·· 1 10.45*
M. musculus 1 16.14* 7 9.56 3 2.20* 4 11.65 i 1.02*
M. pennsylvanicus 0 - 6 5.85 3 0.63Y 0 ··P. leucopus 1 8.39* 2 6.10i1.80* 2 4.29:l:1.19*
M. pinetorum 9 27.35 3 2.65* 0 ·· 0 -·
* · not used in statistical comparisons due to inadequate sample size
a,b - comparisons between orchards (rows), a> b at p <0.05
x,y - comparisons within orchards (columns), x>y at p <0.05

'
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Table 2.2. Mean (:SE) lead concentrations (pg/g dry wt.) for adult and juvenile small mam-
mals trapped in two orchards in Botetourt County, Va. 1986.

Orchard Species Age Class N Tissue Pb (:SE)

Kinzie M. pinetorum Adult 9 27.35: 2.65
Treated Juv. 2 16.03: 0.075

B. brevicauda Adult 18 13.16: 1.95
Juv. 3 9.14: 1.51

Kinzie M. musculus Adult 7 9.56: 2.20
Control Juv. 3 3.91: 0.76

B. brevicauda Adult 19 4.44: 0.54
Juv. 1 5.47
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Short-tailed shrew (Blarina brevicauda) was the only species trapped in adequate numbers in

Kinzie Treated and Kinzie Control orchards to allow for comparison between orchards. A

three-way ANOVA procedure was used to examine the effects of orchard, sex and trap

location (fence or tree) on the whole body lead concentration of short-tailed shrews. The

resulting least square means and Type lll mean squares are shown in Table 2.3. Short-tailed

shrews from the lead arsenate treated orchard had significantly (p= 0.0009) highertissue lead

concentrations (pg/g dry wt.) than those trapped in the control orchard. There was no

difference between males and females or between trap locations. There were also no

interactive effects among any of the main effects.

Sample sizes did not allow use of a three-way ANOVA procedure for examining differences in

species, sex and trap location within orchards. A two·way ANOVA procedure using species

and sex as factors, showed that within the Kinzie Treated orchard pine voles had significantly

higher (p=0.0004) tissue lead concentrations than short-tailed shrews (Table 2.4). There was

no signiücant difference between sexes and no species/sex interaction. A similar two-way

ANOVA procedure showed that there was also not a difference in lead concentration due to

sex in mammals trapped in the Kinzie Control orchard (Table 2.5). There was, however, a

species related difference. Lead concentrations in house mice from the control orchard were

significantly (p=0.0329) higher than concentrations in short-tailed shrews or meadow voles.

A two·way ANOVA (Table 2.6) was performed to examine possible effects of trap location and

species/trap location interaction on the lead concentrations of animals from the Kinzie

Treated orchard. Although once again pine voles were significantly higher than short-tailed

shrews (p=0.0121), there was no difference in lead concentrations between animals trapped

on the periphery of the orchard (fence lines) and those trapped by the tree lines. There was

also no species/trap location interaction. Sample size did not permit the same type of

two-way analysis for data from the control orchard.
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Table 2.3. Least squares means and mean squares for comparison of whole body lead con-
centrations (pg/g dry wt.) of short·tailed shrews by orchard, sex and trap location
(fence-F, tree·T).

LEAST SQUARE MEANS
Orchard 9,F Q,T 5*,F 5‘,T

Kinzie 11.34 12.45 9.59 16.50Treated
Kinzie 2.20 6.27 4.19 5.42Control

ANOVA TABLE
SOURCE df TYPE Ill MS . p

Orchard 1 452.341 0.0009
Sex 1 5.312 0.6946
Orch/Sex 1 0.604 0.8947
Trap Location -1 79.289 0.1358
Orch/Trap Location 1 3.927 0.3281
Orch/Se></Trap Location 1 33.426 0.3281Error 33 39.9193
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Table 2.4. Least squares means and ANOVA table of tissue lead concentration (pg/g dry wt.)
of animals from the Kinzie Treated orchard comparing species and sex using a
two~factor ANOVA procedure.

LEAST-SQUARE MEANS
Species 5 S2

B. brevicauda 14.11 11.66
M. pinetorum 27.19 27.49

ANOVA TABLE
Source df Type lll MS p
Species 1 1221.770 0.0004
Sex 1 6.811 0.7640Species/Sex 1 11.084 0.6975 _
Error 23 71.525
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Table 2.5. Least squares means and ANOVA table of tissue lead concentration (pg/g dry wt.)
of animals from the Kinzie Control orchard comparing species and sex using a
two·factor ANOVA procedure.

LEAST·SQUARE MEANS
Species 5 S2
B. brevicauda 4.36 4.64
M. musculus 9.96 8.55
M. pennsy/vanicus 6.26 5.03

ANOVA TABLE
Source df Type lll MS p
Species 2 46.504 0.0329
Sex 1 3.261 0.6052
Species/Sex 2 2.042 0.8434
Error 26 11.907
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Table 2.6. Least squares means and ANOVA table of tissue lead concentration (pg/g dry wt.)
of pine voles (Microtus pinetorum) and short-tailed shrews (Blarina brevicauda)
from Kinzie Treated orchard comparing species and trap locations using a two-
factor ANOVA procedure.

LEAST-SQUARE MEANS
”

Species Fence Tree

B. brevicauda 10.86 16.03
P. pinetorum 25.24 27.62

ANOVA TABLE
Source df Type lll MS p
Species 1 499.283 0.0121
Trap Location 1 42.295 0.4359
Species/Trap Location 1 5.763 0.7724
Error 23 67.264

I
II
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Mean soil lead concentration for each orchard are shown in Table 2.7. Soil from both Kinzie

Treated and lkenberry Treated orchards had signiticantly higher lead content than soll from

the control orchard (p=0.0005). ’

Discussion

Lead concentrations found in soil and tissues of small mammals from orchards with a history

of lead arsenate use indicate that considerable amounts of lead still persist in these

environments. Despite poor trapping success, results from this study were similar to results

reported for other lead treated orchards in Virginia (Scanlon et al. 1983) and New York

(Haschek et al. 1979). Poor trapping success was probably due to a combination of yearly

fall/winter rodenticide use by orchard owners and the fact that all trapping took place during

the summer months. During the summer, food is abundant and small mammals do not need

to travel as far to forage as in other seasons. Whole body lead concentrations in pine voles

from the Kinzie Treated orchard (27.35 tig/g dry wt.) were similar to concentrations reported

by Scanlon et al. (1983) for pine voles trapped in a maintained Virginia orchard during the

winter (November, 25.68,ug/g dry wt.; January, 30.34 pg/g dry wt.).

Soil lead in both lead treated orchards, while considered high, was much lowerthan that found

in New York Orchards in 1978 (Elfving et al. 1978) in New York. Soil lead concentrations

appeared lower at the periphery of lead treated orchards. Animals trapped along the fence

line in the Kinzie orchard did not have significantly different lead tissue concentrations than

individuals of the same species trapped directly within the tree lines and it appears that range

of foraging by those animals trapped on the orchard edges allows accumulation of substantial

amounts of lead.

Chapter 2 - Lead in old orchard small mammals
A

62



Table 2.7. Mean (:hSE) lead concentrations in ug/g dry wt. of soil sampled from to a 10 cm
depth at the periphery and directly within the tree lines of three orchards in
Botetourt County, Va. 1986.

Orchard

Kinzie Kinzie lkenberry
Treated Control Treated

Location N Pb Pb Pb

Tree Line 6 254.29 zh 102.63 9.32:lz0.91 409.97i 102.63
Fence Line 4 39.10 zlz 9.56 8.48zh0.84 170.54zh 35.62

Overall" 10 168.21 i- 39.83* 8.98 pm 0.62 sup a 314.20 pm 72.17 sup c
' · Overall means compared statistically using the GLM procedure.
a,b,c: c>b>a at p<0.05 significance level using PDIFF procedure to compare least·squares
means
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The signilicantly higher lead tissue concentrations found in pine voles when compared to

other species in the Kinzie treated orchard is most likely a result of their fossorial nature.

Differences in lead accumulation between species has been related to the degree of

subsurface feeding and movement of the species (Haschek et al. 1979). Pine voles are

primarily fossorial, living and feeding below the surface. They ingest soil when grooming and

when feeding on sub—surface roots which make up a portion of their diet. The high degree of

contact with the soil is rellected in lead tissue concentrations which are signilicantly higher

than in nonfossorial species, including those higher on the food chain such as shrews.

The possibility that lead is biomagnitied has been suggested; however, many factors other

than position in the food chain can contribute to the accumulation of lead in species and

individuals. These factors may include behavior, nmetabolism, home range and nutritional

status. Several studies of small mammals from roadside environments have found shrews to
have higher tissue lead concentrations than primary consumers (Quarles et al. 1974, Scanlon

1979b). Clark et al. (1979) found that stomach contents of roadside shrews had higher lead

concentrations than stomach contents of voles feeding in the same area. Big brown bats

(Eptesicus fuscus) feeding by the same road were found to have high lead tissue

concentrations, but this was true even of bats of the same species living 0.61 km away from

the road. Additionally, little brown bats (Myotis lucifugus), which are also insectivorous, had

much lower lead concentrations than the big brown bats. Quarles et al. (1974) suggested a

possible increase of tissue lead concentration in insectivores over herbivores; however this

was not based on statistical comparlsons. Roberts and Johnson (1978) concluded that total

body lead in small mammals from an abandoned minesite was not consistently higher than

dietary levels. Shrews in their study had lower body lead concentration than voles (Sorex

araneus, 34.7 pg/g; ll/Iicrotus agrestis, 140.4pg/g).I

Roadside environments dlffer from treated orchards and abandoned mine sites in that leadisnot
only found in the soil, but is also present in aerosol form. This factor may cause a

difference in the accumulation of lead among species. Because pine voles are generallynotI
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found by roadsides it is not possible to make a direct comparison between the present study

and studies carried out on roadside small mammals. The orchard shrews also may be

utilizing different food sources than roadside shrews. This would directly affect the amount

of lead accumulated. Earthworms have been shown to accumulate extremely high quantitles

of lead (although not more than the soll lead content). lf the roadside shrews were feeding

on lead contaminated earthworms, they would tend to accumulate higher amounts of lead

than shrews, or other species, utilizing insects or other food sources less contaminated than

earthworms. There is evidently no one primary factor that determines species lead

accumulation in all situations. ln the present study, the amount of contact a species had with

the soll appeared to be a major factor in extent of whole body lead accumulation.

Lead concentrations in shrews from the control orchard were similar to concentrations

reported for the same species from control sites in studies by Getz et al. (1977), Scanlon

(1979b), and Quarles et al. (1974). Mean concentration for voles from the control orchard was

similar to those reported by Smith and Rongstad (1982) for bank voles from a control area,

but slightly higher than the mean for meadow voles (4.9 pg/g) trapped in a control area by

Quarles et al. (1974).

Although house mice trapped in the lkenberry orchard were not compared statistically to

those trapped in other orchards due to small sample size, the difference between lead

concentrations of house mice from the lkenberry orchard and the control orchard was not as

great as might be expected given the difference in lead soll concentrations. House mice,

however, are not a good species to base conclusions on since they are omnivores and may

eat garbage or trash left in the orchards. Also, there were not enough individuals of this

species caught to enable any conclusions to be drawn.

Mean lead concentration for juvenile plne voles (16.03 pg/g dry wt.) was slightly lower than

means for juveniles reported by Scanlon et al. (1983) (20.26 ug/g dry wt.,Nov.; 20.27 pg/g dry

wt., Jan.), Although sample size was not adequate for statlstical comparlsons between adults
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and juveniles, there appeared to be a trend toward lower concentrations in juveniles

whencomparedto adults of the same species. Age dependent accumulation of lead has

beenshownfor several species. Smith and Rongstad (1983) reported age dependent accumulation ,
of lead in white-footed mice but not in meadow voles from the same mine site. Juvenile

meadow voles and short—tail shrews from a roadside area had lower lead concentrations than

adults of the same species (Quarles et al. 1974). Too few juveniles were trapped during this

study to warrant any firm conclusions concerning age related differences in lead tissue

concentrations.

There has not been a great deal of study on the effect of sex on lead accumulation. Where this

factor has been examined in field studies, results have been conflicting. In several studies

regarding small mammals from polluted sites; including the present one (Jefferies and French

1972, Smith and Rongstad 1982) males and females did not have significantly different lead

tissue concentrations. However; in a study of mammals from a roadside environment, female

big brown bats, meadow voles, short—tailed shrews and white-footed mice tended to have

higher, although not significantly so, lead tissue concentrations than males of the same

species (Clark 1979). The differences observed between males and females may differ at

different times of the year. After initial exposure, lead is stored primarily in bones. A

temporary loss of weight by the females due to bearing and caring for young may result in a

higher overall body concentration of lead. Because metal accumulation is closely related to

nutritional status, it is possible that females may be more affected by a lack of certain

nutrients, such as zinc or calcium, especially during pregnancy and Iactation.

This study and others like it indicate that lead, once entering the environment, persists for

many years. Lead accumulation in small mammals species is a potential threat to predators

that use these species as a food source. Since lead continues to accumulate over time, those

species that live longer may accumulate higher concentrations than those reported in this .

study for voles, shrews and mice. There is a need for information on the effects of lead

onraptorialbirds and larger predators such as foxes. Additionally, there is a need for research
i
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on the combined effects of lead and other toxic compounds that may be applied to orchards,

roadsides and other lead contaminated areas. The threat from highly persistent compounds,

such as lead is not elimlnated with removal of the source. Research efforts must include

studies of effects of chronic low-level exposure to these types toxicants.
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Appendix I. Aetual amounts ol lead per gram lead acetate and cadmium

per gram cadmium chloride based on molecular weights.

Cadmium (Cd) = meieeuiarwr. 182.32 = 0-di Q Cd
Cadmium Chloride (CdCl,) molecularwt. 228.35 1 g CdCl,

Lead (Pb) = molecular wt. 207.19 = 0-55 Q Pb
Lead Acetate Trihydrate (Pblcg-1,0,),-31-1,0) molecuiar wt. 379.33 1 g Pb(C2H,O2)2•3H2O
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Appendix Il. Heavy metal content of batches of treated food in

Experiment A and Experiment B.

Appendix ll · Table I. Lead and cadmium content in pg/g dry weight of batch samples of diets
used in Experiment A.

Diet Batch Pb pg/g Cd ug/g
0Cd0Pb 1 2.51 0.38

2 2.88 0.44
3 2.89 0.40

0Cd1Pb 1 3.76 0.32
2 3.91 0.35
3 3.01 0.38

0Cd4Pb 1 4.95 0.43
2 4.57 0.39
3 4.02 0.35

1Cd0F’b 1 2.58 ‘ 0.71
2 4.16 1.16
3 2.04 0.98

1Cd1Pb 1 3.47 0.65
2 . 3.82 0.91
3 2.79 0.52

1Cd4Pb 1 3.90 0.54
2 5.63 1.22
3 4.91 1.00

4Cd0Pb 1 2.17 2.20
2 3.83 1.06
3 _ 2.88 2.99

4Cd1Pb 1 ' 3.99 2.52
· 2 3.22 1.97

3 2.99 3.16
_ 4Cd4Pb 1 5.*83 3.10

2 4.78 3.45
3 6.74 4.41
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Appendix ll - Table Il. Lead and cadmium content in pg/g dry weight of batch samples of dlets
used in Experiment B.

Diet Batch Pb pg/g Cd pg/g
0Cd0Pb 1 2.35 0.41

2 2.66 0.34
3 2.17 0.39

0Cd10Pb 1 8.14 0.39
2 9.32 0.41
3 8.26 0.37

10Cd0Pb 1 2.30 5.02
2 2.37 5.89
3 2.30 5.80

10Cd10Pb 1 5.85 5.73
2 6.46 6.00
3 7.03 7.54

Appandlces 77



Appendix lll. Mean squares and least squares means for ’change in

body weight’ and relative organ weights of male mice in Experiment A.

Appendix III · Table I. Mean Squares and least squares means for the variable ’change in body
weight’ for Experiment A.

Source d.f. Mean Square Pr.> F
Cd 2 6.1464 0.3683
Pb 2 2.2927 0.6879

Cd"Pb 4 0.3918 0.9924
Error 154 6.1136

Least Squares Means

Std. Err.
Cd Pb LS Mean LS Mean
0 0 1.7300 0.5528
0 1 2.1473 0.5672
0 4 2.2842 0.5672
1 0 1.3111 0.5828
1 1 1.5889 0.5829
1 4 1.3176 0.5997
4 0 1.6000 0.5828
4 1 2.0353 0.5997
4 4 2.0118 0.5997

Appendix Ill · Table ll. Mean squares (x10·‘) and least squares means for the variable ’relative
liver weight’ for Experiment A. _

Source d.f. Mean Square _ Pr.> F
Cd 2 0.0703 0.8584
Pb 2 0.6177 0.2640

Cd"Pb 4 0.0621 0.9692 IError 151 0.4597 I
Least Squares Means

~Std. Err.
Cd Pb LS Mean LS Mean
0 0 0.0506 0.0016 I
0 1 0.0412 0.0016
0 4 0.0479 0.0016
1 0 0.0496 0.0016 I
1 1 0.0484 0.0016
1 4 0.0493 0.00164 0 0.0511 0.0016 I4 1 0.0488 0.0016
4 4 0.0489 0.0016
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Appendix lll · Table lll. Mean squares (x10·‘) and least squares means for the variable ’relative
kidney weight’ for Experiment A.

Source d.f. Mean Square Pr.> F
Cd 2 0.0329 0.2644
Pb 2 0.0157 0.5290

Cd*Pb 4 0.0182 0.5634
Error 156 0.0245

Least Squares Means

Std. Err.
Cd Pb LS Mean LS Mean
0 0 0.0117 0.0004
0 1 0.0121 0.0004
0 4 0.0119 0.0004
1 0 0.0118 0.0004
1 1 0.0121 0.0004
1 4 0.0127 0.0004
4 0 0.0118 0.0004
4 1 0.0119 0.0004
4 4 0.0116 0.0004

Appendix lll · Table lV. Mean squares (x10·‘) and least squares means for the variable ’rela-
tive seminal vesicle weight’ for Experiment A.

Source d.f. Mean Square Pr.> F
Cd 2 0.1567 0.4543
Pb 2 0.4429 0.1098

Cd*Pb 4 0.0861 0.7827
Error 153 0.1976

Least Squares Means

Std. Err.
Cd Pb LS Mean LS Mean
0 0 0.0127 0.0010
0 1 0.0147 0.0010
0 4 0.0150 0.0010
1 0 0.0144 0.0011
1 1 0.0143 0.0010
1 4 0.0165 0.0011
4 0 0.0135 0.0010
4 1 0.0142 0.0011
4 4 0.0146 0.0010
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Appendix Ill - Table V. Mean Squares (x10·‘), p·values, and least squares means for the vari-
able ’reIative testis weight’ for Experiment A.

Source d.f. Mean Square Pr.> F
Cd 1 0.1157 _ 0.0982 _
Pb 1 0.0136 0.7592

Cd*Pb 1 0.1065 0.0750
Error 156 0.0491

Least-Squares Means

Std. Err.
Pb Cd LS Mean LS Mean
0 0 0.0114 0.0005
0 1 0.0112 0.0005
0 4 0.0102 0.0005
1 0 0.0113 0.0005
1 1 0.0110 0.0005
1 4 0.0110 0.0005
4 0 0.0103 0.0005
4 1 0.0126 0.0005
4 4 0.0109 0.0005

Appendix lll · Table VI. Mean squares (x10·‘), p·values, and least squares means for the var-
iable ’re|ative epidydimis weight’ for Experiment A.

Source d.f. Mean Square Pr.> F
Cd 1 0.0023 0.6840

- Pb 1 0.0069 0.3249
Cd*Pb 1 0.0076 0.2919
Error 156 0.0060

Least-Squares Means

Std. Err. .
Pb Cd LS Mean LS Mean
0 0 010033 0.0002
0 1 0.0032 0.0002
0 4 0.0028 0.0002
1 0 0.0033 0.0002
1 1 0.0031 0.0002
1 4 0.0032 0.0002
4 0 0.0032 0.0002
4 1 0.0034 0.0002
4 4 0.0034 0.0002

I
Appendices 80 I

I



Appendix IV. Mean squares and least means for Iitter parameters

measured in Experiment A.

Appendix IV · Table I. Mean squares and least squares means for the variable ’# pups
born/litter’ for Experiment A.

Source d.f. Mean Square Pr.> F _
Cd 2 8.6377 0.0051
Pb 2 0.0388 0.9757

Cd*Pb 4 5.8635 0.0066
Error 146 1.5787

Least Squares Means

Std. Err.
Cd Pb LS Mean LS Mean
0 0 3.3333 0.3244
0 1 3.1579 0.2882
0 4 3.4583 1 0.2565
1 0 3.4762 0.2742
1 1 4.4444 0.2962
1 4 3.1500 0.2810
4 0 4.3333 _ 0.4188
4 1 3.7059 0.3047
4 4 4.5833 0.3627

Appendix IV - Table ll. Mean squares and least squares means for the variable ’average birth
wt. of pups' for Experiment A. ·

Source d.f. Mean Square Pr.> F
Cd 2 0.0970 0.2813
Pb 2 1 0.0977 0.2788

Cd"Pb 4 0.0555 0.5710
Error 132 0.0758

Least Squares Means
1‘ 1

Std. Err.
Cd Pb LS Mean LS Mean.
0 0 1.8692 0.0795
0 1 1.9541 0.0667
0 4 1.9704 0.0562
1 0 1.9048 0.0649
1 1 1.8732 0.0649
1 4 1.9970 0.0631
4 0 1.7519 0.0917
4 1 1.9274 0.0688
4 4 1.8433 0.0830
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Appendix IV - Table Ill. Mean squares and least squares means for the variable ’average .
weanling wt.’ for Experiment A.

I
Source d.f. Mean Square Pr.> F

Cd 2 0.5386 0.8038
Pb 2 1.4809 0.5503

Cd"Pb 4 4.0562 0.1716
Error 69 2.4582Least

Squares Means 1

Std. Err.
Cd Pb LS Mean LS Mean
0 0 10.2767 0.6401
0 1 9.0955 0.4727
0 4 8.8687 0.3920
1 0 8.5130 0.5226
1 1 9.3062 0.5543
1 4 9.5679 0.5543
4 0 9.8214 0.6401
4 1 9.3460 0.5226
4 4 8.6050 0.7012

Appendix IV · Table IV. Mean squares and least squares means for the variable ’viability’ for
Experiment A.

Source d.f. Mean Square Pr.> F
Cd 2 0.2637 0.2893
Pb 2 0.4177 0.1417

Cd*Pb 4 0.0187 0.9858
Error 130 0.2105

Least Squares Means 1

Std. Err.
Cd Pb LS Mean LS Mean
0 0 0.3782 0.1273
0 1 0.6344 0.1185
0 4 0.6008 0.0978 ’
1 0 0.3175 0.1001
1 1 0.4706 0.1113
1 4 0.4222 0.1081
4 0 0.3125 0.1622
4 1 0.4956 0.1185
4 4 0.4321 0.1451
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BAppendix V. Mean squares and least squares means for ’change in

bodyweight’and relative organ weights of male mice in Experiment B.
BB

Appendix V - Table I. Mean squares and least squares means for the variable ’change in body
weight’ for Experiment B.

Source d.f. Mean Square Pr.> FB
Cd 1 0.2444 0.8376
Pb 1 0.0744 0.9099

Cd'Pb 1 0.2750 0.8279
Error 48 5.7560

Least-Squares Means
B

Std. Err.
Cd Pb LS Mean LS Mean
0 0 -0.6385 0.6654
0 10 -0.7083 0.6926
10 0 -0.9214 0.6412
10 10 -0.700 0.6654

Appendix V - Table ll. Mean squares and least squares means (x10·‘) for the variable ’relative
liver weight’ for Experiment B.

Source d.f. Mean Square Pr.> F
Cd 1 0.0193 0.8256
Pb 1 0.6696 0.1981

Cd"Pb 1 0.0074 0.8917
Error 48 0.3930

Least—Squares Means

Std. Err.
Cd Pb LS Mean LS Mean
0 0 0.0471 0.0017
0 10 0.0451 0.0018

10 0 0.0477 0.0017 B10 10 0.0452 0.0017 ,
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Appendix V · Table lll. Mean squares (x10·‘) and least squares means for the variable ’relative I
kidney weight’ for Experiment B. I

ISource d.f. Mean Square Pr.> F
ICd 1 0.0013 0.7668 I

Pb 1 0.1758 0.0011 1Cd’Pb 1 0.0243 0.2011 1Error 48 0.0145
I
ILeast-Squares MeansStd.

Err. I
Cd Pb LS Mean LS Mean
0 0 0.0125 0.0003
0 10 0.0109 0.0003

10 0 0.0119 0.0003
10 10 0.0112 0.0003

Appendix V - Table IV. Mean squares (x10·‘), p-values, and least squares means for the vari-
able ’relative seminal vesicle weight’ for Experiment B.

Source d.f. Mean Square Pr.> F
Cd 1 0.165 0.5040
Pb 1 0.008 0.8824

· Cd"Pb 1 0.018 0.8229
Error 48 0.3637

Least·Squares Means 1
Std. Err.

Cd Pb LS Mean LS Mean
0 0 0.0150 0.00170 10 0.0151 0.0017 110 0 0.0143 0.0016

10 10 0.0136 0.0017 I
I
I

I
I
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i
I Appendix V - Table V. Mean squares (x10·‘), p·values, and least squares means for the vari-

able ’relative testis weight’ for Experiment B.

Source d.f. Mean Square Pr.> F
Cd 1 0.1205 0.0638
Pb 1 0.0030 0.7645

Cd'Pb 1 0.0000 0.9783
Error 48 0.0335

Least·Squares Means

Std. Err.
I Cd Pb LS Mean LS Mean _

0 0 0.0100 0.0005
0 10 0.0101 0.0005

10 0 0.0109 0.0005
10 10 0.0111 0.0005

Appendix V - Table Vl. Mean squares (x10·‘), p·vaIues and least squares means for the vari-
able ’reIative epidydimis weight’ for Experiment B.

Source d.f. Mean Square Pr.> F
Cd 1 0.0143 0.0332
Pb 1 0.0000 0.9759

Cd'Pb 1 0.0038 ° 0.2637 ·Error 48 0.0030

Least·Squares Means

Std. Err.
Cd Pb LS Mean LS Mean
0 0 0.0027 0.0002
0 10 0.0028 0.0002

10 0 0.0032 0.0001
10 10 0.0002 0.0002
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Appendix VI. Mean squares and least squares means for spermatozoan

counts from Experiment B.

· Appendix VI - Table I. Mean squares (x 10°), p-values, and least squares means for the vari-
able ’#

sperm/mg testis’ for Experiment B.
4

Source d.f. Mean Square Pr.> F
Cd 1 4846 0.1212
Pb 1 13257 0.0121

Cd*Pb 1 4643 0.1219
Error 48 1947

Least·Squares Means

» Std. Err.
Cd Pb LS Mean LS Mean
0 0 238125 11792
0 10 187045 13303

10 0 199732 11792
10 10 186634 12237

Appendix Vl · Table II. Mean Squares (x10‘°), p·vaIues, and least squares means (x 10‘)for the
variable ’# sperm/ testis’ for Experiment B.

Source d.f. Mean Square Pr.> F
Cd 1 21661 0.3517
Pb 1 34587 0.2406

Cd*Pb 1 18289 0.3918
Error 48 24495

Least-Squares Means

Std. Err.
Cd Pb LS Mean LS Mean
0 0 4987 418 I0 10 4091 418 I10 0 5020 418 I10 10 4879 434 {

I1
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Appendix VI - Table Ill. Mean squares (x10°) and least squares means for the variable ’#
sperm/mg epidydimis’ for Experiment B. -

Source d.f. Mean Square Pr.> F
Cd 1 168268 0.6463
Pb 1 712640 0.3466Cd°Pb 1 310589 0.5333

Error 48 788781

Least-Squares Means ‘

Std. Err.Cd Pb LS Mean LS Mean
0 0 2372321 237364
0 10 2452273 267782

10 0 2102679 237364
10 10 2493269 246324

Appendix VI - Table IV. Mean squares (x10‘°), p·vaIues, and least squares means (x10") for the
variable ’average # sperm/epidydimis’ for Experiment B.

Source d.f. Mean Square Pr.> F
Cd 1 75324 0.4523
Pb 1 69531 0.4701

Cd*Pb 1 2699 0.8865
Error 48 131158

Least-Squares Means

Std. Err.
Cd Pb LS Mean LS Mean
0 0 7032 966
0 10 7622 1091

10 0 . 7652 968
10 10 8532 1004
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Appendix VII. Mean squares and least squares means for litter variables

measured in the P1 generation of Experiment B.

Appendix VII - Table I. Mean squares and least squares means for the variable ’# pups
U

born/litter’ for Iitters born to the P1 generation in Experiment B.

Source d.f. Mean Square Pr.> F
Cd 1 0.0647 0.8253
Pb 1 0.1657 0.7239

Cd'Pb 1 1.7453 0.2540
Error 61 1.3159

Least·Squares Means

Std. Err.
Cd Pb LS Mean LS Mean
0 0 3.9474 0.2632
0 10 4.2000 0.2962

10 0 4.3333 0.2704
10 10 3.9231 0.3182

Appendix Vll · Table Il. Mean squares and least squares means for the variable ’viability (#
pups born/# weaned)’ for Iitters born to the P1 generation in Experiment B.

Source d.f. Mean Square Pr.> F
Cd 1 0.3583 0.1327
Pb 1 0.0254 0.6851

Cd*Pb 1 0.0000 0.9999
Error 42 0.1524

Least·Squares Means

Std. Err.
Cd Pb LS Mean LS Mean
0 0 0.8931 0.1127
0 10 0.8455 0.1177

10 0 0.7143 0.1043
10 10 0.6667 0.1301
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Appendix VII · Table Ill. Mean squares and least squares means for 'average birth weight of I
pups’ for litters by the P1 generation in Experiment B. I

Source d.f. Mean Square Pr.> F
Cd 1 0.0755 0.3639
Pb 1 0.0092 0.7508

Cd*Pb 1 0.1720 0.1727
Error 53 0.0900

Least-Squares Means
° Std. Err.

Cd Pb LS Mean LS Mean
0 0 2.0560 0.0750
0 10 1.8775 0.0802

10 0 1.9338 0.0750
10 10 1.9776 0.0905

Appendix VII - Table IV. Mean squares and least squares means for the variable ’average
weanling weight’ for litters born to the the P1 generation in Experiment B.

Source d.f. Mean Square Pr.> F
Cd— 1 14.8676 0.0147
Pb 1 1.2708 0.4562

Cd'Pb 1 3.1661 0.2426
Error 32 2.2340

Least-Squares Means

Std. Err.
Cd Pb LS Mean LS Mean

0 0 9.9660 0.4726
0 10 10.1892 0.4982

10 0 9.2552 0.4507
10 10 8.2603 0.6102

. I

I

I
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Appendix VIII. Mean squares and least squares means for Iitter variables
measured in the F1 generation of Experiment B.

Appendix VIII · Table I. Mean squares and least squares means for the variable ’# pupsborn/litter’ for litters born to the F1 generation in Experiment B.

l
Source d.f. Mean Square Pr.> F

Cd 1 1.0141 0.3630 ·' Pb 1 2.4953 0.1551V Cd*Pb 1 1.3498 0.2944Error 83 1.2122

Least-Squares Means

Std. Err.Cd Pb LS Mean LS Mean
0 0 3.3810 0.24030 10 4.0370 0.211910 0 3.9000 0.201010 10 4.0000 0.3670

Appendix VIII - Table Il. Mean squares and least squares means for the variable ’viability (#pups born/# weaned)’ for litters born to the F1 generation in Experiment B.

Source d.f. Mean Square Pr.> F
Cd 1 0.0651 0.5553Pb 1 0.0587 0.5754

Cd'Pb 1 0.2062 0.2949Error 83 0.1857

- Least—Squares Means
U

Std. Err.Cd Pb LS Mean LS Mean
0 0 ‘ 0.7143 0.09400 10 0.6636 0.082910 0 0.6667 0.078710 10 0.8333 0.1436

P
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Appendix VIII - Table lll. Mean squares and least squares means for the variable 'average
weanling weight' for litters born to the the F1 generation in Experiment B.

Source d.f. Mean Square Pr.> F
Cd 1 1.2483 0.5086
Pb 1 0.8126 0.4775

Cd'Pb 1 3.6300 0.1362
Error 59 1.5902

Least·Squares Means

Std. Err.
Cd Pb LS Mean LS Mean
0 0 9.7251 0.3370
0 10 9.9919 0.2820

10 0 10.4544 0.2820
10 10 9.7084 0.4203
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Appendix IX. Mean squares and least squares means for litter variables

}

measured in the P1 generation of Experiment B.

r Appendix IX - Table I. Mean squares and least squares means for the variable ’# pups
born/litter’ for litters born to the F2 generation in Experiment B.

q Source d.f. Mean Square Pr.> F
V Cd 1 4.2680 0.1051

Pb 1 10.0197 0.0143
Cd'Pb 1 6.5393 0.0460
Error 64 1.5796

Least-Squares Means

Std. Err.Cd Pb LS Mean LS Mean
0 0 3.5294 0.3048
0 10 3.7391 0.2621

10 0 3.3600 0.2514
10 10 5.3333 0.7256

Appendix IX · Table ll. Mean squares and least squares means for the variable ’viability (#
pups born/# weaned)’ for litters born to the F2 generation in Experiment B.

Source d.f. Mean Square Pr.> F
Cd 1 0.0018 0.9063
Pb 1 0.0018 0.9063

Cd'Pb 1 0.5216 0.0469
Error 42 0.1524

Least-Squares Means

Std. Err.
Cd Pb LS Mean LS Mean

0 0 1.0000 0.0917
0 10 0.7593 0.0837

10 0 0.7295 0.0757
10 10 1.0000 0.2050
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Appendix X. Mean squares and least squares means for organ lead .content from male mice in Experiment B.
¥

Appendix X · Table I. Mean squares and least squares means for the variable ’kidney lead
l

content pg/g' for mice from the P1 generation of Experiment B.

Source d.f. Mean Square Pr.> F
Cd 1 3.5367 0.4932
Pb 1 390.3978 0.0001

Cd*Pb 1 516.9924 0.0001
Error 47 8.4314

Least Squares Means

Std. Err.
Cd Pb LS Mean LS Mean
0 0 0.5499 0.5262
0 10 8.9112 0.5581

10 0 5.3936 0.5077
10 10 4.8076 0.5581

Appendix X · Table ll. Mean squares and least squares means for the variable ’Iiver lead
content ug/g' for mice from the P1 generation of Experiment B.

Source d.f. Mean Square Pr.> F
Cd 1 0.0042 0.9427 ~
Pb 1 0.2391 0.5889

Cd'Pb 1 0.0092 0.9157
Error 46 0.6337

' Least Squares Means '

Std. Err.
Cd Pb LS Mean LS Mean
0 0 2.4907 0.1769
0 10 2.4124 0.1804
0 10 2.5227 0.1769

10 10 2.4063 0.1841

I
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Appendix X · Table lll. Mean squares and least squares means for the variable ’carcass lead
Icontent pg/g dry wt.’ for Experiment B.
I

Source d.f. Mean Square Pr.> F
Cd 1 2.9590 0.3564„ Pb 1 92.1025 ‘ 0.0001

Cd*Pb 1 4.6118 0.2501
Error 46 5.6293

I
Least Squares Means

Std. Err.
Cd Pb LS Mean LS Mean

0 0 5.8057 0.3712
0 10 7.2833 0.3712

10 0 5.7209 0.3508
10 10 8.0505 0.3789

I
I

I
I
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l
. . . . iAppendux XI. Number of Iitters cannabuhzed by each treatment

groupduringthe course of the study for Experiment A and Experiment B.

I
Number of Number of Number ofTreatment Litters Not Litters LittersGroup Cannibalized Partially Totally

Cannibalized Cannibalized

0Cd0Pb 3 4 9
0Cd1Pb 7 6 6
0Cd4Pb 11 5 8
1Cd0Pb _ 4 3 14
1Cd1Pb 7 1 10
1Cd4Pb 6 3 11
4Cd0Pb 0 6 3
4Cd1Pb 7 4 3
4Cd4Pb 4 3 5

Experiment B

I0Cd0Pb 19 0 1
0Cd10Pb 11 1 3
10Cd0Pb 14 1 3
10Cd10Pb 11 0 2
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Appendix XII. Median lead content (ug/g dry weight) of small mammals I
I

trapped in three orchards in Botetourt County, VA, during the summer IIof 1986. I
, Orchard

Kinzie Kinzie Ikenberry

I Treated Control Treated
Species N Pb N Pb N Pb

B. brevicauda 18 10.02 19 3.89 0 -·
C. parva 0 ·· 0 - 1 10.45M. muscu/us 1 16.14 7 5.77 4 11.22
M. pennsylvanicus 0 ·- 6 5.77 0 —P. leucopus 1 8.39 2 6.10 2 4.29 ‘
M. pinetorum 9 25.09 0 ·- 0 ·-
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Appendix XIII. Parameters for heavy metal analysis using a 350

Perkin-Eimer atomic absorption spectrophotometer with Fisher Iamps.

i Element ,I(nm) slit width mA

Pb 283.3 0.7 8
Cd 232.8 0.7 4
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