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This research compares LC50 and LD50 of earthworms,

Lumbricus terrestris and Eisenia foetida exposed to cadmium

nitrate and chlordane using 48-h contact filter paper (FP)

and 14-d artificial soil (AS) protocols. Both LC50 and LD50

showed that chlordane was more toxic than cadmium in both

species regardless of the exposure. The reference toxicant

2-chloroacetamide using the standardized 48-h FP exposure

was used to assess the general response of the earthworm

prior to toxicity experiments.

A glucose test was developed as an internal standard to

assess homogeneity of mixtures among both replicates and

dilutions. Accuracy of dilutions is assessed by the slope

of a regression line relating nominal dilution to observed

internal standard concentration. Precision of replicate

preparation is assessed by among replicate variance.
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CHAPTER I

INTRODUCTION

Increasing use of land for the treatment and disposal

of industrial and municipal wastes, and recognition of the

extent to which hazardous waste sites (HWS). Threaten

environmental and public health, have demanded more

information concerning potential risks from contaminants in

soil ecosystems. Earthworms, often used to assess effects

of terrestrial pollutants [1], have characteristics that

qualify them as suitable soil animals for use as key

bioindicators to assess effects of terrestrial chemical

pollution: (1) They are important in formation and

maintenance of soil structure and fertility [2,3]. (2) They

are economically available from biological supply houses,

fish-bait stores, and the wild. (3) Nutritional and physical

requirements for earthworm maintenance are inexpensive and

readily achieved in the laboratory. (4) They may be tested

in large numbers due to the small volume of test medium

required. 'Use of relatively large numbers of worms enables

statistical analysis of toxic effects and minimizes

differences in results due to individual variation. (5) Some

species are known to be very sensitive to chemicals [4,5].

(6) As invertebrates, earthworms are non-controversial

I
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socially research organisms. Therefore, the importance of

earthworms in terrestrial ecosystems, coupled with their

suitability for laboratory research and demonstrated

sensitivity to numerous chemicals, enhance their potential

for realistic assessment of chemical toxicity to soil fauna

[6].

Information on chemical toxicity and metabolism in

earthworms is available for a number of species including,

Lumbricus terrestris and Eisenia foetida [1,3,7,8]. L.

terrestris is more suitable for ecological work because of

behavior and trophic role within terrestrial ecosystems.

However, the manure worm, E. foetida, was chosen by the

European Community (EC) [22], Organization for Economic

Cooperation and Development (OECD) [32], the Food and

Agricultural Organization of the United Nations (FAO), and

US Environmental Protection Agency (EPA) [10] for toxicity

protocols: (1) 48-h filter paper contact (FP) [10,24]; and

14-d artificial soil (AS) tests [10,22]. E. foetida was

selected for the protocols for a number a reasons: (1) Large

numbers can be cultured easily in a wide range of organic

wastes [30]; (2) considerable information has accumulated on

its growth 112], reproduction [31], physical requirements

[29], use in waste management systems [12] and response to

metals [4,5]1; and (3) it has a short life cycle, reaching

maturity in 7 to 8 wk at 15-200 C.

There is on-going research at the University of North

Texas to develop a model system of sublethal bioassays,
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using E. foetida and L. terrestris, for FP contact, AS and

in situ protocols for evaluating environmental and public

health risks from environmental pollutants, and for

understanding mechanisms of toxicity. Development of the

toxicity model requires comparison of relative toxic

responses of both species within and between exposure

protocols using major classes of chemicals. Only limited

lethal toxicity (LC50) data compare E. foetida and L.

terrestris [9,10] or compare FP with AS protocols

[10,22,24]. None of the studies compared species or

exposure protocols on the basis of actual body burdens of

the chemicals which earthworms were exposed (i.e. LC50).

Therefore, I undertook the present study to compare the

relative toxic responses of E. foetida and L. terrestris in

terms of both LC50s and LD50s, using both FP and AS exposure

protocols. My specific objectives were to determine the

comparative efficacy of the two exposure protocols and the

sensitivities of the two species using LC50 and LD50

endpoints. Because latter is based on actual tissue

residues, it should provide for more meaningful comparison

of chemical sensitivity and delivery effectiveness (i.e.

uptake). Another objective was to develop an internal

standard to determine the homogeneity of AS toxicant

mixtures among both replicates and dilutions. Toxicity data

using AS exposure often exhibit variability obtained from

non-uniform distribution of toxicants.

I selected the heavy metal cadmium (in the form of
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cadmium nitrate, CdNQ3 ), and chlordane (a chlorinated

organic pesticide) because they are known toxicants and

important environmental contaminants, and represent

chemicals with different solubilities and modes of toxicity.

Cadmium (Cd) ranks close to lead and mercury as a metal of

current toxicologic concern [14]. It occurs in naturally in

association with zinc and lead. Electroplated Cd items are

used in automobile engine parts, aircraft parts, radio and

television parts, and nuts and bolts. Cadmium is used in

reactors to control the rate of a nuclear fission and as

reactor poisons [15]. Another large and growing use of Cd

is in Ni-Cd batteries.

In recent years there has been increasing awareness of

the danger to human health, to the survival of wildlife and

the general contamination of soils and to plants that

results form environmental pollution with heavy metals. The

term "heavy metal", as widely used in this context, is

imprecise. It includes principally the more common members

of the d-block transition series and the sub-group metals of

the periodic table of elements; these elements have a

biological function or are toxic to some organisms [16].

The most important as environmental pollutants are lead,

cadmium, mercury, zinc, copper, and bismuth. Andersen and

Larsen [17] found that Cd is particularly concentrated in

chloragen cells in L. terrestris, where it is bound in the

form of Cd-metallothioneins with small amounts deposited in

the waste nodules.
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Technical chlordane used in this research contains

chlordane isomers (approximately 60%) together with

heptachlor (4 to 6%), and a variety of side-reaction

products containing from six to nine chorines [18]. The

major chlordane isomers are designated as cis- and trans-

chlordane respectively; they occur in the ratio of

approximately one to one [18]. Chlordane has been used as

an agricultural and home insecticide for the control of

cutworms, ants, root weevils, rose beetles, grasshoppers,

grubs, and is most effective in killing termites; a single

application provides termite protection for more than 26 y

[20]. Chlordane and heptachlor are very toxic to many

invertebrates, and specially detrimental to pollinating

species [21]. Earthworm species differ little in

susceptibility to pesticides but some are more at risk

because of their habitats. L. terrestris is exposed to

pesticide residues because of its activity on the soil

surface where residues from foliar sprays are concentrated

and because it pulls contaminated leaves and straw into

burrows and consumes them. There is evidence that

pesticides in ingested soils may be transported through the

soil profile. Earthworm populations generally are not

greatly at risk from pesticides except in orchards which are

regularly treated with a wide range of toxic chemicals [21].



CHAPTER II

MATERIALS AND METHODS

Source and Maintenance of Earthworms

Earthworms were purchased from Carolina Biological

Supply (Burlington,N.C.). L. terrestris were maintained in

media of peat moss reconstituted with water within plastic

containers (70 x 40 x 15 cm) and kept in continuous darkness

at 100 C in environmental chambers. E. foetida were

maintained in cow manure reconstituted with water and kept

in the darkness at 20* C in environmental chambers.

Earthworms were acclimated for a 1 wk period prior to

experimentation. Commercial dry powdered baby food layered

on the surface proved to be an excellent feeding method for

L. terrestris, while rabbit pellets were used for E.

foetida. Worms were checked daily, and supplemented with

food if required. Fresh moistened peat moss and cow manure

were prepared upon arrival of every new batch of worms.

Unhealthy individuals were discarded immediately. Usually,

all worms were used in experiments within 3-4 wk after

arrival. Sexually mature adults with well-developed

clitella and masses of 2 to 6 g were used for L. terrestris

and masses of 0.2 to 0.5 g for E. foetida.

6
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Quality Assurance (QA) objectives of my research were:

(1) To ensure precision and accuracy for analytical

parameters (e.g. actual tissue response relationships), for

the chemical tested; and (2) maintain bioassay organisms in

a healthy state to ensure that only the toxicant being

applied produced the observed effects. These objectives

were accomplished by the use of established analytical

procedures and laboratory techniques as well as the use of

appropriate controls, precision and accuracy of response to

chemicals and the standard reference toxicant 2-

chloroacetamide [22]. This reference test is recommended by

EPA [24] as a part of the earthworm toxicity protocol.

Based on past experience [4,22] toxic responses to chemicals

should not vary more than 30%.

Testing Procedure

The standard procedure was the 14-d AS test described

in the Earthworm Toxicity Test Guideline adapted from

Edwards [26] and Greene [33]. For the FP, 48-h were used

for E. foetida and 120-h for L. terrestris. Previous work

with L. terrestris showed that more reliable and repeatable

results where obtained with a 120-h exposure [4,5].

Range Finding Tests

Range finding tests (e.g. preliminary tests) were

conducted to determine the approximate LC50 (the

concentration of material to which test organisms were

exposed and were lethal to 50% ) for each chemical. A

single replicate of one container with 10 worms for five
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concentrations was used to bracket the LC50. For FP test a

single replicate of five containers with one worm in each

container was used.

Definitive Testing

Once the LC50 was bracketed by preliminary testing, the

range of test concentrations was distributed to include one

that produced no mortality, and two above and two below the

expected LC50. Precision and accuracy of response to

chemicals were established by evaluating the biological

response to both the chemicals being tested and the

reference toxicant 2-chloroacetamide. The reference test is

recommended by EPA [22,24] before all definitive tests to

ensure the health of the worms.

Artificial Soil Test

The AS test exposed earthworms to chemicals in a manner

much more relevant to a natural field exposure. It selects

out those chemicals not only toxic but, also those not

strongly absorbed by the media and likely to be hazardous in

field conditions.

Definitive Test

Based on results of the range finding test, five

concentrations were selected as a definitive exposure range

for both species: 100, 50, 25, 12.5 and 6.25 ppm for

chlordane and 200, 100, 50, 25 and 12.5 ppm for Cd. Ten

worms were used for each concentration and control group.

Each replicate jar (84.9 ml) contained 10 worms. Results of

this test were used to calculate a 14-d LC50 and the LD50
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values after tissue analysis.

For each concentration tested, enough AS was prepared

for three replicates of 400 g each with the proper amount of

chemical toxicant. The AS was prepared as follows [22,24]:

(all ingredients by dry weight) (1) 10% Canadian sphagnum

moss; (2) 20% kaolinite clay; (3) 69% industrial quartz

sand; and (4) about 1-2% calcium carbonate (to bring pH to

approximately 6.5 0.5%).

The moisture level was brought to 35% by weight. This

is in addition to the dry weight of the soil, so that 100 g

of AS would have 35 ml of water for a total weight of 135 g.

Using the above recipe, ingredients were mixed in the

following order: (1) Sand and clay mixed by hand for 5-10

min.; (2) moss added, and mixed for another 5 min.; and (3)

calcium carbonate added to the water required to bring the

moisture level to 35%, which is then mixed with the AS.

The material was then divided into three nearly

equivalent quantities. Each of these represented one

replicate for exposing earthworms at the same cadmium

nitrate or chlordane concentration. A 10 g sample was

removed from one of the three replicates at each

concentration for pH measurement at the start of the test,

but before the worms were added.

Filter Paper Contact Test

The filter paper contact test involved applying

appropiate number of drops of Cd or chlordane were applied

to a standard filter paper. The main challenge was to
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obtain an even and adequate deposit of Cd or chlordane on

the surface of the filter paper. This was achieved by

dissolving the Cd in water, or chlordane in acetone and

pippeting a known concentration on to filter paper and

evaporating the solvent.

In the contact test [22,24], Cd was mixed with

distilled water to produce dilutions of the original sample

and chlordane was mixed with acetone. Glass vials (84.9 ml)

lined with 12 x 7 cm of Whatman No. 1 filter paper were used

to prepare dilutions [24]. For definitive tests, at least

five concentrations were evaluated, with 10 or more

replicates included for each concentration tested.

Controls, which included vials that contained everything

except the test eluate, were included in each series of

experiments. One adult E. foetida (300-500 mg) was added

per vial, and vials were kept on their side at 20* C, in a

darkened incubator. After 120 h, earthworm survival was

determined. For L. terrestris, one adult worm (3-4 g) was

added per vial and vials were kept in a dark incubator at

10* C. Earthworms were considered dead if they did not

respond to a gentle stimulus when touched. The number of

dead worms was related to the percent concentration of the

eluate to which the worms were exposed.

Definitive Test

Based on results of the range finding test, five

nominal concentrations were selected for the definitive

exposure: 12.5, 6.25, 3.125, 1.56 and 0.78 pg/cm Cd for L.
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terrestris and 60, 30, 15, 7.5 and 3.75 ug/cm Cd for E.

foetida; 9, 7, 5, 3 and 1 pg/cm chlordane for L. terrestris

and 1, 0.75, 0.50, 0.25 and 0.125 pg/cm chlordane for E.

foetida. Twelve worms were used for each concentration and

control.

Internal Glucose Standard

The purpose of this test was to provide an estimate of

the homogenicity of the replicates among dilutions after

adding a known amount of glucose to the soil. Samples were

taken from each replicate, then prepared to read their

optical density (OD).

The Sigma procedure was used to estimate the amount of

glucose present and developed by Raabo and Terkindsen [26],

with a minor change in the quantity of chromogen to increase

the sensitivity. The soil with glucose was added to a

mixture containing glucose oxidase, peroxidase, and o-

dianisidine. The reaction was allowed to proceed to

completion, approximately 30 min at 370 C. The final color

intensity was proportional to the glucose concentration.

Reagents

(1) PGO Enzymes- Each capsule when prepared contained

500 units of glucose oxidase (Aspergillus niger), 100

Purporagalin units of peroxide (horseradish) and buffer

salts. Enzyme solution was prepared by adding the contents

of one capsule to 100 ml distilled water in an amber bottle

(100 ml). The bottle was inverted several times with gentle

shaking to dissolve the contents, and refrigerated (2-6* C).
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The refrigerated solution was stable up to 1 mo unless

turbidity developed and for at least 6 mon, if frozen (-20*

C).

(2) O-Dianisidinedihydrochloride- Pre weighed vial

containing 50 mg o-dianisidinedihydrochloride. The color

reagent solution was prepared by reconstituting the vial

with 20 ml of water, and it is stable for 3 mo in

refrigerator (2-6* C). Combined Enzyme and Color Reagent

Solution was prepared by combining 100 ml of enzyme

solution, and 1.6 ml of color reagent solution. The

solution was mixed by inverting several times or by mild

shaking. This solution was stable up to 1 mo refrigerated

(2-6* C) unless turbity or color formed.

Reproducibility of the glucose assay was tested as

follows: (1) Three standard solutions of 100 mg of AS and

100 ml of distilled water was prepared, (2) A 1:10 dilution

(10 ml glucose standard + 90 ml of supernatant) was made,

(3) Three to five assays (0.5 ml) of the dilutions standards

were run. This gave a level of 50 mg of glucose per assay.

Standard Curve- Instead of preparing individual

dilutions, these were started from higher to lower

concentrations. For this experiment five test tubes were

used one for each concentration (500, 250, 125, 62.5 and

31.25 ptg of glucose). Into each tube 1 ml of the

supernatant was added. To prepare the supernatant one equal

part of the AS and one equal part of distilled water were

taken. Then, centrifuged three or four times or until the
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solution was clear. In the first tube 1 ml of supernatant

was added and mixed with 1 ml of glucose standard and shaked

very well, this gave a concentration of 500 pg of glucose.

From the first tube (500 jg), 1 ml of solution was taken to

the second tube (250 yig) and shaked very well. Then, the

above steps were repeated for the remaining tubes. All

procedures described above were to ensure the quality of the

glucose standard.

Definitive Procedure

Three replicates were used for each concentration in

the soil test procedure. Five concentrations were used for

18 replicates, including controls.

First, calculations were needed to determine the amount

of AS and glucose used. For example, a 100% dilution

consist of three replicates of g each. To the g of

contaminated soil 5% of glucose was added to the soil. For

a 50% dilution, mix g of clean soil and 600g of contaminated

soil with 5% of glucose already added. Use the same

procedure to produce all the dilutions. To the contaminated

soil, the toxicant and glucose were added. The amount of

glucose used in this experiment was 5% of the total weight.

After the calculations were made, the dilutions were

prepared. For a 100% concentration three replicates of 400

g were used. For 50% concentration, 200 g of clean soil

plus 200 g of contaminated soil (with glucose). These steps

were repeated until all the dilutions were mixed. After all

the dilutions were prepared, three samples of each replicate
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were taken. One sample from the top, one sample from the

middle and one sample from the bottom. The OD was read

using a photoelectric calorimeter transmitting light at 250

nm. Using this method homogeneity was compared between

replicates.

After OD readings were taken, the homogeneity was

compared between replicates. This was achieved by comparing

the OD between the three samples of one replicate, and then

these were compared against the other two replicates. Then,

one set of replicates (i.e. 6.25 vs 12.5) was compared with

against the others.



CHAPTER III

RESULTS

Reference Toxicant Test

Since different exposure times (48 vs 120 h) were used,

direct comparison of LC50s for the reference toxicant 2-

chloroacetamide (Table 1; Fig. 1 & 2) between E. foetida and

L. terrestris is not appropriate. However, L. terrestris

exhibited greater variability in LC50 than E. foetida. The

average of the 95% confidence intervals (CI= UL-LL) divided

by the overall x LC50 for L. terrestris is nearly 2.5 times

higher than for E. foetida (CI/x = 0.57 vs 0.23). However,

overall responses were consistent for both species over

time. Since tissues were not analyzed for the reference

toxicant, LD50s were not determined.

Glucose Internal Standard

Glucose was added to an initial artificial soil (AS)

mixture (designated as 100% original AS) to serve as an

easily-quantified internal standard to monitor accuracy and

precision of dilutions. Results of regression analysis of

the observed optical density (OD) readings, used to estimate

glucose concentration, as a function of the nominal

percentage of original AS are represented in Figure 3. All

15
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Table 1. Comparison of LC50s earthworms, Eisenia foetida and
Lumbricus terrestris, exposed on filter paper to the
reference toxicant 2-chloroacetamide for 48 and 120 h,
respectively.

L. terrestrisa E. foetidaa

TEST DATE 120-h LC5Ob TEST DATE 48-hLC50b

05/05/89 11.0 04/08/89 1.8
(8.4-14.5) (1.5-2.0)

06/28/89 6.5 06/17/89 2.0
(4.6-8.8) (1.8-2.2)

07/14/89 8.8 09/01/89 2.1
(6.7-11.7) (1.9-2.3)

09/02/89 8.8 09/01/89 2.0
(6.7-11.7) (1.8-2.3)

Overall x 9.6 Overall X 2.0

95%CI R LIC50 0.6 95%CI R LC50 0.2

a N=72; nominal exposure concentration jpg/cm2 .

b Values in parenthesis are probit estimates of
conf idence limits .

95%
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Figure 1 Comparison of 120-h LC50s (Horizontal lines;

Vertical lines= 95% CI) among different groups of earthworms

LTumbricus terrestris exposed on filter paper to the

reference toxicant 2- chloroacetamide.
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Figure 2 Comparison of 48-h LC50s (Horizontal lines;

Vertical lines 95% CI) among different groups of earthworms

Eisenia foetida exposed on filter paper reference toxicant

2-chloroacetamide .
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OD measurements were normalized by expression as a

percentage of the mean OD reading for the original glucose-

spiked AS. If subsequent dilutions of the original soil

were completely accurate, mean OD readings for each dilution

should decrease in linear proportion to nominal dilution

percentage and the regression line should pass through the

origin. Therefore, accuracy of dilutions is indicated by

the degree to which the regression slope approaches 1.0 and

the y intercept approaches 0. The slope (0.99) and

intercept (-.09) indicate that average dilutions were

accurate (Fig. 3).

Precision of replicate preparation at each dilution is

indicated by the between-replicate variability seen in OD

measurements at a given nominal dilution. The mean

estimated OD for each dilution is the corresponding

predicted OD (Y) and the variability of this estimate is

measured as the standard deviation (sd) of ? or 95%

confidence limits as shown in Figure 3.

Precision of replicate preparations was normalized on a

dilution-specific basis by expressing the sd of Y as a

percentage of Y (s/I x 100). Percent variation of t as a

function of the percentage of original AS is shown in Figure

4. Percent variation of replicate preparation increases

exponentially with increased dilution (i.e. decreasing

percentage of original (AS).
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Figure 3 Accuracy and precision of the glucose internal

standard. Accuracy is indicated by how close the regression

slope (b) approaches unity (1) ( Precision of replicates is

indicated by the 95% confidence intervals of estimated y

intercept values t").
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Figure 4 Relation of among replicate precision of the

glucose internal standard to percent of original artificial

soil (AS). Percent variation around Y-intercept estimates

(t) increases with dilution of original AS.
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Table 2. Comparison of LC50 and LD50 (probit
estimates) for earthworm Lubricus terrestris and Eisenia
foetida exposed to CdNO3 for 14 d in artificial soil (AS)
and 5 d on filter paper (FP).

Result s L. terrestris E. foetida

ASa FPb AS FP

LC50 256.1 4.9 373.5 10.2
(139.9-414.1) (3.6-6.9) (317.2-444.1) (6.8-15.1)

LD50c 144.7 110.1 298.4 272.9
(127.0-164.0) (86.2-147.3) (212.5-419.0) (88.4-655.7)

LD50d 28.0 17.9 39.5 16.5
(25.9-30.4) (13.8-24.2) (35.9-44.2) (12.1-45.4)

a N=150; nominal exposure concentrations ppm.

b N=72; nominal exposure concentrations pg/cm2 ,

C Cadmium tissue concentration ppm dry mass.

d Cadmium tissue concentration ppm wet mass.
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Figure 5 5-d LC50s (probit estimates) for earthworm

Eisenia foetida and Lumbricus terrestris exposed to CdNO3 on

filter paper. Vertical lines are 95% confidence limits.
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Figure 6 14-d LC50s for earthworms Lumbricus terrestris

and Eisenia foetida exposed to CdNO3 in artificial soil

(AS). Vertical lines are 95% confidence limits.
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Figure 7 5-d LD50s for earthworms Lumbricus terrestris and

Eisenia foetida exposed to CdNQ3 on filter paper. Vertical

lines are 95% confidence limits.
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Earthworm Sensitivity to Cadmium Nitrate

Comparisons of LC50s and LD50s for L. terrestris and E.

foetida exposed to CdNO3 on filter paper for 5 d and in AS

for 14 d are given in Table 2 and Figures 5-8. L.

terrestris showed greater sensitivity to CdNO3 in terms of

both LC50s and LD50s than E. foetida. Difference between

species was less pronounced for AS exposure than FP

exposure. Species sensitivity ranking was consistent

between exposure protocols and toxicity estimates (LC50 vs

LD50). Dry-mass LD50s were consistent between AS and FP

exposure protocols for both species. Variability in E.

foetida (measured as 95% CI) for both LC50s and dry-mass

LD50s was greater for FP than AS exposure technique to CdNO3

ratios of LC50s to their 95% CIs were 0.81 for FP and 0.33

for AS. Respective ratios for LD50s were 2.08 vs 0.69. For

L. terrestris, LD50 variability was higher in FP exposure

(0.42) than in AS (0.20), but reversed for LC50 (FP= 0.67 vs

AS= 1.07).

Earthworm Sensitivity to Technical Chlordane

Comparisons of LC50s and LD50s for L. terrestris and E.

foetida exposed to technical chlordane on filter paper for 5

d and in AS for 14 d are given in Table 3 and Figures 9-12.

E. foetida showed greater sensitivity to chlordane than L.

terrestris in terms of LD50s and FP LC50, but not AS LC50.

Differences between species using only dry-mass LD50s was

more pronounced for FP exposure, the reverse of what

occurred for CdNO3 exposure. Unlike dry-mass LD50s for
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CdNO3, L. terrestris showed considerable difference in

values for FP vs AS chlordane exposure. However, dry-mass

LD50s for E. foetida were closer than for CdNO3 between AS

and FP exposure. Variability in L. terrestris (measured as

95% CI) for LC50s was higher for AS (1.10) than FP (0.75),

but reversed for LD50s (FP=1.6 vs AS 0.34). E. foetida

showed greater LC50 variability in FP (0.67) than AS (0.37).

Since actual 95% lower limit extended below lower analytical

detection limits, determination of variability is not

possible for LD50s.

Tables 4 and 5 contain within-species comparison

between exposure protocols and toxicants. Based on actual

dry-mass tissue concentrations (LC50s), E. foetida was 546

and 596 times more sensitive to chlordane than Cd for AS and

FP exposure, respectively. L. terrestris also was more

sensitive to chlordane, but only 8 to 29 times greater for

FP and AS exposure, respectively.
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Table 3. Comparison of LC50 and LD50 (probit
estimates) for earthworm Lumbricus terrestris and
Eisenia foetida exposed to chlordane for 14 d in
artificial soil (AS) and 5 d on filter paper (FP).

Results L. terrestris E. foetida

ASa FPb AS FP

LC50 13.4 1.6 36.5 0.3
11_ (7.2-21.9) (1.0-2.2) (31.3-42.8) (0.2-0.4)

LD50f 5.0 13.8 0.5d 0.5d
(4.4-6.1) (4.4-26.5) (0.00016-1.0) (0.083e-1.4)

LD509 1.1c 1.5c 0 .0 4 d 0 .1 3d
L-____1_ (0.3-1.9) (0.5-2.6) (0.005e-0.07) (0.1e-0.2)

a N=150

b N=72

C Binomial estimate.

d LD50 estimate based on body burden estimate.

corresponding to LC50.

e Lower detection limit for chlordane.

f Dry mass.

g Wet mass.
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Figure 8 Dry-mass 14-d LD50s for earthworms Ltmbricus

terrestris and Eisenia foetida exposed to CdNO3 in

artificial soil (AS). Vertical lines are 95% confidence

limits.
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Figure 9 Comparison of LC50s for earthworms Lumhricus

terrestris and Eisenia foetida exposed to CdNO3 using the

14-d artificial soil (AS) exposure technique. All results

are based on wet mass basis. Vertical lines represent 95%

confidence limits.
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Figure 10 Comparison of LC50s dry and wet mass for

earthworms Eisenia foetida and Lumbricus terrestris exposed

to CdNO3 using the 5-d filter paper technique. All

calculations are based on wet mass. Vertical lines

represent 95% confidence limits.
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Figure 11 Comparison of LD50 for Eisenia foetida exposed

to chlordane using the 14-d artificial soil (AS) technique.

All calculations were based on dry and wet mass basis. The

lines represent 95% confidence limits'.
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CHAPTER IV

DISCUSSION

Reference Toxicant Test

Temporally determined LC50s demonstrated that both

species responded consistently over time to 2-

chloroacetamide, sugesting that the overall health of

earthworms was good and independent of when they were

received from the supplier. L. terrestris required longer

exposure (120 h) than E. foetida (48 h) to show consistent

responses to 2-chloroacetamide. This may be a function of

higher fat content in E. foetida than in L. terrestris

(Fitzpatrick et al. 1992.) rather than higher surface area

to volume relation. Results of both tests compare well with

those reported by Neuhauser [9], CEC [22] and Edwards [26].

Glucose Internal Standard

Both accuracy and precision of dilutions were readily

assessed using glucose. The method has great potential for

use in the AS exposure protocol to asses and minimize

earthworm response variability resulting from uneven

mixtures and dilutions errors. Further work is needed to

determine the minimal amount of glucose necessary to

46
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determine accuracy and precision of the AS exposure

protocol.

Eisenia foetida sensitivity to Cadmium Nitrate and

Chlordane

E. foetida was more sensitive to both compounds 2-

chloroacetamide and chlordane than L. terrestris, but not to

polychlorinated biphenyls (Fitzpatrick et al. 1992). PCBs

are relatively acutely non-toxic and perhaps sequestered in

the high lipid content of E. foetida, enabling then to

accumulate considerably higher body burden than L.

terrestris before lethal toxicity is unmanifested. Dry mass

LD50 appears to be more reliable than LC50 in ranking

species sensitivity to both chlordane and cadmium regardless

of exposure medium. Variability, as asset by ratios of

LC50s to their respective 95% CIs, was lower for AS than FP

exposures for both species and both toxicants, except for

chlordane in E. foetida where lower 95% limits were below

analytical detection limits. However, FP exposure LC50s

were accurate qualitative predictors of tissue based

sensitivities (i.e. LD50 rankings) for both earthworm

species and exposure protocols.

Comparative lethality data for L. terrestris are not

available in the literature. For E. foetida, there are some

data to compare with. FP 5-d LC50 for cadmium (10.2 pg/

cm2 ) in my study was less than reported (24.0 qg/cm2) that

by Neuhauser [9]. My FP 5-d LC50 for chlordane (0.3 ug/cm2 )

was lower than the 2-d FP LC50 (1.3 pg/cm2) reported by
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Heimbach [27]. Both differences are expected since the two

workers used 2-d LC50 tests and mine was for 5-d. However,

my 14-d AS LC50 (38.5 ppm) for chlordane was less than one-

half the 14-d AS LC50 (75.3 ppm) reported by Edwards [26].

The only apparent difference in our experiments was moisture

content of the AS. Edwards used 45% and I used 35%.

Summary

Both species responded consistently to the reference

toxicant, demonstrating their reliability for use in

environmental toxicology. E. foetida was more sensitive

than L. terrestris to 2-chloroacetamide and chlordane, both

organic compounds. L. terrestris was more sensitive to

CdNO3. Higher lipid content in E. foetida may increase it

higher and more rapid uptake of organics than L. terrestris.

However, the lipid caused interference with gas

chromatographic analysis of body burdens making it more

costly to determinate LD50s in E. foetida than L.terrestris.

Both FP and AS exposure techniques produced consistent

comparable results in both species. Since dry-mass LD50s

for each species were similar regardless of exposure

technique, FP may be more cost-effective technique.

Although AS exposure is "more natural", it is time-consuming

and more costly than using FP.

Based on my results, it appears that: (1) Dry-mass body

burden based LD50 is a more consistent measure of toxicity

than LC50 or wet-mass LD50, regardless of exposure
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technique; (2) FP exposure is more cost-effective than AS;

and (3) L. terrestris is superior to E. foetida when body

burdens of organic compounds must be determined.

Finally, use of glucose as an internal standard for

assessing mixture and dilution efficacy in AS appears to be

effective, but further work is required to determine minimal

amounts necessary.



APPENDIX A

EARTHWORM TISSUE EXTRACTION PROCEDURE
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Purpose:

Removal of organic compounds for gas chromatography

analysis.

Safety Notes:

The entire process must be carried out under a hood

having proper ventilation. In addition, plastic gloves

and safety goggles are highly recommended.

Materials:

Sonifier cell disrupter, electric oven, test tubes,

forceps, 50% hexane/benzene solution, glass pipettes,

aluminum foil and cups.

1. First, be certain that the operating surface was

covered with aluminum foil to avoid chemical

contamination. Gently shake the vial toward the table for

45 sec or until the tissue becomes disengaged from the

filter paper. If the tissue was not visible use a micro

pipette to loosen it's position on the filter paper and

then repeat the previous steps. After removal of the worm

tissue, use small forceps to hold it up to 10 cm above a

petri dish. Then give the worm an acetone shower (pour 5

ml of acetone over its entire body). Dissect the worm by

removing the intestine to be sure that the toxicant in

the body burden was measured. Use forceps to take the

contaminated filter paper out of the vial. Later, the

filter paper can be properly destroyed by placing it in
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the incinerator.

2. Place the worm on a pre-weighed aluminum cup and

place the cup in an electric oven for 5 d. This was

enough time to ensure that the worms were dry. Set the

oven as the following: a) power selection switch on low

b) temperature switch at 40* C.

3. After the fifth day, remove the worm from the oven

and weigh it. Then transfer it into a pestle and

pulverize it using a mortar. Pulverization process must

be performed within a large plastic bag in order to

prevent the ingestion and/or inhalation of the dried

pulverized material.

4. Transfer the contents of the pestle into a coded

(e.g. #1) test tube and then add 10 ml of 50%

hexane/benzene solution. Vortex the mixture for about 2

min.

5. Use a stand and a clamp to hold the test tube 30

cm above the work surface. Position the probe of a

Sonifier cell disrupter 3 cm below the solution line.

Throughout the sonification process, the probe must

remain secure in its position with the help of another

large stand and clamp. The tip of the probe should not

touch the bottom of the test tube at any time, to avoid

the test tube. Set the output of the sonifier at 6 and

set its timer for 4 min.

6. Remove the probe and centrifuge the test tube at

1000 rpm for 5 min. With a glass pipette, transfer the
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supernatant into another coded test tube. Add another 10

ml of 50% hexane/benzene to the first test tube, vortex

the sediment and twice repeat steps 4 and 5. After the

third wash, the second test tube should contain at least

30 ml of clear supernatant. If the sediments appeared in

the supernatant, centrifuge the second test tube and

transfer the supernatant into another test tube. Save the

supernatant and discard the sediments at this time.

7. Place the corresponding test tube under a

ventilating hood or inside an electronic oven (low

temperature) for 7 d to evaporate the solvent.

8. After the solvent is evaporated, reconstitute with

500 Al of the solvent (hexane/benzene) for the fluorisil

treatment. Add approximately 2 g of florisil to a pasteur

pipette, then wash with the solvent three times. Add 200

Al of the solution through the fluorisil and wash with 2

ml of the solvent.

Note: Make sure that everytime the solvent was added

to the sample record the amount of solvent used. This

numbers were used to calculate the different conc.



APPENDIX B
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Purpose:

Removal of metals for atomic absorption analysis.

Safety notes:

The entire procedure must be carried out under a hood

having the proper ventilation. In addition, plastic

gloves and safety goggles are highly recommended.

Materials:

Sonifier cell disrupter, electric oven, test tubes,

washing solution (50% acid and 50% water), glass

pipettes, beakers, watch glass, volumetric cylinder,

and filter paper (Whatman No. 1).

1. Follow steps 1-3 of appendix A.

2. Transfer the ground worm (individually) to a 50 ml

beaker. Add 10 ml of washing solution (50% acid and 50%

water), cover the beaker with a watch glass and heat for

about 20 min. After the solution is clear add 2 ml of

washing solution and continue heating until the remaining

solution is about 5 ml.

3. Let the solution cool for about 30 min.

4. Transfer the solution to a volumetric cylinder.

Rinse the beaker and watch glass with demonized water to

remove any remaining of the solution from the walls of

the cylinder.

5. Transfer the solution to another volumetric

cylinder. This time filter the solution with Whatman No. 1
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filter paper.

Note: Record the amount of washing solution and the

deionized water used.
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