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Abstract-!. T .:n organic chemicals were tested (or toxicity to four earthworm species: Allo/obophora 
tuberculata. EiJenia fetida. Eudrilus eugeniae and Puionyx excat·atus. using the European Economic 
Community's 1 EECl earthworm anificial soil and contact testing procedure. 

2. The phenols were the most toxic chemicals tested. followed by the amine. substituted benzenes. 
halogenated aliphatic hydrocarbon. polycyclic aromatic hydrocarbon and phthalate as the least toxic 
chemical tested. 

3. Correlations among species within each type: of test for a given chemical were extremely high. 
suggesting that the selection of eanhworm test species does not markedly affect the assessment of a 
chemical's toxicity. 

4. The correlation between the two tests was low for all test species. The contact test LC~ for a given 
chemical cannot be directly correlated to an anificial soil test LC ~ for the same earthworm species. 

C\TRODUCTION 

The recent development of two toxicity testing 
methodologies using earthworms, the artificial soil 
test and the contact test (Goats and Edwards, 1982; 
Edwards, 1983) has concentrated on using one earth­
worm species, Eiseniafetida. Currently, work is being 
done using these tests (Callahan, 1985) and related 
tests (Drewes et a/., 1984) to evaluate the potential 
toxicity of soils from hazardous waste sites contain­
ina unknown mixtures of chemicals. Since earthworm 
species other than E. fetida may be present in 
~rdous waste sites, it is important to know some­
thin& about the comparative toxicity of chemicals of 
E. /ttida and other earthworm species. 

With the development of the two different earth­
•o~ tests (Edwards, 1983) it is important to evalu­
ate if the results from one test can be used to predict 
tbe results for the other test. This study evaluates the 
COtnparative toxicity of 10 organic chemicals to four 
lpecjes of earthworms and also the predictive ability f COntact test results for the artificial soil test results 
or each earthworm species. 

MATERIALS AND METHODS 

~~~~ 

~ wor:ms usc:d i_n these: !ests, Allolo~ophora tu~ercul~ta 
i......._, ), EJSema fmda (Savtgny), £udr1lus tugemae (Km­
;::, and Pnionyx excm·atus (Perrier). were grown in the 

n' (E.F .N. and M.R.M.) laboratory at room tem­t::ure (20-22cC) on a consistent organic food source, 
llled' rnanure. Care was taken to ensure that manure from 

IC:ated animals was not used. 
le.: These eanhworm species represent three different fami­
EGcj ~e Eudrilidae. lumbricidae and ~egascoleci~ae. ~he 
lo ,VI~dae spc:c1es used m th1s study. £. eugeniae. IS nauve 
( nca. The two lumbricidae species .. .f . tuberculata and 
u!'MidQ are native to the northern temperate regions. while 

egascolecidae species. P. e:ccat·atus is Asian in origin. 

The purity of the chemicals used in this evaluation was at 
least 98°~. The chemicals were purchased from the Aldrich 
Chemical Co., Eastman Kodak Co .• and Fisher Scientific 
Co. The chemicals were selected from the EPA list of 
Priority Pollutants (U.S. EPA, 1979). 

Contact test 

The contact filter paper test, developed by the EEC to 
evaluate chemical toxicity (Edwards, 1983), was followed. 
The glass vials used (Wheaton, 3 oz. snap cap) were 8 em 
long and 3 em in diameter. Strips of filter paper 12 x 6. 7 em 
(Whatman No. I) lined and completely covered the sides of 
the vial. 
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If possible, the organic chemical was applied to the filter 
paper using distilled water as the solvent. If the chemical 
was not soluble in water, other solvents (acetone or chloro­
form) were used. The organic solvent used to add the 
chemical should volatilize readily and be evaporated from 
the vial before the distilled water and the worm are added 
to the vial. The loss of organic solvents was evaluated and 
did occur in all cases before the worms were added. In 
addition, it was determined that the organic chemicals 
added to the vials with the organic solvents did not volatilize 
with the organic solvent. One milliliter of water was added 
to the filter paper to provide enough moisture for earth­
worm survival. One adult eanhworm was added pc:r vial and 
the vials were kept on their side at 2o•c in a darkened 
incubator for 48 hr. Only one worm was added pc:r vial 
because: the death of one worm in the vial could adversely 
affect the well-being of other worms present. After the 48 hr. 
monality was determined. Earthworms were considered 
dead if they did not respond to a gentle mechanical touch. 
Death was related to the concentration of the chemical to 
which the worms were exposed. 

The LC~ concentration for each chemical tested was 
obtained by first using a series of tests, to determine the 
range of chemical concentrations that had an adverse: 
impact. The range finding test included concentrations that 
results in monalities from 0 to 100°-~ . This was accom­
plished by using chemical concentrations that varied over 
four logs. A narrow, niore definitive range of chemical 
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concentrations to determine the more specific LCYJ value 
was then used . 

At least five concentrations were evaluated in the 
definitive test. with I 0 or more replicates used for each 
concentration tested. Controls containing everything except 
the test chemical were part of each series of experiments. 

The LCYJ -value for each chemical tested was calculated 
using the method of Litchfield and Wilcoxon (1949). The 
LC YJ values are reported as }J g of test chemical em- : of filter 
paper. 

Artificial soil test 

The EEC artificial soil test method (Edwards. 1983) was 
followed . This test uses a medium which consists by weight 
of l<f;~ finely ground sphagnum peat, 20°1. kaolinite clay, 
6~-~ fine sand and ~~~ pulverized calcium carbonate. The 
pH was adjusted to 6.0 ± 0.5 and the water content raised 
to 35~-~ of the dry wt of the four components. The test 
chemical was dissolved in water and then added to the test 
medium. If the test chemical was not water soluble, it was 
mixed "'ith a small volume of suitable organic solvent 
(acetone or chloroform) and then mixed with the artificial 
soiL Tests evaluated the amount of time needed to com­
pletely evaporate the organic solvent from the test medium. 
After the organic solvent evaporated, the artificial soil was 
then brought to a moisture content of 35'}~. Controls. which 
consisted of all components except the test chemical, were 
included in each set of experiments. 

Ten adult earthworms were added to 400 g (dry wt) of the 
test mixture in covered glass dishes 6.5 em high and 12.5 em 
in diameter. The dishes were incubated at 2o•c and mortal­
ity was assessed after 2 weeks. Earthworms were considered 
dead when they did not respond to a gentle mechanical 
stimulus. 

Concentrations causing mortalities of 0-1 00"1. were deter­
mined using a range finding test that included chemical 
concentrations that varied over four logs. After the chemical 
range had been narrowed, a definitive test was performed. 
This test had at least five chemical concentrations, with four 
repetitions for each test concentration and four control 
dishes, all containing 10 worms per dish. 

The LCYJ values for each chemical were calculated using 
the method of Litchfield and Wilcoxon (1949) and are 
reponed as mg chemical/kg dry wt of artificial soil. 

RESULTS AND DISCVSSION 

The results of the earthworm contact soil test 
(Table I) and the earthworm artificial soil test 
(Table 2) show the values for the chemicals listed, 
in order of relative toxicity to the four earthworm 
species. The phenols were the most toxic chemicals 
tested, followed by the amine and substituted 
benzenes. The halogenated aliphatic hydrocarbons, 
polycyclic aromatic hydrocarbon, and phthalates 
were the least toxic chemicals tested. These results 
agree with the contact test results of Roberts and 
Dorough ( 1983). 

In analyzing the data presented in Tables I and 2, 
the major points of interest were the consistency 
among earthworm species in both the contact test 
and the artificial soil test but lack of consistency 
between the two types of tests. In assessing these 
relationships. univariate and multivariate analyses 
were performed using the canonical correlation 
program on the Statistical Analysis System ( 1982), a 
computerized statistical package. 

As indicated in Tables 3 and 4 for the contact test 
and artificial soil test. respectively, correlations 
among species within each type of test were extremely 
high, suggesting that the selection of the test species 
does not markedly affect the assessment of a com­
pound's toxicity . However, as shown in Table 5, the 
correlations between the two types of tests were 
extremely low in all test species. Thus, the results 
obtained from the contact test using a single species 
cannot be used to directly assess the toxicity of a 
compound under field conditions. However, using 
multiple correlation analysis, results of the soil test 
for each species were highly correlated (r 2 = 0.93, 
P < 0.005) with the LC 50 values for all four of the test 
species in the contact test. 

All previous work on the earthworm artificial 
soil and contact tests (Edwards, 1983; Roberts and 
Dorough, 1983) used only the earthworm species 

Table I. Contact test results--LCYJ and 95% confidence interval (}Jgcm- 2) 

EARTHWORM SPECIES 
CHEMICAL -

A. fuberculofo .. ,.,,. ••• 11 •• ,., •• ~-••c••••u• 

4 ...... ~ ....... 2.7 (2.0•3.7) 0.7 (0 .1. 0 .1) 0.1 (0.1 • 1.0) 2 .7 (2.0 • 3.7) 

..... ,, ...•. ~ ..... , ......... 3.1 (3.0• 3 .1) 2 . 4 (2 .2·2 .1) 2 .1 (2.0•3.1) 3.1 (3.0 - 3.1) 

1,4,1- ,,, ....... ~ ....... 1 -4 (1.1• 1 .0) 1 . 0 (4 .1• 1 .1) • .• (4.4. 1.1) 2 . 1 (2.0•3 .1) 

......... 10.1 (1.7•11.1) 1.0 (4 .2. 1 .1) 1 . 4 (1.1 • 3.1) 1 .1 (4.1 • 1.1) 

C•rllorwl 0.1 (0.3 • 0 .1) 14 (10 • 11) 0 . • (0.3 - 0.1) 1 .1 (I .I·U.O) 

•urello" ..... 11 .1 (10.0·13.4) 11 (11 - 17) ••• (4 .1 1 .1) 10.4 ( 1 .1 •11.4) 

1,1,4 • Trlc"lorollo11aollo u (11 - 31) 27 (24 • U) 13 (17 - 32) II (10 - 31) 

1,1• Dlc"loro~r•~·~~• 14 (II • 110) 14 (51 - 70) 44 (31. 11) U (II -71, . 
P1uoro11o 124 (102·110) 171 (111·224) 47 (43 • II) 71(37·111) 

Dllllot"'' ~"'"•'•'• 773 (371·11111 110 (440·110) 171 (431·710) 400(230-e70) 
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Table.:!. Artificial soil test results-LC50 and 95° ~ confidence interval (mgfkg) 

EARTHWORM SPECIES 
CHEMICAL 

A. tultorcu/oto .. ,.,,. ..... , ... , .. ~. o•c••otuo 

4 ·lllltrophonol - 51(34·13) 31 (32•41) 40 ( 28 ·II) 44 (31•12) 

2,4,1 • Trlchlorophonol toa < 13 ·teo) II ( 14 •• 2 ) 15 ( 38 • tU) 78 ( 43·143) 

Corltorrl 22(11·30) tO I (lt•tU) ttl(43·321) 213 (t71 • Ul) 

Ill· nltrooocllpho n r lo111lno til (117•204) tit (138· 117) tOI ( 71 ·til) t28 ( 87•170 

,..,., .... 201 (184 ·210) 173 (tiO• 20t) 117 ( 100·314) no etta. 2411 

t,2,4 • Trlchloroltonaono 251 (117•378) 117 (t37· 282) t27 ( 82 • 117) tao (150·2201 

IIIII roltonaono 312 (230•581) 311 (243·411) 221 ( 111•303) 343 (227•118) 

......... 450 (211•114) 401 (347. 413) til( II •411) 218 (201. 330) 

Dhnotllrl phtholoto 3331 (2124•5235 3110 (2410·3820 2000 (1500·2800) 1014 (181 • 1147) 

1,2 Dlchlorop ropono 4272 (3140 ·5125) 4240 (3130•4810 1300 (4200·8100) 3110 (3241•4847) 

I .. • : .. 
u • .. 
c 
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Table 3. Correlations among the LC ~s of the earthworm species in the contact test for the 
10 organic chemicals tested 

A. tultorcu/oto • . loti do • · •u1on/oo ~. o•c••otuo 

A.tultorcu/oto 1.000 

•. lot/flo 0.111 1.000 

• . OUIOitloo 0 .141 0 .110 t .OOO 

~.o•c•••tuo 0 .811 0 .107 0 .112 t .OOO 

Table 4. Correlations among the LC~s of the earthworm species in the artificial soil test 
for the 10 organic chemicals tested 

A.tultorcu/o to .. ,.,,. • . ou1on/oo ~o•co•otuo 

A. fultorcu/o to 1.000 

•. #of/flo 0 .181 1.000 

........... o 0 .117 0 .174 1.000 

~••c•••tuo 0 .118 0 .111 0 .112 t .OOO 

Table S. Correlation among the LC~s of the earthworm species between the contact test 
and artificial soil test 

------Artificial Soil t .. t-------
A.tu Ito rc u/o t • .. ,.,,. ............ ~. oaco•ofuo 

A.tultorcu/oto 0 .081 

•. loflflo 0.110 0.551 . 
..OUIOII/00 0 .320 0 .177 0.300 

~-•••••otuo 0 . 204 0 .111 0 .311 0 .242 



. i ... _.,, 
· ··.t 

r ... 
-· --;· ! 

:!00 EDW . .o.RD F. NEUHAUSER et a/. 

E.fetida. Work is also being done on evaluating soils 
from hazardous waste sites using laboratory tests 
(Callahan. 1985). Mixing different proportions of 
hazardous site soil with artificial soil can be used to 
evaluate the actual toxicity of the site soil. A water 
leachate of the site soil can be tested for potential 
toxicity with the contact test. 
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CR-810006 to Cornell University. Although the research 
described in this article has been funded by the U.S. EPA. 
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policy rniew and. therefore. does ·not necessarily reflect the 
views of the Agency; no official endorsement should be 
inferred. 
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