
·--··- ·----Jll· ..... -

ECOTOXICOLOGY AND ENVIRONMENTAL SAFETY 18, 181-190(1989) 

Testing Environmental Pollutants on Soil Organisms: A Simple 

Asiay to Investigate the Toxicity of Environmental Pollutants 

on Soil Organisms, Using CdCI2 and Nematodes 
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Juvenile stages of Caenorhabditis e/egans (nematoda) were isolated and grown in an axenic 

medium containing various concentrations of Cd02 • Growth of the organisms was significantly 

reduced from a level of I p.M Cd02 • Reproduction of the nematodes was also reduced from 

that I p.M exposure level. At levels of 160 and 320 p.M, growth was retarded at the early juvenile 

stages and the organisms did not reach the adult stage and could therefore not reproduce. The 

test syStem turned out to be simple and reproducible and is therefore suitable for the investiga

tion of the toxicity of compounds to soil nematodes. e 1989 1\cademic Ptess.lac. 

·'---·:'! 
INTRODUCTION 

Duri.DI the last decade, research into the role of free-living soil-inhabiting nema

todes in ecological processes has gained much more attention. Their large numbers 

in soils and water and their omnipresence ask for this attention. In terrestrial ecosys

tems, "nematode populations can reach densities of 30-55 million individuals per 

square meter. They can be dominated by one single species, but various species may 

also be present (Yeats, 1979, 1981). The direct role of nematodes in decomposition 

processes in land soils and in the aquatic environment is less likely to be important 

than their indirect role. Nematodes graze on the microtlora, which accounts for most 

~C02 flux in the soil. In this way they maintain its high abundance and stimulate 

i~.1urnover and activity (Anderson et al., 1981 ). Nematodes also account for the 

di~on of microtlora (Abrams and Mitchell, 1980) and stimulate the mineraliza

tion of nutrients that would otherwise remain immobilized in stationary-phase mi

crotlora (Trofymov and Coleman, 1982). In waste water processes, nematodes may 

stimulate bacterial activity, especially in the percolating filters(Schiemer, 1975, 1983) 

and increase the decomposition of sewage sludge (Abrams and Mitchell, 1980). 

Research into the effects of toxic compounds on soil-inhabiting organisms is still 

very limited compared to research of this kind on aquatic organisms. Free-living 

nematodes are used in toxicological research on environmental pollutants and pesti

cides by only some research groups (Samoiloff, 1980; Samoiloff et a/ .. 1980; Haight 

et al .. 1982; Mudry et a/., 1982; Doelman eta/., 1984; Samoiloff and Bogaert, 1984; 

Coomansand Vanderhaeghen, 1985; Vranken and Heip, 1986; Vranken eta/.. 1985; 

Frey, 1971, 1976; Neuschulz and Kampfe, 1980; Simpkin and Coles, 1981; Ohba 

and Ishibashi, 1984). Nematodes have already been used in a bioassay to determine 

the relative toxic effects of sediments (Howell, 1982; Tietjen and Lee, 1984) or frac

tions of sediments (Samoiloff et al.. 1983). 
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TABLE! 
DIFFERENT LIFE-CYCLE STAGES OF Caenorhabditis elegans 

AND THEIR CORRESPONDING LENGTH RANGES (J<m) 

Stage Length ranges a Length at moltb 

Egg 
Juvenile I (J-1) -380 
Juvenile 2 (J-2) 360-510 
Juvenile 3 (J-3) 510-650 
Juvenile 4 (J-4) 620-940 
Adult (Ad) >850 

• Results obtained from Byerly et al. ( 1976). 
"Estimation of the length at which the molt occurs. 

370 
480 
640 
850 

In order to develop a simple and reproducible assay to investigate the relative toxic. 
ity of environmental pollutants on soil-inhabiting free-living nematodes, the effectS of 
cadmium chloride on growth and reproduction of the species Caenorhabditis elegans 
were studied. Cadmium chloride was chosen as a model substance since literature 
data on this compound exist for nematodes (Feldmesser and Rebois, 1966; Popham 
and Webster, 1979; Samoiloff eta/. 1980; Haight eta/. 1982; Vranken et al .. 1985) 
and numerous other organisms (Canton and Slooff, 1982; Kraync et al .. 1987). Axe
nic culture conditions were chosen since bacteria may alter or decompose the toxic 
substances themselves, which possibly influences the growth and reproduction of C. 
elegans (De Cuyper and Vanfleteren, 1982). 

The bioassay was found to be a promising simple and reproducible system to assay 
the toxicity of compounds in soil organisms and can be carried out in a short time. 

MATERIAL AND METH~ 

The Test Organism 

C. elegans (Maupas 1900), variety Bristol, is a free-living nematode, originally iso
lated from the soil in Great Britain (Briggs, 1946). It has been successfully cultured 
since 1948 (Dougherty and Calhoun, 1948). The populations of this species used in 
the tests were originally obtained from Dr. Vanfleteren of the State University of 
Ghent, Belgium. 

C. elegans is a hermaphroditic nematode, although sometimes males may occur. 
The life cycle can be characterized by different developmental stages separated from 
each other by molts of the cuticula (Byerly eta/., 1976). 

In Table I the different life stages and the ranges of their corresponding lengths are 
presented. Since observation under an inverted microscope usually cannot determine 
to what stage a nematode belongs, except for nematodes containing eggs, an estima
tion of the stages was based on the values obtained by Byerly et a/. ( 1976). The life 
cycle of C. elegans lasted 4 to 5 days in the studies reported here. 

Culturing of the Nemalodes 

C. elegans was grown axenically in culture flasks (50 ml, Greiner und Sohne GmbH 
&: Co.KG., Niirtingen, FRG) and placed in an incubator (lnventum, Bilthoven, The 
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-rlandSfm a humidified atmosphere at a temperature of 20 ± 1 ·c. The growth 
1m was prepared by solution in aqua bidest of yeast extract (30 g liter-I, Difco 
·atories, Detroit, Ml), soy peptone (30 g liter- 1

, Oxoid United, Basingstoke, 
.Jshire, Englcmd), bacto-casitone ( 10 g liter- 1

, Difco ), and D-glucose ( 10 g liter- 1
, 

"-· Darmstadt, FRG) as formulated by Vanfieteren (1976). This stock solution 
utoclaved for 20 min at 120"C. Five milligrams of bovine hemoglobin (Serva 
>iochemicl, Heidelberg, FRG) was soluted in 100 ml 0.1 N KOH and filter
zed (AowPore D, 0.45 ,um, Aow Laboratories, Rickmansworth, England); and 
to use 1 ml was added to I 00 ml of the stock solution to prepare the complete 
h medium. The hemoglobin solution and the stock solution were stored sepa-
at -20"C. 

zronization ofCultures 

obtain large quantities of J-1 worms, the method originally described by Findeis 
( 1983) was followed. Cultures in the log-growth phase, containing all develop

. concentrated by filtration over nylon filters (Nybolt, Schweizer-
1 AG Zurich, Switzerland) with a mesh size of 5 and I 0 /liD. 

vorms in tlte filtrate, mostly J-1 individuals, were cultured for 4-5 days until 
:Jrodua::doffspring. Then the filtering procedure was repeated and the tests were 
:d with the worms of this filtrate. 

·rimental Procedure 

·oups of about 5(hJ-l worms were cultured in flat-bottom wells of microtiter 
s tGreiner and SO&.ne) in the presence of various amounts of Cd02 for 24, 48, 
nd 96 hr. The wells contained 100 Ill medium with Cd02 concentrations ranging 
. 0 to 320 ,uM. Each concentration and each time interval were tested in triplicate. 
use reprOduction of the nematodes starts after about 100 hr of culture, only a 
1 number of up to 10 worms per well was used for the long-term exposures of 
md 168 hr. The cultures were set up in 1 0-fold to obtain sufficient reproduction 
. The plates were sealed and kept at 20 ± t•c during the desired time interval. 
-h was operationally defined by the complete lack of movement after tapping on 
··late. Then the worms were killed in a water bath at 65"C for 15 min. This treat
i. resulted in a straight, easily measurable carcass. The number of worms and 
engths of the individual worms were measured for each time interval and each 
·entration using an inverted microscope (Diavert, Leitz, FGR) with a calibrated 
.rr micrometer. To overcome doubling in counting and measuring of nematodes, 
d was scraped on the bottom of the cups. 
J study the effects of cadmium on the reproduction of C. elegans, the number of 
Jring was counted and the mean number of offspring per adult nematode com
·d. To study the reproducibility of the results, the test was repeated various times 
etermine the intratest variability. 

istics 

lata have been expressed as means ± standard deviation. When appropriate, 
:ysis for significance was performed with the Mann-Whitney U test (Sokal and 
Jf, 1981). 
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FIG. 1. Length distribution of a stock population of Caenorhabditis elegans before synchronization, after 
the first synchronization, and after the second synchronization. J-1, first juvenile stage; J-2, second juvenile 
stage. 

RESULTS 

Cultures of C. elegans 

Starting with an inoculum of 2 X 1 <P nematodes per milliliter medium, the stock 
cultures reached densities of more than 1 OS nematodes per milliliter within 14 days. 
Maximum densities observed in the medium exceeded 2 -x-ws nematodes per millili
ter. This growth of the stock cultures was about the same as that found by V anfleteren 
(1976) in an axenic culture. 

Growth rate was determined mainly by the nature of the heme in the culture me
dium. Vanfleteren (1980) found that a precipitated form of heme was much better 
available to C. elegans than a soluble form. In different batches of culture media the 
authors observed large differences in growth rate. Optimum growth was obtained in 
batches with a flocculent heme precipitate. In batches of medium without a visible 
precipitate or with a leaf-shaped precipitate, the growth rate was severely decreased. 
The factor(s) which cause the hemoglobin fraction to form a flocculent precipitate 
are not identified. In the toxicity tests, only media with a flocculent heme precipitate 
were used. 

Synchronization 

By use of the filter technique of Findeis et a/. ( 1983), a homogeneous population 
of early juvenile stages of nematodes was obtained. In Fig. 1, the length distribution 
of a stock population, the population after the first synchronization, and the popula
tion after the second synchronization, which is used in the toxicity tests, are shown. 

After a first synchronization, an average of 89% of the population belonged to the 
J-1 stage and 11% to the J-2 stage. After the second synchronization, the population 

c 
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TABLE2 

' LENGTH OF Caenorhabditis e/egans EXPOSED TO DIFFERENT CONCENTRATIONS OF 
Cd02 FOR VARIOUS TIME INTERVALS 0 

m Time of exposure (hr) 

24 48 72 96 120 168 

365 ± 49 628± 94 891 ± 97 1051 ± 66 1200± 48 1219 ± 50 
357 ±52 627 ± 107 884± 77_ 1058 ±56 1157 ± 60- 1150± 61-
365 ± 60 631 ± 91 892 ± 89 1055±61 1170± 59* 1128 ± 98* 
352 ±52* 626 ± 90 853 ± 112*** 1048 ±58 1133± 73- 1147 ± 58-
347 ±54*- 603 ± 93 840± 95*** 1040±70 1131 ± 75- 1122± 32-
319±47*- 490± 94*** 596 ± 104*- 845 ±90- 881 ± 102- 867 ± 63-
297 ± 39*- 379 ± 65*** 393 ± 60*** 484 :t 74- 486± 66- 549± 112-
278 ± 35*- 318 ± 57- 310± 46*** 321 ±41- 327 ± 45- 351 ± 48*-

gth of the nematodes is expressed in micrometers. At the onset of the experiment mean length was 
S~o~m. 
< 0.05. 
< 0.0!. 
< 0.001 (Mann-Whitney Utest). 

ted of94% J-1 and 6% J-2 stages. No J-3, J-4, or adult stages were found after 
ronization. 

5 on Growth 

·legans was cultured in the presence of different concentrations of Cd02 and at 
us time intervals the individual lengths of the worms were determined. The 
length of the nematodes after various times of exposure is given in Table 2. A 

ct growth retardation is seen at dose levels from I 00 p.M Cd02. In the concen
n range I to 32 JAM the growth is only slightly but significantly retarded, espe
after long-term exposure of I20 and 168 hr. At the highest concentrations of 
nd 320 ~the growth was almost completely blocked. These organisms did 
~ach the adult stage, their movement was shaky or they were immobilized, but 
of them were still alive after 168 hr of incubation. At levels up to 100 p.M, the 
,•ior and movement of the nematodes did not appear to change. 

'5 on Reproduction 

elegans was cultured in the presence of different Cd02 concentrations and the 
:1er of offspring in each microtiter well was counted at 96, 120, and 168 hr after 
eginning of the test.ln Table 3 the mean number of juveniles per adult is shown. 
1e highest levels of 160 and 320 ~ Cd02, no reproduction was found at all 
Jse these nematodes did not reach the adult stage. At the lower concentrations, 
;e-reiated decrease in reproduction was found. Up to a level of lO ~. the repro
iOn rate was only slightly diminished. However, the total number of offspring 
uced during the 168-hr incubation period was lower in all cadmium-exposed 

l!"eS. 
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TABLE3 

EFFECTS OF Cd02 ON THE REPRODUCTION OF Caenorhabditis e/egans 

Cadmium concentration (p.M) 
Time 
(hr) 0 3.2 10 32 100 

Mean number of juveniles per adult 

96 5.8 5.2 4.6 4.4 2.5 0.0 
120 34.7 29.6 33.4 27.4 16.0 0.7 
168 75.4 64.2 53.1 62.8 48.4 5.8 

Reproducibility of the Tests 

To study the reproducibility of the results, the test was repeated various times with 
different concentration ranges, different exposure times, and different batches of me
dium. The growth of the control nematodes differed significantly among the experi
ments. Growth and length distribution of the control cultures are shown in Fig. 2. 
Qualitatively, however, the results are consistent from one experiment to the other 
(Fig. 3). In all the tests a growth reduction pattern was obtained. 

DISCUSSION 

This study examined the suitability of a test with the free-living nematode C. ele
gans in an axenic medium to investigate the toxicity of compounds to soil nematodes. 
Cadmium was used as a reference substance to evaluate the reproducibility of the test 
and to compare the results with literature data about effects of cadmium on nema
todes. With the test system employed, growth and reproduction of nematodes could 
be measured and dose-effect relationships and no-effect levels could be easily estab-
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FIG. 2. Length distribution and growth of the control populations of Caenorhabditis e/egans in three 
d.ift'erent tests, 48 (a) and 96 (b) hr after the beginning of the tests. 
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'· 3. Mean growth of populations of Caenorlwbditis elegans after 48 (a), 72 {b), and 96 (c) hr of 

;ure to various concentrations of Cd02 in three different tests. 

:xi. Growth and reproduction of the organisms were reduced from a concentration 

J.JM Cd02 in the medium. The results obtained in our test system were highly 

-oducible. Dependent on the batch of culture medium, the growth rate of the 

.1atode popuiation was observed to have some variation, but when the effects of 

rnium concentrations are expressed in relation to their corresponding controls, 

results are remarkably consistent. The origin of the variation in growth rate is not 

clear, but there are indications that the growth of the population is determined 

inly by the nature of the heme in the culture medium (Vanfleteren, 1980). 

n these tests, the population growth of C. elegans differed by about a factor of 3 

m population growth in a monoxenic culture (Klass, 1977). Most results on the 

:cts of cadmium on nematodes are obtained under xenic or monoxenic test condi

ns. Popham and Webster ( 1979) observed growth inhibition of C. elegans cultured 

agar with Escherichia coli as a food organism, at a concentration of 400 ,_,.M cad

urn. With Panagrellis silusiae Haight et al. ( 1982) found a significant growth inhi

ion of more than 80% at a concentration of 219 p.M. At a level of 43.8 p.M, the 

,.,vth of P. silusiae was not significantly affected. Concentrations of 438 J.LM were 
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not lethal per definition, which was also observed with concentrations of 160 and 320 p.M cadmium in the tests with C. elegans. 
In the marine species Monhystera microphthalma, M. disjuncta, and Pellioditis marine, a decreased success in attaining the adult stage was observed at concentrations of II, 43, and 219 p.M Cd02 , respectively. A significant prolongation of developmental time of M. microphthalma was observed at 4.4 p.M cadmium (Vranken et a!., 1985). 
In filter-sterilized seawater, Howell ( 1984) found a concentration-<iependent shortening oflifespan. The lifespan of the marine nematode Enoplus brevis. at a concentration of 0.44 p.M cadmium was severely shortened compared to that of individuals exposed to 0.044 p.M cadmium. Similar results were obtained with the same species, isolated from another location, and for a closely related species, E. communis. A very remarkable finding in concentration effect was found for Panagrellis redivivus (Samoiloff, 1980; Samoiloff eta!., 1980). An exposure to 0.01 p.M cadmium resulted in a stage distribution significantly different from that of the untreated nematodes. The tests were carried out in a medium consisting of M-9 buffer to which was added 0.05 mg baker's yeast ml- 1 and 5 f.J.g cholesterol ml- 1 with E. coli as a food organism. The origin of the great difference in concentration effect between these experiments and the quite similar experiments mentioned earlier is not clear. Probably these differences are due to variability of the experimental procedures followed. In Daphnia magna bioassays with several cadmium compounds, the free cadmium ion appeared to be the predominant toxic agent (Schuytema et a/ .. 1984 ). Therefore, it is important to consider the binding of cadmium to components of the medium in which the tests are carried out. Ramamoorthy and Kushner ( 1975) reported a microbial culture medium which contained 0.05% bactopeptone, 0.1% yeast extract, and 0.1% glucose, which bound at least 70% of the free cadmium ion. In that way the free cadmium concentration was depressed dramatically. In the test system reported here binding of cadmium to some components of the medium could have occurred as well. In addition to the medium, the glassware and the plastics in which the tests were carried out are also potential cadmium binding surfaces, which can alter the free cadmium concentration. For tests under monoxenic conditions, complexation ofCd by bacteria is a well-known phenomenon (Beveridge and Koval, 1982). The influence ofbioavailability of cadmium on nematode growth is illustrated by experiments of Haight et al. (1982). For P. silusiae, they found cadmium dissolved in physiological saline much more toxic than that dissolved in medium containing soy peptone, yeast extract, three sterols, and hemoglobin. The LC50 values differed by at least a factor of 1.4 (24 hr), 3.1 ( 48 hr), and 9.0 (72 hr). These differences in concentration effect could also be related to the amount of food available for the worms. Although culturing on bacteria usually fulfills the optimal energy requirements better than culturing in an axenic medium, axenic conditions were chosen in the tests to avoid difficulties when testing organic compounds, since bacteria or other organisms might alter or decompose these compounds during the tests. 

CONCLUSIONS 
The axenic test as described in this article is simple, reproducible, and useful for comparing the effects of environmental pollutants on soil organisms. To exclude the binding capacity of the food compounds in the medium, the nematodes can also be 
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exposed in simpler media such as buffer solutions. In addition to this test, other test 
systems and new techniques must be developed to gain more understanding of effects 
in the natural environment. Exposure in soilwater and direct exposure in soil are 
under investigation. 
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