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Effect of cationic, anionic and non-ionic surfactants
on soil oligochaetes FEisenia fetida andrey (Bouche, 1972)
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Results of studying the main types of surfactants effect on earthworms Eisenia fetida andrey (Bouche, 1972) are
presented. The worms were tested for survival and preference-avoidance behavioral reactions. Earthworms avoided
sodium dodecyl sulfate (SDS) at 0.02 g/kg and above, cetyltrimethylammonium bromide — at 0.1 g/kg and above, and
polysorbate 80 — at 30 mL/kg and above. The 100% mortality of earthworms occurred at 0.001, 0.01 and 0.02 g/kg
of SDS on day 30, at 1 g/kg — on day 25, and at 1 g/kg — on day 2 of the experiment. Cetyltrimethylammonium bromide
at 0.001 and 0.01 g/kg caused the 100% mortality of worms on day 30; at 0.1 g/kg — on day 25; at 0.5 g/kg — on day 5;
and at 1.0 g/kg already on day 2 of the experiment. The 100% mortality of worms occurred at 0.1, 1 and 10 mL/kg
of polysorbate 80 on day 30 of incubation; at 20 or 30 mL/kg — on day 20; at 50 mL./kg — on day 10 of experience. The
following toxicity series (both in terms of g/L and in terms of g/mol) of the tested surfactants for earthworms was con-
structed on the basis of the results obtained (increasing toxicity): polysorbate 80 (non-ionic surfactant) < cetrimonium
bromide (cationic surfactant) < sodium dodecyl sulfate (anion-active surfactant).

Keywords: surfactants, soil pollution, sodium dodecyl sulfate, cetyltrimethylammonium bromide, polysorbate 80,
toxicity tolerance, survival of earthworms, bioassay.
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WNsyueno peiictBrie 0CHOBHBIX TUIOB 1oBepXHocTHO-akTUBHBIX BeniecTs (I[TAB) na pompesbix uepseii Kisenia
Jetida andrei (Bouche, 1972). Tecr-pearijusiMu depBeil pu 3TOM CJYRUIN BbIKIBAEMOCTh U [TOBeleHUeCKasl peariusl
npefnourenusi-uzdberanust. [losaesnie uepsu uzderasu gojeruiacyindar narpus rnpu ero copepsraniu ot 0,02 v/Kr moussr,
nerurpumernaammonst opomugy — or 0,1 r/kr, TBuH-80 — o1 30 Ma/kr. ['nbenn 100% ocobeii nponexopmnia npu KOHIEH-
rpanun goperuicyabdara varpus 0,001; 0,01 u 0,02 r/kr va 30-e cyr, B npucyrersun 0,1 r/kr — va 25 cyr, a npu 1 r/Kr —
yike uepes 2 cyr srcnepumenra. [lermirpumernaammonst GpoMust BeI3biBa rudesn Beex uepseit na 30 cyr ombita — npu
coptepskarnu 0,001 u 0,01 r/xr, va 25 cyr — npu sHecennn 0,1 v/, na d cyr — 0,5 v/kr, n yske Ha 2 cyr onbita — ripu 1,0 r/kr.
B mpucyrersuu 0,1; 1 u 10 ymr/xr reuna-80 ormupanne 100% ocobeii uepseit Hacrynano Ha 30 cyT WHKYOUPOBAHIS, TP
nobasienun 20 u 30 ma/kr — na 20 cyr, npu 50 mu/kr [IAB — ma 10 cyr onwira. Iomydentibie pesyabrartsl H03BOJMIN
BBICTPOUTH CJCIYIONINIT PSAJL TOKCHYHOCTH (KaK B Iiepecuére Ha r/Ji, TaK U B 1iepecuére Ha r/MoJib) nctbityembix [TAB s
MOJKIEeBBIX YepBeil (1o Bozpacranuio crernenu rokcuanoctn): rBuH-80 (memoworenuniit [IAB) — nermirpumerniammons

opomuy (katuonoaxkrusbiii [ITAB) — nopenmicynbdar narpust (annonoaxrusnniii [TAB).

HKatoueesobte cio6a: moBepxXHOCTHO-aKTUBHbBIE BEIECTBA, 3arpsA3HeHIe MOUYBbI, JoJenmicyabdar HaTpus, GpoMus
nerTuaTpuMeTuaaMMonust, moancopoar 80, ToaepaHTHOCTH K TOKCHYHOCTU, BBI;KUBACMOCTH JIOYKIEBLIX YePBE,

GuoTecTpoBaHIe.

Surfactants comprise a highly prevalent
class of pollutants of various media. In particu-
lar, soils are subject to pollution with surfac-
tants. Along with the infiltration of domestic
wastewater through the soil, a significant
amount of surfactants entering soil horizons
is associated with their various applications in
the oil industry [1-3]. In addition, surfactants
are increasingly used in the reclamation of oil-
contaminated media [4—10].

Once in the ground, surfactants can affect
the soil flora, fauna and microbiota. In this con-
nection, a fairly extensive body of research has
been devoted to studying the effect of surfactants
on microorganisms [11-17]. However, the effect
of surfactants on soil worms is a less studied is-
sue, as evidenced by the much smaller number of
works [18—-20]. At the same time, it is difficult
to overestimate the role of these invertebrates
in maintaining fertility to support normal life-
sustaining activity and allow revegetation of
polluted or disturbed soils.

In connection with the above, the purpose of
the present work is to study the biological effects
of representative anionic, cationic and non-ionic

surfactants on earthworms Eisenia fetida andrei
(Bouche, 1972).

Materials and research methods

The object of research was the red Califor-
nian earthworm Fisenia fetida andrei (Bouche,
1972). The worms were bred in boxes in a labora-
tory at a temperature of ~ 20 °C and a humidity
0f 80—-85%. The worms were fed by introducing
vegetable waste (potatoes, carrots, cabbage). In
the experiments we used sexually mature worms
of the same age with a girdle zone (clitellum),
8—10 ¢m in length.

The studied surfactants are representatives of
three main classes of surfactants: cationic — CTAB
(High Purity Grade, >99.0%); anionic — sodium
dodecyl sulfate (puriss grade); non-ionic — poly-
sorbate 80 (imp).

CTABisacationic surfactant of the quaterna-
ry ammonium compounds class. It comprises the
main componentof the topical antiseptic cetrimide,
an effective remedy against bacteria and fungi.

Sodium dodecyl sulfate (sodium lauryl
sulfate) is a sodium salt of lauryl sulfuric acid.
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This anion-active surfactant is widely used as
a strong detergent in industry, pharmacology,
and cosmetology.

Polysorbate 80 (Tween-80) is a polyoxy-
ethylene (POE) derived from sorbitan and oleic
acid. This non-ionic surfactant is an emulsifier
and solubilizer of fats. It is used in the cosmetics
and food industries, as well as in remediation of
oil-contaminated soils, etc.

In our experiments contamination of the
test substrates (soil, sand) was conducted by
applying liquid surfactants and thoroughly mix-
ing them in a Waring 800G laboratory blender
(Conair Corporation, USA).

To assess the survivability of earthworms
10 individuals were placed in containers with
90 g of a test sample of river sand contaminated
with surfactants. The sand was calcined and
thoroughly washed with distilled water prior to
the experiments. The sand without added pollut-
ants was the control. The worms were exposed in
the experiment for 30 days in the same conditions
as their cultivation. During this time the number
of surviving individuals of E. fetida andrei was
periodically calculated.

In parallel the toxic effect of the tested com-
pounds was evaluated by the behavioural reac-
tion of preference-avoidance of the substrate
by E. fetida earthworms [21]. Rectangular
polyethylene containers (10.8 x 8.2 x 4.6 cm)
were divided into 2 compartments using a
plastic partition (Fig. 1). The height of the
latter was 1.5—2 times lower than the height
of the container sides. These compartments
were filled with equal volumes of test samples
of substrates: 1 — control (moistened up to
80% sand); 2 — experiment (moistened up to
80% sand contaminated with surfactants).

{polysorbate-80 20 ml/kg ‘

10 individual E. fetida andrei were placed in
each of the compartments.

After 4 hours from the start of the experi-
ment, the number of worm individuals in each of
the compartments was counted. The biological
effect of the test sample on the earthworm behav-
ioural reaction was calculated using the formula:

7=%"K 000
KO

where T'— biological effect (%); K, — initial
number of worms placed in one compartment
(10 individuals) at the beginning of the experi-
ment; K, — the number of worms observed in the
experimental compartment at the time of taking
down the results of the experiment.

The parameter calculated by such formula
can reflect both preference (negative T value)
and avoidance (positive T'value) reactions of the
E. fetida specimens.

The experiments were carried out in at least
9 independent experiments, with three repeti-
tions in each. Statistical data processing was
carried out using the Microsoft Office software
package. The conclusions are made with the
probability of an error-free forecast P>0.95.

Results and discussion

Studying the CTAB effect on earthworms.
At 0.001 g/kg CTAB stimulated the studied
behavioural response of oligochaetes. A sand
sample contaminated with CTAB of 0.001 g/kg
attracted 50£8% more worms than the control
sample (sand without added pollutants). CTAB
ataconcentration of 0.01 g/kg did not cause sig-
nificant changesin E. fetida test reaction in com-
parison with the control. However, an increase in

: o
wad control |
|

Fig. 1. Setup of experiment to evaluate the effects of tested sand samples contaminated with test toxicants
using a preference-avoidance reaction with worms Eisenia felida andrei (Bouche, 1972)

135

Teopernueckasi n npuriagnas sxoaorust. 2024. Ne 3 / Theoretical and Applied Ecology. 2024. No. 3




IJROTORCUROJIOTI'NA

136

80
60
40

20

Biological effect, %

0.001

0.01

0.1

0.5
Concentration of CTAB in the soil, g/kg

1.0

Fig. 2. The cationic surfactant CTAB effect on the preference-avoidance reaction

of earthworms (experiment duration — 4 h)

Table 1
The CTAB cationic surfactant effect on the earthworms’ viability
CTAB content, Earthworms mortality, % of baseline
g/kg Day 1 Day 2 Day 5 Day 10 | Day 15 | Day20 | Day25 | Day 30

Control 0 0 0 0 0 0 0 0

0.001 0 0 0 0 0 0 15+5 100
0.01 0 0 0 0 0 0 59+£8 100
0.1 0 0 0 0 0 15£5 100 100
0.5 0 0 100 100 100 100 100 100
1.0 0 100 100 100 100 100 100 100

the CTAB content in the substrate samples up to
0.1 g/kg induced a worm avoidance reaction. In
this case, the T'indicator was 20%. The increase
in CTAB up to 0.5 g/kg increased 7T to 35£5%;
when 1 g/kg of the test surfactant was added 7'
was 70£10% (Fig. 2).

Incubation of earthworms for 30 days in
STAB contaminated sand samples revealed the
following. The complete death of worms in the
presence of 0.001 and 0.01 g/kg of CTAB was
observed on day 30 of the experiment. The pro-
portion of dead individuals in these samples on
day 25 was 15+5 and 55+8%, respectively. At
application of 0.1 g/l all worm individuals died
on day 25; at 0.5 g/kg — on day 9; at 1.0 g/kg —
already on day 2 of the experiment (Table 1).

Studying the sodium dodecyl sulfate
(SDS) effect on earthworms. The anion-active
surfactant sodium dodecyl sulfate negatively af-
fected the preference response of earthworms at
0.02 g/kg content. A sand sample with the above
content of surfactant was avoided by 40+7%
of worms. With a subsequent increase in the

SDS content the avoidance response increased.
Thus, at a surfactant content of 0.03 g/kg
worms avoidance of the sample was 50+£10% of
the total number of individuals taken in the ex-
periment; at 0.04 g/kg — 60+8%;at0.05 g /kg —
90+9 % of worms (Fig. 3).

Conversely, the lower SDS content —
0.0001 and 0.001 g/kg — attracted the earth-
worms. Thus, the samples with 0.0001 g/kg
of SDS were preferred by 30+£5%, and with
0.001 g/kg — 20+£6% of the individuals taken in
the experiment. The SDS addition of 0.01 g/kg
did not affect the behavioural response of
earthworms (Fig. 3).

In parallel, the SDS effect on the survivabil-
ity of earthworms was evaluated. This surfactant
caused 100% mortality of individuals at 0.001,
0.01 and 0.02 g/kg for 30 days; at 0.1 g/kg — for
25 days; at 1 g/kg — for 2 days of the experiment
(Table 2).

Studying the polysorbate 80 effect on
earthworms. The non-ionic surfactant polysor-
bate 80 also differently affects the behavioural
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Fig. 3. The anion-active surfactant SDS effect on the preference-avoidance reaction
of earthworms (experiment duration — 4 h)

Table 2
The SDS anion-active surfactant effect on the earthworms’ viability
SDS content, Earthworms mortality, % of baseline
g/kg Day 1 Day 2 Day 5 Day 10 | Day15 | Day20 | Day25 | Day 30

Control 0 0 0 0 0 0 0 0

0.001 0 0 0 0 0 20 4518 100
0.01 0 0 0 0 0 10 30 100
0.02 0 0 0 0 0 0 IH=ES 100
0.1 0 0 0 20 39+d 65£5 100 100
1 0 100 100 100 100 100 100 100

reaction of earthworms depending on the con-
centration. In concentration ranging from 0.1
to 10 mL/kg polysorbate 80 caused a prefer-
ence reaction in worms, while 30 mL/kg and
above led to an avoidance response to the tested
substrates. For example, sand samples with 0.1,
1 and 10 mL/kg of polysorbate 80 preferred re-
spectively 5343, 27+9 and 13+6% more worms
than control samples. The worms’ behaviour was
not significantly affected by polysorbate 80 in the
substrate at 20 mL/kg. The number of individu-
als that chose this substrate was comparable to
that in the control. 20+6, 43+3 and 65+5% of
E. felida individuals escaped from samples sup-
plemented with 30, 40 and 50 m1./kg polysorba-
te 80, respectively (Fig. 4).

The 100% mortality of earthworms occurred
on day 30 of incubation at 0.1; 1 and 10 mL/kg
of polysorbate 80; with the addition of 20 and
30 mL/kg — on day 20, with 50 m1./kg of surfac-
tant — on day 10 of experience (Table 3).

Thus, based on the concentrations at which
the tested surfactants had a negative effect on
earthworms, it can be concluded that the anion-

active SDS had a higher toxicity (in terms of
both g/I. and g/mol). It caused an avoidance
reaction in earthworms at 0.02 g/kg content.
The 100% mortality of individuals occurred
when this surfactant was added at concentra-
tions of 0.001, 0.01 and 0.02 g/kg on day 30; at
0.1 g/kg —on day 25; at 1 g/kg — on day 2 of the
experiment.

The cationic surfactant cetyltrimethylam-
monium bromide (CTAB) turned out to be
somewhat less toxic than sodium dodecyl sulfate
(SDS). The CTAB negatively affects the behav-
ioural reaction of oligochaetes at 0.1 g/kg. The
100% mortality of earthworms was observed
at 0.001 and 0.01 g/kg on day 30 of experience;
at 0.1 g/kg — on day 25; at 0.5 g/kg — on day 9;
at 1.0 g/kg — already on day 2 of experience.

The non-ionic polysorbate 80 was the least
aggressive of the three tested surfactants. Its ef-
fect on the behavioural reactions of earthworms
depends on the concentration. Polysorbate 80
positively affected the studied behavioural re-
action at a range from 0.1 to 10 mL/kg, and
negatively affected — at 30 mL/kg and above.
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The 100% mortality of worms occurred at 0.1,
1 and 10 mL/kg of polysorbate 80 on day 30 of
incubation; at 20 or 30 mL/kg — on day 20; at
90 mL/kg — on day 10 of experience.

The resulting toxicity ratio of the surfactants
(belonging to three different types) used in the
work in relation to F. fetida turned out to be quite
similar to that obtained by us and other authors
earlier using other test organisms. Forexample, in
studies to evaluate the effect of surfactants on the
survival of Paramecium caudatum and Daphnia
magna [22], as well as on changes in the intensity
of bioluminescence of a cell culture of marine
luminous bacteria Photobacterium phosphoreum
and their enzyme system NAD(P)H:FMN oxi-
doreductase + luciferase (Red + Luc) [23]. The
similar results were shown in the works [24, 25]
to study the effect of surfactants on the release of
electrolytes from cells of plants — Beta vulgaris 1.
and Elodea canadensis. Other authors also re-
ported lower toxicity of non-ionic surfactants
compared to ionic ones [26, 27].

T. Pescatore et al. [28] studied the effect of
sodium laureth sulfate (SLES) on E. fetida. It was
shown that 40% of worms were attracted to soil
contaminated with SLES at a concentration of
4mg/kg. At the highest surfactant concentration
in soil tested by the authors (201 mg/kg), the
avoidance reaction increased significantly (up to
67%). This suggests that earthworms will avoid
such contaminated soil.

It was observed that Tween-80 additions
to soil changed the fractional distribution of
fluoranthene in soil and had a positive effect on
fluoranthene removal and vermiaccumulation
[19]. Some researchers have used worm survival
rate as a test to evaluate the effect of detergents
based on various surfactants [20, 29].

However, it should be noted that such
works are quite small in number and are not
comprehensive. In addition, a comparison of
the toxicity of surfactants belonging to differ-
ent classes towards E. fetida has not previously
been carried out.

Biological effect, %
N
oS O

g2
e
-40
-60 '
0.1 1.0 10

Concentration of polysorbate 80 in the soil, g/kg

ill

20 30 40 50

Fig. 4. The non-ionic polysorbate 80 surfactant effect on the preference-avoidance reaction
of earthworms (experiment duration — 4 h)

Table 3
The non-ionic surfactant polysorbate 80 effect on the earthworms’ viability

Polysorbate 80 Earthworms mortality, % of baseline

content, mL/kg Day 1 Day 2 Dayb | Day10 | Day 15 | Day20 | Day25 | Day 30
Control 0 0 0 0 0 0 0 0
0.1 0 0 0 0 0 0 el 100
1 0 0 0 0 0 0 20+6 100
10 0 0 0 0 0 0 20 100
20 0 0 0 0 30 100 100 100
30 0 0 0 0 40 100 100 100

13 8 50 0 0 10+5 100 100 100 100 100
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Conclusion

The following toxicity series of test sur-
factants in relation to survival and preference-
avoidance behavioural reaction of E. fetida was
constructed on the basis of the experimental
results (increasing the degree of toxicity):
polysorbate 80 (non-ionic surfactant) < CTAB
(cationic surfactant) < SDS (anion-active
surfactant).

The obtained data demonstrated that the
preference-avoidance behavioural test reaction
of E. fetida provides valid information about the
toxicity of the tested surfactants at higher concen-
trations than in the assessment of worm survival.
This is due to the difference in the contact time of
the test organism with the toxicant (4 hours and
30 days, respectively). The sensitivity of acute
biotests is always lower than in chronic experi-
ments. However, despile the lower sensitivity of
the behavioural response compared to survival,
the significant advantage of the former is its ra-
pidity. The possibility of obtaining a test response
in a short time (4 hours) makes the preference-
avoidance worms reaction promising for certain
tasks of biological analysis, especially when
conducting a preliminary assessment of contami-
nation. In addition, the described test reaction
makes it possible to detect not only the negative
effect (toxicity) of the tested compounds, but also
their stimulating effect (biological activity).

The work was conducted with the financial sup-
port of the RFBR grant 19-29-05213.
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