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Toxicity of pharmaceuticals to earthworms

Nowadays, most studies were conducted to assess effects of heavy metals to earthworms. However, there are
limited data about toxicity of medical drugs to earthworms. The following study was conducted to assess tox-
icity of pharmaceuticals to them. The toxicity experiment was performed according to Organisation for Eco-
nomic Co-operation and Development (OECD) guideline toxicity.test. Three pharmaceuticals (Acetamino-
phen, Ibuprofen and Naproxen) were used to test their toxicity to Eisneia fetida earthworms in 0.1 mg/kg,
1.0 mg/kg, 10 mg/kg and 100 mg/kg concentrations. It was found that earthworms are sensitive to pharma-
ceutical pollution. Acetaminophen caused fatality in high concentration and other pharmaceuticals deterio-
rated the development of worms.

Key words: pharmaceuticals, Eisenia fetida, Acetaminophen, Naproxen, Ibuprofen, earthworms, soil charac-
teristics.

In the past people believed that obly heavymetals; toxXic/carcinogenic pesticides and industrial interme-
diates can cause chemical pollution. However, recent years studies showed that also pharamceuticals pollute
environment [1]. Pharmaceuticals enter to the environment in many ways. They excrete as the metabolites
and people emit and dispose them. Also, medical drugs can be found in the landfills [2]. Furthermore, some
pharmaceuticals are not biodegradable. Therefore, they can be met even in effluent sewage treatment [3].

Nowadays, there were two well-know examples, when pharmaceuticals had adverse effects on the envi-
ronment. First of all, ethinyl estradiol (EE2), which lead to feminization of male fish and diclofenac, which
contribute to poisoning of tens of millions of vultures in Asian countries. It was found that EE2 had adverse
impact on aquatic organisms and especially it reduced the reproduction development of fish. EE2 had big
impacts on fish even in small concentration [4]. In 2004 Reuters News Services mentioned that British male
fish had become female one and it had been caused by exposure of contraceptive pill, which contain hor-
mones produced by females [5].

Another one was non-steroidal anti-flammatory drug, which was found as high toxic for birds. Indeed
this chemical lead to mortality in vultures in Pakistan and India [6, 7].

Cleuvers conducted toxicity research on several mixed pharmaceuticals: diclofenac, ibuprofen, naprox-
en and acetylsaiclic acid. The experiments were performed using acute Daphnia and algal test. The result of
the study showed that individually these pharmaceuticals had little effects, however, mixed combination of
them was toxic [8].

Earthworms are commonly used for identification the pollution level of heavy metals in soil. They play
a significant role in the soil system due to their effects on soil structure and function. Earthworms are able to
increase soil fertility because they form organic matter layer in topsoil [9]. Paoletti suggested that earth-
worms are useful for monitoring contamination of agricultural land and urban areas. Earthworms are very
sensitive to fungicides. It was detected that worms species such as Lumbricus terrestris and Allolobophoro
will be killed if the soil (1,8 kg ha™') is contaminated with benomyl. High concentration (998, 85 mg/L) of
copper sulfates cause mortality of Eisenia fetida [10].

Nowadays, the study of pharmaceuticals as chemical pollutants is very limited. There were some re-
search on effects of pharmaceuticals on aquatic organisms, but very little work was done on toxicity of med-
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ical drugs on soil organisms. Therefore, the aim of this research was assessing the toxicity of pharmaceuti-
cals to the earthworms. The data from this study can be used to identify the need for further research on
bioaccesiblity of pharmaceuticals to wildlife. As earthworms play an important role in the food chain of
wildlife, pharmaceuticals can accumulate chemicals that may then be passed on to other living organisms.

Methods

The species used in the toxicity studies was Eisenia fetida (Savigny). The earthworms were collected by
hand digging from a field near the University of York, York, UK. All worms that were used for the experi-
ments were adults. Their average weight varied from 0.3 to 2.7 g. After collection, the earthworms were kept
in soil in an incubator for 5 days before the beginning of the experiments. This allowed for their acclimatiza-
tion. The temperature of incubator was +15 °C. At the end of the experiments, the contaminated soil:was in-
cinerated and worms were released back to the field.

The experiment soil was collected from the same place as the worms. The pretreatment. of the soil‘was
conducted before the experiment. All soils were sieved and the pore size of the sieve was 22 mm.

The toxicity of acetaminophen, naproxen and ibuprofen was assessed by using the Organisation for
Economic Co-operation and Development (OECD) guideline toxicity test [11]. The following pharmaceuti-
cals were used for assessing their toxicity to worms (Table 1).

Table 1
The characteristics of pharmaceuticals

. Molecular Log o .
Name Chemical structure formula Kow pKa | S, mg/L | Purity, % Supplier
H
N CHs
. g CsHsNO, Sigma
Acetaminophen o 0 [12]* 0.46 9.38 12.9 99.0 Aldrich
[12]*
R
,\/l)\H
|/\,w [ \ CHy C14H14O3 Slgma
Naproxen o S [13]* 3.2 4.2 15.9 298 Aldrich
[13]*
Lt
w L
CisHi0, Sigma
Ibuprofen [15]* 3.97 4.91 21 298 Aldrich
4,
ml
[14]*

The first part of the experiment was to define appropriate soil condition for worms. Therefore, the suit-
ability of the.study soil to maintain earthworm under three different concentrations of water (40 ml, 55 ml,
60 ml) content with two different rates (5 g and 10 g) of feeding was evaluated. This stage of experiment
lasted 10 days.

The next part of study was assessing the toxicity of acetaminophen to earthworms. Acetaminophen so-
lutions were made in 3 concentrations: 5 g/L, 0.5 g/L, 0.05 g/L and 0.005 g/L. The solution of this pharma-
ceutical was added to worms in soil. This assessment took 21 days. Everyday, worms in soil were weighted.
The condition of worms was checked in Day 14 and 21.

Then, toxicity study of Naproxen and Ibuprofen to earthworms was conducted. The initial stock solu-
tions of Naproxen and Ibuprofen were prepared in methanol. The following test concentrations were pre-
pared from stock solutions: 0.1 g/L, 1.0 g/L, 10 g/L and 100 g/L. This part of study also lasted 21 days. In
Day 14 and 21 earthworms were collected and weighted individually and their morphological condition was
assessed.
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Results

Define appropriate condition of soil for earthworms

At the beginning of experiment the average weight of the earthworms was 0.62g + 0.39. The average
weight of worms at Day 10 was 0.66 g + 0.41. The high moisture content had the lowest growth followed by
the low moisture content and the middle one had highest (Fig. 1). In addition, worms with feeding 5 g oats
showed high development, whereas development of worms with 10 g oats feeding showed low development.
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Figure 1. The growth of earthworms during 10 days

Toxicity study of Acetaminophen to earthworms

At Day 1, the mean weight of worms was 1.16g + 0.14. During the experiment earthworms demonstrat-
ed 2.8 % £ 0.12 of growth. During the test, there was seen mortality of one worm in Day 5 in Control sam-
ple. The next dead worm was found in Day 19 in the sample of concentration 100 mg/kg. Then, other
2 worms died at the end of experiment (Table 2).

Figure 2 shows the average percentage of growth worms in different concentration during 3 weeks. The
highest concentration of chemical had the lowest growth during 21 days, but it also had the highest develop-
ment during 2 weeks. The highest growth of worms during the test was seen in 0.1 mg/kg of concentration.
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Figure 2. The percentage of development of worms during 3 weeks in toxicity test of acetaminophen
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Results of acetaminophen toxicity test to worms

Table 2

Con;f;l/tliztlon, Fatality after 14 days Ai\:g‘;;; \ff’liht Fatality after 21 days Ai\:gg; ;VE liht
0 1 1.04 0 1.11
0.1 0 1.56 0 1.47
1.0 0 1.33 0 1.27
10 0 1.40 0 1.37
100 0 1.29 3 0.85

Moreover, the condition of worms in concentration 100 mg/kg was quite inferior. It was found that in
Day 14, worms from 100 mg/kg concentration samples were not active while worms from control samples
were very active. Furthermore, the body of worms from control samples became longer in comparison with
other worms in Day 21.

Toxicity study of Naproxen to earthworms

The mean weight of worms in Naproxen toxicity experiment at Day 1 was 1.01g+ 0.33:"After 3 weeks,
their average weight was 1.41g + 0.52. Naproxen did not show toxicity to the earthworms, as there were not
seen any fatality during the experiment.

The highest concentration of naproxen showed low percentage of growth.in comparison with the other
concentrations (Fig. 3). It can be noted that worms with low concentration of pharmaceutical developed
gradually.
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Figure 3. The average percentage of development of earthworms in Naproxen toxicity test in 3 weeks

Toxicity study of Ibuprofen to earthworms

Figure 4 illustrates the rate of growth of worms in 3 weeks in toxicity study of Ibuprofen. In this case,
the highest concentration of chemical had the highest rate of growth followed by the low concentration and
control samples had lowest.

Ibuprofen exposure to worms did not have a considerable effect to the earthworms. At the end of the
experiment, no mortality occurred. Overall, there was 29.47 % = 0.06 growth of worms during 21 days.

Table 3 provides data on comparison of average worm growth in toxicity test of 3 different chemicals.
Acetaminophen showed the most toxic effect while Ibuprofen was the less toxic to the earthworms.
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Figure 4. The percentage of worm growth in different concentration of Ibuprofen-during 3 weeks

Table 3

The average growth of worms in different concentration in different pharmaceutical toxicity test

Concentration Acetaminophen, % Naproxen, % Ibuprofen, %
0 mg/kg —-10.81 29.81 21.50
0.1 mg/kg 15.65 28.71 25.84
1.0 mg/kg 8.66 31.94 32.17
10 mg/kg 8.76 30.00 30.60
100 mg/kg -8.24 13.33 37.25
Average 2.80 26.76 29.47
St. deviation 0.12 0.08 0.06

Discussion

It is significant to maintain moisture in earthworms as 75 % of their body consist of water [16]. Accord-
ing to the results, it can be concluded that the most suitable conditions for the toxicity test was the addition of
55 ml of water with 5 g of feeding oats. Lower amounts of water resulted in the soil drying out while higher
amounts probably resulted in anaerobic conditions meaning that the earthworms were starved of oxygen and
their body started to lose weight [17].

During the experiment, only acetaminophen showed toxic effect to worms. The high concentration of
this chemicalled to the mortality of earthworms. In addition, there also was death in the control sample at the
beginning of the-experiment. The mortality of the control worm may be due to sickness of worm before the
experiment. Lukkari et al conducted toxicity study of heavy metals to worms. Their results in control sam-
ples did not show reproduction in the earthworms. They suggested that it was due to insufficient trace ele-
ments in control samples of soil. Thus, it is possible that worms in control containers did not develop well
because of limited trace elements in soil [18].

Earthworms showed tolerance to naproxen and ibuprofen toxicity. In earlier work conducted by
Spurgeon and Hopkin it was shown that adult Eisenia fetida worms were not much sensitive to contaminated
soil with heavy metals in comparison to juvenile worms [19]. Thus, previously adult worms showed less sen-
sitive to pollutants than juvenile worms and the present study used adult worms for toxicity tests. It is likely
that worms were tolerant to drugs because they were adults, not juvinele worms. Furthermore, on Laskowski
and Hopkin work indicated that worms could develop quite and well and be reproductive if the concentration
of Zn below 1000 pg. It can be suggested, that 0.1-100 mg/kg of concentrations of ibuprofen and naproxen
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were not enough toxic to worms and may be the higher concentration of these pharmaceuticals can lead to
toxicity of worms [20].

Previous Spurgeon and Hopkin study found that chemicals are toxic in artificial soil than in the soil
from the field. There was a significant mortality of Eisenia fetida worms in artificial soil that was contami-
nated with different concentration (various from 0 to 1000 pg/g) of cadmium, copper, lead and zinc. How-
ever, the same concentrations exposure by these metals in field soils did not lead to considerable mortality.
Regarding to their study, it can be concluded that toxicity of chemicals in the field soils is not high than in
artificial soils. Earthworms can be sensitive to chemicals in artificial soil due to bioavailability of chemi-
cals [19]. The present study used field soil and it is likely that pharmaceuticals were not bioavailable in test
soil and that is why drugs did not show toxicity effect to worms.

Conclusions and recommendations

Currently, pharmaceuticals are used very widely. Their impacts to the soil and earthworms are<still
poorly understood. Mostly, pharmaceuticals are not biodegradable in soils. Thus, contamination of soil by
drugs can lead to exposure of pharmaceuticals to earthworms. There a little known about pharmaceuticals
and earthworms relationship and it still need further research. However, it can be concluded mostly pharma-
ceuticals play a negative role to earthworm development.

Further research of the present study is very significant. It is known, that earthworms are prey of birds
and small mammals. It means, they have an important role in a food chain and can uptake pharmaceuticals in
their tissues. As a result, some concentration of pharmaceuticals can be transferred to terrestrial vertebrate
species from worms. In that case, it is still limited data of consequences of bioaccessibility of pharmaceuti-
cals to wildlife.
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7KaybIH KypTTapbIHA JIPIJIiK 3aTTAPABIH YJIbLIBIFbI

Makania jkayblH KypTTapblHa IOPUTIK 3aTTapiblH YJBUIBIFBIH Oaramayra apHanradH. Kasipri kesnge aysip
MeTaJIapbIH JKayBIH KYpTTapblHa acepi kem 3eprrenreH. CoraH KapaMmacTaH, JOPUTIK 3aTTapAbIH, XKaybIH
KypTTapblHa yiabl ocepi a3 aHbIKTasFaH. OCBl YNBUIBIKTHI AHBIKTAy YJBUIBIK TXKIPHOGIEpPIH >KYpri3y
HOPMAaTHBTEPIiH JaMBITy JKOHE SKOHOMHKAIBIK OipiecTik yYHbIMBIHA colikec >Kyprisiumren. Ymr dapma-
LeBTUKAJBIK Hpenapar (ameramMuHodeH, noynpoden xoHe HampokceH) 0,1 mr/kr; 1,05 10 xkone 100 mr/xr
KOHLIGHTpauuschlna Eisneia fetida sxayblH KYpTTapblHa YJIbUIBIFbIH aHbIKTAy YUIIH Naiananbsuirat. JKaybH
KYpTTapsl (hapMalleBTUKAJBIK JACTAHyFa Ce3iMTalbIFbl OalikanraH. AleTaMHHO(EH »OFapbl KOHICHTpa-
HUsaa eJIiMre OKeNel, all KaaFaH (papMalleBTHKaBIK MpenaparTap KypTTapablH AaMYbIH HalllapiaTabl.

A.bokcamn, b.H.Ay6akuposa, M.P.Xautypun, P.P.beticenona

TokcHYHOCTD JIEKAPCTBEHHBIX MPENapaToB A5l 105K/1€eBbIX YepBeii

B craTtbe oTMeueHO, YTO B HACTOSIIEE BPeMs €CTh MHOTO HCCIIEOBaHHH IO OIEHKE BO3JEHCTBUS TSDKEIIBIX
METaJUIOB Ha JIOXKAEBBIX YepBeil, OJJHAKO CBEJCHUI 0 TOKCHYHOCTH JEKApCTBEHHBIX MPEIapaToB UMeeTCs He-
JOCTAaTOYHO. BBUTO TpOBeeHO HCCIeJoBaHUe C IEIbI0 OMEHKA TOKCHYHOCTH JIEKApCTBEHHBIX CPEICTB B CO-
OTBETCTBUH C HOPMAaTHBaMH IIPOBEJCHHS ONBITOB TOKCHYHOCTH OpraHu3aIiiy SKOHOMHYIECKOTO COTpY/THAYE-
ctBa u pasButus (OOCP). Tpu dapmanepTuueckux mpenapara (auneraMuHopeH, nOynpodeH U HampOKCEH)
OBbLIM MCIOJIBb30BAHBI U ONpPEIeIeHNs] TOKCHYHOCTH B 9KCIIEPUMEHTAX Ha J0XKICBBIX 4epBsx Eisneia fetida
B koHuentpanusax 0,1 mr/kr; 1,0; 10 u 100 Mr/kr. Buio ycTaHOBIEHO, YTO 0KIEBbIC YePBH YYBCTBUTEIBHEI
K (hapmaneBTHYECKOMY 3arpsi3HCHUIO: ALleTAMHHO(EH BBI3BAI CMEPTHOCTH B BBICOKOI KOHLIEHTPALMH, IPY-
rue apManeBTHUECKHE MperapaThl yXyAWAIN Pa3BUTHE YepBeil.
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