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INTRODUCTION

Perfluorinated Compounds (PFCs) such as PFOS

and PFOA have been recognized as emerging envi-

ronmental pollutants and proposed as a new class of

Persistent Organic Pollutants (POPs). Recently, many

studies repeatedly reported relatively high concentra-

tions of PFCs, mainly PFOS and PFOA in the envi-

ronment, biota and humans as a result of their use in

a number of commercial applications (Giesy and Kan-

nan, 2002; Houde et al., 2006; Kannan et al., 2006).

In May 2009, the 4th COP (Conference of the Parties)

of Stockholm convention adopted amendments to An-

nex B of the Stockholm Convention on POPs which

include PFOS, its salt and perfluorooctane sulfonyl
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ABSTRACT

Perfluorinated Compounds (PFCs) are anthropogenic compounds found in trace amounts in many environ-

mental compartments far from areas of production. Along with the highly persistent nature of PFCs, there are

increasing concerns over the potential adverse effects of them on the ecosystems. Most of highly fluorinated

compounds degrade into PFOS and PFOA that are very stable compounds hard to break down. So, in this study,

we tried to determine the toxicity of PFOS and PFOA in the terrestrial invertebrate. Acute toxicity test using

earthworm, Eisenia fetida, was performed according to the OECD test guideline 207 (Earthworm, Acute Toxi-

city Tests). In the 14 day acute toxicity tests, the highest concentration causing no mortality and the lowest con-

centration causing 100% mortality of PFOS were 160 and 655 mg/kg (dry weight), respectively. And the highest

concentration causing no mortality and the lowest concentration causing 100% mortality were 500 and 1,690

mg/kg (dry weight), respectively in the PFOA-exposure group. 14 day-LC50 values were estimated at the level

of 365 and 1,000 mg/kg (dry weight) in the PFOS and PFOA-exposed group. These results indicate that under

laboratory conditions PFOS is about 3 times more toxic to earthworms than PFOA. Based on known environ-

mental concentrations of PFOS in the soil of Korea, which occur in the 0.42~0.73 ng/L range, there is no appar-

ent risk to terrestrial invertebrate, earthworms. However, further work is required to investigate long-term effects

on these and other terrestrial organisms. 
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fluoride (PFOSF). 

Officially, Korea has no PFCs manufacture com-

pany. But based on the governmental survey in 2006,

about 400 ton of PFCs related compounds were impor-

ted in Korea. The major usage of them was for ingre-

dients of surfactant, catalyst, electronic materials, in-

sulator and etc (NIER, 2006). In addition, the amounts

of PFCs used as an ingredient of imported articles

were not included in this survey. It means that Korea

is not free from the environmental PFCs issues. The

acute toxicity of PFCs to aquatic organisms has been

known to be moderate to low (US EPA, 2000; Kenne-

dy et al., 2004). However, several studies recently re-

ported that they are potential developmental toxicants

(Thibodeaus et al., 2003; Molina et al., 2006; Yanai

et al., 2008) and shows chronic toxicity after long-

term exposure (Ji et al., 2008). 

Earthworms are one of the most suitable animals in

soil ecotoxicological tests as they are the most impor-

tant biotic components in the soil. Among the earth-

worms, OECD and other authorities have recommend-

ed Eisenia fetida for the acute and sub-acute toxicity

test of industrial chemicals (OECD, 1984; Peijnenbrg

et al., 1999; Jensen and Pedersen, 2006; Sanchez-Her-

nandes, 2006). To date, mortality, growth and repro-

duction have been the most common endpoints used

in most of the studies on environmental toxicology.

And avoidance test using earthworms has been widely

used for the testing of organic chemicals, explosive

materials, pesticides and heavy metals (Slimak, 1997;

Langdon et al., 2001; Reinecke et al., 2002; Arnold

et al., 2003; Schaefer, 2003, 2004; Lukkari and Haimi,

2005; Garcia et al., 2008). Recently, various kinds of

biomarkers, such as lysosomal membrane stability

measured by neutral red retention time and genetic ef-

fects assessed by comet assay are used as sub-lethal

endpoints (Anna et al., 2010). 

Studies on the hazard of PFCs to the environment

have been performed restrictively. Especially, very

few studies are focused on the potential toxicity of

PFCs on terrestrial organisms, such as soil dwelling

invertebrates and terrestrial plants. Therefore, in the

present study, we tried to evaluate the toxicity of PFOS

and PFOA on the terrestrial environments using earth-

worms to fill the current gaps in knowledge of their

environmental effects. 

MATERIALS AND METHODS

1. Materials

PFOS and PFOA were obtained from Sigma Aldrich

(St. Louis, MO, USA) and Wako (Japan), respective-

ly (Fig. 1). PFOS was prepared by dissolving it in dis-

tilled water and PFOA was prepared by dissolving it

in acetone.

2. Acute toxicity test using earthworm

We investigated the acute toxic effects of PFOS and

PFOA using the terrestrial organism, Eisenia fetida

according to the OECD test guideline 207 (Earthworm,

Acute Toxicity Tests). 

1) Test organisms

Earthworms, Eisenia fetida used in this study were

raised at 20±2�C in the continuous light condition.

Earthworms were fed with the mixture of cow manure

and cornflake once a week. Artificial soil for culture

was prepared by mixing sphagnum peat : kaolin clay :

air-dried quartz sand (1 : 2 : 7) according to the OECD
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Fig. 1. Chemical structure of PFOS and PFOA.

PFOS, perfluorooctane sulfonic acid, C8HF17SO3 PFOA, perfluorooctanoic acid, C8HF15O2
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test guideline 207 and moisture content was adjusted

as about 35%. 

2) Test condition

Toxicity test was conducted at the same condition

as breeding condition. Test animals with 300~600

mg of body weight (wet mass) were selected. Four

replicates for each treatment group were carried out

and each group was consisted of ten worms. For the

exposure, solution of the test substance was mixed

with artificial soil. Based on the results of the preli-

minary range-finding test, the concentrations of test

chemicals for the definitive test were determined. In

the definitive test, worms were exposed to the test sub-

stance for 14 days. During the test, there was no lethal

organism in the control group so that this test could

be regarded to meet the condition for the validity of

the test.

3) Observation and treatment of results

The mortality of test organisms was determined

after 7 and 14 day exposure. On the day of 7th and

14th, the living adult worms are observed and counted.

Worms are classified as dead when they do not res-

pond to a gentle mechanical stimulus to the front end.

Symptoms of intoxication and distinct changes in be-

havior were also observed. At 0 day and 14 day, aver-

age live weight of worms, pH value and moisture con-

tent of artificial soil were determined. Worms were

washed with de-ionized water prior to weighing and

the excess water was removed by placing the worms

briefly on filter paper. The wet mass of individual

worms were weighed and expressed as average weight

of worms. LC50 (50% lethal concentration) and its con-

fidence limits were estimated using Probit analysis

program (EPA600/4-85/013, 1985). 

RESULTS AND DISCUSSION

Most PFCs are persistent in the environment and

have been discovered as global pollutants in the air,
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Fig. 2. Concentration-Effect Curve for PFOS and PFOA.

Table 1. Estimation of LC50 and NOEC values of PFCs in Eisenia fetida (Unit: mg/kg, dry weight)

Test substance Exposure duration LC50 95% Confidence limits NOEC*

PFOS
7 day 405.3 373.8~439.5 160.0

14 day 365.4 333.6~400.2 160.0

PFOA
7 day 1,307.0 1,236.1~1,394.5 750.0

14 day 1,000.8 926.2~1,081.5 500.0

*NOEC: The highest concentration causing no mortality 



water and soil and even found in remote polar areas

(Giesy and Kannan, 2002). PFOS have been determin-

ed in liver and blood samples from various mammals,

birds, fish and humans (Bossi et al., 2005; Letcher et

al., 2009). 

In this study, PFOS and PFOA induced death of test

organisms in a dose-dependent manner (Fig. 2). On

the day of 14th the highest concentrations causing no

mortality were 160 and 500 mg/kg (dry weight) in the

PFOS and PFOA treated group. And the lowest con-

centrations of PFOS and PFOA causing 100% mor-

tality were 655 and 1,690 mg/kg (dry weight), respec-

tively. Based on these results, we calculated 14 day-

LC50 values. LC50 values were estimated at the level

of 365 and 1,000 mg/kg (dry weight) in the PFOS and

PFOA-exposed group (Table 1). When we compared

the toxicity of PFOS and PFOA, PFOS showed more

potent effect in the view of lethal effect. PFOS was

about 3 times more toxic to earthworms than PFOA. 

The behavioral or pathological symptoms were also
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Table 2. Changes of live weight in Eisenia fetida exposed to PFCs

Test substance Nominal concentration Live weight (mg)
Increasing rate (%)(mg/kg, dry weight) 0 day 14 day

Control 0.482±0.075 0.420±0.066 -12.9
100 0.430±0.065 0.375±0.065 -12.9
160 0.431±0.064 0.378±0.060 -12.2

PFOS 256 0.426±0.064 0.373±0.060 -12.5
410 0.430±0.065 0.379±0.058 -11.7
655 0.436±0.072 - -

1,050 0.406±0.049 - -

Control 0.431±0.069 0.374±0.058 -13.2
Solvent control 0.435±0.066 0.379±0.061 -12.9

500 0.436±0.065 0.383±0.062 -12.2
PFOA 750 0.447±0.058 0.389±0.054 -13.0

1,125 0.446±0.061 0.367±0.056 -17.7
1,690 0.462±0.058 - -

2,530 0.409±0.068 - -

Table 3. Changes of pH values and moisture content in artificial soil during the test 

Test substance Nominal concentration pH value Moisture content (%)

(mg/kg, dry weight) 0 day 14 day 0 day 14 day

Control 6.40 6.30 34.4 28.7
100 6.43 6.34 34.1 31.9
160 6.40 6.30 36.1 33.4

PFOS 256 6.43 6.26 35.6 32.3
410 6.35 6.41 37.1 33.3
655 6.33 - 36.5 -

1,050 6.32 - 34.7 -

Control 6.34 6.32 35.6 31.8
Solvent control 6.39 6.31 39.2 33.6

500 6.38 6.31 34.8 28.8
PFOA 750 6.40 6.37 37.4 31.5

1,125 6.42 6.29 35.7 39.2
1,690 6.31 - 34.3 -

2,530 6.15 - 36.4 -



examined together with mortality. No behavioral

changes or pathological symptoms were reported in

the live worms (data not shown). In addition, we mea-

sured the live weight of worms at 0 day and 14 day.

As shown in the Table 2, all of the test organisms

showed slight weight loss (11.7~17.7%). However,

the degree of weight loss in each exposed group has

no significance to that of control group. These results

suggested that PFOS and PFOA have no effects on the

weight of earthworms. 

Earthworm populations depend on both physiologi-

cal and chemical properties of the soil, such as soil

temperature, moisture, pH and salts. Especially, mois-

ture content and acid level of soil are closely related

with the inhabitation of earthworms, because they

depend on dermal respiration and have no corneas

(Grant, 1955). Therefore, moisture contents should be

maintained to 35% during the test, and pH of artificial

soil should be adjusted to 6.0±0.5. When we measur-

ed the pH value and moisture content at the start and

end of the test, pH values were within pH 6.0±0.5

and moisture contents were maintained from 28.7%

to 39.2% (Table 3). These results suggest that the pre-

sent study is in accord with the validity criteria of the

test, and that the toxicity of PFOS and PFOA is inde-

pendent of the pH level. 

In 2006 and 2007, National Institute of Environ-

mental Research monitored the concentration level of

PFOS and PFOA in the surface water, sediment and

soil of industrial region, and 4 major water basins.

The result showed that in all matrixes the concentra-

tions of PFOS were higher than PFOA. In case of soil,

the concentration of PFOS and PFOA was 0.42~

0.73 and 0.13~0.25 (ng/g-dry weight), respectively

(Cho et al., 2009). Concentrations were comparable

to those previously reported in other areas of Asia, in

the level of 0.5 ng/g (Naile et al., 2010). Based on the

results of this study and other published literatures, it

is suggested that the current PFOS and PFOA levels

in soil may have no acute harmful ecological impact

on the terrestrial environment. However, these results

are based on the acute toxicity data. But the adverse

effect occurred by sub-chronic or chronic exposure is

an important factor to assess ecological risk assess-

ment. Therefore, more studies on the long-term effects

of PFOS and PFOA on the terrestrial fauna are needed

for adequate ecological risk assessment of them.
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