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ABSTRACT

This study, estimates the predicted no effect concentration (PNEC) for the protection of organisms in aquatic and soil
environments, considering the mode of action of Perfluorooctanesulfonic acid (PFOS). PNECs were derived using the species
sensitivity distribution (SSD) approach to estimate the hazardous concentration for 5% of species (HCS), with applying assessment
factors. Chronic toxicity data on PFOS were collected through the USEPA's ECOTOX database and literature reviews, and
classified by toxicity endpoints. PNECs were then derived for each of seven toxicity endpoints that met the criteria for SSD
fitting. For aquatic organisms, the PNEC for PFOS, based on all available chronic toxicity data, was determined to be 0.53 pg/L.
The PNECs for development, genetics, enzymes, growth, reproduction, population, and biochemical biomarkers were 0.28, 0.43,
0.83, 0.90, 2.17, 111.17, and 3.53 pg/L, respectively. The lowest PNEC was observed when the toxic endpoint was set as
development, which is considered to be due to the mode of action of PFOS, known to cause developmental toxicity by disrupting
the endocrine system of organisms. For soil organisms, toxicity data were insufficient to estimate PNECs for individual
endpoints, so all available data were used to estimate a PNEC of 0.75 mg/kg. Estimating PNECs that consider the mode of action
of contaminants is expected to reduce the likelihood of underestimating protection levels for environmental contaminants.
Additionally, this study highlights the need for ecotoxicological assessments for individual toxicity endpoints of emerging
contaminants, including Per- and polyfluoroalkyl substances, in soil environments.

Key words : Per- and polyfluoroalkyl substances, Emerging contaminants, Risk assessment, Ecotoxicologically acceptable
concentration, Ecotoxicological assessment
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28 it - A - AR
T 5 BT AlFA AREEo] Stk(Xiao et al.,
2020; Whitehead et al., 2021). =L & =32 e Z A}
(perfluorooctanesulfonic acid; PFOS)= 871¢] g4 &4
3} HEMo 7 o]Fojl PFASY thEER F SR A
B, Al 2 EY T oiks v A HEE
0] (Xiao et al., 2015; Dhangar et al., 2020; Jarvis et al.,
2021; Joo et al., 2021; Li et al., 2023), PFOS7} ti’
S MAsle RSN vIRle FAZR1 F3el tig
TA)o] F71slar Ath(Saikat et al., 2013).

PFOSE W] sl 29 4= glom, A& ol
FAEo] g2 AlZFd FEFs IXE uiEHIA we
E22 4HA AtKSalvalaglio et al., 2010; Du et al., 2013).
weba], A=) gk PFOSS] S22 W (development),
tAHmetabolism), ™ < (immunity) 2 AJ24](reproduction)
T o S4FE%S e 4 Ath(Qazi et al., 2009;
Yue et al., 2020; Sant et al., 2021). &3}, PFOSE €3,
slehz QbgAol st Theal, e, Bl ol
&k Agdo] =of 74 W AA w7t oo, <A
Well A Ba#er s4de 31 Wx7]E 71x] Zle=w
LA oY (Olsen et al., 2007), SHFH A L &
iAol Bl i 8 W AESS B 93l
PFOSel thgh Aej<lsh /3 71 Za7do] Stk

ool 2009 3l 2~5EF FH(UN Stockholm Convention
under Annex BllX ZH7/3 7] 2 E"4 (persistent organic
pollutants; POPs)& 750 A AlAH o2 GAA E=
E-2 A=A (UNEP, 2009), 7=, EU 5 B2
=71lA PFOSE A1 AEAR st Fejatal 9l
THLiu et al,, 2022). 1ol %= E-3tar vid 2o ko
PFOS7} 4 2 B AEAIZ viEs]ar = Aot
(Wang et al., 2017; Park et al., 2023).

durd oz 3 U LAEde] AeLlaid B3t Al
o 374 Ul ey os s18rksst 49 55,
= AESA SAGT] e A =t o=
3 F 295 F52 dF FIYF 5 (predicted no
effect concentration; PNEC)E 2Fd$HHZheng et al., 2024;
Wang et al., 2024). PNECT TSt 47 2 E<F AES
o] tigt L FEHY] HHEAEE kL, T e
-3 (species sensitivity distribution; SSDYE &-&-35}o] A
AEF9] 95%= B = e 5] 5521 5% hazardous
concentration (HC5)yS =&3+ &, =&% HC59l 344
S BASL7] 13 H7 VA (assessment factor; AF)S 285}
o] AFget 4= Qlth(Lee et al., 2020, Zheng et al., 2024).
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AES Ugt AElSAAEE dikE oz toksl 5%
4 AEEEAE A9E B Efete &8s
(Kwak et al., 2020; Liu et al., 2022; Razak et al., 2023),
A =738k HE AR F3F 2] AE(survival), 87
(growth) B et tish Ael=84% A7uks &85
thJin et al,, 2014). e}, o)A e AEA] Fa
=715 1A 3L SSDE TAlEkE AT, EEH
HC5 % PNEC7} #A2E71E 74 Atk Jin et al
(2014)2 F=1 A3 W nonylphenolol] thak e $laiAd
B7rs S8l AL, 4%, A2, Asksh(biochemistry) 5
A2 E8H(molecular biology)d AL ST THOZE
St AESEAEE 53t PNECE 2Hg3h v} glom,
FABER] Aol M2 2 AAES ARt
227l nonylphenol®] 8 =47113} AR /43E
o] A2l 79 7Y B PNECE YRS 8kl
i), Liu et al. (20162 4] W diethylhexyl phthalate
(DEHPY]| tigt A8 Ho 78 HrIsl] <8 AL,
A, i, A2, Aslel B EARIESE QIS S
o= g W5 A5 E 78l 5458 ¥ PNEGE
APk vt 9lo™, DEHPY 8 5471711 A2e] 25
o 7P w2 PNECE UERES RIS wahx] &gl

St L A=A 5A71HES 13 $ PNEC 2H2 o
LAEE REFFY] AL NS siad
Aog FaEEg o @ JEHEo] AEA vX=
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AT} F Zhang et al. (2024) A ALl T3k PFOS
S4TEH H AuEA A 29E E831] SSD BAIE
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Table 1. Criteria for acute and chronic classification based on
toxicity test duration for various species

. Exposure time
Type of organism References
yp g (day)
<3
Algae >3 OECD (2006a)
<21
Plants OECD (2006b)
>21
Crust <21 OECD (2004),
fustacea >21 OECD (2012)
<28 OECD (2016a),
Mollusca >28 OECD (2016b)
Fish <28 OECD (2000a),
>28 OECD (2009)
Amphibia <3
(Tadpoles (larvac)) >3 Johnson et al. (2016)
Insect <20
(Chironomus dilutus) >20 McCarthy et al. (2021)
<2
Rotifer - ISO 19820: (2016)
, <14
Annelida OECD (1984)
> 14
. . <28
Microorganism 598 OECD (2000b)

$7 X & (United States environmental protection
agency; USEPA)IA] AE-Sh= ecotoxicology knowledgebase
(ECOTOX)oA AEi=/d A5 Tk € AH
54 Ase S§FRRAIEOA AT gz 1 oF
E4o] B9l BAA Te AEEoE foldt A}
o7} YERA] & FHal =25 52 F98FsS (no observed
effect concentration; NOEC)°|t}. NOECE AHE°N|A -3l
gk IS AR e TP =& sEE e, 8
B3 E 93 B7 Hrtol| ool ok o]F, 3=
NOEC #At5E 5447 7I7Hs 11218} (Table 1) 573
2 THEA e R R (Wigger et al, 2019), TH3
4 AEvhs st A W et e 58
7Fs?t PFOS?| %5 AR ol THI=A Aot
854 AR BlE) thd =S gk LE=E
A9 o WeA JERE, PFOS7E A=A
v X 7140 E493S wEdsly] wlitolth(Smith et
al., 2015; Park et al., 2020; Wigger et al., 2020; Chung et
al., 2021).

EF AE] tigk PFOS AEiEA A5E ECOTOX
A AFEA O HEFZ Web of science oA EHARAE
=3f5e] PFOSel thet NOECE T3t A 719=s

71k A g B ] 2SS HEEIHPFOS)E] oS F9E T A 29

“PFOS”, “perfluorooctanesulfonic acid”, “SSD”, “species

sensitivity distribution”, “risk assessment”, “soil”, “NOEC”2}
2e 719EE beFsA 38l £8S AN 1 2

3} 258 PR AL £ 1637le] Bdo] Ao
W, B AEE 9 S4TUA We TRee 43

)
N
O
=)

#HE 2E TA| ¥ PNEC &

SSDe okt AEE0 tigh L =2 AR5 dAsE
ARg3le] 72 gk B S PSSl HCSE 2743}
+= "o tK(Sorgog et al., 2019; Naaz et al., 2023). SSD
TAIE SIe = HA 818 RgEHEkA AA|
St A 55 obde] AEEC) g =435 oM (National
Institute of Environmental Research Notice, 2021), ¥ 37-
Me S Ha 90s TSk 5459% ' PFOSOl
i3k v SAAEE SSD tool boxoll A3l SSDE
TABAL, S ¥ HCSE =230 3 Fo dig
NOEC7} of2] 7}l 739 7Iah3t s aid £ =4
A2 S8} o]F =& HCSY| B3-S HAgsh)
A3l H7HAIGE A&t PFOSO] ik S4F A
H PNECS AHP9thA 1).

HCS
PNEC =—— 1
NEC IF e

oA Sl Tish tisEAdo] Qe RS tig 54
23 A 1, BRI} FREA 27 g 5
Wet tEAe] BER A9 52 Hge - ok Lut
702 SSD FAIE 913 Ha QBS nEgon} iAol
Rz A90] FrAS 32 48T 4 ATHLee et al,
2020).

K
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31, MENSMXIE 8 23

TA19] 735, ECOTOXE 3% & 235878¢] 59715
T MAEEARE SN, 2R, WAF, FHFEE,
o= X3 F 56802 ol FolA AUtk B7F 65271
=R mE T, i (genetic), 437, A4, AT
(population), &2~(enzymes) B A}eH2] 1x}e] F 770
FETLHeE FRHANCH, o S HIHH3 A
AXNRE SSD EAIE 913 & 8A@ERT 58 oldhe
RESRITE. Z7te] ST Aol ik e Table 2°]
bt

EFe] 9, Web of Scienceol| X ©8 ZAE F3
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Table 2. Criteria for the classification of toxic endpoints

Endpoint

Assessment criteria

Development

The developmental period extends from fertilization to maturity. Pollutants can disrupt processes like early cell division
and critical growth phases during organogenesis, leading to embryotoxicity or lethality.

Mutation involves permanent genotype changes not caused by genetic recombination. Cytogenetic analysis and sister

Genetic . :
chromatid exchange are commonly used to detect genotoxic effects.

Growth Growth is an index for assessing physiological status including length, weight, and growth rate, useful for monitoring
pollutant effects before an organism reaches its maximum biomass.

Reproduction Reproductive success, essential for species perpetuation, depends on the normal functioning of the neuroendocrine

P system and the reproductive organs throughout various reproductive phases.

Population-level endpoints are crucial in ecological risk assessments, focusing on the interactions between populations

Population and environmental factors. These interactions can alter abundance, age structure, distribution, genetic makeup, and
life history patterns.

Biochemist Biochemical responses to pollutants provide insights into toxic mechanisms and are indicated by markers like cholesterol,

Ty triglycerides, and antioxidant activity.
Enzvmes Enzyme-based assays determine the quantity of a substance based on the reaction's substrate consumption or product

formation, such as catalase and alkaline phosphatase activities.

FHE SA4FEH ¥ PFOSe] SAAEE= F 907foltt
o] T v E*éx} = 267Hi Al 7K ERTFETEE,

] 11522 o]FofA . 3=
=73 o‘?j_‘%j ¥ PFOS] v EAz1E7}
—g%}ﬂ °‘<>} SSD EA]E‘ B¢ HCS == A A ¥4
SRS %ﬁﬁotﬁ HC5E &-&3k PNEC 4H3
Al 7= 55 Z89th

3.2. A ME0f chst PFOSS| PNEC 4Fd Zz}

SSD E=AIE Tl AFgE A Aol tig PFOSe
HCS ¥ H7HAIE €83 PNEC AF94%h= Fig. 1 2
Table 30| UERTE 71A] S452H E SHAEE A5
283 7-¢ PNECE 0.53 pg/LE AT ohaksh
=7} 2 A9 SA] W) PFOSO g A& HE 58
0.13 pg/L-6.8 pg/Lo]H(Table 4), ]9} 2o] =7} & =)
FAmRIT}E Aolgk PFOSS] BT 70| EEHE 7ﬁ
g A W Adlshs MRS, =F A=, Y7HS
7} Wh (e.g., HCS (95%), HC1 (99%)) 52] =}old] «l
3 whel 4= uo) wak, WA 2 SAFWH 8 PNEC
5 vlas)] BHs ), STl W 2 /4390 A
PNECE 212} 028 pg/l 2 043 pg/LE ARgsion x|
EXAARE g83le] 2 PNECe] Hlg| $-& PNEC
7} #FAH. ol WA SHARE &8st FA A=
< B33 A% Ae=498% 387Fs PFOSY| &%
£ Agshs 2SS, A AEC] tigk PFOSe] SAGES
271 7lAge] S oJnlshH, A=l tig PFOS

ln [‘[0 it
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o] FA7IHE st i 4TS e = gt
PNECE AHd& B8 40] A5S YUERATE Qiao et al.

(2022)2 Al AEE°) 3t tris(2-chloroethyl)phosphate
(TCEP)?] =43503 MAE, 2, A4) Ausd 43
ANE 38t AFFETH(joint probability curves;
JPCs)ye 58+ TCEPY Ae] s H71E 43t u}
Ut 53T L] AR A5, 7 = AR dS
UeRoH, ol A2 #AE ooRt fda 9 ol
3 ARo] wEks B e AATES A F
ATk e TCEPY] =/d717ol| of3h Zio= 343k v}
AT} Zhang et al. (2024)> 7] Aol gt PFOS =
A HdF 2 dd, AL AE, 3 Askst
A AAh AE=ddd ZIHNOEC B 10% effective
concentration (EC10))Z 5=83}] SSD EA1E 53 PNECE
AR v ok @7 1 48, 1A SRS 283
789~ PFOS®] PNECE 3.02 pg/LOF UEpgom, Wt gl
g, A, AL, 1 2 ASSH 12 242 0.797 pglL,
3.93 pg/L, 133 ug/L 434 pgLE Jeh} ST LA 0
gk 9 gzke] AL 7 URe PNECE LERHLS Folst
vl Ut} 315 E3(Zhang et al., 202414 AF8E PFOS®]
PNECS} £ A7olA 2PE PNEC A4S Blus|
£ o, & dFolxle Boh =& A W] PFOS BSrvs
WERATE o= PNEC AF8el 283 =42k 2 H71A
o] ko g = 7(41;]1:].( AAE 2 NOECH AR, 7}
7"“‘[‘ 3 ;51_9_) 1:1:—?—1_’ E AFME E}\'L;}Jﬂ—xdol Higho)
5, 7P W& PNECE VR ol 7| A& g
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Fig. 1. Species sensitivity distribution based on NOEC of PFOS by toxic endpoints for aquatic organisms.
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Table 3. PNEC of PFOS for aquatic species by toxic endpoints determined from species sensitivity distribution

Endpoint-specific PNEC values (ug/L)

Total Development Genetics Growth Reproduction Population Biochemistry Enzymes
0.53 0.28 0.43 0.90 2.17 111.17 3.53 0.83
(HC5: 1.6)  (HCS: 0.84)  (HC5: 1.3)  (HCS5: 2.7) (HC5: 6.5)  (HCS: 3335)  (HCS5: 10.6) (HCS: 2.5)

Assessment factor: 3

Table 4. Protection levels of PFOS in aquatic environments in
different countries

Protection levels

Country of PFOS (ug/L) References
Environment and Climate
Canada 68 Change Canada (2018)
0.13
Australia (95% species ANZG (2023)
protection level)
2.5
Us (Chronic criterion) USEPA (2022)
2.5
EU (Maximum allowable SCHEER. (2022)
concentration)

o] EAYES HHE 4 = PFOSY w7t tiE
Hell vlsl Stth= 2, 5 PFOSS] F-8 FA47)3o] g
=39 = k= ZE 2|V Toft et al. 2016y PFOS
7} BHkS BEEte] WY 2 Ejotol| SAGES v
= Akl B gk v} o). Sant et al. (2017)2 zebrafish
Hjols gde = § PFOS AEI5A4AHS 48 vt
Ao™, PFOSS] =&= 13| Hijole] =77} 7hAs}al,
Ade] 2ol & FE v FH R HIAA wlole]
gdapgoll 549%%S vE F S g2l v ok
Ankley et al. (20092 A F(Rana pipiens)E o2
Hiojol| x| FF Hel7|Z71A] AL 2 o] thgk PFOSY
549FE ERAF vk Tk 10 mgLe] PFOSE =3¢
78F, <F 27 oJujell AE] 90% ol’do] Abdg oy,
10 mg/L FTHe] FxolAd= PFOS7 Ui A3E2] A&
FEFE FIAA B IRIFOH(90% o AE), We]
7% 3 mg/LY] PFOS®] =% A wljo}d] % 7|3+ A4
2 2P TEE 5 240 93-S el o=
PFOS7} AE-<] Aol nlal Wl o =2 549
UERE 4= Ith= A8 2Ju|gic). B=3), Ankley et al. (2009b)
& Pimephales promelass 83} 27¢7+9] PFOS
AR EAAAES a8 vF )leH, PFOS7F it A=<
47 Bl AE mlsl A Bl wgago] o 52 54

JeFe v1A 9SS G vl ek AR, By
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Flo] ol 739- PFOSI| theh 7g W& PNECE
Yehlle 3, AE Yo S3HF] 28 A|2H
WS F3l AE] Aol =4

tar ¢ezl PFOSY] 8. 543719

1o,
o
ﬁa
r
O

3.3. E ME0f CiE PFOSS| PNEC 2HH A1}

ES A= gk PFOS] 1A v SR8 E &8
slo] AFYE HCSE 3.77 mgkgl® YEREOH (Fig. 2),
FHE EY AEo] digk PFOSY 4 ZAx187} Ag
Holng, A v FREE E85l] 2HE 2o}
ST EE A ARt Blale =R edth

B F3lof] wh=H (Chen et al., 2014; Guo et al., 2016),
E&F ABE2R] Caenorhabditis elegans®l g PFOS2] =-/do]
g)5 | (behavioral inhibition), 2173543 (neurotoxicity),
ABlRER S 315 BT dEEAS 4o UsS
313k n} glomg g% B9k AE| Ujgk PFOS &
T APE Qe Tl B RS oish 5458
H SRS A 2 gRE Faido] Stk

2 AFelA AHE EYF W AEiEAHE s87ks
PFOS?] FX=+ 0.75 mgkgo]t}. Cooperative research
centre for contamination assessment and remediation of the
environment (creCARE, Australia)o| < EY AE &= 75
FAFEE, AE, vI8E)el tiet PFOSe] v =444

¥

087

0.6

047

02

Cumulative probability

0.5 1 1.5 2 25 3

Toxicity value (mg/kg)
Fig. 2. Species sensitivity distribution of PFOS for soil organisms.
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3 AfE st 7 EY U PFOSY B3 55
2P vt Jlow, 1 AR IYHIARA A 95% AEF
BE5FA 6.6 mgkglE UEFHATHercCARE, 2017)
USEPAOIME A3l 2 RS 29S W8] 93
PFOS?] A 278Y &
RSL)S 0378 pgkgo = 42FYsh vl glom, QIZF 1748 ®
337 93 B W PFOSe] ~F2]d & 1.26 mg/kg
o= }\]—X%s]— u]_ oh:]_ 1:1:—5]_ = tﬂ _[‘7.21;}]1:_,] 7:]_?_ ?lﬁ
A7 Hssly] 913 PFOSO| o AY 2 FAE
EFIA 10 pgkeel 2o, 71MEH A v " 5
Aol A 2.1 mg/kg_i EY U PFOSI tigh R4S
2R3 1} AtKLiu et al., 2022). °]x" EY W PFOSY]
Rogo] 57t e X]“U}E} Folst A& M= b
WV EF W A=F, =5 A=, F7HF, B7F i eg.
HCS5 (95%), HC1 (99%)) %— TheFet arEakake] xjolo
os] TAE 4=t} o5 HT u), i XY ¥
EY 3 9 540 g 7 5ol H(site-specific)?] A
5484 518715 PFOS % 2HyJo] Fasit.

I (regional (soil) screening level;

4. 4

rh

B Aol theldt AEE thek PROSS] 54713S

a2t SSD— 7Ike 2 SAFTEH E AE5deE
587Fs FE(PNEC)E AT, -1 A, 7] e
e PNEcb 4T THC] WLl A4 028 pg/lE
7P v B vEE o9k 22 ke A g0l
3 PFOS| F2 F/47130] Ta=4dds Ak,
F718E I e A, AE HEaEe] da
B7HE g0l Sles dERIT webA, B Al
JE Y 374 W PFOS #e] 58 s Yside
FA71AE 13 WPt Basit =3, B Aol
ek PNEC 4AHY Adks A v S4A48S 283

A9 0.75 mgkg® 2 AFAHTE EF AEo| thgk PFOSY)
UW A7 AZHelng, &5 BEF W SA7IEE
323 A=A 518715 PFOS =5 4HY3sH7]
Hairte TRt BEF Besol tiF TURE SRS
F7HHoE gHsh= Zlo] dasit
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