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ABSTRACT

Earthworm (Eisenia fetida) acute toxicity test was carried out and ecological risk assessment in soil was
performed with national monitoring data. 14 day ~L.Cso of nonylphenol and bisphenol A were 288.1 mg/kg and
90.1 mg/kg, vespectively. And NOECs of nonylphenol and bisphenol A were 250 mg/kg and 50 mg/kg,
respectively. Significant weight decrement was appeared at 70 mg/kg of bisphenol A, however, nonylphenol at
concentrations tested did not severe adverse effect on the weight decrement.

The environmental monitoring has been carrying out by NIER since 1999. Exposure levels of nonylphenol
in soil were ND~ 10.55 pg/kg and those of bisphenol A were ND~ 15.50 ug/kg in National Monitoring data
which had been performed from 2000 to 2004. The measured soil exposure level was applied to evaluate the
environmental risk assessment. The values of PNEC for bisphenol A and nonylphenol were determined as 0.5
meg/kg and 2.5 mg/kg, respectively using the safety factors which were suggested in EU and OECD. The values
of HQ (PEC/PNEC) were determined to be below 1 for bisphenol A and nonylphenol when the maximum
exposure levels for bispheol A (15.50 pg/kg) and nonylphenol (10.55 pg/kg) were applied. Conclusively, the
environmental risk assessment of bisphenol A and nonylphenol was not critical in soil.
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A, AFA, Az2A & $5 n]e]2A AHTAA
(non-ionic detergent)Z A}-4-E|+ nonylphenol eth-
oxylates®} &7} EslAlE-¢|c}. w}2}A nonylphenol
of daEeA §AEA BE 54, AXA

R LI L CEC R e
Abeloll Al alkylphenol ethoxylate®] M|A)2Ae) A}
28 A3tz 9ot (Renner, 1997). Nonylphenol 2
S5 AYHAA A F2A (sludge)ell ==t Fi-E
T em, o3 & sk d¥e Rl
< 948 AgeE £ 9le] nonylphenole] 93] =
ool 29% 4 9lx EAAS ok 9)vd (Hawrelak
et al., 1999; Environment Canada, 2002). ¥ xA}
o wzw siuicdel A dry-weight siudged] A
nonylphenol2 A3}t A3}, 8.4~850mg/kg WS =
o2k A& A7 99Tt (Lee and Peart, 1995;
Lee et al., 1997; Bennie et al., 1998).

Bisphenol A (BPA)= F=2 Al¥Eo} &u4 I
o 2R ALEEE FA epoxy), Felrhu
Y| o] & (polycarbonate) 9} R-A1}x] E-x3} poly-
ester—styrene resing 2t =4 AL E = B2 o)n,
S ER I R IS ER I PE IR
W FhsAde) & Bz odelA vk =3 BPA
+ dE2Ald FAEE phenol-ring +2F 7HA]
I gle] olxEzAl 5244 (estrogen recepior)ol]
g3t A EE ¥]S 17f-estradiol e} 2008 A=
oebAln o shebEAll wis) w3 bEa el
EzA fAHEA = 49 A ok (Borras er al., 1996,
Singleton et al., 2004). A # 7} #2418 oz}
BPAS) AM§Re AAMesn Zrlshe Z4oln,
2733 SAAme] ke 20020 ) Ahg
o] A7} 192024502 His vl it BPAX o
o3 AEL-E Fepawle) AEql polycarbonate &
HE] 823 & glon], o9l polycarbonate:=
Be) Aol Hrlw st} gR4 wi SHEZ
49 4 it A¥-=E EAs3 STk BPA o
nonylphenol3} wlitrlx]z 4oz Zofd
YR PP e A Sl A ol A
£oAE 5T 99 wE ] FesvE 2
sol o2 ol5ldl ol ¢eiNE $U Eoew
o) %91 7F5Ael ¥ohx ¥ 4 1ok (European
Union Risk Assessment Report, 2003). 221} BPA
= nonylphenol¥}= =¥l polycarbonate, epoxy 4=
A8 o7 AHgshe A4 dH4 =8 PVCH H
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718 AHANA wizd 4 gled, o] £
A= HE £ vF S o8] Eofor ¢
HE 7FsAd ol sl

A2 o] (earthworm)E EoFNA F718-& E3ist
T3 ) ARl FokEs TR FA
Eel FEE FAAUGE 274 e 2
o) Fe Aol Eq o2 g mofol AAlshe

24 YEAS AYolo] As)AE OECDE v)
23 A2olA BALAEAl =} JETo 7]
b 2eA BAlo) A3k 27t
et FHAAE Aol g o5
R} A7l me ge AT o
2 Apspolc). Aol wopol N 3HEE
2] Arheo) 12 wS §4T AEAE
24 ARel Agsple) W Ade g
Ag 7HAA 9l Aoz ¥ 1= T ¢} (Neuhauser
et al., 1985; Susana et al., 2005; Maria er al., 2005).
FHA93HEU)F OECDE A o) & Ae)5A A
F8. FAAER ofv] Adslelon, 2 o)lf
29 YUk e AlgA 2716 SAAE
Fedl slel Al E=R HA3L] wiol
7184l OECD\ A% Eisenia fetida 25
ANBR Qe 2 Aol B2 3
ZeAdol Mlad w2 A} Fob
85 A= Abel A7} sek of 2o
7 AHgo] Bojshd BHAY AR
= FAdez Yo AHEHT U5 OECD guide
lines, 1984). ¥ «F-o| A} nonylphenol#} bisphe-
nol A% Aoz Aol o FASHARL
ANslsl e, olsh tle] 1t 2AHH ¥} Rl
=49 3 DFwEs wagens o ¥
Aol oigt EFoine] zAel e 25195}
£ X5
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1. AlES

ao

A% %2 OECD 4154l A e] (Barthworm,
Eisenia fetida)E AFgstglon, AP A2 %
20£2°C2} 400~800 Lux®] #x71ell A Albe3t A
A AAE ez A
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2. NEEde =H

AHo)l FASAAEES A HAEA-L nonyl-
phenol (CAS No. 104-40-5, Aldrich Co.)3} bisphe-
nol A (CAS No. 80-05-7, Sigma Co.)E AF&-3}%
ok Al EAL v]egAlel FAR acetoned 40
2 A3} stock solutiond z2A|slgom, o]
ANzp B Aste] Aol AMgETE &2 sE o
HAEE AX e XAsESE T8 4 AU 8
AE oAAdstel AdAFIom, wekA Nonylphenol
9] AL= 250.0, 275.0, 302.5, 332.8 2 366.0
mg/kg (9] 1.1)9] %% (nominal concentration)E-
2 8}9] 31, bisphenol A2] 7%+ 50.0, 70.0, 98.0,
1372 2 192.1 mg/kg (0] 1.4)9] T2 shed A
& A -

3. olZEote] =

¢l 3= oFe Sphagnum peat : Kaolin clay : AF%-&
w2 1:2:79] vl&(A2FP)2 A5t AHE3t
oic} l3reoke] Z+ A8 7189 Sphagnum peat:
pH55~600=% Huae= 71z 7, Kaolin clay
= kaolinite &gFo] 30% oJAFel 7, A4 ==
50~200micron]] =& 7} 50% o]AHE X[}
A& AHslae AR 2AAEES Y
of 2t=g A3 ZFF F pHE 6.0£0.57}
=% CaCOE dAF 7t aFA7IE A
ste] E3}ste] A3k

o,

oo M o rlr 22 ¢

4. NEEHS g

7+ AElZ HE felez 5% 14em)el] v ¥
o]F 2 100g¢ ¥ yxHE AR APEA
SmLE B9l eA 2 oL 2nE FHA|
71 & JFEFE FUlE Yol el Egtsist
Nz Aol =23 100g0] B2 Fel4ze
o] E $w) S5mLg 327 Bl FEAF F
NPT At o R JdFEGE EIdn-

5. BYSHAE

i

AFe] FAEAEAIE-L OECD AlFAIF e A4
2 A el Fsle] AA)3I T (OECD guidelines,
1984; A ATL A, 1998). =¥z 29
ANEZ o 10mEle] AEelg Hestglen, A
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HZe N WHESE Fo 232 149 F<t
AAER o, XA 799 149 23] FFEA
T xZ\A AT F2 Fol AFE SAToEHA
AT Bkl AFHEE 2SI AT EY
o E5AE Slel Bohaw Bge Age 4=
& Wasgen, Aol 27179E Wol )
7} =5 slgi) pHel SR 22 AlFANA
Az Aq T Fol 23 AN seeh UrAPs
2(LC50)E 100% AAtseet 0% A= Abol
o X|ARg =7t 27) o] Al 7d-g-ell= probity& A}
83t om, 27) wmiukel 73 9ol moving-average
angle®& Ahg3ted AMESIc) WA = 9
o Togk@aew (NOEC, No Observed Effect)Z
Azt o

_o‘L
£
P
o
3&
s
s
g
2
=t
2

Z
o
o
a
Q
@]
@]
=
o
¢
=
g
=2

B
i
m
oXt
_?‘_'4
b4t
lo
£
H.4
e
oft
N
N

Ae FRARRFLLAN A 2 AR
JEhe WA F RN 24P Ade ==
s3ich #5402 PNEC 39 =29% st
dal= A4 e SR,

H

o

2
1. X|go| S4=HAE

FARASAAAE A3}, x3 o]l A] bisphenol AY F
AEA) o] nonylphenol®t} HlwA w2 Aoz v}
et} Nonylphenol®) HF=X)ARsx (LC50): 72
A7+ 3 350.7 mg/kg | IL(95% A1 Z 8HA| = 340.7
~365.0 mg/kg), 142 ol 288.1 mgrkg (95% Al
) 8HA = 282.7~293.6 mg/kg) S Jrehl i) &,
Aol ddt FedgRde= (NOEC): 7d
ol 275.0 mg/kg (KAHE 0%) o]l om, 14 Folj:=
NOEC 7to] 250.0 mg/kged ephaict gt 74
AR = 100% HA7E vehdbe Al@Ee glglont
149 Fo] 100%9] HAFES JEE yEi
366.0 mg/kg o] gl T} (Table 1).
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Table 1. Earthworm (Eisenia fetida) acute toxicity of nonylphenol
Conc. No. of No. of dead earthworm Mean weight (mg) Weight
(mg/kg) earthworm 7 days 14 days 7 days 14 days decrement
Control 40 0 0 363.4+£47.5 331.6+47.0 8.8%
250.0 40 0 0 391.0+60.2 3504632 10.4%
275.0 40 0 11 363.1+52.8 330.7+49.5 8.9%
302.5 40 5 31 371.6£53.8 355.5+52.6 4.3%
3328 40 15 39 379.0+54.4 - -
366.0 40 24 40 35441488 - -
Table 2. Earthworm (Eisenia fetida) acute toxicity of bisphenol A
Cone. No. of No. of dead earthworm Mean weight (mg) Weight
(mg/kg) earthworm 7 days 14 days 7 days 14 days decrement
Control 40 0 0 363.4+475 331.6+47.0 8.8%
50.0 40 0 0 377.8+59.2 363.41+64.0 3.8%
70.0 40 1 11 372.6+51.4 363.4+47.9 12.1%
98.0 40 5 22 372.0+48.1 316.1+43.1 15.0%
137.2 40 12 37 35744434 356.7+19.0 0.2%
192.1 40 30 40 367.2158.1 - -

Bisphenol A2] A& o]o| &t LC50 155.6
mg/kg (7)3} 90.1 mg/kg (142 747F veldo
™, 95% Al AL Axp) AL 142.1~174.6
mg/kg, Fx}e] 729 83.6~97.0 mg/kgE Jelte}
X Ab&o] 0%<l NOEC e 79 9 149 w%
500 mg/kge s Jehdor 100% AAHEE ek
' FEE 7497 glded 149 % 19201
mg/kg T EA 2E S 7} Apgstd Tt (Table 2).

AdFzofe] Azl pH Y $Eo] W3- A%
A el9)e] EAE o|F 5 7] HiEel SAs)
of & ¢ Fo% hEolnt. gebr F 7HA] B4
of W3 AR Az 2w Fo| pH Ws
ZARRE A, lFEee] pHE AlEAIR A B
6.31604 A8 Z8 F 6452 0.14 Z7}slgl o}
ol AFolo] BAE A o= HHA g
B, JAF=F2] 452 nonylphenol A3 +2] 75
A& 284 F 5% P (ADA)A 33.5~36.1%
LAl 28A] 29.9~31.1%)3}51.2H, bisphenol A
NN HF 4.5% (A FA 2 33.5~36.1%, A&=
BA] 28.6~31.7%) Zagtosn 489 Wil o
A B wE 5 Qe egloz g3l o
et x27)7F Fob AAHER B AFHsks
ZAbslod=dl nonylphenol®] 7%, A|@A12F A =

FAFL 370.4+53.8 mg (n=240)0]¢jom A]F
% AF A% Yz 8.8%, 250.0 me/ke
Aol A 10.4%, 275.0 mg/kg X2l ZolA 8.9%,
302.5 mg/kg X z]ZolA 4.3% 7348k (Fig. 1.
u}2lA nonylphenol®] 7J9ell= A HERS 2=
7Y o fo8 AF ar HEEA Gk
8HH, bisphenol A2 A$= =F A HEA|Fo|
368.4+51.5 mg (n=240) o]} om, A|&g & A=
Zhage ol 8.8%, 50.0 mg/kg A Bl A
3.8%, 70.0 mg/kg A=A 12.1%, 98.0 mg/kg A
gollA 15%8] Zas veploh weir 257t
A7) FeA7] AR 2E35 5 70.0mg/kg o
2 vehgort o] AAHES NOEC RrEoh:= ¥
orom, LC50 (14)2] 90.1 mg/kgHohs vhe 7k
< Yel et 137.2 mg/kg ©]AF2] bisphenol A -
Eof M= AFAAZE Hotl A F FFAae oA¥E

41717} o}el ok (Fig. 1).

2. EY Zo| =EAE

Nonylphenol} bisphenol A2] &=x)z2] F94&
A 2] Fddell vE] wl$ AFH] Heo= o
22 glrh o F £ o)E EAle Eofor9 4
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Fig. 1. Death rates, weight decrement and water content in control and exposure group of nonylphenol and bisphenol A.

Acute toxicity test was carried out for 14 days.

42 AE &8 (sludge)2 HE] £f0=29] 9
% 5 o) Az B 2oy 5 B &4
9]o}. Nonylphenol (log KOW 4,48)3} bisphenol A
(log KOW 3,18y 2% A-2A (lipophilic) 242
Al B = 78 AHAdAM EeA 23
2 4 glem, ghd L7} Eokell weA AL
EE S o8 olF EAEX =eo=z {4d
e Aelth 4, A7} Wi =] WHAH
& = nonylphenol3} bisphenol A7} &&=]el o}
2o} YA HAAY 4] ol B &
99 + glem, ¢ mE gl ool mke
2RE 3pHoz §4€ 7FeAE AT & oot
Z@AFAEAL 1999 =RE ol En) A
Ao B ) ARl g 2EEHS Al
Al&tar glew, 7 7184l nonyiphenol=} bisphe-
nol A7} 2ARIF o2 o] Siek Zeh o %
249 24 A9 29ASE e B Ao
ohiz A el $9& £ Aow U
Moz oA wr ¢HAE HET Edol} ol
PA TN HEHE SRR A Jepdoh &
AAA] 621 S RUEHE AAEGEY AR
Aol Hist AE M S Table 3o Jepligle A&
22 E ol AR dEEeM AEFGe
Z & $1% nonylphenol 8] 79 ZAF A2 £ 3z)
742l ND~10.55 pg/kge]9l €™, bisphenol®] 7%
= ND~54.1 ug/kgolgict. 813, 2000~2004d %

ok AL F Y BF ZE 2ARKHelA 20

Table 3. Concentrations of nonylphenol and bisphenol A in
soil

Year Nonylphenol (ug/kg) Bisphenol A (ug/kg)

2004 ND(<0.5")~10.55(66%”) ND~ 15.50(39%)

2003 ND(<0.5)~3.6(85%) ND (< 0.5)~ 1.9 (9%)
2002 ND(<0.5)~6.4(89%) ND(<0.5)~ 1.9 (29%)
2001 ND(<0.5)~7.4(80%) ND (< 0.5)~2.4(83%)
2000 ND(<0.5)~13.091%) ND(<0.5)~6.9(83%)
1999 - ND (0.5)~54.1 (54%)

UDetection limit,

PDetection rate (No. of detected sites/No. of monitoring sites)

*The environmental monitoring has been carrying out in Environ-
mental exposure assessment division, NIER since 1999

neg/kge 97 kgt

#7 Aere) A A3 9Ehd, sludge-
amended soilol 4] nonylphenole] 2.72 mg/kggl mg
FE0 2 AZEE9 o™, municipal WWTPs £33
olA A A2 84~850mg/kg F o R o}
AEd oz Il EoflA Mok &R =
A2 BRI BN 2 SFEoR HE
EH 4 9le-g o 4 2% (Environment Canada,
2002). T2} Selfele] A4E A7 SA
g Ao &R w=E &R T BolA
=UHER dolEr} FA5e] oA ggezs
= ARAE AL XS] Al drb oAl e]
Az} 2 Ajele AR Wlwslr)e 2rbs sk,

rr ot
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3. EolMe el s}

APl FAEA Arnt el g4
A=A sid =y} PNECEE AR & S5t 3
7}74]’\“ A S Gl o] HrhA S A
el FaliM At dubg oz A 9
ARt Z4HE SAEE A FASAEH
NS R ve 4 ook B QAelA AArst
Agt FAEA delHzA = Atz A4
# 543 AFFag] v A =sE w1zt
3 vtebdel meEr AAbgel W' NOECHS =
H2 Rt A o] § Xl AMAsHe AEFE
o] 43 A sE Aoz FYYEAY d
o|Efell w|s] EFH3F Holoh wat B QoM
+H9%s OECDE Hrpl AAE =dz 3
7HA 5 AL o] F B3] PNECRE =3&3)19
t}. Nonylphenol®] 7% 149 %<t NOEC Zk (XA}

&) 250.0 mg/kg, biphenol A2] A9E 144
NOEC Zke] 50.0mg/kgo = z+7t Velton, 7}
Ae A3ole BT EPPEe AT o
200 3 ASY Ansk A 2ARA
2o Wl FASA Aune wh2 skl 100
Agstgde)t. 7 A3 PNEC 32 nonylphenol2)
£ 2.5 mg/kg, bisphenol A2] 79+ 0.5mg/kg=
AR S 9 B 2 dFeM e AkEd
PNEC 7t} oo sz Ab29) Z53lel a4
d A F xE2FES A Jebd wiel 2
o] “RulANEAL BAHF AFAH =AY
A= 22 3kech 2 Ao FAEAANEL
£ PNECZo] 3] Lubmcklae] wdime
o dgkon, 20006 o] F EAMNAHY EF F
nonylphenol3} bisphenol A2} Z) ZZ3Zk (Nonyl-
phenol 10.55 ug/kg, bisphenol A 15.50 ug/kg)-& A
9 A4 o5 el A A s | olatz
9 vehgt) v go) mepEe] g SAAR
7 3@ WEel A4 T8 naedd £
£ 10008 A4AE HAx 2D o)
S 1ok et 8 2 sges
9] nonylphenol3} bisphenol A2 #7271 &8
Ashm wepolAle) PEC ALgw o) AHe) 1A
ole. A2 Y3 x= PEC o] opd EoF & A
A HAEs=2 AFEsI o, A7t 2A2E
T8 HANAE AAAAM A=) 1 o)Fto]lmz 7}

o, o §& m‘n

Bgten}, FF

Vol. 20, No. 4

Aol gt Yl == AP dsieh
Nonylphenol®} bisphenol Ay J]5+] A Ao B4
A AR HsAAFH 7 SlME 71E sEtE
Aol [gsh= A EI} ooz EuA A
ofell it YAsjAddrbe} A Lol Fesich vjia
A E- diat o= A7t AYHT -5
= B7itn g4 37 5 54 e vx
7} QA WA odgFe Frbe SsA
Bt A obx FobE 4 ik W En] A el &
Ae| ok Aol wet FebA, 43k oJste
oJgko] Z7lel= AEFS 71R dulAe] FIEAR
I e $F-4hS AL Vel ) dEe o)y
g EEEAe] AARrLE AsiMe e A
Tubto]l desle} i FAlo AL W Ee] ]7}°H
4o g e S 98 54z
2 AFFAANE S 55 deAed HaAg ’\]
oz uble] Aj& (partial life-cycle test), K F ol
Al (full life—cycle test)2 5 4 Qlom, 7 22
A (end-points) 2.2 4= A2k, A4, 718 Tl o
& od3Fe] o & o|t (OECD, 2000). #Zol= #]
HzA 5 AAARE )43 SAARE 98
R M R e e bl T "d So] APFH1 9}
ok 22 A e), AE 5 KA A A
EAQAAN L Fol WA X3be 53] WRulA =4
F #EE AFubE2 A9 gle A el &)
A olg o] g3 WEu| ARl JF& FAHY 4
NE 7HE 7heA Sl AR Aol AAEAA
g} (Earthworm reproduction test)2 & 4 <Qlv}. 3
7 Krogh 5(1997)6] 913 Aho] AA5HA R
5%+ OECD ZA1&& ol A"t Apporectodea calig-
nosa 2] A& ojollA] nonylphenolel] 23 A=
AAE Az EC100] 3.44 mg/kg, EC500] 13.7
mg/kgo 2 vEPGEdY o]E SAUE TL)
PNEC 7}& AF&3}o]2} = nonylphenol3} bisphenol
Aol ) Eof AdazAbts FAZ deiMe
Yl =71 18 JA E3stgdd €3 bisphenol A2
7455 A= old Wit A=A e T - & A
=4 Awrt AR 7] i B =EdAe
ol2fdt HAZE H&stA] fsteh & AT S
= AbEAlelE Aol FAFAAHEIE A4
WAl gl e A S
OECD A8 &9l Eisenia fetida-& )A}o =z 3 22
AN AREE ALY ol& Z48 s
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ke AAE eA o]k obgr] wZE AAX®
o] NS Bal WERA ool 23EE ¢)s)A
H7h S A vrter & daXw gld) dtw
=] e du BoellA Bl ok}l &8iA]
T 294 WE ZUER o] o]Foixm glon,
dutEcfol| M= AFA ] mlvjsleEle &84 %5
ML mgkg R AEFHE A7 FF e
22 olF g =x F71E A BYHE &
A7} S==AY s 5E A2 nonylphenol
X bisphenol A2 =7} =& AL} 9 5
o)} (Rogers et al., 1986). =142 AH-¢-x v]= duk
EME o5 Bl 3 Adxr} AA3) ¢
2 FEo] At FFo= o]y 2@ EE FHx
Aol Wi =UEY A2g gugoasy 994
o W3t xF P AHNENE AN, o) B
) 2ofFoze] oduAdl HE HUHYE v
3 vrler & Aoz ddxe)

A

2 B

Nonylphenol3} bisphenol Aol H3t A& o] FA
EAAEE AXEla S AFAYzAIELE B
s AN G AAsdeh FAASAAE 2
3}, A= oloflA] bisphenol A2] FA=A] o] nonylphe-
nol¥e} ¥4 =& 7oz ehdi=d nonylphe-
nol®) "R A% (LC50, 149)%: 288.1 mg/kg,
FFod ke (NOEC)E 250.0 mg/kgo 2 vyehy
o, bisphenol A¢] 793 LC500] 90.1 mg/kg,
NOECZ}- 50.0mg/kge 2 AFEE ot 34, nonyl-
phenolefi Al AlFEAS] = F7le] we {9
F AF Fae BEHA Q3kow, bisphenol Ad)
Mo A7t F=AA vepd 571 700
mg/kgo 2 vl o] 5 A9 I ok F x
Z4FE2 FHIAASYAM Axskn g “dl
FH AN R FAE ARAY 24 A9E =
H2 B 2000~2004'3 Bt A oA
T F B 2R 2E B9 2ARAHCNA 20ug/kg
< 9A Wt Slel= ARES SE B F 2
=& PECHe] obd E%F ZF AA HEp==
AbEs el £ AFelME $-H A (EU)T OECD
ol YA ARer wd= AsASE AR
I olE B d&5Fdss= (PNECO)HE =33}

285

o %47ke FHEA NOECZHE Abgshalon,
A7H 5 1002 243 &7 PNECZHS nonyl-
phenol@} bisphenol AdllA] Z}7} 2.5 mg/kg % 0.5
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