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Abstract : In order to understand the effects of the main components of antifoaming agents on the marine benthic ecosystem when silicone-based
antifoaming agents are discharged into marine environments, eco-toxicity testing was performed on silicone and alcohol-based antifoaming agent by
using benthic amphipod (Monocorophium acherusicum) and luminescent bacteria (Vibrio fischeri). The toxic effects of Polydimethylsiloxane (PDMS) as
a main component of silicone-based antifoaming agents on aquatic organisms were also researched. In the results of the eco-toxicity test, luminescent
bacteria showed a maximum of 9 times more toxic effects than benthic amphipod for alcohol-based antifoaming agents, and silicone-based antifoaming
agents showed a maximum of 400 times more toxic effects than alcohol-based. The LCsy and ECsy values of PDMS ranged from 10 to 44,500 ug/L
in phytoplankton, invertebrate, and fish. In the results of applying PBT (P: persistency, B: bioaccumulation, T: toxicity) characteristics as an index
showing the qualitative characteristics of PDMS, persistency (P) and bioaccumulation (B) were confirmed. Thus, when PDMS is discharged to marine
environments, it could accumulate in the upper trophic level through bioaccumulation and the food chain, which could have negative effects on
benthic organisms. The results of this study may be used for objective and scientific risk assessment, considering the major components of antifoaming

agents when investigating the effects of various discharged antifoaming agents in marine ecosystem.
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E A (Wi, antifoaming agent)E ©]-8-3 3}8-4 A g]H o]
o] Al-&% 3L 9 tHRoss and Morrison, 1988; Ki
T A AR E gREY L¥xAeE AdE AES A
st SE@ A& AF = 9
i) 2H&-& FAl 2E AlEEel

EZ &= o] 2th(Jeong et al., 1999;

U 2 Aol A
ZA A¥AE xAgYe] W g ekd
o] o, st oRE bHAdS Al o] AAIH R
9, Ak, AAL QA 7EF, AF D gE5E&F T uS
3HA] AFE-5 3L Q) UhH(Fendinger et al, 1997; Dewil et al., 2006;
Choi et al, 2009; Kim, 2010). A 2] &4 AEA = FA2(S)e}

A0y A A4S Zal = Al 8ok 2(Stevens
et al, 2001) 72 T]=E &2 A 52 (Polydimethylsiloxane,

=
Ak
PDMS)o|2}al 3= ZHo] T8 FJEo® XFEo] lom,
Dimethylpolysiloxane, Dimethylsilicone fluid, Dimethylsilicone oil
2 287 % 3tHCodex Alimentatius, 2009). a}A] 5+ 2 &) &7
FAE Axste Alx dAEE 7 Fo AL TF
F& G st Jon, 2XA o Aol x 7} o] A
rEFE Rt byl ARESE kAl dieiA e o 5 QL
J o] TH(Kim et al., 2000).

= PDMS, CAS No:
63148-62-9)> AA 118]8 A= H(cyclic siloxane)d} A3 2
- k(linear siloxane) 2. % U@ Th(Fig. 1; Dewil et al., 2006). 1.2
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“Cyclic volatile methyl siloxane (cVMS)’2} -2 FF= A7
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214 9l t(Bridges and Solomon, 2016). PDMS2| =2]-3}&}%]
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et al., 2006; Wang et al., 2013; Bridges and Solomon, 2016) <%
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L Q) O (Watts et al., 1995; Fendinger et al., 1997; Dewil et al.,
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o] PDMS7} ¥E WUt B ¥ QI tH(Zhang et al, 2011).
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-
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4TS 4o F vk B glow AR v
F Azl JAAFE digk AT JPEL Y
(Mojsiewicz-Pienkowska, 2014). =rujoll A= <3 -7 e
el o] PDMSE frafl AAEA Y/ B4R SdoR vE
2 Al Aoy Iz A fEE MAE 2HR
TR A gES At ok A o] S AA
ek a3 A 32 A 13, ey U AR AXA AL
S Ao RE wWEHE SAEH Uit FAE MY
AAAAANE sdsiA 488 5 vk tig HA 4]
o] LAl o] EAgT. 3k -2l &= PDMSoF ¥ d 7
Aol izt A= A LUFFoR A% wiE
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Fig. 1. The structure of linear (left) and cyclic (right) methyl

siloxanes.
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S (LCsp, 50 % lethal concentration)= 45~
= o] &gtk mE A Ao Agtel tid FAE

22 TOXCALC 5.0 program (Tidepool scientific software, USA)
o]gsteich.

et

2.5 PDMSOl T8t +54BYY XAt

AP 2EA ) FAR PDMST A Eel ) ¥ A
59T AFHoR dts)] Ad B AT o4
FaE A4 PDMSE o] 88 FEABEH A AgE
& #As] Mush FPE YUY ARt AGAT

_83_



AR - AR - S - ) - ERE
A3} 4 ECOTOX database (US EPA, 2009) =S¥ A 4 3.2 XMMYEHZLARE 0|88 =4HAE
AT s Gt om HA Ao] o] FoyAA G F Al 2 dI3EA AXA A ek AR 544
Fate] 79 ECOSAR™ V.1.11 (US EPA, 2012) d|S 29 S o]  dA¥, AeZA AXASB-1, 2)2 45 0.04, 0.015% 5%
g3t e 547s F3833 TA = 2ok vt {Fo % xpolrt vrEhubA] %
A E 0.08, 0.02% 3t %Eﬂ g Afol & Hol SYIF

gk dhgatbe ol HA44
A AZA(SB-1, 2)2 F$- 0.01% F=FIH7F
A= iz vlaLste] frol gk 2ol 7} L}EMN 2% kA TF
0.02% T+ H-8 ol gk o] & Ho] mA g o] EbRTh
gy dFEA XA (ABE o] &3 AdA A, 02% 3¢
7HA HZ2TeF vaLste] frojg zfo]7h yERA] erokor
04 %5-E] frolgt atolE Ho] AIA ALXA Hr} v
=/ ko] e th(Fig 2).
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Fig. 2. Concentration-response curves of relative luminescence
rate of Vibrio fischeri which was exposed to antifoaming
agent used in power plants. The dotted lines are

represented as 0.05 level of significance (a: SB-1

(Silicone based antifoaming agent); b: SB-2 (Silicone

AB  (Alcohol based

*: Concentration which significant

based antifoaming agent); c:
antifoaming agent);

difference of 0.05 level compared with control).

of Vyehskeh e o
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Q@ &Fo] LhEFThFig 3).
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Fig. 3. Concentration-response curves of survival rate of
Monocorophium acherusicum which was exposed to
antifoaming agent used in power plants. The dotted lines
are represented as 0.05 level of significance (a: SB-1
(Silicone based antifoaming agent); b: SB-2 (Silicone based
antifoaming agent); c: AB (Alcohol based antifoaming
agent); *: Concentration which significant difference of
0.05 level compared with control).
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oz mEs s A ZA LA g A

0.02~852%)°ll W&l LdZEA AXAA Hd o] 74X Z} A¥ A EAHH K AR HE (Material Safety Data Sheet,

882 ECs #kol 22,500 pg/LZ YERRTh e BHE
o]83 o] F A¥goz &YW LCsy % ECs a2 PDMS

7 59 Bth(Table 1). o] ztel= A= MSDS)E Algwrol zAReRGith 1ejvh MSDSe| E3hE A
QENAE FFw, A7 D FEAHCEEE, AE) Hole 7 AXAY FAEEDMS, AEgaE 2 2ol
g xpo] 7k Q1o 2 FA W A Park et al(2008)9] A7 ¢FAE S)RF WAIHO] A FHFHEE) B FaEdo] o
Ao A wrgutH gols o] &% ZAAFHEEE)Y ¢ AHEE AEe dE-E A8V EAGHA g E1E
B9 FAEA dg W E(sensitivity)’t A GEAFE B ATFAAE AEA Qe g HEo] 3}HEA o] o] F
o] &¢ SAANFAHAETE)ET =2 AoE e AR A kol el HAGFe] AJYES Fetdd = fN
ot Yy 2 AR A3E EYE B3-S PDMSE T4
Table 1. Values of NOEC, LOEC and E(L)Cs, calculated from O & 3} ¥ Ao B]&] PDMS7F E£3H5 A &2 452 A
end point of each test for antifoaming agent used in ES FAHARLE st AXAY A5 AFBEAA vA=
power plants (SB-1: Silicone based antifoaming agent; =/ P&Fo] L¥A 99 7|Fo2 wl§- ESSE & 7 AU
SB-2: Silicone based antifoaming agent; AB: Alcohol o™ o= A EA AXA S FAES PDMS7| 71 &
based antifoaming agent) do= FHH
ok AEAY] AFE EAE FadiEe] ARgel
et ongi Atiming 0 O PR a2 st g @ a4 4059492 5
® Conc. (%) End point o7 A G S A ASEAIES WEA Aok
SBI 001 002 minEC, o005 or) AL AREARSAL A ol Fadve] el mAe
Vibrio . kol tiek HHg AbA A} ubEofof 3 Aolth
fischeri SB-2 0.01 0.02  30min-ECs 0.05
AB 0.2 0.4  30min-ECs,  0.93 3.4 PDMSOll T3t +SHSFE A
SB-1 0.04 0.08  96h-LCs 0.07 A ZA AxA ] F84%<2 PDMS7E FFRAEC 1A
Monocorophium SB2 0015 002 96hLCs 0.02 = ‘ocﬂ):‘%% APdT+E H]’%}'-o—i ZAMSE Ay, A ESHAE,
acherusicum FHFEE 2 ol Fol tiF LCy 2 ECx 8-S 10~44,500 1
AB 80 90 O6MIGw 8% gro) wigle uEhthTable 2). o F /M NTE 4L
Hel A& FA 7% (Rainbow trou)E ©]-&g 1447 A
A¥A FFE EAHGFEL A2 AZAGSB1,2)9 A E& HAIOE LGy ol 10 nglE YElg o 71 e
© LCsy % ECs o]l 0.02~007%%E LIZSA AZAAB, FHIEFE 2 AL EW S (Daphnia magna)s ©]-&3 A
0.93, 8.52%)°ll Bl Hth 400u] o4 =& =4S PO 48A7F A L] LCs #ho] 44,500 ng/L, 24417+ 49
A
%

4
W TH(Table 1; Monocorophium acherusicum). ©]# %t
zpol o] Rl vhetatr] 9l AAAAA AN B

Table 2. Ecotoxicity data of aquatic orgnisms exposed to Dimethylpolysiloxane (*ECOSAR V1.11 predicted data)

Substances Ta);:ggﬁc Scientific name Media type durqu;‘?ii)n Effect E(L)Cso 8);%) Reference
PDMS Algae *Green algae Fresh water 96h  growth inhibition  ECso 60 US EPA (2012)
Invertabrate  Daphnia magna Fresh water 48 h Mortality LCso 44,500  Hobbs et al. (1975)
fDDi\)/IS Invertabrate  Daphnia magna Fresh water 48h immobilization ECso > 15  Hobson et al. (1997)
Daphnia magna Fresh water 24h immobilization EGs 25,200 TUCLID (2005)
Mysid shrimp Sea water 96 h Mortality LCso > 9.1 Hobson et al. (1997)
Fish Rainbow trout Fresh water 14d Mortality LCso 10 Hobson et al. (1997)
Cyprinodon variegatus ~ Sea water 14d Mortality LCso > 6.3  Hobson et al. (1997)
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o A FEHE6.74 ngl, 25T)E Z38h= v Ad A<
sioln o= A3 agol A pDMSe Fkell o) g el
e LA 22 el flRlem FAH T ek
ol + Ay 4 *E‘Xﬂ =E FRe W 2gEgdew <l
3 =Ed Al die AW EE AHAS 7Y B
7] o] " th(Brooke et al., 2009). =3+ PDMSQ| 3| YAI &
& Aol = AT Hargmld ol Afol7h et
A ggob atdt 5 9EF FE(@LCo R ECom Aot

Els 87
Risk Assessment)‘ﬂt” T 549 FA4HA LS YE=
A 321 PBT (P: persistency, B: bioaccumulation, T: T0x1c1ty)E/‘é
(EC, 2011)& PDMSell A &3 Az, AESH (M 49 T4
=447 A3 NOEC gtol EAsHA &oF 54 579 &
o] olf gl A&HAP)S UERE
(Half-life)= 37592 7]50] H+= 60¥ ZFakA kAt
A EA 9] ¥3k7]= 338U R V]Fo] HE 1809 S 2
sto] A &HAFe SA4E 7HHE Ao R YErwT B3 A=
54 B)S YE = BCF(bioaccumulation factor)dte] 3,397
L/kg wet-wt= 7]5=0] ¥+ 2,000 Lkg wet-wt2 2 ¥}5to] A&
59 EAS 7= Ao R vER PDMSTF o ® wiEd

e AEFE 9 HolAlES 53 A& ) (biomagnification)

2 A9 ddetAed 449 shsade] EAEkH A 2ddA A

woskRe]l HAEd F3dE A & AH54E /HAH

HAHES Hﬂ]*a‘ﬁ}% A BEANA FAGA FFS v
o]

A s Ao2 YEFGTHEPT suite™
2017); Zhang et al., 2011).
ﬂoﬁw FAAA A DM AT 5

V. 4.11 (US EPA,

>
il
Lo

uteba] 5 PDMSE] el FAE Aol ek A olal 3}

A Ql FFEA B A FGEE A AFEES o
Jo= POMS?| ¢ - EelH e SAS e wudd
APEATE BastH ofFu FHFEE AEE vl
dlH e M7 wrhal AE AT AFE R HA
5 TEHCE = AYs S8 Bu HEsta A4
d= AFE=ol et 035&%27} EEHolof & otk
(Buhl et al., 1993; Villarroel et al., 1999). F=¢F PDMS9] #| 443

3 AEEFAS e *‘Zﬂ e RS
A A sHHE} 58 HHE L AAAHAe] TR
F WEE JPgEA Fusolol & o Wk,

2 ATdAE AEEA AXAVE geR wEHAS
PDMSE %313t F 0o B Eo] s AATAd A A5
= = wr] 98 Az ¥
FEA AXA ] di&] AAPZEZFeF wgutg ElolE o]

o)

=4

Sl AYAASIAAE FARAD AT 2EA
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