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ABSTRACT

Benzoyl peroxide is a High Production Volume Chemical, which is produced about 1,375 tons/year in Korea
as of 2001 survey. The substance is mainly used as initiators in polymerization, catalysts in the plastics indus-
try, bleaching agents for flour and medication for acne vulgaris. In this study, Quantitative Structure—Activity
Relationships (QSAR) are used for getting adequate information on the physical-chemical properties of this
chemical. And hydrolysis in water, acute toxicity to aquatic and terrestrial organisms for benzoyl peroxide
were studied. The physical-chemical properties of benzoyl peroxide were estimated as followed; vapor pres-
sure = 0.00929 Pa, Log Ko = 3.43, Henry's Law constant = 3.54 X 107 atm-m*/mole at 25°C, the half-life of
photodegradation = 3 days and bioconcentration factor (BCF) = 92. Hydrolysis half-life of benzoyl peroxide in
water was 5.2 hr at pH 7 at 25°C and according to the structure of this substance hydrolysis product was expect-
ed to benzoic acid. Benzoyl peroxide has toxic effects on the aquatic organisms. 72 hr—ErCsq (growth rate) for
algae was 0.44 mg/L, 48 hr—ECsy for daphnia was 0.07 mg/L and the 96 hr-LCso of acute toxicity to fish was
0.24 mg/L. Acute toxicity to terrestrial organisms (earth worm) of benzoyl peroxide was low (14 day~LCsp =
> 1,000 mg/kg). Although benzoyl peroxide is high toxic to aquatic organisms, the substance is not bioaccu-
mulated because of the rapid removal by hydrolysis (half-life = 5.2 hr at pH 7 at 25°C) and biodegradation
(83% by BOD after 21 days). The toxicity observed is assumed to be due to benzoy! peroxide rather than ben-
zoic acid, which shows much lower toxicity to aquatic organisms. One can assume that effects occur before
hydrolysis takes place. From the acute toxicity value of algae, daphnia and fish, an assessment factor of 100
was used to determine the predicted no effect concentration (PNEC). The PNEC was calculated to be 0.7 ug/L
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based on the 48 hr—ECsy daphnia (0.07 mg/L). The substance shows high acute toxicity to aquatic organisms

and some information indicates wide~-dispersive use of this substance. So this substance is a candidate for

further work, even if it hydrolysis rapidly and has a low bioaccumulation potential. This could lead to local

concern for the aquatic environment and therefore environmental exposure assessment is recommended.
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uhSol o3 Ayt o] BAX F2 2E|2FE
=9} F AzFA A4, sdE AxFA
2] o= 44, WE B, o =5 A2l o}
7 oJofg o 2 AME-EITH(FH I AT, 2002).

OECD SIDS Z2 aglof M3 3}st2Ae] 374
gt 27) A FrkE ) gk 23
S 574, 945 2 A A A
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A 5A IF *}w’éﬂl/‘i A A oF oid
2 A= AAL 3.5450.1cm, AE2 0.34+0.04¢
ogom AN 2447 ARE BHAZE o
Fo AR B AR AR SN e
membrane filter (1 um)2} el g3A32 £33
AlA Argslden Ao Hx: 53.5mg/l
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o] Foisld APEEE VEAT APBE 2
2572 M=Z57) 1% 10° cells/mL7} SA AEsled
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=8 AAAHNE AAES o83 AT WA
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isation for Economic Co-operation and Develop-
ment, 2001), “Earthworm, Acute Toxicity Test—Arti-
ficial Soil Test’o] wa} Al@ =g} AN E
Eisenia foetida®. 533171 QoA Eopikel A}
f3lg 3 AlY 24217 Hell 121 g3 FefaE
Eo| xFo]F oF 150v}8] YL &% 20+2°C, =
g 400~800 LuxellA <=3} 3l A& AAE 1
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Table 1. Hydrolysis rate constant and half life of benzoyl peroxide at 25°C.

o Initial concentration, Hydrolysis rate constant Half life - 2
pH Temp.(C) Co(M) Keps (s X 10) (Tiahy  ComelaionR
1.7x107° 1.6 11.8 0.99
40 25 1.65x107° 1.6 11.9 0.96
1.46 %1073 3.6 5.3 0.99
70 25 146x107° 3.26 5.9 0.98
9.0 25 1.65%107° NA NA NA

*NA =not detected

). Q1 FE9FS OECD TGel| wel A=) pH
+ 6.0+057} HES CaCOsE dATH 715l &
#7128 ol g3te] UAs] EFse AR Al
Pt Wz #7182 (o8, 1024
mg/kgo]glom oju] AL2-% benzoyl peroxide:= &=
% 97.3%2] Hansol chemical company, Korea A&
ojgl.om AJ§g-H-2 oAE (Wako, Japan)o]] is-¢f
AzHAdet As= T A& 10v}2]Y 495
o= A AL AFHelE AT &
1E 2716 Yol 2= 203+02°C, 2=
F5o= 247 A% FHF3)e] 525~603 Lux 3
A7z B Helx A gk 3 A
572 7Y, 14l A5 A8, A
ol A Aokl RF el AF SA, Ejoli, 3
T2 W3l 2R Wi 58 V1S53

B

ki
2

1. 2835 H SY # #FHS

Benzoyl peroxide®] E2|#ats EAL ohg3
7t} =222 105°C (Lide, D.R. ed, 1995~ 1996)
o|]3132 MPVPWIN mdl-& o] &3le] o3 Z7]
o} 25°ColA 0.00929 Pagl o KOWWIN 29
£ o] 83 S=tE-F FujA S &A= 25°C
oA Log Kow=34302 AfAJo] ke 3lahga]
2 d4FE $ 93 o] EAY S48 25°C
N 9.1 mg/LE ERoA] A9 Hx] oo (the
CSCL Japan, 1992), HENRYWIN 22 2 o &3 3
2] A4 k2 25°CollA] 3.54 x 10" % atm—m*/mole =
A H7]z A FHishe e dsE
vehsist d7] S FEs) w371 AOPWIN

Table 2. Environmental distribution of benzoyl peroxide in
Fugacity level IL

Release  Release  Release
Compartment  100% 100% 100%  All three
to air to water to soil
Air 1.08 0.068 0.007 0.04
Water 0.01 85.0 0.0068 0.02
Soil 98.9 6.24 99.999 99.9
Sediment 0.001 8.65 0.0007 0.002

zde)] s o=, dfr]elA 4=4k317] (OH
radical) W8] S FejHes Asse wo)
71 34 (12412 =719l e
3.6 X 10" "* cm’/molecule*sec ¢]Jt}. OECD TG 111
of W $3HA AFelAM «AuiAE A} pH
4.0, pH 7.0, pH 9.08] ZA|A] 50°Cel|A] 54z 1k
< & 9 benzoyl peroxide®] 90% o]A}o] 714
¥ Aoz Folslo] & AlYPo] 43 =} Ben-
zoyl peroxide}= 25°C ~g-Hel|A] 7ppis)] uvl2-4
=9} W8 2T AY 23k Table 1] v}
e gde} pH 4914 wb3E7]1= 11.94)71 , pH 7llA]
£ 52417 pH 99X & vh4=r} - el A
Hol AR BHEA SIS W1 S ol
B-7}153t, benzoyl peroxideZ} 4=-8-9% Alel o) A]
7o g w2 BAYE FdE 4 itk
Benzoyl peroxide?] 7332 HES =317 ¢
3ol EQC Rdlo] o] 85 =] 1 Z 3= Table 2
o)) Yehy ¢t} Table 20)j4] 2} Z+o] benzoyl perox-
ide*= Fugacity level [TIo]| A F2 EF(99.9%)0 2.
FxZE= el slovt 100% 22 313HEA o]
FYHE e A S 5] FEE A
3}2 Wi} Benzoyl peroxide?] AJE-3A-2- OECD
TG 301Cell wie} A=l BOD =83l
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Table 3. Cumulative mortality of Oryzias latipes for ben-
zoyl peroxide during 96 hr exposure.

Vol. 19, No. 1

Table 4. Cumulative mortality of Daphnia magna for ben-
zoyl peroxide during 48 hr exposure.

Nominal ~ Mean measured Cumulative mortality
concentrations ~ concentration (percent mortality)
(mg/L) mgll)  24h  48hc  T2hr  96hr
Control Control 0(0) 00y 0 0(0)
st S 00 00 00 oo
0.25 0.23 0(0) 0(0) 0(0) 0(0)
05 0.47 20200 6(60) 10(100) 10(100;
1.0 0.69 4(40) 10(100) 10(100) 10(100;
20 1.54 10(100) 10(100) 10(100) 10(100;
4.0 2.17 10(100) 10(100) 10(100) 10100}

203} v 2] Bl fo] 21 Fof 83%= el
o] BAL 3 FollA wizA AL FH= B2
Fet= ¢le} (the CSCL Japan, 1992). =31 A E=4
2 BCFWIN =46 23] log Kow 3.46& ©]23}¢]
o) 238t A3} BCF 7}ko] 922 A AFE o] benzoyl per-
oxide:= QA WellM 43 7bsAdo] {2 E4Y

& BejFgiet

2. Mej5H

o5, B, 2F 9 X3 eld] A3 S5
g A3 g3 Zoh

Benzoyl peroxide®] 967t o FFAFAIAIE -2
HEFEAEE 71Z02 023,047, 0.69, 1.54 2
217 mg/Le} Sz, el M Ao
A= Table 30 Vepligly, =y 2 Suidz
ol A AAF = sk e A S
BAE R ekoret. 21 (Oryzias latipes)®] 96X 7
LCsogt2 0.24 mg/Lgg e ol 5% AlFaHA =
0.20~027 mg/L, Hd 0% A} AlPEx=E 0.23
mg/L, A 100% XA} A&EEE 0.47 me/l, 203
22 0.23 mg/Lo|glv} Benzoyl peroxide®] 48
A7t W5 FASA A3 A= Table 40 e}
et Aldse= AAxs=a4] 0.03, 0.06, 0.13,
0.25, 0.50 mg/Le} g2 U dZFollA AA|
=9l Daphnia magna®] 48217 ECsogk-2- 0.07
mg/Lolglar olw 95% AlZ|3AE= 0.06~0.09
mg/L, F I8k x= 0.03 mg/L, FA 100%
ezt 0.13mg/Ley e ¥ Ltz
A A =y 98 i NAG A4S B

Cumulat.ve number of organisms

Nominal immobilized (percent immobility)
concentration (mg/L)

24 hr 48 hr
Control 0(0) 0(0)
Solvent control 0(0) 0(0)
0.03 0(0) 0(0)
0.06 0(0) 3(10)
0.13 30(100) 30(100)
0.25 30(100) 30(100)
0.50 30(100) 30(100)

Table 5. Percent biomass/growth rate inhibition per con-
centration of Selenastrum caprocornutum for ben-
zoyl peroxide during 72 hr.

Nominal Cell density ( x 10" cells/mL)

concentration (mg/L) g hour 24 hours 48 hours 72 hours

Control 1.4 3.1 32 130
Solvent control 1.2 2.4 25 66
0.05 1.3 1.9 22 59
0.1 1.2 2.1 19 67
0.2 1.2 1.5 6.4 53
0.4 0.99 1.1 2.7 20
0.8 1.0 0.78 0.54 0.04

254 dsteh Berzfol o A
spetalr] 9ak 72417 2R A AGE 005,
0.1,0.2, 04,08 mg/L (AA%x% 7]Z) 5 o)z}
o 2ol A AAE gl e A= Table 5o U}
el A}, Selenastrum caprocornutum® 72 A7}
ECsott2 AAEE o438 Aoz 044 mglL
o]l olwf 95% AlF A= 0.39~0.51 mg/L , 3
A 7385 = (NOEC)E 0.2 mg/L , A 9ss=
(LOEC)= 04 mg/L o]glom Hzgs} 4vf iz
ol Ml 2FAALS A oSl HAAAE S
o] &3 Azl= 72417k ECso3t2 0.07 mg/Lg Al o]
o) 95% A1Z &A= 0.04~0.11 mg/Le]on] FHoj =
3= =(NOEC)¥- 0.05 mg/L o|slixr FH A3
=5 (LOEC):= 0.05 mg/L.o}g]t}. Benzoyl peroxide
o] S A E gt ofgFe aolrr] $isled A
o| (Eisenia foetida)ol| W3t 144 FASAAIF ]
43 5 3l v} (Table 6). 54 A1 32 1,024 mg/kg, 71
Sl zs 2 dz2ddA AAFHHAew ofd 14
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Table 6. Cumulative mortality of Eisenia foetida for ben-
zoyl peroxide during 14 days.

Cumulative number of

Nominal
concentration Number of dead worms
K worms tested
(mg/ke) 7 days 14 days
Control 40 0 0
Solvent control 40 0 0
1000 40 0 0

d LCsoRk-2 1,000 mg/kg )4}, F-od 52 1,000
mg/kg o|Ate|glom frlgvidey F Wzl
A 22} m 59 AAEA] dsie)

o]#gt $AAY Lol tfF 2 54 32 ben-
zoyl peroxideZ} 87 dA] wa A sl F
mz 7}pRs)AlE-<l benzoic acidel] 23+ Aolwk
T A" 4x gl e} benzoic acid?] A FA] S
o] F-2] 7% Lepomis macrochirus® 96A17F LCsp
e 44.6 mg/Le 1, B E-2 AL Daphnia magna
2] 48A17F ECso%k-2 100 mg/L o)A}, 257-9] 735
= Scenedesmus quadricauda®] 3A)17t ECsok-2 75
mg/L=Z (The OECD HPV program, 2001), benzoyl
peroxides] FAgt w9 Aelsk ma ole
benzoyl peroxideZ} F=gfAlolA] 743 =7
Aol LA 54 S v Aoz At
& 4 sk

3. =7 flsiM "ot

Benzoyl peroxide] 2739 27] sjAd 7t
2 9okl 2R AL WAAS D AR
o Hg AF7} o]Fe)x v} Benzoyl peroxide: -
WolH 20019 71 Eew 1357E AT At
etz & FAARE AAbE T =3 YAk F
Aol "e" A" ellA] o] Fo]z]7] wfjit
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