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ABSTRACT

In this study, formaldehyde and benzene were selected as the arbitrary chemicals in accidental leakage to environment, and
their physicochemical and biological characteristics and toxicity were studied. Also, the fate of these chemicals in soil and
groundwater was studied based on the results of previous studies. They can be released into the atmosphere as gas or vapor
phase, which then can be photochemically degraded. Since they have relatively high water solubility, they are likely to have
high mobility in water and soil. Volatilization of these chemicals from soil is affected by the soil moisture content.
Biodegradation of formaldehyde and benzene is one of the important pathways as well. Therefore, it is necessary to study the
environmental impacts of leakage accidents of flammable chemicals such as formaldehyde and benzene. Further research on
the fate of flammable chemicals in the environment is needed to take appropriate response actions to leakage accidents of
flammable chemicals, and this will contribute to the development of practical guidelines to cope with leakage accidents.
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38%, A& A21x%). o)A A75(Shin et al., 2018)14
= EZOFAR AXLE (Material Safety Data Sheet, MSDS;
https://msds.kosha.or.kr/kcic/msdssearchMsds.do)2] 1384
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EFZ2od HEZHEA, dapdgdEit, vg
gz HueggEgdd ErEEandadd
NHEZEFZZ AT, ARES} 4, Ak g, vgs
e, WEgEZE, WA, o3s) gk wE ofld AlE,
Hg Hg AE, vg olmdeolE, olm=gQl, ¢ &
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2016). E5LHBIE= 53] RIS 72 34 AT,
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2.1. 4 x| Lf HSol| Feks F= S2sEE 5y

X =29 (formalin) == ZEYH3])= (formaldehyde) 2
ol 1% ol T3 THES F5E4, A, Al
gEEAE BEECHNCS, 2018). EEA|E=E 24
&89 7IACR)E A=2R WAlE 7T T2
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& TEQUIIES B} jggo] o] WE o) AES
2 AFHQ WA 7P T Wk, o) gee) =

~

EYHB|I=S] pHe 2.8914 4.0 F=olt). FHAGeA
FSAZ AREEAY 4 AelA] 3 AEA] =
Hol|A F2] AAAZ AREEo] S HHFH o= S0
Z Aok FEATEI=EY VIS 25°CoIA 3,890
mm Hg(Boublik et al., 1984)°]7]o] t)7] Fo2 W<Es
H 7k FEE EARIT T IRUTsIEE Bslst
o= AdE itsleicda) whEsie] al=ar, of of
U= 45A)17F o |t} (Atkinson et al., 2006). B=gF
ol o5k BES7t 7hsskar, WlE 1-6AE A%
oJti(Su et al., 1979; OECD, 2002). 7] & EA8l=
FELHFEE HE e F Ee U] F 92 22
of FH=o] A = EYC R 492 4 . x5
d3]=9] n-282/ER0Al5(log Kow) %4(0.35)(Hansch
et al, 1995)9} F-718] EaRulAIS=(Koe) F(Koc = 8)ll
mEH EYGo R FYE IFYHRIEE w9 =2 olF
S 71 Aoz «F3] B 4 UTHTOXNET, 2018).
2 Eol st 838l=7} 20°CollA 40 ¢/100
mL BEZ (Pickrell et al, 1983) Bl €4 & & 2
ou}, Bof| H& ¥EAUIF=E vk AEE wA U
ol TR IRYHRIEE EY U JE B
AP FAE2T s 2Rgste] o)EAdo] A
4 SUthDe and Chandra, 1978; Cooke et al.,
2003). EFLU|SI=9] lEpd=r(25°Col 3.37x 107 atm-
cu m/mol)ol] W2 e EQF T XELHS| =9
S Fa3% AF BEgal & 4 ltk(Betterton and
Hoffmann, 1988). 3}AIRF 579l m2H ZEUS=
= Yyt 3 A TRdo)7] wiEe] Xt EY
FHoM= 3 4= JtkBoublik et al., 1984). PF
THRZ el gol wEE B g 3k o)
EELBIEY] AL F88HA] &grial & 4 UrkUS
EPA, 2012). E5gHsl=s 47 AEs) 2 & stk
HuEa QIEKNITE, 2016; OECD, 2002). Y¥-2] MITI
(Ministry of International Trade and Industry, Japan)]
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nSBAAEHAE o83 S71F A AFd mEd =
7] % 100 mg/Le] EELHB| =7} 25 <ol o]& 4]
BOD 9] 91%5 =YITHNITE, 2016). 3+ OECD
7Fol=2kel 301D9] Closed Bottle Testol] W= %

2] ke wgEo] 28 <kl 90%2] EEATF==
a5, TELUB| = HA A3l e 4= Hal
HATHOECD, 2002). FAIZ FY4E EELH3I==
Kocgho 2 W ROl v EXEY Ff B4 2 5315
A &S AR B £ Qtt. BN FEAUF|=E 3
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28-S 58 A go]L(gem-diol)yS A ITHOECD,
2002). F3kE ZEGHB|I e Aut 3 oAM=

TR wkgo] dojubx] F=THLyman et al., 1990).

W, IFYHRI=S et 84S EQPgste] %18

o= LkslEar, S-S Sl &3l (oligomers)
= #A3IH(Gerberich and Seaman, 2013). T4AFE 9]
B3 die-away testol] WEWH 714 2 A7 0lA
SR Fal7t Az 3043 48413 Sholl o] H A

(Kitchens et al., 1976). 3714 AEsl] W78 7el
2 Bl xEdu=e] v le RSl 17, A
SlrollA 2-144 2 R sl IEHUS EPA, 2008). wehA
FARE digt ZELUF =] BEsSATE 3 A=
2 Yh(Hansch et al., 1995; US EPA, 2012).

WAl g ool 85% ol IS EFELS FEEE 2
Al ERE R WAe FAoA =Eas o
© HAZ 579 WAIE 7T WAl 191 @l A,
7KEd 5) 2 AF Q9@ 9, AHE, 28] 3Nk
A 508 @70 et wAe] F719ke 250C00A
94.8 mm Hg®Z(Daubert and Danner, 1989), th7] To&
FAEE Tado g EAE Pk WASTE ur)
Akl whgsie] EeliEal R IE 139 Bkl
CHAtkinson, 1994). B3k e Eelt)zyle wkgshy, vzt
71E 170,0008 AE=Z v~ =Z|th(Verschueren, 2001).
373 Yol A WAl 7152elE dod)A] kS AR 4
AFEtHLyman et al., 1990). B3+ wiAle] Hu) S3=e=
253 nm 3PgelA dojur] wiiEel di7] F WAl ek
o 93k FE|o] P WA A4S o= JdHT
(Trost et al., 1997). 3HA|TF FFolr= apge] wsl2
Qs wAle] FEs7E dold 4 Uil (Howard et al,
1974), 71 IFollA= & ol SoRle= wiAle] i)
W17 1699 A=t B3} th(Hustert et al.,
1981). WlAle] Eo tigk 83== 25°CllA 0.179 g/100
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(May et al., 1983). 3-8 EF oA WAl 3]kl
7t 25°CA 5.56 x 1073 atm-m*/mol)yS 5.3t
5 ZdZo|th(Mackay et al, 1979). AZH EYM=
Higle] F71gte = <laf widlo] Fud 7hs/do] Ut |l
do] AESH il EY WX 83 AT A= F
shuo|oh. WAl 20 ppmo] 10579] A3l 7IkE 5 47%
B3 AcH(Haider et al., 1974). Y& MITI testo]] w=
H SBAEHAZ 100 mg/Le] WAS B3] 25 <t
o4 BOD#L] 40%= 4331, o= A oA A
E8H4 a7t WAl Fast AT A=
(NITE, 2016). F=3F vkt 57143 mjAlE
50%2] WiAlS Eagiar, 90AIZt Stoll &4 Ralv) 7Fs
SITH(Zhang and Bouwer, 1997). SHX|F @714 Z70)
A wAe] AEH Bl vHlsck(Reinhard et al.,
1996; Hutchins and Wilson, 1991). H&F A Z70|A]
A7 [IEHAIE ol &3l WS HEE HESH AT
7} AAATHGrbic-Gali¢, 1990), BAFA e a1 3k
4 ZodA WA 604 Ut o] UTH(Reinhard et
al, 1996). B3k & M wiligle AEstHoz
=2 e¥S¥cH(Hutchins and Wilson, 1991). #lAdle] Sk
S/ZRuAIS(log Kow)y= 2.13°]3L(Hansch et al., 1995),
o|2HE 293 f71H BamalAlg(Koe) #- 850]th
(Hodson and Williams, 1988). W=t Ekoz2 ¥
EL oJFAS 7L, Bl mo} ReA] =
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Aotk (Buxton et al., 1988). gt
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Ae onletar, WiAle] AEsSAT= 1120 &
(Neff and Sauer, 1996).
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© EGOE fE =42 Q1% el 93 AEY
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2.2, HEHS AL

Zedrd|=e] Ael= 33> ECHA(European CHemicals
Agency; https:/echa.europa.eu/) H|oJEJH|o]2~0)| A BB 3}
ok, o7l LC50(lethal concentration 50; ¥FFEXAFE
YRS =2 AZH4 days-24 hrell @2} 6.7-31.8 mg/L,
A FHFFE ECS50(effective concentration 50; W=
AFEFEE)HS 19-58mg/L@8hr), ZF EC50 <
3.48-6.61 mg/L(72 hr), UJAE EC50 A2 14.7-34.1 mg/L
(5 days-3 hr)o|ch. WlAle] 739 oJF<9] LC50 2 5.3
mg/L(4 days), X FHFE= EC50 3> 10 mg/L(24-
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(24 hr)e]t}.
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gk vb UThHElS 9, 2004; Kang
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ol9} o] Il Qs EA = AR <lE) QI3
o] EY &Ho0E %‘?QQ‘H HAE Gl gk A
= A9 gle el E vk

o] 7 7= Akt «1011 Ego= {9 Qlshd
4 EY W ATl gk A= mHlshd, oHE E
PN WAl e sl Be] BAH S 7
A% B4o] LGB A VXE e An7] 9
g 52 d e H} ATHBaek et al., 2001; Cho
and Ahn, 2006). 9]E Sol, B Ul f7Ieaste] o)
3 A W WAS E4 8 ) A e
A3 v} ATHChoi, 2004). TE3F F2AS o]-8-3)
EF W A AAS 28] F2Ael gk o XJQ]
EAE 973 vl 9ok (Kwon, 2014), B &
Al owiAlR e dshd S ATl tidk d7=
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e FRE AT FelA g g
WA 7], 7, EG) W WA 2odal 7111"ﬂ
As BV Sl SekEd E wEE % E@r L7é
7 s=, 88 AT B A 24 A 2dE, B
A W7o saAl HrF A&ELS AR TH(MacLeod
and Mackay, 1999). T3t 191202 QA7 EYolA
o] S Bl wgEe] wafoll oFk A7t AEE AT
3+ v} SJtH(Anderson et al., 1991). ©] Fol= EF U
oA 3}shz|, AHESHH (A= Q%k B3l == 2=
g 2gAsh APl tF A7sk FAE v} g
(Newman et al.,, 1998; Miller et al., 2004; Rodin et
al., 2008; Limmer and Burken, 2016). dl& E9°], s}
4 B T Rl vg S=el=s Al e
E mAEo tigt A7t 3gk vb tkMiller et al.,
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2004). E, tolADstl=ele A9 EY HellA &
=)o) xgxq L Z7IAES] ojEAle] &2 2
= A7 23E B3k b AthRodin et al., 2008).
o9} o] I - 9] BF & Alarel #E Iskd &
1‘91 EY W Asel digh 5= vnlshy, ez
d EF Welxe] s 4] Al digk e

?:l%‘— oFoIAAL Sl Ao HAIT.
A B F shiel O}ﬂﬂ:@%‘z do] 735, 1999

Els

4 Ao Qlal BN & ALt B v} la,
ol °Pﬂ dzjede] Aslere ofF 9 v& F

AolAle] AFS Poliy] SA5 BAPS e v gk
(Sengor, and Unli, 2013). o5 53l 7= BA9 7

A8 BHo] rE B o B ATL cASsher
7P 583 ARk ar Bk vl 9ltk(Sengor, and Unlil,
2013). iAo 79 o o] A ®=Y g8kl
A FEEE /‘b_l"iﬂ%f 2 =l o8l Akt ESF
o7 fFiEe = Al BIHE] dojuar Qlar, o]<k
=] 7= FAAY AEH 239t o] wf A
= APEE A3 54 Wig} S A7t 89 vk 3l
H(Kang et al., 2006; Bekins et al., 2016; Wilson et
al., 2016).

3 2o %A re _/,:g N B4 oJaks 7)A
T Ak B A7 g E42 A4S 2ELs|=e}
7, T8 FEFEE, 2, AR g 54
7]-71(111]-(http5'//echa europa.eu/). SPATE 7} B4 o
2 EY e Akl e 49 54300
Atk O]h 2 wiA W gt oS3
S ek EEY AESH o844
S = 5 A7 UH—ErOlE}(Nam and Kim, 2002). <]
9, EYoE §Y49 I A7Ie@=Z2 e aF
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1995). 259 3¢ EYY Akt S48 wgd &
oF A & By} Ol—ErfﬂX]Il A (Wilson et al.,
2008), J1sMd B4 e 71 LHEEHe] By O]a
g A77F vHIgE Aot B3 = Alale] A

& = AerE F0E E40] aging He ARl %"r}o}
aging°ll I3k FFo] A, W vigo] <t Hal =
H EZo] B WollA aging He A 7=H EZo
e olgo] gebd =4 el wekd 4 St
(732 21, 2002). 3pARE Q1eMd =He] EFore]
F 87 UAE 12 24 9Pl o a7 o
ARolw, v Alm A 87 Qg o A9
7Fe feiMe 4 9%, 538 BEY 94 549 3
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o e
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)\1‘— A7) /\]'I’—Oﬂm'}‘]/\‘:iﬂo 71—_7':_]‘7_ o]zq ;q] zq O];_LE]_
E A Fert ok £ dFelxe sl £ F
sy EAS goez g 288 dHst &8sst
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