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ABSTRACT

This study presents a technical perspective to the fate characteristics of phenol and m-cresol, which represent some of the
most common organic chemicals found in chemical spill accidents, and likely to persist in soil and groundwater due to
their highly stable physicochemical properties. Some cases of domestic and foreign chemical accidents linked to phenol
and m-cresol contamination were compiled. Due to their low organic carbon-water partitioning coefficient (Koc), phenol
and m-cresol tend to migrate into groundwater and remained as dissolved phase. On the other hands, phenol and m-cresol
can be readily decomposed by microbes in soil and groundwater under appropriate conditions. Therefore, the fate
characteristics of these chemicals are highly contingent on environmental conditions. Thus, if a great quantity of leakage is
occurred by chemical accidents, the up-to-date and correct information about fate characteristics taking into account both
the chemical and environmental conditions is greatly needed to minimized the potential hazards from these chemicals.
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2 CEvd R
SEAS B3] detehs Ao] Fasht B dATelre

ralstE-Aae sy, A AL tiRlE-Z (Korea Ministry of
Environment, 2015) & F7|8}8=4e] HEELZA 7
59 mAYES RS sl EY 2 A5 8

o] ¢17(Shin et al., 2018)2] H-&
=, Al WA A, B B EA)

o] el FrdEe FEide] L¥9Ee
t}. o] Folx= SPRPEIA R F-F-A|2~E o
siehEd Aok SA =W 2000-
2018 b 2719] #HlE FEATE AYS bk ot 2014
9 69 7] sl SRR QIgE 30 Lo T
5(25%)7 oM EAINE (75%) E3HE-0] o] sk
31, 20159 9¥ SAHEE AFAA dEA] Ak
Az geREgdEls S5 vk U wEE <)
ZAlar AT Frelele AT 9 9
T Q@A) mAAE Bl Q@A) tisEE oo
(NIER, 2008). 1974 7€ A 22T s o4
AlaE wla 843 (US EPAY] &85 £ IE 383
£ 71& 0.1 mg/Le] 10081 0.001 mg/LE 7]55S 33k
AZIE AZA AZI7E | g, 9 55 U] szl
3 1,130 mg/Loll €8 AxE oFgEda, FHE] A
7 wEi7E Atk mAA I Bl LG IS 1981
d 29 TSI, Georgia PacificrlollA F=EE H=o]
AR S QAAIA 3Y TF IARE Q8 F57F 3@
e Alarb @it en, B #HEe HasEs 0.11
mg/LZ FHESIE o] 2ol 19849 19 FxelMz= &
Y= Deerd FE0] 2= S22 vt F
3 0.085 mg/L, B 2 mg/L7HA] LAEACE 20008 12
9 w]=F Borden Chemical Inc. A} ZF3A0NA 100%
HeEZ A7 BN o] & 2dxt 190]
APgstar o] FHELEH 9sEE Alart AT
(https://www.osha.gov/pls/imis/accidentsearch.accident
detail?id=200650414). T3k, FACTS(Failure and accidents
technical information system)|A] AlFsh= A& AL
3 Ak dlolefulo]z~e] 2JsPd 2001 F=f, 20024 &
3, 2008 T~ T HIA] HiE] 23 Al Ay
slar Sk, wlel-FHEe] 7B SR EZFAIZE
o A U arEARIE §leH FACTSS] At
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3 A dlojElHlo)zollA 198035E] 200737FA] & 29
7ol agE B Flart FAETh dEes
2007 golFollA FA#ES 23S Qs Bl A
ol A A BFshAlar, 20053 mloll A LAYEE A EolA
Hael FHE T 5 RE A2 9% Al 5ol
ALt

E A7 vy dsRi sRE]] vEeladEe] e
sl 540 7ksle] EY 9 A8l SA0lx ] A
E47 AeE4E 548 Fekeidnt. o] A+ Avke
sisrtarl Aol e 7& SR BEY ¥ A5k
34S x9st A AeiAlel vX= Gl sk HeHg
H7AE S fieh 7|1ZAE R S8 4 9low, 8]
SEF Al g 2 B disk sk A Al
2849 4 ok
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2. Hl=2t HEt-3HES E
X5l etEolMel HE S

2.1. H=2| HE &

WE galgeao] slo]=5A)7] (hydroxyl groupy’t A
3t eSS Ts HeRehar TP, s
ol T 7P 3tdet 7x9] sgtEolnt. ¥ g0
A 3RS 7R B e Slale] AAEE 0.5-5.0
ppm F=H LA 2 7Fsd BlEdA] e gAR &
WALE 71A sietECltt. Tlse ARl A
golu} EA 59 SR <laf AEEM, e = 4
Aol 2mek, JAFFARIE, G4, A, dokE 5 o
G &= ARSEA vk FEe] =St 544
Table 17 2t}

EY T HsY A5 pH, 7715, IETSH EY T
of FEE Wk F Uk YHF o R HE(clay)ot WAH
FE(ilt loam)ol]l i FFAJo] Yia, ERYUZUO|E
(montmorillonite)?} 7} Uo]E M E (kaolinite clays) 5
of 3ol A fltkar €#A Arh(Artiola-Fortuny
and Fuller, 1982; Ehrlich et al., 1982). Koc #2 ESF
T 719 =H9 oFHE dSsket ol8E U
™, Koc ko] 5,000 oPdold EF W 2AEH0] A9
o534 %21 2,000~5,000 L= olsAe] Hrkal &
o JthLee et al., 2008). EX] EAdol wle}l 9.1-38.8
o] #E9] A7 BHIAIG(Koo)s 1T wh(Boyd et
al., 1983; Briggs, 1981; Scott et al., 1983), H=°] &
Pl =L olFHE AL AeS & F UTh
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Table 1. Chemical properties of phenol and m-cresol
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Chemical properties Phenol m-Cresol
Molecular weight 94.11 108.138
Boiling point (@ 760 mmHg) 108.75°C 202.2°C
Melting point 40.91°C 12.2°C
Density (@ 20°C) 1.071 g/em? 1.034 g/em®
Dissociation constant (pKa) 9.99 @ 25°C 10.09
Octanol-water partition coefficient (Kow) 1.46 1.96
Organic carbon partition coefficient (Koc) 9.1-38.8 27-251
pH ~6.0 -
Solubility (@ 25°C) 8.28 x 10*mg/L 2.22 x 10*mg/L
Vapor density (air=1) 3.21 3.72
Vapor pressure (@ 25°C) 0.35 mmHg 0.11 mmHg

Henry’ s constant (@ 25°C)

3.33 x 1077 atm-cum/mol

8.6 x 1077 atm-cum/mol

olsS TASIAIL, AA EA wlEe] FAdel WS-
S Btk 3, EY pie vz §38 2=
7P 83k QA F dhielal, pKa(9.99) (Lide, 2000)
opde] pHellxe= F&te] dofuA] Ut In situ 7128}
FolA 9] Hme] FE] gk Aol W= (Laquer
and Manahan, 1987), l=°] qebrx3) 274 SolA] &
A g, 7128} o]F =& pH wiwol 2] TAYSH
=] ¥gkor, ol #HEo] AgkrR olsd F USE 9
w]glt}, 53k Artiola-Fortuny and Fuller(1982)914= &
oMol Hmo] S22 F 4slEe] vlEF pHoll P&k
S 1O, Honghai et al.(2008)2] Tollde= & 43}
=] #Hl=e] Sl vA= pHY FEs RISk
g dFolXeE dzAd BEY FH jkeEQ] HE
(goethite)?} A4 (hematite)?] 7%~ AHAI(EEE 2FHA)
SHgeA Flse] F3o] ofelAl Yoo, ol B E
4 T A kel JASH(PZC; point of zero charge)
o} pH Ao]e] Jazge] ofgt xRS} Hze] F3F
of Y = & IS EATE Buk opet B
ZIEAEIE, AE, ABE 5)9 ol EY 54 ¥
H=o] FAFIERE, ARE S0l wet B o wls
9] F3ho] gdefd &= lomg QKXo Bk EAlS
1#HE Herl YKo et al, 2007; Xing et al,
1994). 25°C exje] vk APl F719e 1T o
(Gaffney et al.,, 1987), 32 ESF Wy} AXS EYR
R o2} ARG FrFs/do] Hrt ] S
Az 79 25°ColA 035 mmHge] 7194 7R,
RS {7)3gEE0] 7k~ /dR) Erl e (gas/particle
partitioning model)?l] WEW tjF-Zo] F7]9] = &
A S} (Bidleman, 1988).

M

EY T dA= UREE w=A EsjEckBaker and
Mayfield, 1980). 7|Z70A LLelA B 745 ¥
=9 FE3}S(mineralization) 3, 7, 704 ©o]& Z}Z}
45.5, 48, 65%=2 YERITHHaider et al., 1974). =2
TEIF Wk A9 Captina(pH 5.7, #7158 TF 1.1 %)
2 Palouse(pH 5.7, 718 & 3.6 %) ElA ¥zt
71 A7} 270, 3.51 AZFOIATHScott et al., 1983). 2k
4 g A7 Bkl AR vl 47 552 ¥
984 A7k g HaE3l kShiu et al, 1994). Konopka
and Turco(1991)0l] W2H #HE2 5T BAE T,
ol 9 FEoX 1Y ool mEA AR F
BEofXRE gl o2 o] ¥ vAE SE =4
A3}, RES} Ul B2 rAE SRS BYlon,
olo] W} HEe W IE EE(<2m)lA 2846 ¥,
5> 23 mpelA 1.0-3.5Y, AE@ mpelA 2192 Yet
Wt a28]a HES 290 nm o] xS EEHA
oot Sdlel] oJgh 221 FEdle WA kot 3t
WS Faste] AEE stol=54 gty Z(hydroxyl
radical), H=3A] 2}t]Z(peroxy radical) 5 AF3HAol| 2]t
Hh3o 2 A F Bz 2T 4= ATk (Canonica et
al., 1995). Rubin and Alexander(1983)°] W= T4
A HES 1Y ool 93] BalESla, 1 S5 5
Al T f71Ee] BerE o wEA Vel gk 2%
off wehA HEe] FalEEe] Zol7t vl A1
257} 20°CoNME 24, 4°ColA 4Tkl £A3] B
4= AtH(Ludzack and Ettinger, 1960). ¥vkzo g X5}
Foll M9 Fmo] vr)E 12004 1682702 FAEH
(Howard et al., 1991), B Zlole} 57, nAES] &
A LS B 2] iz AE 297 sAdel
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) THEnvironment Canada, 2000). t7]
25, ARE Sl wet gekd S o) Rk
slo]=224 g}t)Z(hydroxyl radical)ol] thak Wkz+
2289014 22871302 A Utk ECB(2006)°1
Hzo] P} B3] WIS 280F RHisiyl
, ol 22 2 W] wiiEel 7] T FAY it
o] A k& HOF SISt

QokelAbd, s ti7] o= WEE Ay e 5
Fel2 EASIARE APt SV 18E W E
2 A FEEE I rFeAdo] Rk e
HiAl7E AiFo® o} HEFEOY f71E %
AE) 2] a1l Bl o]EAdo] wom, AESHHo=R
A et =g Y pHyh =5 A F3ol 9

=

N

—_—

=i

o o2

> o

oA AsrE OIET TFsge]
22, BiER-TeiEe] S % £
aejze Aol el Rxslo] glom, $4, U
B, 95, AR, P 5 SRR 9
Aok w9, B9 B S0 viggo] BUS wad o)

OAL AREEA AR IE st FdE2 28719 1A
o W} Q=& Z(o-cresol), MEF-ZH|Z (m-cresol),
glet-F8|E (p-cresol)2] Al 7HA] Fej7F A3t wEg}-
FYES AFA, WA, A 2 7E siekEe] A
2bllA 818t A=A ARSET TksE H7E &
B8l HoE wiEHT &3 AFsA) w7k, U= W
HA7E B3 FHoE WEd 4 Utk WEl=ZdE

gl o= =

= O
i =1E=1

[e)

— T
B 9Ee WAIE 7R it wEl
2)3}81% EAIS Table 19 VFERY
A},

wel-Z8 0] Fr1gs Bl (Kooys EY SA40
we} 272519 HYE 7R3 glor, ol HELIHE

o] E¥or FEHY olF4o] Wiy w5 oridth

=, Bl ZdetA F2EA oot At offje] AekrE
ol50] 7Fsd 4= Utk Swann et al.(1983)°] w=r
e2EEs ¥ TdERY ESEHATE AR
i, 1 A 3EEFe BEY SA 4G4 olsrtesi,
o = o548 7RIS ISt EYelM e et
AYE9] olede vetTEER EY Ul A Ale]
of A Aol ol AAEH, o] FAAF FA
pH, & 2B}E <, 718 & 5ol 9= = & Aot
(ATSDR, 1992). 53], Het-Fel&e HEF] 52 E

ol 53] AsiAl FAHE P HATKLuh and
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A=

Baker, 1970). T3}, 25°Col|lX9] wel-ZdE2] el
£ A v 2o B XY ke g A
3] AYSIH(Altschuh et al., 1999), Z7]4e] 0.11
mmHg= %3 EY TR I wlg- 28]
ot (Daubert, 1989). HE3} viFIAE F71%e 117

< o Y {7IslehEe] ZRR1A; iR (gas/
particle partitioning model)ol] W= HEL-FHES t)7]
ZolA o] 719 FEHZ EAITH(Bidleman, 1988).

HEel-TH &S 371873ME GA AEsiEtar a4

] Jtt. Loehr(1989)8] A7l w2H M= O F &
79 4A BElA wel-THES 0.6, 11.3¢9] vkt

718 Bown, Bl Aws7E AA dolg = 2
S gRIgn). E=3h, EYe] f=F 500 ppme] WER-=
P2 1197k 3] Eal = Ak(Flyvbjerg et al.,
1991). 371 Asle FACMAME we-TEEY] F48
AA 71F ot} vlelZEEe 3714 BollA 2299, &
7173 EollA 15-49¢9] WE71E 71A™ (Howard, 1991),
15 HH 2N wETdEe) v s S AR
A g A2 A JTHOECD, 2003). WElZ#E2 #
= PREPIRAE 2500A el =EEW AEE 3
A Lo =24 2z, hydroxyl radical; HSA] 2H
Z, peroxy radical &)} WHgSle] HallE 4 Qi) oyt
el e 7IReEHE 8077} glens ) F
7Sl doubA] &F=TH(Lyman et al., 1990). th7]
o] ve-2HS B3etH o Y slol=54 2
ozt whgale] e 4 lem, o] W ¥ &
U= 6o Z A5 (Geyer et al., 2003), FAk
o 22 (nitrate radical)?} ¥R A9 25°Col|A] 4%
o] WS 7 AoZ SHEUKNIST, 2013). 3
WERTZHEL 290nm o] S F5E o=
2 3ol oJ3t AR BEE= LAT 5= dct. HE)
HgZEo] HIEA AHE AlHER nFolHol 52
2 (wet deposition)l] JFHAE 7] FollA AAL 5

2=
T

1
L

010 o o)
M= =2

1985).

ATH(Grosjean, 1991; Leuenberger et al.,

sk, WELadEe oY) Fox ¥EE 4%
o 3] FelE EARh ok A 27198

g v B 2 A0 22 A e 7ksol
Aot 7IEa FaAETE diE o R stol Bl o]
o] wouR ARl olsvle o] A B
2 A, 7] oM BEsHos HA ZalE
At

2=
T
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Table 2. Toxicity of phenol
Phenol Ecological species TOXK;IS; val- Remark References
Rat 530 Oral Williams (2013)
Cat 100 Oral Verschueren (1983)
Dog 500 Oral Verschueren (1983)
LD50 (mg/kg)  Rat 317 Oral Lewis (1996)
Mouse 270 Oral Lewis (1996)
Rat 669 Dermal Lewis (1996)
Rabbit 850 Dermal Lewis (1996)
Crangon crangon 172 24 hrs, seawater, @ 15°C Verschueren (2001)
Daphnia magna 17 24-48 hrs, young Verschueren (2001)
Daphnia magna 61 Adult Verschueren (2001)
Brine shrimp 56 24 hrs Verschueren (2001)
Lepomis macrochirus >15 24-48 hrs Verschueren (2001)
61 24 hrs
Arctopsyche grandis 56 48 hrs Verschueren (2001)
0.001 96 hrs
LC50 (mg/L) Bluegill 16-160 24 hrs, soft water Verschueren (2001)
Rainbow trout 5.6-11 24 hrs Verschueren (2001)
Fathead minnow 41-36 48-96 hrs, @ 15°C Verschueren (2001)
Golden shiner 35-129 24 hrs Verschueren (2001)
Ophicephalus punctatus 46 48 hrs Verschueren (2001)
>50 1, 24, 48 hrs
Fathead minnow 33 72 hrs Verschueren (2001)
32 96 hrs
Goldfish 60-200 24 hrs Verschueren (2001)
3. B3 HERIS0| MRS Sy M9IE ZHIth ok 80 mekee] TN T
Folg AJelT, =AY} Fol WE 2 Aol HO]
LAl A Wl F25= A=E Yehlie A 2 eretth HEe §7HUEA &Alol il ol 7
=2 A15~(BCF; bioconcentration factory= F7Fujx|9] < g =& HelH, 0.1-1.0 ppm?@] FRzel] =EEW =317]
BEL 5 o A4 QERde) S M2 FY 9 o) e Eoia ko4 $IthBrode, 1982). Table
31 (Petoumenou et al., 2015), @222} Aol o = HlEe] B Eolxe] A=Az Jelich
& S48 e Yeny] 9o AgE diEe) of  WEhadE 94 s vRAT off B tE A
ol gt AWAZHAFBCHE AHRA FEo EAl 22 Ao dojuA] g=tt. 8] (Leuciscus

(Carassius auratus), 1.9(Kobayashi et al.,

7] (unspecified),

A WE (Salmo  gairdneri), 39(Dauble et al.,
Bojol [U-“CIE ¥AE =S

Harso] ot =

1979); =1l
1.7(Loehr and Krishnamoorthy, 1988);

1986)%

S =FA]

A W, 22 Well 271559 1089 12 438Kt
(Nagel and Urich, 1980). d¥td o2 AAZHA571 30

Akl 7 wa,

(Franke et al.,

100 o]l A5
1994)

Ea= U L A
Bol Ul slizo] whEA A

AoZ Hol mlmo] AESY &4 71540 B4 S-S

¢ % ek shme) FEol U@
lethal concentration 50)=

A s S (LDS50,
AubH o0 F  250-500 mg/kg2)

idus melanotusys 3¢ &<t 0.05 mg/Le] WEL-IZH|E
E=EAAE W AASHATBCH)E 20 YERIAL
(OECD, 2003), Zﬂ‘ﬂﬂ]r I (Danio rerio)2] HEF-TEE
10.72 Balefo] BESH 3|
& 4= AckShiu et al,
E]—-ELH]—‘—-J A4S Table 39 YERNRIT). wEl-ZH &

S Qlo
—

off thek A=

=

TE

< 289
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Al Azbs
E7)00A wetTEE
o3 Ay ™, T, AP
F9F 300-30,000 mg/kge] HEL-FHEO] =&
A3} tiFEe] F= Aopdekent 10,0002 30,000 mg/kg

FaA5E
7Psge) v %

o

UE

;—IL-/;: ;(]_;_leq_ j’]“l‘j }\L" c}E‘ =

1,400-2,100 mg/kgS 13 A+ &
5= AP, FHe 73‘

1994). =



Table 3. Toxicity of m-cresol

m-Cresol Ecological species Toxicity values Remark References
Rat 242 Oral Lewis (2004)
Mouse 828 Oral Lewis (2004)
LD50 (mg/kg) Rat 1,100 Dermal NIOSH (1978)
Rabbit 2,830 Skin penetration Vernot et al. (1977)
Rabbit 2,050 Skin Lewis (2004)
Bluegill 10 96 hrs Verschueren (2001)
Daphnia magna 18 24 hrs Kim et al. (2003)
>99.5 48 hrs, @ 14°C WHO (1995)
LC30 (mg/L) Oncorhynchus mykiss 8.13 24hrs, @ 14°C Saglam and Ural (2005)
8.9 96 hrs
Pimephales promelas 559 96 hrs DeGraeve et al. (1980)
Strongylocentrotus droebachien 30 96 hrs, @ 5°C WHO (1995)
EC50 (mmol/L) Daphnia magna 0.178 24 hrs Devillers (1988)
X LR FASL BHeE fAse] BEHIY. =3 ) Hol Sloh. &, $40= RQ o] Yol WEE W T
BhagiEe] ABEAAT A9, 4 uhelelol, Aohe =) wEA] musjol sfe felEdR 15E 9
v}he)| 2] o}(cyanobacteria, blue-green algae), VATE (USEPA, 2006b). olell wl=r 2 b 17 &2

(protozoa)®] 37l =4do] Slso] BFsHTHWHO, 1995).

st247

4. H=2 HELTE BH7|E
SRV BRI ERAY
I B ARV IES AAskar
EGodAeHrIES 1, 2, 3AY 47} 4, 4, 20 mglke,
EFAU7IEE 77} 10, 10, 50 mg/kge 2 AAlEIAL
At} Eo) A= phenol?} pectachlorophenol 23-9] FHo.
2 Bl Belela olk. F) Asiel AL A
sl B Asl 444 el oiAAsl] AsleE S8
2 olgshe ASE HEE BNl g HeF £a7)
= A8stolof 8, o] 7% #lE2 0.005 mg/L ©Js}
2 JrAskaL ok A8, - o198 B 39Es
2 AplrE 28 BY, AlEES B 0.005 mg/Lo]
ok 71839 A5, 7188 E A oA s B
sh3tEo] EUIRSIERR e AL, wiEs87]
T2 BE #EAEIA 5 ppm olstelnh. FalE wlo]
M Hlse AR AEAE LTI ded 5 3l
A3k t7] L 9E2 (Hazardous air pollutant, HAP)

ol ZIAZE ¥ o}, 1990 ZHEE t7] A
H(Clean Air Actell falg t7|eA=d=2 A=}
THUSEPA, 2006a, 2006b). E=3F,
Subject to Section 313 of the Emergency Planning
and Community Right-to-Know Act of 1986”) 3X3g}%|

o] 2)o™, reportable quantity(RQ)= 1,000 kg® 2 A&

R

fu—

il

h=

HH
R

“Toxic Chemicals
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(OSHA, Occupational Safety and Health Administration)
& 37 ARE =Es THEEl 371 29 e Sle
EE 5ppme=E AASkaL UTHATSDR, 2008). HE3F A
v =29 WX (Federal Water Pollution Control
Actlell oA feEdE AgE o] wMiEAE vhom, 1
= AN Ak FEE7IEAE 0.001 mg/Lo]
ot R HElIEES] Ay EGSHERAY, HeE &
2 T =l SRl oJal 71 AAEE] A
%t} ook, spekEAEP e oA 9 FHEvke B
2 2471E0] 2kt 400, 6,000 mgkgl 2 FE|EaL Qi
v=re HElT8ES F3lEEE Ag8laL, 100 kg RQ
2 788t BElslal QITHUSEPA, 2006b).

i3

?Ed

5. =

ENY
=

2 A7 v eSS dides
2 TS 7HIAL Sl BEY F
HEA] oL AskrE AR 74
.ol W pH, f71= & Sl &8l

T Jome sskaEdo] FEE LAY AT
o we} d=Edt vek-=EEe] Aso] 2t ¢ 9l
HhA B gl AlollA sist viek=eEe] 571%
oMol Aaehd ZeiEert vl wE7] mie] B
ol Al 24 T A Bk Hold ool
=4 25 Ae52 3 AReisigo] 24 |t 1A
slepatare] o3 e 2 AlE A9oMe &

H
s

=2

'_‘/}—)]

=1]

Lo e S odr

4 M2 oy
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AlaL 7 BletE o] Aok Bl B 2

F D Ak BANN LRFse] 3] dRe] AF
E oz T el dsl A% 59 oo
EplolAg sk s slokkn 251 Sol4el thgl
we Wasicl,

A A

2 =S AREET)Y AR sskEE e
APS W} 3G U THNICS-SP2018-3). B3k, H
ATe PR AdoR s=mARTIede] AT
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