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ABSTRACT

The n-octanol/water partition coefficient (Pow) is one of the most important parameters employed for
estimating a chemical’s environmental fate and toxicity. The shake—-flask method, one direct experimental
method, is prone to experimental artifacts for highly hydrophobic compounds. Thus, a valid method for direct
determination of the Pow of highly hydrophobic compounds is needed. The slow—stirring method has been
demonstrated to provide reliable log Pow data to log Pow greater than 5. This study was performed to evaluate
the accuracy of slow-stirring experiment for determination of log Pow, particularly for highly hydrophobic
compounds. 1, 2, 3, 4-tetrachlorobenzene, hexachlorobenzene, 2,2’, 3,3, 5, 5", 6, 6'~octachlorobiphenyl,
decachlorobiphenyl, and p, p’~DDT (4.5 < log Pow < 8.2) were tested. The octanol/water partiton coefficient of
those chemicals were 4.71 £0.02, 5.41£0.06, 7.26 £0.04, 7.87£0.10, and 6.031+0.06, respectively. The
octanol/water partition coefficient by the slow—stirring method were very similar to the literature values. These
results indicate that the slow—stirring method allows for reliable determination of log Pow of highly
hydrophobic chemicals.
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1979; Mackay ez al., 1980; Lyman et al., 1982,
Podoll and Jaber, 1983).

FujA S AMEEE Al =24 7
4% st ARA ez ¥R & Aok 2
A4 AYupoze o4 w4l Tzeeae
7 (reverse—phase HPLC: RP-HPLC)E o] 4-3]<]
S2ehS/E BulASE A WHoz, 94
HPLC 3 Aol v]54 77189 24 IS4 &
2 Abololla] SpsHEAe] FulEeks o) 2ol 27
stod HPLC "ol A3l A1) Adwgde]
WS GFAE g3 R (Karger ef al.,
1976; Tanaka et al., 1978; Bruggeman et al., 1982;
Braumann er al., 1983; Haky and Young, 1984; De
Kock and Lord, 1987). =3 o} Hy2 OECDS)
ring test® A A (Klein er al., 1988) &} OECD
guideline TG 117 ¥ (OECD, 1993)c 2 A e = o]
gleb. AAA A @uhgS OECD guideline® TG
107 “} (OECD, 1981)]] Ee}2=1 A1y (shake-
flask method)& F2 AH-sled], o] W2 54
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HE= dialysis bag ¥ (Andersson and Schrider,
1999), generator column ¥} (Miller et al., 1984;
Woodburn et al., 1999; Edelbach and Lodge, 2000),
slow-stirring ¥ (Brooke ef al., 1986) 5 t}oFst
o] B v ech B3] slow-stirring 92 Poly-
chlorinated biphenyls (PCBs), g44 ¢k, poly-
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et al., 1999; Tolls et al., 1999).
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trichloro-2, 2-bis (p-chlorophenyl)~ethane (p, p-
DDT) 59 S4a4A4 B2 st Powgt AAA
A4 2 AHAE De Bruijn 5o] £ ZH7s}
v sl A} sk, w3 v Al ez PCB#209¢4]
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Octanol® Fisher Scientific (A 402-4) A&,
cyclohexane® E-& Burdick & JacksonAl A|F&E,
ol E-L Wakorl A|ES AHEEIASL F4EAb
EFL KantoAle] #AlEE ALg3tgdot Slow-
stirring W& 488}7] Aol B3 octanolE A%
Aoz ZIAA AMEEIATE A-FEA 1,2,3,4-
tetrachlorobenzene (TCB), hexachlorobenzene (HCB),
decachloro-biphenyl (PCB209), 1, 1, 1 -trichloro-2,
2-bis (p—chlorophenylethane (p, p-DDT)& RITOX
Utrecht Universityell 2] 3-ofito}l Ap2-5}93i0.

2. AlIHE37 =H

A& EA<e TCB, HCB ¥ PCB#209% 7tz
hexaneo] L3 A7 3.105 mg/mL, 4.490 mg/mL &
1.380 mg/mLe] == p,p-DDTE acetoneol] £
S AA 2241 mg/mLe] T2 ZFLAE xAs
Qo). £23} Lehgo] TCBE EFE4 19mL&
Yol 589.95 ug/mLe, HCB: ZZ 4ol 20 mL&
Yo} 897 ug/mLE, PCB#209= =Z 49 20mLE&
Yol 276 ug/mL =, p,p-DDTE &89 20mLS
dol 4482 pgimLe ¥ =7t Hes 23 oube
o] ZRIE 100mLE #E3le] B AFe] AHE
stoict. ojg) Z4zke] AP EA A SEHE
of g &al= F RAYPALS] HEDAE 29
ste] A slolot.
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249 PCB#209& hexanes] £3jA)A 2.025
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Table 1. GC conditions for the determination of octanol/water partition coefficient

Test substance TCB HCB PCB#209 p,p—-DDT
Injector
Mode Splitless Splitless Splitless Splitless
Injection volume 2uL 2uL 2uL 2uL
DB-5 DB-5 DB-5 DB-5
Column (30m % (I5mx (B0mx (I5mXx
0.25mmx0.25um)  0.53mm X 0.25 um) 0.32mm X 0.25 pm) 0.53 mm x 0.25 pm)
Detector ECD ECD ECD ECD
Temperature
Injector 250°C 250°C 250°C 250°C
e opy 80°C (1 min), 100~200°C
Oven 110°C 150 220%(2CC((513ﬁ(5>/m1n), 80~275°C (25°C/min),  (10°C/min),
275°C (10 min) 200°C (5min)
Detector 260°C 260°C 300°C 260°C
Carrier gas (N;) flow rate 12 mL/min 20 mL/min 10 mL/min 20 mL/min
mg/mlLe] ez EELNE ZAG F, SL3} &
elgo] TFE8d 20mLE ol 4 5 pug/mLe %
7y Hx2E $x3} Suhee] HFRo)E 100mLz
R gsel £ AGel) AHgsteich § Flow ou
3. 7} 7| ctano
A&l ARL3} incubator: Vision Scientific Co.
_ = ° =
KMC-1203p4 (Z4AhH¥8] AES, 7] IKA Water jacket
Works Sdn. Bhd. (¢, shaker= Heidolph PRO-
MAX 2020 (5-4), refrigerated bath= Forma Scien- (9\;\31:31)
tific Inc., Model 2095 (USA)Z A}-g-3oich Magnetic string b{
Ag B2 GC (Agilent HP6890, Hewlett Pac- N L
kard, USA)2 2A3}9] 31, 7470 A|gEAle] ot Flow in ——» =

B2 %718 Table |2} 72}

Aol Abg

Z7-2 incu-

Slow—stirring 3o 28 Bul A4

2 A9 Fig 13 2ekon, A9
bator W ¢] ¢} FAs}el|A] refrigerated bathZ o]
shel AP LRE 252 1°CE FAA7

5. 2oi2| Presaturation

2 239 Suhgo] A g=kg 60 s}
of E 19] v &2 EFsle 2447 B A Ele
Z3A7 F, B9 Bt Algalalal SEhE

il

Water sampling

Fig. 1. Slow—stirring test system for octanol/water partition
coefficient measurement.
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EZoM Y 3egs AN 93] TCB:
Setegs %3 B 50mLe] 0.5ppm TFLNE
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I mL *2}5}2 methylene chloride 30 mL= 1087}
shakingdled FZslglow], o] A& 33 ubE3]
9jc}. HCB: <eElg= x3t¥ E 100mLe] 0.1
ppm F£M-& 1 mL X5 methylene chloride
50mLZ 1027} shakingdle] F&3lx, o] A
% 33 WEsiT) p,p-DDTE S22 23d
E 150mLe)] 10 ppb EF49S 1 mL st
methylene chloride 50 mL& 1087} shaking3d}e]
223903 o FAE 35 WrEalgch PCBH09E
getew w3ty 2 15S0mLe] 2ppb 3= =F
gol-e | mL x2]3}1. methylene chloride 50 mL=.
1027} shakingsdle] FZslglon, o] A& 33
H]-ig],ﬁl;]. 7—%011 =) uo]. = 5]__1_ E S Hy)l=
hexane | mLZ #-8-3le] GC& EA 3}

(ETEENE

1 L] Reaction vessele]] SEHZ-E EE}Q £ 950
mLE& ¥4 = TCB 0.00273 M, HCB 0.00315 M,
PCB#209 0.00056 M, p, p-DDT 0.00126 M 355
zA8t Z+7zF 20mLy =)2)8lglx, vl AR el A
X PCB#209% 0.00082M 19 mLE& 2] 3lg . A
22 X7 =, A$ 1.85cme cross type spin bar
= wisiges, mises A A71e FA
9} o7k B 39 2rolAM 05~1.0cm7} §A
A A&t 2+ Adubc} reaction vessel 325
Ax)3le] 33) ubg SAshlch APL=E 2341
C2 A3k, FEs 2]l wiAlE sl incuba-
tor otell A AF S FPsidt. SeEE 3 A8

#= pipetd] AHE §7E 9 T ¥
3 294 des $9g )
A wjg2 s|Msld GC2 AEA3HA
Z9] #F <+ reaction vessel2] 6}—?2—
300 mL¥ AFstdom, AHAT 252 i]—’?*%/‘]
Yz U oz FE3le] GC AR
St

H)ZA gl A PCB#2090]] djale] #EAwkwle) 4
=g Folaat MF T AR A3l high qual-
ity criteria® A}-8-2 4 3)& p,p-DDTE surrogate
standard2. o] &3}o] IpEAHE Y3
(Pontolillo and Eganhouse, 2001). PCB#2092] E-A|
2 300mLg AFsled 16.8ppb, p,p-DDT B4
ol | mL x2]8t & cyclohexane 20 mL& 1087+

mlo

o

il
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Zzalolen, 33904 So} HEY
4 gahed GO Auashaleh
APE Azl FPEIAAA HAT 19
olae $ASHT ABARN el HaT 54
o] e ¥ ARAANE sted 2 7187 @
o 00l 77 4 2R sl HANE T
o} (p>0.05).

5 300uL=

Bl Aer e Bol welsl: e
seol e EAS e 2 oz A

Ak,

Coc\ann\

CW(I[CI"

Pow =

Pow : n—-SEHS/E FEul Al
C:n-9ehes} B2l S 449 %= (mg/l)

1. 3|8 AlH
TCB, HCB, PCB#209, p, p-DDTol| B3l & 2o
*191 3|48 AL 27} 10, 1,0.013, 0.067 ppb 5=
a8t A}, 3482 89.3+293~984+1.25%
—’?—folﬁﬁ}(Table 2). Bl A3 A PCB#209¢]
Surrogate standard® AF£3} p, p-DDTY] 3|&
AP A= 83.5+9.0%% )

2. BHiAITAE

Slow-stirring Bfel] &8t BulAle &4 Ao
(Fig. 2, Table 3), TCB: & Aldjol] =23 9743
BE] 146X 7171%] 63)ol] AA A8AHE 3l &

Table 2. Recovery of test substances in aquatic phase

Test substances lexslglﬂgp(:;()jb) %Recovery** og\/zliig]l(;/cslis
TCB 10 97.3£3.1
HCB 1 98.4+13
PCB#209 0.013 89.3+£29 GC-ECD
PCB#209* 0.056 83.5+9.0
p,p-DDT 0.067 95.5x1.5

* Using p, p'~DDT as a surrogate standard
** Average and standard deviation of triplicate determination
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Fig. 2. Concentration change of 1, 2, 3, 4-tetralchlorobenzene (A), hexachlorobenzene (B), p, p-DDT (C) and PCB#209 (D)
at time t (h) (Error bars represent the standard deviation of three samples, Boxes represent the equilibrium state

concentrations).

Table 3. Octanol/water partition coefficient of each test substances by slow —stirring method

Concentration (M)

Test substance Pow Log Pow
Water phase Octanol phase
1,2,3,4-Tetralchlorobenzene 461+£022x107" 233%107 50,814 +2,564 4.714+0.02
Hexachlorobenzen 1.10+0.13x 1078 2.79% 1073 258,535+41,511 541x0.06
PCB#209 6.66+1.45%107° 487x107" 76,728,841 +18,035,516  7.87+0.10
PCB#209* 3.04+041x 107" 0.87x 107 28,996,322 43,908,301 7.46+0.06
p.p’-DDT 6.54+0.79 x 1077 7.01x 107! 1,088,258 £ 156,565 6.03+0.06

* Using p, p’~DDT as a surrogate standard

A8 Log PowZt-2 4.71+£0.02¢1 1, HCB:= 334}
o] =23t [15A)7HEE} 139A)7174%] 43)e) AR
223t Log PowZh2 5.413+0.0691ch PCB#209+=
B A e o] =23l 1204 7H5E 1924 774A] & §
sl A4 Az A3sked 2493 Ak Log Pow
Zke 7.87+0.1033%) p, p-DDTE F8Aleg] =9
A|7¢ F TTAIZPRE] 125470744 53)6 A4 A&
A # 2 3}93, Log Pow A A= 6.03+0.06% v}
v WA oA p,p-DDTE surrogate standard 2. A}
gl 243 PCB2092] log Pow A= 22
7.46£0.0693%} (Fig. 3). PCB#209¢]] &k v]m A
oAl 9] Hul Aol o3t Student’s t—testE 5=

S é“.:

0’

A Ah 424 Aol} olx Aoz vehge
(p= <0.001), EPA guidelineo] AAEe] gl
PCB#2099] RuljA|sx]el 82104 £039 =z}
We] ZA|el 7.87+0.107F A st 7oz was
ok =] AJPEA £ TCBE EPA guidelines]]
AN Q= EASA 475 wEA £03
o E fARE AU E ¥ 4 Uk

o] Ak Aol A slow-stirring Wl 2|8 2l
A ZAZE 71E9] G2 W] o3 #3172
7} (Hansch et al., 1979; Kénemann et al., 1979;
Rekker and de Kort, 1979; Hammers ef al., 1982)%}
vl B Log Pow 5.5 o]} Fa4A4 B4
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1) p, p-DDT and PCB#209 standards
PCB#209-Standard -50 ppb
1000
200 ,p-DDT /PCB#209
N 600 ‘
= 400 ]\
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0 — r W n S B L . —_ 1
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Time (min)
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1000
p, p’~DDT-
0 L L n —t 1 1 L — 1 L _ L 1 1 L 1
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3) Octanol layer after diluted as 1/10,000
PCB#209-Octanol
0
lggo - PCB#209
N 600
T 400 A
200
0 1 1 1 B R— 1 1 R S— 1 1 I B T 1 1
0 1 2 3 4 5 7 9 10 11 12 13 14 15 16 17 18
Time (min)
Fig. 3. Typical GC chromatograms of PCB#209.
Table 4. Comparison of octanol/water partition coefficient of measured values and those from literature
Litrature values
Chemical Log POV; 1 2
(measured) De Bruijin et al. Shake—flask  Calculated”  HPLC?
1,2, 3,4-Tetralchlorobenzene 4.71£0.02 4.635+£0.004 4.46% 5.16 4.41
Hexachlorobenzen 5.41£0.06 5.731£0.009 5.007 6.68 5.66
PCB#209 7.87£0.10 8.274£0.001 - 9.60 -
PCB#209 * 7.4640.06 8.274+0.001 4.46” 9.60 -
p.p-DDT 6.03+0.06 6.914+0.030 5.76" 6.91 6.38

* Using p, p’~DDT as a surrogate standard

U Rekker and de Kort (1979), ? Hammers ef al. (1982), ¥ Kénemann er al. (1979), ¥ Hansch et al. (1979)

o) 3}e] EPA guidelineo]] A A% o] gl Bul Al 4%
o} ARS8 4 U3 A ez &
g8t 7]&2] #3873 (De Bruijin ef al., 1989)2} 5
SAFsHAl et} (Table 4). Surrogate standard 2
o] 438t WA Fle| M PCB#2092] Bl A 4=2]7}
z}e]E Hed surrogate standard & o]-§3fe] HAu}
ol gt A9 =g Y 5 USA 85 s}
7] 1M FIHA el 27" Zloz Hdv

7 =

Slow-stirring B}¥ol] 9|&}ed 4709 LAl B
of g Seh&/E Bl S A AAz
S, Bl Al $X7E 5.5 ol ApAE 2
A4 &AL slow-stirring 1-‘:};}-5 ARgEl= Alo]
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