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R : 5A6lA] 3teE A Ao tha humic acid(HA)2) & o &3}7] 913}ed HAst
getEa o] A& S (Kp)d equilibrium dialysisE ]88} cartap, diazinon, fenobucarb,
pentachlorophenol, P,P"-DDTE& 422 24319} K2l A¥ A R -8/ & BolATE
0] 48} o 2 x| 28] cfar HEE S PP -DDTE A3l HAd o3 54 Aol d8g
298 Fx] A4t g8 e 24590 A AP A AHE Ke210® 28 Kow2 10
(log Kow=6)2l #HetEAel] cis)Aat HAl 23 5474 AAE 70T 5 e A2 47

=t

Abstract : The extent of binding(Kg) between chemical compound and humic acid was
measured as an indicator of decrease in toxicity. From the experimental Ks and estimated

Kp calculated from Kow, no reduction of toxicity among test chemicals in aquatic systems

were predicted except P,P’-DDT. The effect of humic acid on aquatic organisms is not
expected to be significant for the compounds with Ks<10° or Kow=<10°
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B B9 diate] Hli = £ humic sub-
stance®]t}. o] & humic acid(HA) &= §7] L9 &3 3
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HA9 d3rg 338l el 4 HASL 24 E
Azke) ¥ AEF Jeld+ g4 (binding con-
stant, Ka) & oh= 7o) 714 F2.38)c}. ojw 24182
Kee &54¢ Yehlls 518/ Fajids(log
Kow)s} 243 #4171 e A2 g8 A glon!s,
log Kowgtel & 3E-2 Age] 2 = log Kow<4
ql B31E-& HAS A AgslA] o= 7le2 R
o}l wrebd 2 F]be] dF% %% DDT, PCB,
PAH 3} & 2ol & g AFE Uk 1
vt 3] AHRE I QlE AR Bt EAlE A
o] zh, Foll & == H§EER HAVL o] & 3E
o] B4 vz FB-E A etk do] F8
gl ool 3t A= T3] =F Yok

2 olfel M Al A edEde] BAE Hrtg
o, Keg HE 3 02 348 % ¢ log Kowahd o4
Ble] =29 e = UEE log Kowdte 7158 v
32zl sloich Carter 52 HAS} & Ajshe 4%
A 35HE2] 71 EE log Kow=2 48 AEA v 15
AT} HFE F log Kow<4zl HFEEL log
Kow=23.7¢] lindane ¥ 372 o]} 22 HE-& el
71l A g7l B3Rt As ok debd £
AdTe W HAEEE Aol 2L #71edA dia-
zinon@} 7}upvi|o} E4| fenobucarb, log Kow?} 221 &
A EAol Ea v|4E F7 o2& DDT, &4go]
3w wel-E ¢l pentachlorophenol #1sf cartap-& 4
el et Cartaps A o]fi= HAE B2 79
carboxyl®} alcohol group& E¥&}aL gli= Ao o
22 glonl o)e} 3+ 2144 ionic moiety & 7
T glohd cartap¥) o] Bl A 3= o] A HIE
9] A% HAY Al vehdie 430 H3tE A
slaab sbgivl. ol¢} 7h2 MR Kyi= 7h3 @ol
2125 1 9% equilibrium dialysis®™* %8 o] 8-5}o]
43k

2.4 ¥

2. 1. Aje}

Ay EAQ cartap(£E 98%)3 diazinon(FXE
95%)-¢- 4 ¥.3}8}, fenobucarb(x 97%)+& F4¥
oF, pentachlorophenol(PCP, <% 99%)-& Aldrich,
PP -DDT(%+% 99.48%)c #1= EPA AE-& 747
ALg3hsich Aol AHEE B2 Pl &R 13 TR/

4& NANO PURE [l (v]=F Barnstead 4 ¥)& &3}
219 44}, Methylene chloride(MC)#} methanol
£ Burdick & Jackson(B & J Brand, High Purity
Solvent) %2, acetone®} hexane& YR Wako
Pure Chemical{ ZH7-52F 218 ) AFE 77 AH4-3t
sir}. Buffer A= W83 potassium dihydrogen
phosphate(KH,PO,), sodium hydroxide(NaOH),
citric acid(H;CsHs0; + H0), boric acid(Hs;BOs),
trisodium phosphate(Na;PO, - 2ZH,0) & d& Ju-
nsei ChemicalAlg] EFA|ebE AME8% ). Sedium
azidex= &% 99.0% ¢]AH(Y ¥ Showa Chemical)-£,
sulfatet= Hd(Y¥E Kanto
Chemical), humic acid(sodium salt)+= Aldrich ¥
2] technical grade® A}-§-3l9t}. Dialysis tubing2
bl SpectrumAle] Spectra/Por 6(MWCO 1000
daltons )& Spectra/ Por closures$} @7 A+-2-3}¢dch.

anhydrous sodium

2.2, 7171 % BAMZ=AH

UV-Visible Spectrophotometer< Shimadzu UV-
26582 A1&8ldcl FAFZetE Y ZE Varian
37003 2.8 792 DB-1(30mx0.25mm i.d., 0.25.m
film), split mode® A&+ 144 Fslony £
F1& Table 13 7t} HPLC+ JASCO A|Foz
UV 7% & AH48lgow PCPY] #4248 ohy
7 7} ZA¥Y : PhenomenexAl Ultracarb ODS 20
(5pm, 250%4.6mm), ©1FAF : 100% Methanol, &
3} : 254nm, % : 1.0m//min, A|EH] 104, ¥
Al Be171= Beckman J2-2IM/E3 g 25T, 10,
000 x g(9,200rpm ) ol A 3087} LA el sl o).

2.3. 48

2. 3. 1. Buffer &9 H| =

0.01M KH:PO,; 500mi¢} 0.01M NaOH 291m/E& &
31 &, o)l 245 ol 1o 49& wEdde. o] &
A& do] &R 100 24 Fte] 0.5mM KH:PO,2 0.
29mM NaOH, ionic strength( 1)~} 0.0038! pH 7
buffer #4& Az3tg). HBOs  12.37g%
H,C:Hs07 » H.0 10.51g% Fo]d6 o 1/9] £
(0.20M boric acid+0.05M citric acid)-g 2 o},
o] -2 390m/$} 0.10M trisodium phosphate 610m/
£ &3l pH 85 buffer 4% Fu|3lgic). 21 2
3} o] 442 7.8mM boric acid, 1.95mM citric acid,

Analytical Science & Technology



Humic Acide} 8384719 At 24 93

Tuble 1. Experimental Condition of GC

c ; Temperature(C) Detector N2

ompoun .
Column Injector Detector type (m/ / min)

Cartap 150 250 300 TSD* 25

Diazinon 220 250 300 TSD 30

Fenobucab 200 250 300 TSD 25

PP -DDT 240 250 300 ECD** 40

* TSD : Thermionic Specific Detector.

** ECD : Electron Capture Detector.

6.1lmM trisodium phosphate®
ol%ict. 12} e RbE

EEFslg o [==0.08
oA buffer §4 52

pore size

7} 0.452m¢] membrane filter(Whatman, WCN
Type) & B34A1A UALE A AT F L8439

2. 3. 2. Humic acid(HA) £ H}=

Aldrich HA 15mg& €ol &g Zo 100m/ &

& wHEgiTh olet o] FwE 150mg/l9) HA+

257, 10,000xg(9,200rpm)ell A 308-7F 41E2)
+, 0.4.);4m filterg E#AIA siAHE A A3

15mg / 2] HA+= 150mg /! HAE 3 g8 pH2) buffer
200 0 g 10u] 8 &led A sl

2. 3. 3. Equilibrium dialysis

Spectra/Por 6 dialysis tubing2 ¥}4-A] 3] sodium
azide(NaN;)-§& A A &}7] $i8ld o] 248 338 M-
&, g% -2 Spectra/Por closure® %-¢ic}. Dialy-
sis tubing bell 15mg /2] HAE 30m/ A% F v}&
FHE Ex closure® {4k o] o controld] 7§
HA 4l buffer 282 @3iv). 250mie] w)# 101]
250md 2 buffer 98-8 K-8 F ulaE FE-§ sl
2{&ked 0.02g NaN,& gl viivbdof X9 AlgE4d S
spikingdlsich wiHo olv E3HEE 2 AE F, di
alysis tubingg w#H <qbell W 32 plastic foil3} alumi-
num foil® B HE 2aldct v]AHE 245+05C 2 in-
cubatorol &2 F, magnetic stirrer 2 4% Eb A4
Aol Fgict,

PP -DDTY A+ 19 wFA2lcid 1/2] buffer
g-ol, 0.08g NaNsE Wil ofdl & 9l EHEAS
spikingdtglt}. Dialysis tubingell& 150mg/ /2] HA
+ 100m/ Pelom 82 559 Fab Azt

2.3 4. BN
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(1) Diazinon®} Fenobucarb2| #44

Dialysis tubing t=} gto] £ & 7+7t 10mi% #
3ted 50m/¢} Teflon-lined screw cap test tubeol] @
i l0m/el MCZ 5¥7 &84t 338 33 w3
g F, MC 3292 20g9] Fr3abacts E941A
P AAY F, AEE7]E o] 43e] oF Smig
F&3tgc) MC 5598 20m/9] Teflon® ol &3 F
HAE o]4sled SujE FUA%] F, n-hexaned 7}
ated #HE 23918 0.5m/E 5 ch Dialysis tubing
sk} yho] gofof ohe] § A& 7hzh 23] whHE- 4]
st ol

(2} Cartap2| &4

pH 7 buffer §delx AYT A& dialysis
tubing g3} wtol 8§ 7tz 22mi4 HEE F, 0.5M
NaOHE 8m/ 7}5l pHE oF 122 =48 F of 14]
7k Bl Ao} F4r) o] & F Mm/E #H3led 10ml
] MC2 58714 33] uby &3 F, $8AA, 74t
FE, AaEY T #Ae A HEH g
methanol-g 7}5}ed %31 & 0.5ml 2 v E<od ok

pH 8.5 buffer -84} A&l 9ol &=, dialysis
tubing ob¥}h whe] gof-& z+z} 20mi% H¥ F, 05M
NaOH-& 2m/ 7}stod pHE oF 1282 =A% F o} 1"‘]
7b ok Aol Fdch o] £ & 1lmdE Hel]
B pE2gd-$ o) A2 e n Aasty e, 7Jr
Z 7o) A 23] ¥4 ubE Ay steich

(3) PCP2] M

Dialysis tubing 9} wrel £4& 7hzk 30m/¥ 3
gl &, 359 HCIS 0.04m! 7}3le] pHE 2 o3} 24
b & oF 1412 Eat Ao F9ch o] £94 F 10miE
test tubeell &7 ¥ 10m/e] MCE 587k 33) W& 3



94 S

Ztgch MC 3392 FEAA, IAd5F, A58
#3492 AA ¥, methanold 7}sle HF ¥ & 1.
Om/=Z whE<sich

(4) P,P-DDTE| £4{

Dialysis tubing g2} 4 (100m/)=} ¥te] &4 (1))
& Asted, bzt 100m/e] MCR 583k 33 W &2
slgch MC &2 30g e Fritadz 78-&
AAZ F ok A AHE AN F
acetoned 7}sle #EF ¥ & 1.0m/E TEAr). Di-
alysis tubing <3} ¥t &< disfl zhz} 234 w15
Ay st

3.d= o od

3. 1. Dissolved Organic Carbon(DOC) &

DOC £4 & A% B89 L &7 Z& wie
2 A z3tgch. 100mg acetic acid& Bo]-&ol i=of
100m/ 49 & 2HEsich o] £4-& 400mg /! Coll =3
sl Aoz A 3AA dol 2R 3Aste] A
2-3tod o}, gk 41-2 UV-Visible spectrophotometer
£ Ab23ted 336nmell A DOC ®F449] FFEES
22% ¥, DOC Fxo}e] HA 2 A8 )

o] 248 AL43led 2, 3. 200)4] "HE 150mg /72
HA 4492 A3 =& 343 F, 336nmel A
HA 242 UV E35F 343 HA 59 ¥
o] #A & el A3 2 stk

slolA d& DOC Fx¢ UV §%%, HA Fx9
UV F33x9) A 2% HA 59 DOC Fx9 3
AFig. NE T8¢ § Yoerm2 HAY FEREFE
DOC %58 AArstgdct

25
r = 8.99998
20 W = 8.3728 x + 0.4238
3
N 15+
o
-
§ pR-p 2
S 4
e + v + + +
@ 19 29 3@ 48 1] B0

HA Concentration(mg L)

Fig. 1. Plot of DOC vs. HA.

e

3.2 S

pH 7 buffer 44} cartap, diazinon, fenobucarb,
P,P'-DDT, PCPE 7z}7} spiking®}ed 33514 wl-&g 4)
e P 3582 Table 28} e v, 5% APEEL
EF F& I,eS 2ovt HAS ZAEsL SgtE Bl
BH3F) FEEEAE A $8te] 150mg/i9)
HA 894 P,P-DDTE 1.05g//¢ #=2 7%}
23}, HAZ} 38 4o w7} 52) ¢don HAR
Fe 443 g 4 5 U

Table 2. Recovery of Compound

Spiked concn. % Recovery

Compound (g /) (Mean 8. D)
Cartap 154 100.3+2.2
Diazinon 60.7 92319
Fenobucarb 176 97.2+6.0
P,P-DDT 14 101.4+95
1.05* 1046 +£7.7
PCP 120 89.7+5.5

* pH 7 buffer 49 Al 150mg / /2] HA®) spiking.

3. 3. Equilibrium dialysis

Dialysis tubing 3} ¥te] 8-o] Y3 o st
71748 24 8}17) $13}e] dialysis tubing gkell HA =
A pH 7 buffer §4& A-$L cartap2 2%, dia-
zinon, fenobucarb, PCP¥ 34, PP -DDTE 4d &
qF 245+05Cl 4 dialysis& 2 #¥ H1} 25 B
o] Easlgich 22v Bl 83 717H-S g8
$j3le] PP -DDTE Al2)3} 459) 3E-L 49 Fal,
PP’ -DDT: 559 E4t dialysis & Al&sld o, 7z}
5} 5Bl o 8] 3~43)4 HkE A Y st

Dialysis tubing <¢kell= 15mg /2] HAE 30m/,
tubing ¥}ell & 250m/e] buffer& ¥o] dialysisel]l A&
g goe) & 23 280m/ch Fig. 1004 5mg/i2h
150mg /72 HA% 712} 5.8mg /%) 56mg /12) DOCe]
#3322 dialysisol AH-4¢ 8- A ) W& DOC
2] ¥5¥E (5.8ug/mlx30m!) /280ml=0.62.g /ml,
PP -DDTS A (564 /miX100ml) /1100ml
=5.1pg / mi% .

Equilibrium dialysis®] Z 3+ Table 33} 2} Di-
alysis A8 ol Al dialysis tube ¢t&Fe] FEi& b33
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Humic Acids} shetBdzhe) AP 2

Tuble 3. Results of Equilibrium Dialysis

95

Spiked Dialysis Conc. inside(I) and outside(O)
Compd. DOC pH I conen. period N** the dialysis tube{.g /)
(mg /1) e/l | (day)
Mean+S. D.(RSD, %)
0.62 7 | o003 | 2709 4 3 I:179.3+10.4(5.8%)
0:177.244.2(24%)
0.62 85 | 008 282.8 4 4 I:2163+3.5(1.6%)
Cartap 0 :212.1+3.0(1.4%)
0.62 85 | 008 282.8 2 3 1:229.4+7.2(3.1%)
0 : 228.9+9.0(3.9%)
I:154.2+5.0(3.2%)
iazi 6 7 003 | 2053 4 4
Diazinon | 062 0 0 : 1533+ 4.0(2.6%)
1:70.5+3.6(5.1%)
0.6 7 | o 94.3 4 3
Fenobucarb 2 003 0 : 682+1.8(26%)
1:782+1.9(25%)
> ! 7 | 0003 1 4 4
PCE 0.62 00 00 0 : 80.7+5.5(6.8%)
I:2.4+025(10.4%)
2 5.1 7 | 0003 0.95 55 3
PP-DDT | 5 0 : 0.33+0.01(4.2%)

* : Ionic strength of buffer solution.

** : Number of replicates.

4% 3E7 HAo| Agrs 3grEo goid, di-
alysis tube ¥t¢] Fx+= 23] &3 AEE G
322 tube 13} 8o Fx xjoj2 ¥ HAS 23}
3§HE-2 43 g o) a2bx] Table 390 4] cartap,
diazinon, fenobucarb, PCP2] dialysis tube <}=} ¥}
9 FxE uay o 4y a5 ghesty o]l A
& gleng 9 APz 4% 3§82 HAS A
kA BSE o 5 U
PP -DDT4 A3t (Ks)E Al4tehd

ng of bound compound / kg DOC

Ky =
B ng of free compound // water

free DDT9) 5% =0.33ug//
free DDT9] §-# =0.33ug /{x 1.1/
=0.363 g =363ng
bound DDT2] ¥%=(2.4—0.33) g /I=2.070g /1
bound DDT®] F-A] =2.07ug / I X0.1/=0.207 ug
=207ng
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HA2] 34 (DOCZ ®A])=56mg/!x0.1{=56mg
=5.6x10"%kg

K. = 20708 /56X10 kg
B 363ng / 1.1/

= 1.12x10° / kg

log Kp =5.050]1], Aldrich HA & o] &3} 7% c}&
T U (Tuble )5} vl Y of 27t Gon) vlwH v
g A9 e 2 AL g5 Uk

PP’ -DDTS] AYA3h-E Table 59 S81g /8 -2
v afeol wlawshd oF 5~10%¢°]th. o] 3= Aldrich
HAE 168 79, Kegh2 Kowtel ¢ 019 @48
Hal ofZ QAF-EH 0 v Aade o U
o}

PP-DDTE A 13 4% 31§82 Age A28
dissolved organic carbon(DOC)¢] ¥x & B % 2}
#Ad A2} Fo] HH DOC w52l 4~5mg/i¥t}
< ge =, o] wlFo) HAS 3352 Hgo] Hars]
A ¥-& 7FsAel itk @eld PP -DDTS} 2 Al



9% *24 -

Tuble 4. Comparison of P,P’-DDT Binding Constant
(Aldrich HA was used)

DOC conen. log Kp Method Reference
(mg/1)
9.5 5.45 dialysis 14
9.5 5.11 Sep-pak 14
8.5 5.61 dialysis 12
7.1 5.72 dialysis 12
5.1 5.05 dialysis this study

Thble 5. Octanol/ Water Partition Coefficiant(log Kow)
of Compound

Compound log Kow Reference
Cartap -
Diazinon 2.88 17
Fenobucarb 33 18
PCP 515 19
PP-DDT 6.36 20

P2z 43 33E 7120 Kowglol 718 & PCP
E iAoz A 7heAde oi3) o] aabstcth
A Kpxl0'elvl PCPE pKa=4.79 ¢4te® pH
6594 Kpe ~1x100c2 disgch’ wmela
Kp=5x10°2.2 7}48l3 HA+| Agsl= PCPe F
Al (x)& Al 4Abshd,

dialysisol] A}8-%l PCP9) A =100 /I x1.1/
=110zg
x ng/5.6x10 °kg

K = 50000/ kg = (110,000~ x)ng / 1.1
x == 2,730ng
730 ‘
% of bound PCP = 'z"ﬁb':gi x 100 = 2.48%

A4 PCP & 248%4te] HAS) Z g3l o] Ad
A ALe-Rt FAiuble] Ay Al 248% olgelnR
A3 PCPE AAE 5 ok

wied P,P-DDTe} & ¥ 244 DOCe ¥ &
ok 10v] 2711 73S PCP2] A rbsAg AlAkst
=, 23k PCP2 74 (x) & 22,316ng 2.8

22.316ug

100 = 20.29%
10,2 x 100 ]

% of bound PCP =

743t

718 PCP 5 20.29%7} HAsl AYstoz Agg
PCPe ¥x=& ¥A4¥ 4 vk 28j22 DOC 57}
51mg/{, PCP 557} 1004g /121 274 PCP2 Al
Al Ke7} 5,000 3 xo]w AY-& $3to] HAS} g
Y=g o 5 Aok

51mg/I9] DOC ¥ %4 PCP ¥x& 10ug/I2
1/10 22A]70 2ol HA9L A PCPY FAl=
2,232ng o 2.

2,232ng

% of bound PCP = m .

% 100 = 20.29%

PCP2] F=7} 100pg /1) 7259 vhi7}2 2 20.29%
2] PCP7} HAS} {3l A& & 5 e} s} e
A& 2] AHataly & B84 DOCS] %7} HASLe] A
ol Fa3 WrdE & 5 312, 5img /2] DOC
FEE AA AAdBY sroe Arl A I =8

2.2 Kp7} 5,000 A =2l 2}gHEo] 2td @A o 4] HA
2} 23t velle Ad9E A e A B
7ssleh

Kp7} ¢F 10°¢]1 P,P"-DDT¢] 3%, 5.1mg /!9 DOC
X9 0952 /72 DDTS 5 AM) AP 5tst
$2kste] HA®l 2% DDT2) F(x)E o|gHoz
AAbsf B,

x ng /5.6x10 %g
(1,000 —x)ng /1.11

Kp=112X10°%/ kg =

x = 363ng

363ng

% of bound = 1,000ng

X 100 = 36.3%

36.3%2 DDT7} HAS} ZAgslmg A xpad$7 o
4] DDT®] 7% HAo| 9§ 382 4% 4 9l& A
L2 yrrdc

DOCH ¥=7} 0.5lmg /! w 0.95.g //2] DDT7}
HA2} A3k oF(x) & $l9} e oz A 4ksha
x =5393ng . &

53.93ng

25 of bound DDT = 1

% 100 =5.39%

5.39%¢2} DDT7} HAS} Aisla] o] g2 AgAte) &
9] el 9J2eB2 DOC %7} 05lmg /73] %%
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Humic Acid¢} 327k AT 23 g7

Ks=10°¢) DDTX HAell 21% o 8-2 33317 o)g
=3

4F B

PCP#} P,P-DDT®} o & %8lv, HA®le] A&
5 2R B 9 5L A3 T U F
2§ 292 Kp2] Z7]0)H, =% Kpi= ¥ $0]7] o F
o HA(DOC)=2] ool o8 x 334 vk AL &
F olsien AA Ald @A e Ke2 10 £+ Ko
0.1 Kow @A & 32311 Kow=10%log Kow=6)4) &
PEE A HAol 23 S04 5o 298
71og 5 sleks Az o)

AA 273 Feo HAE Aldrich HA 53} 2
A4 HAfLE Xolv ihgXe] & Zleg B3
H et ? mebd Al FellA HAE #8)3le HA
F5o o & 33 A= § e Yo e
2 s}

#Atel &

o] A& 191 % FHe7|EH ol At S
TALAR] AFuiel o d TR o]d FAHE
=gy}
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