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Degradation Behavior of Endocrine Disruptor Bisphenol-A
in the Lake and Stream

Ho Kang?* Kyungsook Shin, Sunki Kim and Changsook Jin!

Department of Environmental Eng., Chungnam National University, Taejon 305-764, Korea
Wational Institute of Animal Industry, Ministry of Agriculture Forestry and Fisheries 2, Japan

Abstract - Among the biodegradability tests, TOC-HANDAI and OECD method were utilized to
examine the degree of biodegradation of endocrine disruptors, Bisphenol A (BPA) and
Nonylphenol. Both methods used natural water microcosms and measured their biodegrada-
bilities of BPA and Nonylphenol, in terms of TOC or DOC degradation with time for 28 days.
Biodegradabilities for BPA, 73~78% with TOC-HANDAI method and 77~81% with OECD
method were obtained respectively at the end of experiment. There was no difference in BPA
degradation between two methods. BPA degradation was described by two distinct first order
decay rates (k; and ks) which could be separated by a simple visual fitting. Most of the initial
decay reaction accelerated within 1~ 7 days with k; of 0.24~0.34 day-1. And the following another
long term first order decay coefficient (k2) showed 0.02~0.05 day-! with much flat slope. About
20~25% of initial BPA remained at the end of experiment. It suggests that the remaining TOC
components in BPA biodegradation considered to be refractory metabolites of BPA. Nonylphenol
at each sampling point was appeared to be mineralized 20 ~48% of initial TOC concentration.
Consequently Nonylphenol seems more recalcitrant against biodegradation. BPA was not
detected in the detection limit of ppb in the watershed of Daechung reservoir and Kum river.
However 25 ppb concentration of BPA was detected at the influent of industrial wastewater
treatment plant in Taejon.

Key words : Biodegradability, First order decay coefficient, Bisphenol-A, Nonylphenol, OECD
method, Natural water microcosms, TOC-HANDAI method
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H) A5 3=A[2, 2-bis (4-hydroxyphenyl)propane : ©]3} Asoz opefstA AlgE I gl vl A= EPAS
BPA):= ofx &3 289 s|ug E3dpA|AH AAA TSCA (Toxic Substances Control Act) AlA 4%} 8ol A
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BPA: AMgtol| Al Zeta 274 HE s)igd& Dy A7)
o 71A # 2ol BPAZ} <1zH] kA Zuf oF E-A o)
A daEZAY L Fo] wajzon, AztelA o
g £ 5 Sl FEE 2~5pphEt BuEe Qlw
(Krishnan et al. 1993). =3k EC (4-H FFA)AME 4]
Y BPA =% 3mgkg o2 FAST slod, AF
4715 AN BPA 3=+ 500mg kg-lo 2 FA)8}
I 3t} BPAE A}143}= S =)A= BPAYL 4%
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o, ZtdA ] #F94% BPAZ} sbA3d] &3 - A AHE
9 90de] Aty B IH¢ (Knnak et al. 1966)3)+=
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MY AFE dEske el s £3AWANE
stEA o] il SR AEe o) EEnz $3n
A 2% AEHAY 5L Hriske Aol Fa3k

o] o]fZ OECDNA: 3stgale] R4 Hrt
£ 93 Ay 58 OECD 7leo| =8| AHalsld, o]
o] Zsle] BEHAL Hrlslm ¢ (OECD 1981). &
A stEAe] QEA AP AHEH dael o
EAA (B REAY, BAA YR REN 7R
AT, Al B o] AA P oz vy ojzlet 12vt AlEE
o] APE A3 AP AFAAY HAE ¢
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FAell e A EA |92 HERY JUFUE FHIMs)
o gl 3 M2 9hEe] Fr=2 (A3 9
oo A & o, kA 537Gl M o] 3hstEal o] AR A
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E oUEHA 42 AdeLAde Y ELE IR o
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e oy
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=
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A AR S Frketr] YsiMe AEslel Q%s F
E Al d3 z2AF 834 BOD 3271 &
4 (Ek)A 2k BOD w7t 22 ulpA (B
FAAME PAEFY FA40] M2 d2Ez YL
= 9 =¥l ggE Foin AlsFER AR AR
Aol ATt 7|25A AL AP o]} it o) E o
FollA= Table 16 Vepd whe} o] 49 314 1
g3 2 FFAAHE A= A A, =3 A5
FAR A F 9= ol ZAFT 27, =4
A, 573, 342 5o AHE AA s 297 7244
ZAME AABI o H, 717he] A A A w| A EdE A
3 o3 e AR A olgddH 7 A=
o Bjsir= HAeIAM pH, &, DOE &4 3glen, 1
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A (AL FTAHAIRY 1998) o8 FAsIA &
| A7 sk 2 9, 283 A2 FlS A
A2} #41 - H-25ue] BPAE &3] 9siM 240t
o] &1 2 224 (Solid Phase Micro Extraction; SPME)#}
ZtrzgntE I o4l B3R (A 2001).
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Table 1. Location of sampling points

Sampling Location of

Trials points Symbol sampling points
Stream A Place under Daeduck Bridge
of Seogu, Taejon
Reservoir B Place in the middle of
1 (Dam) Daechung Reservoir
Junction C Place under the Joonchuk
Bridge of Chungwonkun,
Chungbuk Province
Chogang D Place under the Chogang
Bridge of Yeongdongkun,
Chungbuk Province

Nonsanchon E Place under the Yangchon
Bridge of Nonsankun,

2 Chungnam Province

Yougoochon F Place under the Yougoo

Bridge of Kongjukun,
Chungnam Province

Place under the Kasuwon
Bridge of Seogu, Taejon

Kabchon G
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9l BPAS} :9s&g FAEAE sl AYPL A
o}, YAHEA 2] EXL Table 20 VJehd wuhe} 2}

3. TOC-HANDATH

SERRIEE $-(1988)¢] 7l¥hgl TOC-HANDAIY-& <
FHA % AAeF uAE 23 FAEAY AR
H=g Hriste AEH oA Wgoezr B QoM
Fig. 1] vehd 2 e] TOC-HANDAI%ZE 4u] Scale
-updle] AT F 4,000 mle] FHSE Mem-
brane filter (0.22 um)2. gt &, o] Filter$el] AT
2 uAES TIPS (T T 1999)400mle] @1 %
s Ao o HEhAlA S nYELE A8
o} 21 g2 AbzbEEl Aol 880 mle] T4}
100ml1®] A vAELE Y& F, 27 TOC F=7}
20mg 1"7} Hx2& FZAEA2 Stock solution (TOC
1,000 mg 1Y) 20 mlE& H7}3kit. o] Eeprag o2
F a5 AA We ADAT|T e g3 28°C,
120 rpmell A 28YU7F Akt 0, 1, 3, 5, 7, 10,
14,21,289 5 % 93lo] ZA 22} 10mle) AlgE A
#3}le] TOC Analyzer (DC-180 Mode) & o] &3} H
Azlde. 283 dzAgez fIsstEds AHrte)
Al ¢ 7% Blank, n|AEAE AHUEhA] ¢ e
Control2 3} FUg oz AgPsjic)

4. OECDH

OECDOA F A3l ol EajAd AE\AFLYH
OECDH-& 3714 zAslel|lA zlehuokspaa] 28Uzt
FTAEAL DOCHE =iz YEHAL Hrlste
ul¥ o]t} (OECD 1981). 219 AztEelA=d]] 119 3
FA4E Yo AEE7 A FAEAQ] BPAY =
9¥E$ 20mgDOC 17! 3 =71 HEE Hrsigich of7)
of 7+ A AdAM AHT AFHE 0.5mlY 78ty G2
¥ foilz Q78 Yol 20~25°CollAl 28Uzt A ehujk

Table 2. Characteristics of hazardous chemicals examined

Sample (500 ml)

Membrane Filter
(0.22 um)

Sonication

Microcosm Source

(50 ml)
l Testing Chemicals ‘ ’ Artificial River Water j
1ml 5ml 45ml
CNesster Tube with Cap)
Incubated at 28°C, with
shaking under dark
h 4
Sampling

Analysis of the remaining
TOC

y
C Biodegradability Test )

Fig. 1. Procedure for TOC-HANDAI method.

sea AT BE DOCS ZradRe Hrleke
o} OECDY-2- "B 0, 7, 14, 21, 28¢ Ao R o =Z
DOCE 2435 Aol Yubgel} & Adele 29
7 wad AR oparle) EaAARE e
A% 1,2,3,5900 372 Ang A5l EAsA,

5. 23& 2 AEASEALST WA

7 329 $aEe BeAlel o5 sy ed
TOC-HANDAIY¢] 7%= TOCE, OECDH9 A=

Chemicals Structure Use Characteristics
th
. i lycarbonate plastics . .
1-A QCO OH €poxy resins, po : ,

Bispheno | food can, bottle tops, pipes endocrine disruptor

CH;
OH . .
Nonvlphenol materials of detergent, pesticide, endocrine disruptor
P CH plastics manufacturing P
91119

Sodium benzoate

antibacterial and antifungal agent
materials of dyes and pharmaceuticals

standard chemical of
biodegradability test
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k: AR & x4 (day™h)

t : A1 ZH(day)

Table 3. Water quality at each sampling point (1999 ~2000)

1 424 3%

ARG FAANAAAAH Y T2 $ARAEHE Table
3ol Yehigiel. pHE A AR HANA FA WA= o
aZEAdE vetiglen, 53] dAdE f-92] BAIA
M 82~9.202 A gzAAA vig A =
A=Kt ol WA s 2/ HewAo=w 1% pH
o] Aol 7= =&t o] Aj7[2] DO 5=7} 8.7~
108mg 12 2ol va) HzAgedel o8 LA
o et wdt s AX A, A e} 3
g5A13 <l CAANA BOD, $89] F=rt & A A
vlE o A 2AME oY, WA R S £AVE
1~25% 48 AT A 2N 449 B4
FollME 27D AHGAH ] =AHHE)FH F+
A@Ee vs] 718527t ¥ol 29520 g4 ¥
Rez veldt} =3 Colony Forming Unit (CFU)R
2B Ageel A5 2AA7IEEE 2 Aol ol
7 dstot, 2ARAE2E FAFA GAHANAME
B 1.8x108cells ml'l2 7} A ZAMEHgew, vt
o gAY AR B ¢+ 1.1X10%cells ml™!
E vEp AAE QFpe] Ao|rt vlmdy Z Aoz
ebiet,

g8 ARAGAALSATY 2 AeF LAt
4 - FEPE Yoz aupelmz IS od)
PAE BA3 A 7AW 27 A, 573,

=

Parameters
) H Temp. DO BOD SS CODmn T-N T-P CFU BPA
sgilﬁfshng P °C) (mgl™)  (mgl) (mgl') (mgl!) (mgl) (mgl!) (cells ml-Y) (ugl-h)
A 7.6 26.5 8.6 2.6 8.4 42 5.7 0.59 45x105 ND
June B 8.2 25.7 8.7 2.3 5.4 4.1 14 0.08 1.1x10®° ND
o) 8.1 26.7 9.3 2.3 7.8 4.6 41 0.09 87x10¢ ND
A 77 25.8 8.9 2.9 7.0 3.3 7.1 0.19 385x105 ND
July B 9.2 26.4 10.8 0.9 3.7 1.2 14 0.07 10x10® ND
c 7.9 27.5 9.1 25 6.7 5.1 3.7 0.5 6.8x10¢ ND
D 74 28.4 9.8 2.5 9.5 41 3.8 041 1.8x10° ND
August E 7.9 28.1 9.9 1.2 4.8 1.7 2.7 024 1.7x10* ND
ugus F 7.2 28.6 9.4 0.9 7.2 1.2 2.3 0.14 13x10° ND
G 7.3 28.7 9.0 2.6 84 3.8 3.9 044 1.8x105 ND
D 9.0 21.5 10.1 2.0 8.8 4.1 3.7 048 1.2x102 ND
Septemb E 7.8 21.6 9.7 14 8.5 2.1 2.9 0.09 23x10¢+ ND
plember g 71 22.4 10.5 1.1 6.7 1.7 2.7 0.05 14x103 ND
G 7.7 22.1 9.4 2.4 8.4 43 3.1 032 19x105 ND

ND : Not detected under detection limit of ppb
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AR 5 e AR AL 2ARAAME 25
EAEHAT, A 3 - 43 ASFTAGY fde
A= - 25ppb7t AEHG oA, H A AE AR
= fEFME BRSNS 199896 AAE dE
o) A, 9, seAPAe] 494 B BES HE A
YA &40 BPA 2AME A& 314 130717 5 884
AN AEHAUL, HEe=E L 094 pgliylen,
skeAEld fdeelME 3573 F 3241364 2EH
Ax et 45pgml 12 YeE 5 AR A
Aol M BPAZ} &SNSy 21l vt o GEHER]
1999).

g M= A
PRt A Ao AF &
o fal g AE xzARE ANTE A 75}?}7‘&4
3Rl A BPAZ} Z+7} 0.068 ugml?, 0.04 ugml-17} 7
239 oM™ F -y dTAEE Edz & oo
BPAY] ¥=x $83t $EL AT AdBAF
de] 2A3e & 4 ok et AL ZuYE el
o3ty Atadv

FE4 AEIEE T A9HEA0L

£ A7 TOC-HANDAI# OECDH& o4
3 Az ZEA JEIx HF A QHAEFA
HEFS FEA2 ARSI AEAdN 2F
EA2 28YUo|Yel| 70% o]kl DOCES| &S Hofof
3o, Eafl o] 70% o|3le] A& AlYe] Fart H=
2 AZ2Y9E ui o] AAFE sfof gt kA Ve
9 7$%E TOC-HANDAIW# OECDWol|A ZAl)
A A A"eA 1~297k] HL71E A F 4149
e H o] 27] 5453t 80% oo EHE Aoz
Yehgdorn HEHos 81~87%9 Ra&L Yl
o} (Figs. 2, 3). maka] b3kl g2 PRS2
2FEAZA A3 &S AYSE $AE 4 o

B} 1998~ 19993 4] 74:1 &
Aza® 9 xdXRE 5%

k —&— Joint ---=-- Blank
~—&— Stream —®—Dam ||

Fig. 2. Biodegradation of sodium benzoate by TOC-HAN-
DAI method.

fom, 2 A7) ARNUFRA] AeaARb A
S $AHUEE & 4 9o

3. W23 A2) A¥HER7

1) TOC-HANDAI®

TOC-HANDAI®Hl| 23 3134, 9 % FFA G2
BPAS] Eali= Fig. 48} 7o} 0~1dUA 479 H-27]
E AA, 54ATIRA 243 Balj7} o] FIH 65%2] £
Eg 1y

DGR AH (A)2] AL 1~5Y Abolol] F&3] Bl
t}r} 54 o] Foll= ghubs] EaE gl ot 7d o] Fel=
A9l BaHA] gsren, 147X B &2 71.2%°]
Aot B BA A 0~19 Abololl F43] E3HH
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20 —®&—Joint  ---=-- Blank

DOC (mg /)
o
/

Fig. 3. Biodegradation of sodium benzoate by OECD me-
thod.

25

——Stream —®— Dam
20 —&— Joint  ---=-- BlankH

TOC (mg 7'")
>

—®—Kab —8—Yougoo —@— Chogang
20 —O—Nonsan ---=-- Blank B

TOC (mg /")
=
1

Fig. 4. Biodegradation of BPA by TOC-HANDAI method.
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A Aol HA] F43] EeHAI} 5Y o] Fell= shut
3 ReAgs Rgoen 10949 EH&L 73.2%%
3 o] Fole EHA At FFAAH OelME 3
A A9} AR Ea e 1ol o] Az R HA
(A, B, Ol AHg7] glo] Fvtz Es7t AjztEy,
FzAoz oF 20~25%2 TOC7} A=3= 7oz w
3o

¥ 4329 AL Aoz T AYAME ARG
£ A3 27 D), A E), FFHA @AM FAME
23 AsFS nych A (@M= 0~2Y Alole] ¢
sE 27188 F F43] BT 59 o Feo A9
F37F HA A 1 99 AFH D, E, PelAME 0~1
A Abolel] F&3) EIFHTI}E 0~5Y Abololl= skt
e ngon, o] F TURAIA = A F&3F B
}E Bon 109 o|Fd= o o EHA 4t
o} - ME A AH D, E, F, QoA 2¢7] glo] &
Eer, HFH oz oF 20~25%2] TOC/} A&
o] & o|4e] A~GAAH ] BPA AR F7 A
72 HE] BPAE TOCE of 20~25%7} ZHEEM, 27)
FAHT B FE Rolx A7) o F siuks] REaHE A
717} £t} o] A= Jin 5-(1996)0] U] 3}
AL Aoz 433 BPAS AR s} Aztel $A4F
3}
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Fig. 5. First order decay rate of BPA by TOC-HANDAI
method.

Jin 5-(1996)> 2 A3} 93 TOC-HANDAIY
o ojg BPAS] AEsAIFelA shHel wet 37k &
fde BHow, I F of 80%7} & AFAAe}
< 2948 RBHAAE BT, oJw TOC F== o
20%7} AHEF ot Rwslglor =3 BPAY] 2374l
FJ-4 (Jin et al. 1996) 2 MV1 (Loboa et al. 1992)3} =
A3t Az =2 BaE Aol AANEAT FI-4% F8
ZA 25 E3A BPAS TOC >%=2 o 85%2 &3 - A
Az, oF 15%% ¥IFLP2E AHshdA AEFH,
ZA&stE F7H AR 2, 3-bis (4-hydroxyphenol) 1,
2-propanediol?} p-hydroxyphenacyl alcohol¢]g} i R
23 v} gleh. MV1-& E2]3F Lobos 5(1992)< 2|3},
BPAl g&§3e] St ®A F 60%= 71353, 20%
= Az F5IY, e 20%= £31439 AR
2A BiEA g3 AE¥G3 By S, BPAYL
sS4 2 54 $29 wdzel s, BPA 27
FJ-4 (Jin et al. 19961} MV1z £33 A==z Ea9
oiw, TOC 32 o 20%2] E AR o] Eaf= %)
%3 AEE sPsA el Aok

gHH, 99} 22 QRIS =2 AR e AR
4 5AH kgh-& Table 49} Fig. 50 vjehd wle} 7o)
AAE 27 f27] f-5Fo ue Az g £
slort, HA 2 Z7]Es7) waA AYPEE 2719 k
WS 0.24~0.34 day 19| & o, Bast M3
A3 FEE A7) A ke 0.02~0.05 day 12 Ea =7}

—&——Stream —®— Dam

DOC (mg /™)

—8—Kab —8— Yougoo —@—Chogang
20 ——6—Nonsan ---=-- Blank -

DOC {mg /™)
=)

Fig. 6. Biodegradation of BPA by OECD method.
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Table 4. Biodegradation rate constants (k) of chemicals examined in each sampling point by TOC-HANDAI method

Chemical BPA Sodium Benzoate Nonylphenol
Mutiple First-order Duration Mutiple First-order Duration Mutiple First-order Duration
Site Decay rate (day1) (day) Decay rate (day1) (day) Decay rate (day1) (day)
_ k1 =0.036 0~5 k; =0.085 0~2
Stream El - g'?)f’)g g~ 28 ks =0.008 5~10 kz = 0.463 2~5
2= ks =0.002 10~28 ks =0.014 5~28
ki =0.205 0~5 f fg'ggz g:? ki =0.085 0~2
TrialI | Dam ky =0.058 5~10 k"‘ 0017 14 k; =0.463 2~5
p— ~ 3 =V, - - ~
ks =0.003 10~28 k. =0.002 1498 ks =0.014 5~28
k; =0.337 0~3 k; =0.030 0~3 k; =0.160 0~2
Junction ke =0.038 3~7 ky =0.011 3~14 ks =0.420 2~5
ks =0.009 7~28 ks =0.001 14~28 ks =0.013 5~28
k1 =0.085 0~2 El fg'ézg g:g k1 =0.030 0~1
Kab ks =0.370 2~5 k. —0.013 14 ks =0.220 1~7
ks =0.010 5~28 K, —0.000 1498 ks =0.007 7~28
k; =0.217 0~3 k; =0.108 0~5
Yugoo ks =0.085 3~5 1;1 :g'(l)gg gj ks =0.030 5~17
ks =0.275 5~7 k2:0'004 728 ks =0.020 7~14
. ke =0.003 7~28 8= ks =0.000 14~28
Trial I1
k; =0.100 0~3
k; =0.104 0~5 k; =0.108 0~5 ks =0.170 3~5
ke =0.174 5~10 ks =0.012 5~10 ks =0.250 5~7
Chokang ks = 0.006 10~28 ks =0.001 10~28 k4 =0.070 7~14
» ks =0.009 14~28
ki =0.240 0~2 k1 =0.113 0~3 k; =0.220 0~2
Nonsan ks =0.060 2~5 ks =0.040 3~5 ks =0.037 2~5
ks =0.128 5~10 ks =0.010 5~14 ks =0.400 5~7
ks =0.012 10~28 k, =0.004 14~28 ky =0.007 7~28
BR8] delXe AYPHQ] 234 A HE JebAS 717} velve] 744 5.23mg 177kA] B3 Ee] 3 28
o} A= 77.46%9] F&&& Ry

2) OECD¥ ¢l ¢]3 BPAS] A EHAH

OECDel| &8 BPAS] #3]& 0~24A x7] A%
718 AA, 5YA7HA] 2143] Rajr} o] FolA 78% A
=9 &L ¥} (Fig. 6).

4 5 AAAH EF 5dA 71A] A4 B3 &S Hof
W A 2IEA g £84 B4 s dAS
%< Xe TOC-HANDAIY Hrt} o] wig R3]& 1
on 3% 83~84%2 Bi&& Jepl ZFEAQ
AN EFS AR Beld e e Bk
v A4 e 7% BPAY ¥3|: TOC-HANDAI
We] Aspe} o7t g Ref e Yepde 273(D)
9] 7% 1~3d Abolo] FA3 R HTIL 3~59A
718 AR F 7UA 58.24%74A] &3] Ea7) o]
Folxl oh-& HAHI] Ra=e] HF 77.57%71A] £
+ Aoz vehgth =AM 7% 2~5Y Ateld] AL

e

r_(')_l

FTAE)2 5719l FdFH 149A 76.7%71A)
F A AAH (@ A+= A7) glol Futa Es
HAe 2=t TOC-HANDAIY 3 =ixbriA 2 #H$H
22 45mgle TOC7} #&Esle) dAENEHA ¢
o] ¥z

AE#H &= Table 59 Fig. 7ol pepd whs} 3
o] oA B3t Fai vl g o} TOC-HANDAIY
% w2 dAl2 Ea7E A48 dejvie 5974
9] kigte 0.29~0.34 day 1o WS Bgon, o]F &
AN A kel 0.008~0.02 dayl2 Z7|E3&=9

10% ¢Fo= s

4. xdv¥Ee AEHAY

TOC-HANDAI{e| 2§ »xd#ze] JEsiAde
Fig. 8o vjeldl nis} o] = (B)8] A4+ 3~74 At
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Table 5. Biodegradation rate constants (k) of chemicals examined in each sampling point by OECD method

Chemical BPA Sodium Benzoate Nonylphenol
Mutiple First-order Duration Mutiple First-order Duration Mutiple First-order Duration
Site Decay rate (day1) (day) Decay rate (day1!) (day) Decay rate (day!) (day)
ki =0.085 0~2 ki =0.595 0~2 k; =0.110 0~1
Stream kg =0.278 2~5 ks =0.130 2~3 ke =0.015 1~7
ks =0.014 5~28 ks =0.010 3~28 ks =0.003 7~28
ki =0.080 0~2 k; =0.640 0~2 11:1 fg'ggg 2:3
Triall | Dam ks =0.443 2~5 ks =0.060 2~3 k2 0014 714
3 =u. -~
ks =0.017 5~28 ks =0.019 3~28 K, = 0.0007 14-98
ki =0.160 0~2 ki =0.640 0~2 =000 .
Junction ks =0.420 2~5 kz =0.060 2~3 kz —0.045 5o
ks =0.013 5~28 ks =0.019 3~28 K. - 0.005 728
k; =0.030 0~1 tl f(l)'f;g ‘1):; K =0.133 0~3
Kab ks =0.217 1~7 k2—0.066 917 ks =0.043 3~7
3=0. ~ _ -
ks =0.008 7~28 k. = 0.000 798 k3 =0.005 7~28
ky =0.103 0~5 k; =0.160 0~1 ~
v k2 =0.030 5~7 kz =0.080 1~2 1;1 :g'éég gj
1geo ks = 0.200 7~14 ks =0.080 2~7 0,003 o og
Trial II ks =0.000 14~28 ks =0.015 7~28 8=
k1 =0.100 0~3 k; =0.190 0~1
ks =0.035 3~5 ke =0.170 1~2 ki =0.120 0~3
Chokang ks =0.250 5~7 ks =0.180 2~3 ks =0.020 3~7
ks =0.070 7~14 ks =0.016 3~28 ks =0.004 7~21
ks =0.009 14~28 k; =0.130 0~1
ki =0.110 0~5 ks = 1.240 1~2 oo o s
Nonsan ks = 0.400 5~7 ks =0.100 2~7 kz 0,060 s o
3=0. ~
ks =0.007 7~28 ks =0.010 7~28 K, - 0.004 728
ololl ekzte} MAAFE Yehlglon, R (M) 2 FF dolzo] BPAY EFEAQ QA= Fo) uls) A

A (CelME 149714 3] 3= A =
F 149 o] Felx A Wl slen, HEHez
25%ke] &3 = 3l

AEHE=AS k=2 AR BAG] k=0.014~
0.085 day™'9] W] A7) EFYE HSi 8t
A D~ A 270 A48 F3& Holrpr} 4~
59 o] Fel: 9T 452 Pase) Pz} FFAHel
Ao ks da Aele Byler HFHo=
2879 Rl &2 43~48%F JePT) o] Maki
F1996)e] 2957} A2 g 3 3 sa5E oG
d xdsEe] JEA=s FrHE AR AN 100
Azt A Fego] 16~48%2) AT HolE By
ot dFRms} dAFE Aoz ¥l EiEA
o] #ART 2ol A JFE H3 e A& A
g} gtH, OECDR o o3t sl xo) ARsiAdH 7t
A= TOC-HANDAIY I AR ElAFE B =

=t @A) @2 FEAANEAYE & 5 3
(Fig. 9).

83 Tanghe 5(1998)2 AgAjFne] FALE R4
2ElA delsE oF 70% oAkl AR 7bsEa,

=Y ARdEe Sxd WYY BAo] Y& WYL
o, 2920 1] BALAAAGALANE sl
o 89~94% 71 A Phm HTa w} Glo] wdsl
o AEHos Asls® Aoz BUY 4 slovt
edsEe A4AANLY S A FL 5o
Hdge] s §29E 4ol 3lo] Jenniffer et al.
1996) 9] AFAANA ehd sl we) AALE 4

G ABHY Eah ohd B A% £WUA &
& HHgze o5d sleAel ¥

T3 49952 Daphnia magnasS Ao E T 5
AAA 3 (Comber et al. 1993)0|A] 2447+ 484 7hH £
ECso%te]l 27+ 0.3,0.19 mg 112 oj=A o} wjmd 7}3}
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Fig. 7. First order decay rate of BPA by OECD method.

25
—&— Stream —®— Dam
20 ';'%%—FJOW ...... N
~ 15 L e —
o
E
o 10
Q
=
5
O S
0 5 10 15 20 25 day 30
25
—8—Kab —&—Yougoo —@— Chogang
20 | —©—Nonsan ---«--
™ 15
o
£
Q 10
@}
=
5
o e - - e e e o . e m e -
0 5 10 15 20 25 gay 30

Fig. 8. Biodegradation of nonylphenol by TOC-HANDAI
method

gepgelne SANA B2t & 9A e wd
gl A & 242 FYTE AE YA

e Ay A B AW HH B HE A

25
——Stream —#— Dam
Blank [ |
~ g —
(o)
£
Q
S 10
@]
5
. -
0 5 10 15 20 25 day 30
25
—e&—Kab —8—Yougoo —&—Chogang
o
E
Q
(@]
a
5
o LT e

Fig. 9. Biodegradation of nonylphenol by OECD method.
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