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Abstract . “C-a-endosulfang XA 0)¢1 Y A(Cyprinus carpio L) th3]A LCy, Fx=(4.5 pg/L)
2 AHastd in vivo WAIDRA L 3223 2T} endosulfane T FFd FAjojdl w2
FrHAQTIL Aol Aage wat YJolAUNERE AAHJUL. e 0 A, 45
oA WAE endosulfan®] tJAIE A 2= EE(endosulfan ether), EA(endosulfan alcohol), EHE
(endosulfan hydroxyether), EL{endosulfan lactone)}o] 0.0 8 thAIE 22 EES} EACIS
t} ggt A2 THHF SolA dAHE Aoz d# 7 ES(endosulfan sulfate)= 32| 0] ¢
o] ZAME WA Gttt “C-endosulfand] FAlo] HlEle} 2§, L3tdox ] Fre
A7 8N Fof Hdjo) ol2F ot ztn AFME 22 A 3087 44T Fell Hrfg
F4FE BYT. FA0jY BE 2 A WAbs e 2T 8AI Folle F43] Zadtglen
oo 7t A1, 43¢ A A “C-endosulfan?) 482 80~90%= Yebyith 3pA% Ae
8AIZko] ATE o|FREE FEHA ¥ WANsFo| FIH2T~31WHALH 8ATE F
Aoz 84 BA A Z/HAUTHILE 58 128 AL, 19949 69 219 F).

N B

DDT, BHC, heptachlor 5 tl##< #7947 %
ke wlg kA% sFE2A FAE 3 FIFH W
A9 AHA BAZ Anrzog Algo] fAEH I glovt
FHAE ¥ REA AFAY endosulfan(Thiodan, 67,89,
10,10-hexachloro-1,5,5a,6,9,9a-hexa hydro-6,9-methano-
2,4,3-benzodioxa thiepin 3-oxide)e AH&aA] AEE 1
)= cyclodiene Al F2Folc}t. FYU4E endosulfand q-
endosulfan®} B-endosulfanc)2} 3he 2719 o|AAE
ZFAEH olEL 4:19 EFVEZ FAFHe o
Endosulfan& & 7} diAFE o] e AoE R
o] ¢4 endosulfan alcohol(EA), endosulfan ether
(EE), endosulfan sulfate(ES), endosulfan lactone(EL),
endosulfan a-hydroxyether(EHE)7} 174 ¢o]th(Fig. 1).2
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AZFo] FH ASPAIEAZ g ESHA] 1 EA40]
B-endosulfand] ®js & Aoz LA 9o }9 EES}
EAE E40] A9 g Aoz Buxdch), Endosul-
fang TE {71944 s v)sled E{KFol i
EAo] gRATHF; FA4ATSA LD» 100mg/kg, &
AR5 LD 681 mg/kg) o1Fol= E430) il$- Fuh®
25 H endosulfand] FALLFN} E7H EGNAMY
FA o FARAL 2FGAZ BE A4t B
5o} glovt o}A7tA] FAYE A endosulfane] o
AVARE 98 AA ol F mnulg Aol

webx £ dHelAE endosulfandl] 23 Yol
228 rRER gAPIES & FEEtaat “Ceen-
dosulfang ©]-8-3ted JololA in vive MNEH in vitro
AEE stz sged 97190 in vive A 2
#}g Hudtaz o

ME W Y

Az
4C_endosulfan a-isomer(2.96 MBq/mg, 99% up)<
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International Isotopes Munich(Germany)2%€ 143}
931 FYE endosulfan(96%)2 FAATLZHE B
Hkotth. Thin layer chromatography(TLC) plate™ Me-
rck AEFE, 8] AL 5H5E, -&u(MeOH, acetone,
chloroform, hexane)w #<AFH4A§ E& HPLCE&
A3l T} Gas chromatographi= Pye Unicam 304 &2
-8 high performance liquid chromatographt= Waters
510 & 486 =92, liquid scintillation counteri= LKB
A E-E, TLC autoradiograph scanner= Trace master
20 249-L, gas chromatograph-mass spectrometere
Hewlett Packard, HP 5890 series 112} HP 5970 series
MS selective detectorE AH&&tt)

HHH

1) Endosulfan tHA}ER 2] A

Y4 endosulfan(96% up)e) A AR Chau2t The-
rry?9] "o ule} AA)3l9Yar endosulfan AIERES
2 Barnes®} Ware,” Lindquist®} Dahm,'? Sylvan £22¢]
we) £t FA8IH W endosulfan sulfatei= Supe-
Ico Co.2XE FY3At “C-a-Endosulfan& TLC 4
(acetone : heptane, 4 : 96, v/v)olA AA3l] =524 E
AHE-3HA T

2) 9dolol endosulfand] W3t ESAIAEH

FAo1] FAYAETTA; 162042 HF#e] 7.2
08cm)x AeEE WFR MA@ Eto}
Agdxez 23 o £l 3 A" ALe-39

cr
CH,OH " CH, a CHIO\
cl o
\o 50,
=) ] / 9] /
CH,0H CH, CH,O
t ct
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Fig. 1. Structures of endosulfan and its metabolites.

Table 1. Chemical Properties of Water Used in the Test

o £33 F Jo] XL AEE AFTE 2~4%/UR
FIEL A4 25 E 231 1T, RAITHE 1247
2 FAsYTh FAols A 24A12F FHol) AXAH
1 EAAEE 50X50X40 cm(WXLXH) {4z
AA FAstET FAFLYY endosulfan acetoneo]
230414 1,000 ppm2] stock solution& TSI TA ©]
& 3A4sta 500, 250, 100, 50, 25, 10, 5 ppm<] working
solutiong ZA3te] Me|tHL Aol AH-E T
Z7A2 Table 13} 2o}

LCxpe FHYTE T3 8 59 w2 A3
2 AETF 20 vhajy 2 wE-o 2 AEFch FAIo¢]
AR S =& AF F 3,6, 9, 12, 24, 48, 96A]7F
op7bul ZFo] FAE Aol Fdoir ASE F
Bkgo] gl Aoz 3tk LCxho A A2 Fin-
ney”el] 23 probit 2402 3tgon YARFL LCy
9] Fx& A st HAEET

3) Endosulfan®] in wvive tHAMAIE

ZAo] 3ule]lE 3L beakerol YL acetoneo] &34
7l LCy EE¢ “C-u-endosulfan(4.5 pg, 0.36 uCi/L)}
HE X endosulfang 77} 3 WHEo2 AT A
F 05, 1, 4, 8, 24, 48, 961kl 2t Ael4te] T2
HE 3, A%, 24, T2, B5S A 23 A3y
Rao 519 w3} Guerin® Kennedy®2] WS B3
sto] o3 2o &P FAE AR 4 24E
hexane : acetone : MeOH(15:5:5) TFELA10 m)HO 2
glass homogenizero) A Zt Z2 9] 2u) o] F Na,SO,
£ Y stk vpdd 228 TS EFEARD
m)e.g A T AzEepaad g4 308 ¢ A
g&2319rt. 5% % Buchner Zt)7](Whatman No.
6ol A st e RdoFoA FH5 500
m/¢} NaCl £33 50 mlE #H7}38k hexane 150 miZ
239) 24 2uj3FEse] ¥4 NaS0, 35S FHA
el F29e JAATEFEEIVINAN F50Q m)3h
o] column clean-up& AAEIYLE AHA|E columnd:
Florisil(10 )& 2 column(22 mm #.dX50 cm)o] he-
xane$ o]-43ty FAF A8 AHgagon A co-
lumnell H71E A7) F3F2A|EE 2% acetone/hexane
| 200 m/E AT} H]EA] endosulfang 2|3

S

pH  Hardness* COD DO Cl-

SO~ Temp. (C) alkalinity NH;N EC (mMho)

7.7 58 0.3 6.98 -

1.69 15+ 15 225 0.07 0.26

* Hardness, COD, DO, SOZ~, alkalinity, and NH;-N are expressed as mg/L.
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AN8T7E 553t benzeneo2 48135t GLC/ECD
AL AAste &4 24449 endosulfan tiAHEZ 9]
AT O AFEFS ZABIY R “C-endosulfan A2 7=
TLCs} LSC A& AAstd 1 X9 gAEE
B3& A&tk “C-Endosulfan *)7e] $-oe
FAE, ZARRE, £E4 FEFE A{A FE2E=
2egte AEe FAsYo.

H| ¥R endosulfang #£3}7] $3 TLC plateZE
AgNOs-3}H silicagel plate2 A28t ™ “C-endosul-
fan ¥44 TLC plateZE silicagel & aluminium
plate 9} silicagel & glass plate, RP-18 silicagel plate &
A8l 2 TLC plate= AM Ao 130T oA 15
27 A3} Ao desiccatoroll A WAzl £ A
204 Algel FFES AFeYc) TLCY A« 33+
1C 2] &xz7AdX 4% acetone/heptane?] LwjAlZ
T35l 0. o122 heptane : benzene(l: 1, v/v)¢] &
AZE F3ste AEEAES g HEXA
endosulfan®] Z-$o= H;0,9 UVH oz A& delsixn
GCs} GC-MSz 318ttt A endosulfane TLC
scanner$} autoradiography® 7& #ldla A& F
#HF R HES Fol Rof LSCE A= 4cho 714 GC
B8 Pye Unicam 304 series gas chromatograph®
ArER ey AZ7e ®Ni-JAEYHAE7([ECD)E AL
4319t} Columne 5% SE-303 5% DC-2000] 3:19
&2 39 fElE8@mm id X2m)E AMREY e
o Y, 971, #&719 L= 47 210, 270, 290
Tk o8 Jtxe AAE ¥ 4HmlY fE5o=
AHgtth =8 GC-MSe] 48 HP 5890 series II
gas chromatograph®} HP 5970 series MS selective de-
tectorg o] &3l =d £448 72 HP-Ultra 11(0.2 mm X
20 m capillary column)E ARR-3lth FY 719 AE )
9} exE Z47} 270, 290C o BY e 180T N 28

Table 2. hR; values of endosulfan and its metabolites

¢ fASTE 5C/ming] 2o &3k 250C
oA 587 FA F E4E FAsY. ol TtEE
He(10.m//min)S A3t 2w split ratiow 30:1, MS
H91E 33470, ©]23= E.Lmode, 70 eVE A5

4o A n@

FA01Ql FYole] tidt FAAEAA FAFAR en-
dosulfan®] 9647+ LCs<- 7.96 ppbo] 9.2 LCyo2 449
ppb= ofW) LA Sl uiel Fo) o}F A AFAHE
Bgct “C-Endosulfand 1 AEZEY £4& AT
Fgoz TLC FAAN F7HA Az &% 2,
o]&¢] R g& Table 2¢] Jepch o|& #-& AN
5o wat k7t Aolrb et ey} endosulfans} I
AR dEe] A/ME  a-endosulfan(aE), endosulfan
ether(EE), B-endosulfan(BE), endosulfan sulfate(ES),
endosulfan alcohol(EA), endosulfan a-hydroxy ether
(EHE), endosulfan lactone(EL)e) 4= 2 eI T o]
23 Ry g2 Raos}t Murty™®e] Bust frAlatgen
heptane : benzene(l : 1, v/v) £7iAlo}X 2] R; k= A9l
A5tk

=3 gAY 8218 $1% GC-ECDS HPLC-UVY]
X1¢] retention time(R)-& Table 3o JePA ule} 2l
GC-ECDol| 93 endosulfan® 1 tiALEEE9 EAE
X8 AF7A= DC-200, OV-101, QF-1, OV-17, SE-30
59 column FHE oA LEHo T HAH] ¢
.2 a7k AZE] 5% SE-30:5% DC-2008:1, w
/w9 EFEA columng AH4E UAHEREY FAE
Ao] 7E¥5] o] endosulfan® 1 AR R BA o]
o34l HAth o] FHFHE o] &% GC/ECD #4
oA o]E9 H&&AE EE, EHE, EL, EA, oF, BE,
ESZ vehdth 0159 EAANE BFEEFS oF 1058,

Compounds hR
Acetone/Heptane (4 : 96, v/v) Heptane/Benzene (50 : 50, v/v)
33+ 1¢ 33+ 1%¢
a-Endosulfan 81 92
Endosulfan ether 46 76
B-Endosulfan 25 54
Endosulfan sulfate 13 48
Endosulfan alcohol 10 23
Endosulfan a-hydroxyether 4 13
Endosulfan lactone 0 4
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Table 3. R; values of endosulfan and its metabolites in GC and HPLC
R values {min)
Compounds
GLC-ECD HPLC (RP-8) HPLC (RP-18)
Endosulfan ether 3.0 7.3 7.5
Endosulfan a-hydroxyether 3.5 64 6.7
Endosulfan lactone 3.8 3.2 3.9
Endosulfan alcohol 4.6 54 54
a-Endosufan 6.1 10.5 9.6
B-Endosulfan 8.0 9.3 8.2
Endosulfan sulfate 9.6 6.0 6.0
Table 4. Residues of endosulfan and its metabolites in the liver of carp after treatment
Residue Amount with Time (ug/mi)
Compound
0.5 1 4 8 24 48 96 (hr)
o-Endosulfan 0.78 0.69 0.81 0.85 0.48 0.67 0.96
B-Endosulfan 0.51 0.38 0.75 0.44 0.19 0.25 0.63
Endosulfan ether 1.21 0.78 0.76 0.49 0.52 0.57 0.62
Endosulfan alcohot 0.94 0.23 0.10 tr tr tr tr
Endosulfan sulfate ND ND ND ND ND ND ND
Endosulfan lactone ND ND 0.06 tr tr tr 0.08
Endosulfan tr 0.15 0.08 0.06 0.04 0.06 0.04
a-hydroxyether
Total 344 223 2.56 1.84 1.23 155 2.33
ND: not detected, tr: trace detected.
AB8fAME 138 AL/ 28F9ger EE9} EHEv} ES¢} EL2 E4HZF T vFdvte] #HAEEHth EHEX

AGsiA FEEA Zake ¢ gisich
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HHE 238 Bor e ZAddAS niiriAz

ESut ELe 83& HAY ojgde] HEEAL 438
HAME & FZ A Jebd viep Zo] EEZE 270
o AAEe] I o] Hab AT o] AR
wFo] Hol FAlele] hat A, A3 el A endosul-
fand 2 EEZ tiatso] Mids e s g 255U
g EAx Z7]0] dedgol Ao Hah dase
g2 A M4 3E conjugation WS dled A
A EEAS Aow F2HAch

olAe] AN FEAHoZ FAHT F 96417t
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Table 5. Residues of endosulfan and its metabolites in the kidneys of carp after treatment

Residue Amount with Time (ug/ml)

Compound
0.5 1 4 8 24 48 96 (hr)

a-Endosulfan 1.68 1.00 1.36 1.04 0.33 0.71 132
B-Endosulfan 0.52 0.68 0.95 0.60 0.32 0.35 2.12
Endosulfan ether 3.12 1.38 141 0.63 0.85 0.44 0.56
Endosulfan alcohol 1.62 0.30 0.10 0.10 0.13 tr tr
Endosulfan sulfate ND ND ND ND ND ND ND
Endosulfan lactone ND tr ND 0.08 tr tr tr
Endosulfan ND 0.11 0.17 0.11 0.08 0.09 0.08
o-hydroxyether

Total 6.94 3.56 3.99 2.56 171 1.59 4.08

ND: not detected, tr: trace detected.
Table 6. Residues of endosulfan and its metabolites in the gut of carp after treatment
Residue Amount with Time (ug/mi)
Compound
0.5 1 4 8 24 48 96 (hr)

o-Endosulfan 1.25 0.26 0.53 0.51 0.39 0.55 1.62
B-Endosulfan 0.38 0.21 045 040 0.19 0.23 215
Endosulfan ether 1.34 0.60 0.71 0.52 041 0.51 0.34
Endosulfan alcohol 0.96 0.12 0.10 tr tr tr tr
Endosulfan sulfate ND ND ND ND ND ND ND
Endosulfan lactone tr tr tr tr tr tr 0.11
Endosulfan ND 0.06 0.08 0.06 tr tr tr
a-hydroxyether

Total 3.93 1.25 1.87 1.49 0.99 1.29 422

ND: not detected, tr: trace detected.
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1 A2 Al ESE endosulfand] AMS}EE o]F9] &=
B AAHE AL ohld RaFE wE Zyo|
i 2 Aol wuve B ATe) ARt YA ¥

Ao) A o] A9 F thAkEAE seld BES} EAE
. WA 558 o5A)e] A LA wsteh. Li-
Il ndquist®} Dahm?¢] B o)AM= EAE 1370 mg/kgd] F
o | AFEHoR AN BHEEe] ohde wIL Al
- o 3k EAst EE9] LCse >500 pg/goleta &aA glch
Gill” 5¢& endosulfane] dHo gBE] AAL] 7+ =
Ao AFHH L@ I wjdddy o B
279 AFo| X% endosulfano] 7k NA ZF A
i AR AY ol EF o] AstRs Faf siddria At
H 2 94, o] 2 endosulfan AFHERS 9] GC-ECDE
28 2AARE GC-MSE £8 A29st9= Endo-
sulfan®} 1 tAIE A E 2] GC-ECD Ao A ¢] chromato-
A gram< Fig. 20 veldich o|§9 917t =+x EE$} EA,
i ESAlA 2 #o)7} 99t EEE aEol Hla) ok 1.8,
Fig. 2. Gas chromatogram of endosulfan and its meta- EA¥ oF 039, ES& oF 05019 WIZIEE H{oh w3
bolites; the order of peak label is EE, EHE, EL, EA,  endosulfang GC-MS £4% o] spectrum- Fig. 3oi
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Fig. 3. GC-MS spectra of endosulfan and its metabolites.
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Table 7. Distribution of 14C-endosulfan and its metabolites in tissues of carp and water

% total “C-radioactivity trated (**C-radioactivity applied:100 %)

Time
(hr) Liver Kidney Gut Head Muscle Water Total
0.5 12 0.6 47 10.1 11.6 619 90.1
1 11 12 7.3 18.1 21.7 325 819
4 1.0 17 12.1 290 264 134 836
8 0.7 15 26.6 47.7 7.3 9.2 93.0
24 0.3 0.3 41 259 2.9 39.1 72.6
48 0.2 0.2 2.0 16.5 18 51.7 724
96 0.1 0.1 0.7 14.1 0.9 532 69.1
15000 1 = 1500 ./-\
12500 ‘ l
B | 3 |
§ 10000 ﬂ § l%,
> iy z
2 7500 M 2
k] 35
& 5000 - e
4
2500 T
Q= = T T T 0 l T T T T
0 24 48 72 9% 0 24 48 72 96
Time (hr) Time (hr)

Fig. 4. Rate of absorption of “C-endosulfan in tissues;
(a) gut, {©) muscle, {V) head, (B) kidneys, {O) liver.

o848 4 glojd AZHRA A% UYrAE 2%
Z59ich ESE 420, ELL 354, EE: 340, oEU BE:
4049] m/zE BHow FAol9] zh A%, AR, T4
FoX e #& A8E 4T A7} GC-ECDAA #43
uie} vzt 2 EE, ELo] #H&EHUSh ¢4, 4234
Ag 96117 w2 T o] FAFA 7k 4507} 4289)
m/zE Holx Bdo] HEHS=H oW 44 93
AAA = #elekA] Eaisuk

UC-EA endosulfang W EA] 31FPE ] whaz} Zo]
APt o5 EXE 8 AFTable 7) 3+ =27
AME A3 ALEOE)RH 1 Bxgo] A& 3t
AHE BAEE B9 AT ZJdAE A $ 44
ol F4E HUR Ko7t ol Fr: Aadhs AYE
B9t vt FAleje] wEleh 4dld ZAGME A
F 8AIZtel] F HUE Holtr} o|F = AT

Fig. 5. Degradation of endosulfan in water during the
toxicity test; (@) water soluble extracts, (B} organo so-
luble extracts.
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A8 FEE0] WAL gk F F8A HAEE
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em FiHo R ofy BEY o] asT glee
FAT F YATh o) AFBE nFo] Hol FA}
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In vivo Metabolism of Endosulfan in Carp (Cyprinus carpio L.)

K. B. Lee, J. H. Shim, and Y. T. Suh* (Departmemt of Agricultural Chemistry, College of
Agriculture Chonnam National University, Kwangju 500-757, Korea)

Abstract : To study the metabolism and absorption of endosulfan in carp, “C-a-endosulfan
was treated with the LC,, concentration (4.5 ug/L). In an iz vivo test, endosulfan was meta-
bolized (65~80%) in tissues and endosulfan ether, endosulfan alcohol, endosulfan g-hydrox-
yether, and endosulfan lactone were identified, indicating that those are the main metaboli-
tes of detoxification in carp. The maximum levels of “C-endosulfan in the head, muscle,
and gut occurred after 8 hr exposure. However, the maxima reached in the liver and kid-
neys after 30 min and 4 hr, respectively. Radioactivity in the tissue decreased rapidly 8 hr
after treatment. The total amount of “C-endosulfan recovered in the liver, kidneys and
gut of fish was about 80~90% during the 8 hr treatment. The non-extractable radioactivity
increased after 8 hr exposure (27~31%). Endosulfan sulfate, the main degradation product
in plant and mouse, was not detected during the test interval from tissues of the carp.



