AL,
ENE B4 K AEEY ¥R Vol. 23, No. 4
1999 %412H ACTA HYDROBIOLOGICA SINICA Dec, 1999

IR ASRCENBEEHS
5&8a%E

% B XXE BRE KA
(FEBERAKEEYHRNLT, RI 430072)
Kettrup A
(IE B SRR b AR ET R

WE £ 1990—1993 M, AR T e £ HCH P E IS Qe s L KKK ESR A
MBEEESRES HCHRNREHASIE, KB T HCHESH AR AE X G THREGDE
FREREEEY. SREH. )LHERRE HCH KHRBN F B35, RE HCHEEA
+ILE, HM BB RFE S HCHMRBE R Z T ng/ g BT, AWM EERKEYEF IR
HERBHEYHRR. REN HCHESM ARG WG HEBY SR RANRERELE
X, HEFHEP HCHRBN T ER R P-HCH. R4 #3F5E 4 HCH MR B ah A A
BRI ERER, A EPHENBARIE ST R K < 1% < BHE < KE.

X@E mEHE, KM, 138, AEFCK

ANRIPC K XFRANAAN (HCH) 1E R — R AR T i e R R, e F & K
RERBEZHER. i THBERAFAER, HCH KR E TR+, Bkt 7 & H 5
FEEIEERANAN, AXHCHEPR TG & EBEHEF T K y-R A&7 &, T xf
HCH & R WAREMMEE K F EEAFFE PR PHRRE SR/ RELS. Hil,
BX E 2 £ 5f HCH % — RS K ARH IR S, B 7 SRR i, SRS 3R h X
RUEGYHITARMHKTEARE. ATFH HCHERELER +RER, BRFHEF
HCH 3% B 3 25 B H 75 i 3R 52 2R BE B 4 47 00, (] o xof S 7Y 95 et (X B S S 31358 B B AT
i, &G g BT RS LM XA FT A A, 3P HCH E AR RSP 8 I3 47 7
Bro.

1 #MHEE5R%

L1 BA ECHK AW CMIBEAESISNG, S2RERGEM. KR, &
A AT 600C DAY 1751k oh. BEEEE R AIIE C fe 2 M Bt 2%,

* AFREBEEVWHEE S SR AKESEAMERERESLRZEE LML,
1999—07-06% 5]
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1.2 1 SHERKREHEGSIE B30z HEFER, B0, -0 TYHEAYSEY
BE, 5 —HIA 60g TT/KEERHIF 30g B>, W BB kb BT 4.

1.3 &Y RREEVHERBE B 30g H 5, ABEL %, £ 5 EL HB BN (Retsch,
DW-5657Haanl, Germany, FBCH 2mm fL2 3R, # 3 4000r/ min) H 378, BUH B ¥ K
5 40g KRB 208 BBIR BB S

1.4 HRAHRE RESMGTHEERNTARMABEILE. REEAS 00 [4], RAEH
8] 1990 4E 10 A—1993 4F 10 A. R X AR B & -8 HCH 5 118 5, R
ETHHES: (D)HXBKER, QFBEHTE, Q) LEHER, O)EYHES, ) kR, 1. &
HELRERHYEAESHNE 1. JRIEBRFESE N Kajak JIEIE R HE S (A ¥ BB 5 T
HliE), TRER -REANARRZERES. THRESREDA—BEK Im. %2 6.5cm
MABME, EFANFO, ERESANLE BERMERESYEARES S8, K
#E HCHEEZH S F LMD fTH,

®1 BLMtELN BRENREAWELFSN
Tab.] Some physicochemical parameters of soil, mud and sediment in Ya—Er Lake area

& Sample pH 1% ¥ Humidity TOC(%) N(%) R B Dso (mm)
4% (Soil) 5.30—5.90 14—37 0.77—1.90 0.057—0.17 0.022—0.037
5 HE 1 (Mud) 5.20—5.90 43—50 1.10—1.79 0.11—0.17 0.032

& 78 (Sediment) 7.52—7.85 46—69 1.80—3.20 0.046—0.15 0.013—0.027

1.5 HaMSBRANSAUE REMNSFINEE 8K E R E R RN IRER
Y2 AT I W48, A4k L B S0 6638 DU A o 14T S8 PS8 BT, B R BUB &0 HEH
ERRED,

2 HRE5itie

2.1 HCHHEKESRZEPHIR

21.1 HCHZEKESMEDIHRR K IERAMKELYRENELYEKTE FTH
S5%UEHANAERENENS, HPKETEH4EDREEYERYLEEREENER.
ATHRE HCHE KRR HUIREMRE, 45 TR EYHTHERTHTT KPEN. K
—JERUE — SR 6 Bk R — BB AR, 3% 2 5 T M 1990—19934F 8 ji] HCH 7E =K # /K Bh 8
TR B W K CF, X e R HCH ¥ BE Bl 5 B o] T S A P, 2K & 8 HCH ™ & 75
% (1965—1978) , HCH ZEJE e ' By ¥k BE 4 i3k 5.28pg/ g. 88 30pg/ g, (A I ZE A — b X
¥ 3ng/ g. 88 40ng/ g, HCH IR B Mpg/ g RFEE ng/ g %. HCHIREBER KB
RIEEEBERRFMEAKBHR, fEKAFES HCH WRERER KN K < KR < KiE
B < B,

HCH # A K& SG, BBIKYE HCH B K HF B PR LS RRH, EREXNEIE
FY, BEUVIEFRETRE S, HMERS HCHRE® T K IRPRE. KHKEsY,
R KA, ZEK/ R R E R WA, M e R YK, B, X
JE W A2 VT DA M R A (B B K S B HCHL FE AR B AR . RN, X EJEF s Y X
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2 FRWAREERFHCHHNER (ng/g)

Tab.2 HCH-residues in aquatic environment of Yanjia Lake

B & Sample F£4) o—HCH B-HCH y-HCH §-HCH Z-HCH
1990 0.15 0.19 0.10 0.12 0.56

7K Water 1991 0.08 0.11 0.02 0.03 0.23
1992 0.01 0.01 0.004 0.01 0.04

1993 0.003 0.005 0.001 0.003 0.01

1990 4.96 12.37 0.90 2.91 21.15

JEJR Sediment 1991 2.16 7.61 0.48 1.70 11.96
1992 1.49 3.21 0.45 1.41 6.56

1993 1.03 1.42 0.39 110 3.94

L4 1991 2.54 5.58 1.11 1.63 8.86
Snail 1992 1.63 3.41 0.86 0.94 6.83

1993 0.93 2.14 0.32 0.21 3.91

7K 85 %8] 1993 11.53 21.42 3.69 2.10 38.73

Aquatic worm

3N 1991 62.54 74.11 9.68 9.85 156.18
Carp muscle 1992 36.33 42.79 6.37 7.37 92.87
1993 7.09 28.98 1.56 2.44 40.08

AERNBENEY, BB T HCHEAKTERNAEY R R, X, HCHE KA B Y EEH
BEEYHKA, BEEBEARKY, RI3IFHTARESRAHATH HCHHEYHRER
F. BER, HCH LA FATE A BCFREZE X5 & BB i AW K, [ et, 248
SEROSHEGERREMX. BER, HCH REKHEMEIEAIAFTHER, BEEE
MK T HCH B R ALYk 45, 72 5 W IT Ik + BCF ] & 1% 10,

Rlat & 3 AT E i, 72% LA & HCH AL PR 4 p-HCH, . vy. 6-HCHZ ST

M 18%. 3.4% 1 5%, XELiLH T p-HCHRE #F At BB B H k., A 0ok 48 o) DT D5 p-
#3 TEREHBPHCHEYRBRTF

Tab.3 Bioaccumulation factors of HCH residues in common carp at different ages

B & Carp Sample

o—HCH B-HCH y—HCH 6-HCH Total-HCH
1+ AP Muscle 486 3433 449 382 1229
JFFBE Liver 794 5592 1047 458 1985
2+ AL A Muscle 1047 5871 521 408 2102
BEHE Liver 1192 8632 3452 533 3154
3+ L Muscle 1478 9056 1564 764 3285
FF B Liver 1599 14341 4861 824 5008
4+ AL Muscle 2936 11631 1800 849 4193
FF Bt Liver 3255 20256 2232 917 9633
5+ Wl By Muscle 9093 47038 7473 1932 17035

FF B Liver 14878 61967 27550 3812 23414
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B ERO—1mSEER. REE23EAM HCHAHABERA -, BME P £
B, 1992 F HCHE K FERE N 60cm, 1993 ERKFEREEME S0cm, XMHART
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Fig.2 Vertical distnbution of HCH residues in
sediment of Yanjia Lake
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Fig.4 Vertical distribution of total organic C and

N in sediment in Yanjia Lake
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Fig.5 Composition curve of sediment particles

at different depths in Yanjia Lake
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ZEZANMAT, B, FH C. NS EBE, HCH 76K I8 5 /Y 5% B th st m 3% fin, 3X fn [/ 5
KA 2 HCH 808 VLIS 1 A Wt MoK R IR — . B 53845 A [F) 3% 2 IS 8 ) J0hL BE
e R, BORLE A R E B R TS i, BORLEE K/ B K42 (D50) k"R, AL
pm. ME STTELEH, 2 B0 B & AN mE/D, R RBRE R BB E
BEBHBN, FIBRBERL MG, P HERB/NMIBA, B REERFEICNER
RE, N\l HCH ERBEH Mo At H.

B4RMAT HCHERBH K OPREE A (1993 10 A). ZEH/KED,HCHH
BEARBEEEXHRE—, B /K OLAKKREHNAE R T XK ES HCH M5
HK¥. XBHTHKYE HCH /K H B FHBRKMITEERRRE, HYSBEA G X
AL, MR AW T RRESRBEH S, XEFH 2 FRIFH KR E, I
FETMBEEERKRBETL. Hit, A
X—HRAUFL, KETHEBRBRE 2o
EBFHBKERANTAYIBHAE S,
BYREEHEENER £

Be67TRERXRMARRESREKM =,

JiE P % 2 (0— 12cm) (5% 9 /K F 4 %5 " Retase
(1991). muﬁﬂj’HCHfm%*m*m 6 5K AR #4808 o HCHIR &
Fi@&ﬂﬂ%}?ﬁj:‘%%‘}s%&ﬁﬂ@ﬂﬁ%ﬁ Fig.6 HCH residues in sediments from different sampling
%, BE & /K Wi 1 J7 0], HCH R 7% 88 2 ¥ b& locations in Yanjia Lake
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Fig.7 HCH residues in water from different sampling locations in Yanjia Lake

SR HE S SRR fR] B 1

22 HCHELIM / HURGHTHHEBSHR

221 HCHEARRELMIHNH 1€ 1990-19934F 8], x L B H X H. 4 H R
HAREZ TEH#T THE, SR LK 4. EREPBUX, §EEZHE FH T L M
gt A E L HMERE TN LEMR 10cm EA— B R4 HLE HCH EARHE L4 A
SRR TIEE ZE (10—20cm) HCH R E B &, XM EFREFETHXH. HH
MEBES. SHRE, EREHE, BRERZUS, HCH B & B K5 Ik E 2 E K. §4¢
MBS, MAEYMERERECEFIERAEIBRZE S HCH R ERERMIRHE.
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F£4 FRAMETARE T MHRARPHCHHER (ng/g)
Tab.4 HCH-residues in mud and soil of Ya—er Lake area

PEfh Sample BRBE Depth 1B Humidity o«—HCH p-HCH y—HCH 6-HCH 2-HCH
HEE 0—30cm 31.65% 0.36 0.41 0.22 0.28 1.26
Mud 30—42cm 17.35% 0.60 0.38 221 3.07 6.27
0—15¢m 6.75% 0.19 0.35 0.19 0.14 0.87
- 15—34cm 7.10% 0.29 0.26 0.20 0.25 1.00
Soail 34—43cm 7.14% 0.17 0.10 0.12 0.09 0.48

RSHHT HEFENRMAVNAN TR, FER—H, FIBNEIREERER
#inmE S, XFEE 5 HCHERE M EWAAER—AE. B8 BB IHEMBEH
R£Z (0—10cm) # HCHH R 2. XNMERWER T HCHES G, HCHRYZR B 7E
Bl 4 R 5 o B B EARIEAKCF

£5 PRESBEIHFIAENENENASE
Tab.5 Total organic C and N in soil of Yanjia Lake arca

J&E Je B ¥ Sediment depth(cm) TOC(%) TON(%)
0—I5 0.021 0.558
15—30 0014 0.496
30—45 0.006 0.458

107 x
3 : s |-
X gt x 8¢
< < z
;S cd g 64
g 44 ? £ 4 ’ -
,§ a ; a
S o2t LB S er B
i y o —_— = y P ——
® S—— ® ———
o0 Too1 1992 1993 1990 1991 1992 1993
SE{R} Years () Years
F8 %R Z LM HCHIY ¥ # (1990-1993) EH9 RHEFJZ T HCHM H# (1990-1993)
Fig.8 HCH disappearance in the surface soil of Fig.9 HCH disappearance in the surface mud of
cotton field paddy field

HCH & T EMBEHERM K E2AML LA 108 11, SiRFEHEE (0—10cm)
THERBE, EE S M EREMFER, X S M ERKES HIREZEITREKFER
FWRAAH, ATUES HCHREHM KL EEAR —BL BB > o > 6 > y. HCHERE K
FEEREFLHXNE XS XERAEARAWMEMERFXFX, XBHHAT
HCH R HFHEAM LT K —H#EER HCH 5 R — M EEHK.

222 BN THMPEWEHCH 1991 F 6 A, RN EENRBESRERE. 0L ATH
¥ ER) . SERMZBKK LEER, &6 FR, M HCHERAY W ENKEE T
(BCF) K#1 % 0.2-0.3(BCF = X HCHEMY P E / 8 HCHE HBHIKRE). BREY
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Horizontal distribution of HCH residue in the mud of paddy field in Ya—Er Lake area

REE R SHHBEFE AT

A B ¥4 BCF HAK, i T 38R HCH E & TRMKH K F, Bt th A &3t AEE

BBEXEE.
Fo TRHEMPHCHMEBBRRETF
Tab.6 Bioaccumulation factors of HCH-residues in edible plants
#%Y Plant o«~HCH B-HCH y—-HCH 8~HCH Z-HCH
F8 4 Paddy 0.243 0.195 0.175 0.201 0.200
% F Wheat 0.356 0.195 0.456 0.236 0.225
% ¥ Water spinach 0.538 0.247 0.161 0.169 0.324
& E Lettuce 0.0750 0.056 0.044 0.032 0.055

2.3 ARREEEGT HCHRHZBH 2B RKREGHLELEEN HCHE—-MESH
#l, Hy—HCH& 6%, HE IR HIEH KN HCH 5 1% 83E Hy-HCHI LB 43 51 9o / v

#£7 TRAFRMERPEHCHR Q& y-HCHAYEE #

Tab.7 Rato of HCH-residues to y-HCH in serious environmental samples

¥ Sample F oly By 8/y £ I Property
6%HCH#; 77 1962—1978 4.50 0.67 0.53 i & Commodity
1 #Soil 1990—1993 2.16 3.24 1.54 1% Aerobic
46 % Mud 1990—1993 2.32 3.17 1.55 FtESemi-aerobic’
J& % Sediment 1990—1993 3.96 9.90 3.09 IR # anaerobic
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4.50,B / vy0.67,5 / y0.53., ik, Eﬂ%fﬂf‘é’mﬁﬁmv\ﬁ%ﬁ%iﬁﬁmﬁﬁﬁ%iﬂﬂﬁ.
#®8 FARKAEH FHCHHREBEHSHE

Tab.8 HCH-residues dynamics in different environmental conditions

3% % {4 Condition 4 % 77 B Model B3R H (D) ti2(4F)
7K Water C=exp(11.596—1.3331) -0.9918 0.520
T Soil C=exp(8.918—0.965t) -0.9866 0.727

BHERE Mud C=exp(7.8251—0.8451) -0.9896 0.820
& ¥ Sediment C=exp(5.379—0.5641) —0.9995 1.229

% 757 HCHZ A G =M AR A E Fa. B. 6-HCHS y-HCHH LL B, of vIR T
AR LB, TR/ y. o/ yHIEER TRMP XA, RER, o-HCHY HBEEEAX =F
FE R RT B, y-HCH, A FEAFE P o HCHEHE E=MHEEHR, X FERH
HEHFERES, TR FER-HCHY R EYW AR EAM-HCHY A Y EBBHER
KRS EN, ZNLBERBIEL T X—MHB, p—, - HCHX y-HCHH F LB B /R T
B-,o-HCHE M U E ML 4 Y, R Bt Hy-HCHA R E b g AL YR, R HRERE
4T, y-HCHR A RE R BB LY FERE.

BEU LR, HCH E X B EARAEFHRESN S ETA RS PEE T E
kFR. ATUES, K JER. BEHA LS, EIMHXREY N 72099, FlH R
FRE,AFTESEHAETH HCHI W, SREW, HCHEK R HE R R, fEFE
MEWPEFHAK, KER HCHRRNWEESH, By HCHERRBRH EEHEK.

3 &g

3.1 HCH i i 57 15 R i o 0 8 12 BUORLR B i b, BRA AR TR B HCH TE KA T H
WEERE. HCHTE K& B ETT K TREHMIREWRE, XK R R HCH K
REWFEGH. REKETHBREFRRE HCHE S IBWIERN ARERF X
BH R K D FERRE HCH ERRXMRA.

32 REHCHEZATAE, HRBERE ng/ g RUTKFE, BER KB YH KR
FEERENEYRRAE. Ed8YE HCHNREZREY R K, £ KEEYHEN
BCF " ik 3] 10°,

33 SHEGAKEAENERY &, FHYx HCHERREAM I ET W BHEERER
A, HCHEF BT A SHIESTEREMX. :

34 tHEABUMHFSASL, o HCHE TP LIRHRFER. HESOIER T BN
EYREFELSH, S - EEZENEERRERMEYE N H I AP-HCH. NER.HPLWRE
RXRE,p-HCHENETREREHRAE BT EN? FREELIN, H I EEH K
H# 2 o HCHE K & #i 4 Y11k 5 p-HCH.

35 TERMBXEUMAAERE S HCHRREHETURER X ER, LEEHeEn
FARSFSEF BTN K < 13 < FMER < JRE. HCHE BRFRFE AT UM EMT
REAE, XT 8 HCH ™ E S L™ R M # X (1965—1978), HCH 3 & % 38 JEE B 5.28ug/ g. 88
30ug/ g, HEZERGEM 10 RER —# X KR 3ng/g. # 40ng/g, HCH 7% & 2 4 T RIK A
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BT, AR RAERE HCHE A /G, AA HCHAE MR 4 = HE w25 i it
B AR KRR ™Y, REHE T Ak BOK SR H X &7 & 1 T A SR SE, X R ™Y
tt HCH R A E R AR, AURALEFRSREX LAY ISR X5 P K
ZrERE LR YR R A R A SRR ERAR .
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DYNAMICS AND LONG-TERM FATE OF RESIDUAL
HEXACHLOROCYCLOHEXANE (HCH) IN VARIOUS
TYPES OF ENVIRONMENT IN YA-ER LAKE AREA, CHINA

Xu Ying, Wu Wenzhong, Zhang Yinhua, Zhang Yongyuan
( Institute of Hydrobiology, The Chinese Academy of Sciences, Wuhan 430072)
A. Kettrup
(Institute of Ecological Chemistry | GSF, Neuherberg D-85764, Germany)

Abstract A study on dynamics and long—term fate of residual hexachlorocyclohexane
(HCH) in aquatic and terrestrial environments in Ya-Er Lake Area, heavily polluted
by HCH historically, was carried out during the period from 1990— 1993. The
concentration kinetics and half-lived time of HCH-residues in four different
environments were obtained. The results show that sediment is the primary
accumulation site for the long—term fate of HCH-residues. Despite HCH was banned
for more than ten years in Ya—Er Lake Area, the bioaccumulation of HCH-residue in
freshwater food chain was still high (BCF= 10 in fish liver). The distribution and
mobility of HCH-residues are correlated with the organic matter positively. The
HCH-residue in the current environmentin that area is mainly p-HCH. Meanwhile, a
series of model exponential equations are used for describing dynamics of
HCH-residues. From these equations, the half-lived time calculated and the order in
four different environments are: water < soil < mud of paddy field < sediment.

Key words Dynamics, Long—term, Fate, Hexachorocyclohexane



