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# E
ASCIRE TR LR R P AR A 68 5 S YR B, NEM E B AP 1L B
gl ASRE MESETERE TERANARAEESNEY T RN, TRERKY, 4
ERA“FMEHN 95.23 me/kg K, 54 20—50 4, MK RE—RIRBEALEELRIK
BE R, N MR, RERBNTE; KREHRNRNE RESEDRNRXRZER R

XA  BESE.ERBUERR,

HTARESRGAMHALN, E¢RBIE 7% B &6 28, X%
B, RABRBDEANTREENRD D AN EKRPESE SBER, MEREE
el , NE— RO ESBRTY 8 R BB BIEENEAER, UREDE., £
ERFMERT, XNRRYPRKERE, ER A AT, AIBRREREREERW,
MERTESRANENRYHRE, TRIKPEE/L M HEL,. RETELENA
ERERABLEUENGREAE. XTESRESHNHREINEEET KB TIES "L
FR, ERBUHEATRTXTENAE . ETRRYNEDRNHAT, EEARES
BESEDRERRNZEHRAT TRUHELRESNS, HAIYER Tessler %
(L97DEHDHTEFT. BNEEZBIESBOEYKR, ¥ERTESLE R 4%
GEAR, PETATREER=X". ETRETESRAARESNEENNTR, B
WER MERE, A R BRUS TR RB BN R AR S AR EYR N SR,

MRS

(=) ZRHHES5iEE
1. xRe MM (Corassius auraus) FH &K 12.9cm +0.57, EHkE 31.2g+

* EMATENEEHBEREEL XNEESRZ 2GR THRNER Y E S ESHRE S, BB
o
1988 22 10 B 8 B F,
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+1.65, 8 (Cyprinus carpio) B LK 15.6 cm= 1.01,5EkE 49.2g+2.05, BHbE
(Monopterus albus) e 32.17 cm£3.53, PR E 27.7 g+ 1.82, HEETLES
RIS EILE.

2. TRAKERE BB RMITRMNIERR BN B ERBENEY, RBEAS B

1o
Bl TBRAREHERLEBNK
Tab. 1 The physical-chemical parameter of experimental sediment
pH | B ¢ Bz Eh | &S | & WA E  Granularity (95)
%3 o | (mo| 2 |
N - mv E 3 < ?Ei b= -~ Zm - 2 .2
28 2% E 3 ¥, o |(BE IB®E £ 51X 5
55| 3 20 | EmE TR e R
23 ° S T S S 53 £ 5
@ & n 3 =S
Q
7.4 49.35 2.45 77.6 | 1.3 0.51 5.6 10.55 | 31.05 32.32 20.4

3. LIGMH HEREL [Pb(NO,),], AR,

4. TRER HERNLHRAKRE, ST THEAREXNRKEESELZRESR,
ARCEENEETMROHBELAE K. NOBEK 3 MRILAE. MK/ E &R
2: 201 X 135 X 75 cm; 3 DIREED 26 15.19.31.5 cm; RENEEBHEE, 3%
7550 cm?, HEKFERNARNESE, RARzbiEziH sk E— G H%E R 5
F,HELFENALHEENEE, B KM BEREER 6 mg/L £F5, ZRKEAZH
BUATE 22°C £, RMEREEL 6 MR,

5. TRAK FEBILKITEERK, S8S—AE, pH7.4,ER:60mV, DO:6.2mg/
L, B5; 1.08 pQ, HME: 8.27mg/L, EE: 5.83° (HEH,

(Z) XRF#

L ERESRES BEMIERESRBEENBEETHEY, R IANKEER
SRBNEMTBIRE HEEEREIRITRENA—CBOMRBZKHER, HARK
Eeoh 1:10 A B Eo B, RS TR BRRK, & 4,4 240 Jielh, FLER B
MK, X2 24h BEBERELER, REBARE, SEREFR/KEY 1:10 (B 38 kg
Jeim 380 kg /KD, BEHEHIAIE, % E 24 h BRI LR A,

2 GPW TRALSEINIIFHE, TRNEILERN-BRBROAT, 7
MEARENES 6 E,5 | AHTESEONRA,F 2—6 AL RA, ELRBR, T
FENEREBTERAOBRENRAR—K. 2BEEN 120 K. FHLRKE 50 &,
SRS BEBURES Mo B 20d BE—KEBUE,UEER 10d BUE— R, BREHARAS
Bo. ANBUKEE BREETEOESSREBUT. KESRMRBHRZENE, KEH
oAk Tessler HORBERHT, A 180-80 B F-F R HIE o

3. EETBESLE HRARREEIEER LA, KR TFKERSZK, B
AR TR EET BV ER B T B R RREESEN, ESEEEsHE
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BT AT o PR S 7 180-80 TR BB
A4 ERBESHFE MOEREHRI, BN PEETRE AN EXS
Mgy -3 Z BB KBS #k o-ALAD)VEHE; I RIEH NS A8 H & 8; A%
PRI B R S I I o B S O ALB B SRR (HiFR  LDH) Rl R 1
B,
5. EMEHNTRSE BEARNEERE, BAGAE Epon 512 {1, LKBV &
R HLBRL A 25, 76 100 Cx 20 AH e 8 T W2E
G RBEAERE WAF.E L HEESU Bouin BRER, AEHE, YK
Fi HeE #un, 7062 B0 T U2 JE AR,
7. AT WA OISR BEIBKEULRF, i Wright-Giemsa By fs s, 3
TR R 2 3 I S 05 B R OB B 4 2

R E5 o

(—) RROBENR
10 KR AR A AR SIS R AH B RE SN — X
B BRLRB AN, A BB E RIS AEE Do

¥2 ZRTRAPGHLEBES®

Tab. 2 The distribution of different forms of lead in experimental sediments

1t 2 i = Chemical species
k2 |lmelmeTle|Eel B ¥ &
G WE s 5|8 3|85 |n: | &< |F&
B o —_T'I -4 ;iﬁ S %{i o gt—é H 2 & T 3
s G < ) [ S - = =
Group & ° b S ﬁ = gi‘ = 'ftt"?‘ o g & f‘f‘
g sl 8§ g 3 GRS & S
= oo A 2 & ° o= -
Bl & ¢ Tl & g | el =
2 S = | a4
S w | BE°
1 0.22 18.42 9.50 17.50 5.75 147.50 51.17 198.67
. (9.27)* | (4.78) | (8.81) | (2.89) | (74.24)| (25.76)
2 0.51 33.03 9.80 44.60 7.80 221.83 95.23 317.12
. (7.86) | (3.18) | (14.47) | (2.53) | (71.96) |- (28.04)
3 0.065 38.04 11.50 208.74 10.71 356.52 268.99 625.51
. (4.21) | (1.88) | (34.04) | (1.75) | (58.13) | (43.00)
4 0.101 62.16 22.37 204.78 6.68 650.97 296.19 946.94
. (6.56) | (2.36) | (21.25)| (0.710) | (68.74) | (31.30)
5 '0 123 118.14 - 38.22 485.00 6.27 940.00 647.63 1580.63
. . (5.21) | (2.51) | (30.10) | (0.41) | (61.77) | (38.23)
0.174 305.45 129.42 825.75 10.53 831.70 1271.32 2103.02
6 : (16.01) | (6.78) | (33.07) | (0.55) | (43.58) | (57.69)

* HAER(%)
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() ENTARESaLTRNXER
REHEZMERAATHERTIITE 3,
%3 AREABEFHHER (ve/ke BE)

Tab. 3 The contents of lead in fish tissue and organ. (mg/kg) -

o B O
m 5l W C. aurasus . C.carpio | M. albus
Group
i 4 5w | B on® L TR oA ! n oA
Liver Kidney Spleen Testes Ovary Muscle Muscle | Muscle
1 0.45 1.30 2.89 1.92 0.49 0.01 0.01 0.01
2 0.71 3.19 0,44 0.02 0.01 0.13
3 2.41 3.97 0.57 0.62 0.02 0.01 0.14
4 2.76 5.77 7.14 0.72 0.45 0.03 0.02 0.15
5 5.16 6.90 0.66 0.92 0.03 0.03 0.44
6 7.88 7.65 0.56 1.07 0.05 0.03 0.93

ME TR, BEARNANTHERE: HE>04>0E6, AEFAMRETINNE
FERK, ONENERERME>EE>HESIN. EEESEAMEIEITE
4o MWE 4 B, BHKTES I F IR BEMKBELE &85 Wallpy Pk .a
WHESE, AAXAY r ARENEEY, MESBSENSRRSEERANANRE &S

®4 EREHNZFHCEEESS XARESSRERIT

Tab. 4 Correlations between the lead contents of fishes and various forms of lead

in sediments

b 2k & Chemical forms
& i ? % el Toad
rgan pecies N otal lea
W?ré@ I & % m zx= | W % vV &
B i 1 1l v v
soluble
mn R C. auratus E* ++ ++ + —_ - ++
Muscle | C. carpio ++ ++ ++ + — ++
N C. auratus s ++ ++ — T+
Gut C. carpio 4 ++ ++ - - +
[} " C. auratus T+ ++ ++ - — +
Gill C. carpio ++ T+ i — — — .
O C. auratus - - — + + -
Gonad C. carpio + o+ + - - — +

* [ X=PHZ Fa/5c#Z Cation exchangable; 1l A=FkEE#E 574 Carbonate bound; 1 =84
HikskE a4 Fe-Mn oxide-bound; 1V =B HRFKAWLE S Organic matter and sulfide bound;
V =514 Rasidual )

4, AEprmEwp 0l Highly significant different (P<0.01)
+ BFZEHER significant different (P<0.05)
— TP EHEE) Non significant different (P>0.05)

BRI AR R B E . AN, SREA L R A A R S R
HEARK r EBENEEN . BERES Ken. J. Hall” WAEHFRLARR—BH,
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BT, £ 5EE NG, ESBNTHREARAEE A DT 4, MMEFIRRELR
PP RRE S, M EWTFERSOTAYE, BREEASEREHEUEEMAIREHITR
AR, RE—E T At . AFRRY, KAES AETFLHRES BKRELEAEHRER
WA T, ETSREEME ABNEILRE A RRREIS, BEFHEL
b AT R, RN T At AR ES B RAENS X WA FEREMEL
Ao FriB“EMA" (Affinity form) BIEXNAEMHE SREIRANEDTANAXRER
o MESEME L. LI AN EMHRKWTTAE, BOEMFAH,F IV &
KRBT ORAEMFFE, SERAFRNE". MERESIEFET Y R%EOR
BEERE, AREREAEWRIF A, FROBRS. XE5FLEEETORDE—BH.

() BRRETABEH AR ELBIEHER

L M@k 5-ALAD jEHEMNEME MK+ 6-ALAD LM RHMSKREANS BHOF
Em T2 RR, TRASHMRARN -ALAD EHFREREZR, RHREREBHYNA
% 5-ALAD ¥R RMEIEAGR 5)0 o 7

%5 FAREASHAE 5-ALAD E#2 ANSNHBEESH

Tab. 5 T-test of the 5~ALAD activity between the various exprimental groups and
the control

# 2148 57 5-ALAD jEH + S.D

Fish group 6-ALAD activity +S. D n t p
1 344,541.393 8 3.416 0.02
< 2 260.6+12.005 8 3.416 0.02
g 3 249.0+8.669 8 3.416 0.02
s 4 232.8411,556 7 3.157 | 0.0z
< 5 200.7413.583 8 5.789 | 0.002
6 161.5+43.155 8 5.637 | 0.001
1 597.7+18.75 9
2 2 483.6+4.161 7 1.931 0.02
N 3 467.8+7.914 8 2.986 0.02
:. 4 457.4411.003 6 2.875 0.05
5 447.541.779 7 4.475 | 0.01
6 393.8--8.483 9 3.631 0.01
1 183.24+5.066 7
2 2 103.60.770 7 3.690 0.02
2 3 91.240.697 7 6.122 | 0.02
S 4 - Th6+1.204 7 6.122. | 0.001
5 64.840.732 7 6.165 | 0.001
6 57.9+1.552 7 6.425 | 0.001

AMERBARBESAL o-ALAD EHRMEXRERIITE 6 B, 468, MA 40
5-ALAD FEMSREHZERSEYEMMEK, 8, 8 s-ALAD FHESHMIE, 1
&, R o-ALAD JFHESH I BMMXAR r FRFERER. TS5 IV E, VAL
ket 6-ALAD FHS U SWHERAR c REEREE. 8. 8 5-ALAD FEHS5ERE
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26 RRENHTELEN 5-ALAD FHHEWXR

Tab. 6 Effect of various forms of lead in the bottom sediment on the activity
of 8-ALAD

1k % % #& Chemical species

i & B R
Fish 1 & |3 S m #& v & vV & Total lead

r p r P r p r P r p

C. auratus |[—0.73 <0.05—0.68 <0.05—0.83 <0.05—0.59 >0.1|—0.60 >0.05—0.82 <0.05

C. carpio |—0.81 <0.05—0.75 <0.05/—0.85 <«0.05/—~0.50 >0.1 —0.70 >0.05—0.91 <«0.05

|

MEBRFEMMEN. HAXAN r BATEH, XHPREAABXMAZR 5-ALAD ik
BTN, RERS R ERERNSEE—BW.

2 ¥@e LDH BIMHEE Meazs 204 5, A4+ LDH AT & 3—
6 HEEAAS; S0d B, %L K4 LDH 2—5 B /L PNE, BEREETE, M
HZIERBNTERG, WA LDH A THRELRS 404 J5, F 5—6 ANEE
¥EB et , 465 LDH, , BB INSE INA; 50 d B, & 3—6 ANEERMNER, H%
% 60d 5, FARKABEETH; 1004 /5, FlEt TRERE, XILHFaK L
TARAMKRG . @AM LDH B IMERE 404 B, LRENA THETNE, &
R, B BHEEIE HE N, 458 LDH,, BB (L ENWIE. 70 d J5, L RARFHE MM
FHE. X5 EYHIRER BN,

#a.0 i LDH [ TR, %% 20 d /5, BB A T 0, EHRENHNEET
MEHE,

(W) i aRARS5EHBLERHE W

e REEEAEAMERE L $2E204 5,E 31 HENEERT K, EEA
ML KLtk AR B B A , 2 R B S SRR R BB BT KRR S A S Ay e (A
JR1:1) 8 5—6 A8 b R A E i BRI, 25 BUBHAL , D B A BRI 8 44
HASAK, METEES ARBRERF. 50d B, £5—6 A LR FEHhi
PPE 23 ¥, 5 S AR P I Y T AR AR (BLIR 1:2), 80 d J5, S /NEEIREY K, LRI LA
R E Mk, R R A S Rk, 2R AR (B E3); ARk ERR
RERWTER R RIS R R, R 3K £ s B, BB RBUE; &
Rt R, BTSN, BN HE 4RI 2R RO D o

WP EENHRAGKREL: RF 804 B 2 AEAE/NE L AR Rk, EkEE
7835 4 A I B/ NER b B 6 B /N ERBERE S /1N TR R R I S5 AL/ NI R B B
RELRESEEESEREE(ERI4), RF0dE, B LRIERE%E, 100d
J& » FFSUSE BRI B A, M S22 28, B S A B 0, L, I ARME L IE W ATRR S A
2—6 f, BESFHRROARER (B 1:5), $F 120d &, B/ RHAFENHRE R
a5, SRR RN FARWE R IR, WRATRALTFERRDWYR, AL
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MBI,

LREREH, AREPEE, HAREMRBMENENL, REAREHH R

e L ,
Total occurrence rate of micronucleustys)

500 1500 2500

BER#AGASHEE (mg/kg)
Total lead content in Sediments

B ERGSHSESIHRBENHDEXR
Fig. 1 Relatinship between the lead content in
bottom sediments and the average total occurr-

ence rate of micronuleus:

o BB /NG bR Al BB RO,
Ginn(1968)10 38 & W /N I 7 a8 7%
ERMRGISEH: F1HAEF S
Ma,58 2.3 BIE ST i 34, 58 4 AT
H, 85 BARE MR, RAKRKE
B, HRERTER: ENEERNERE
ABHARX, BTRRA BEBRX B TRD;
M vs i, B R » 75 R IR AL B N #538
nA—Ehilist. ALRFRH, BudE 20d
PUBHIRTR R MA 1 277.10 mg/kg AE
NE LB T RGBS HEAE S
o

(R) BRI E m MR £ = 1)
¥m

HEaRRERREE, MARMEEIITE 7 o APIFRIEH, BBERIRR BIOKE
MMmEMm. MEERASH 7 WEMBRGUE+ BB RTEDEITLE, hEE
FEREHAELE D, HAZEHERX, KEFGEN § = 115875 + 0.001725 x,

%7 WMEhBROBEERCOS ¢ BR

Tab. 7 T-tests on the total occurrence rate of micronucleis in blood cells of C. aurarus

®H XK Fji Number of times take sample
4 |
éﬂrof}{s X+S.D P P
1 2 3 4 5 6 7 8
1 0.476 | 0.986 | 0.675| 0.675 | 0.409 | 0.794 | 0.423 | 0.426 | 0-80°
. . . . 30.09
2 1.702 | 1.423| 1.520 | 1.376 | 1.828 | 2.952 | 3.864 | 2.810 3_:(‘)8;13 4.45 | <0.001
4.003
4 3.142 3.293 | 3.600 | 3.930 | 4.270| 4.826 | 4.180 | 4.780 [ 4097 | 16.184 | <0.01
6 4.503 | 4.605| 6.606 | 5.961 | 6.585| 6.897 | 7.090 | 10.080 6:‘3";3 9.687 | <0.001

MFE 7 A, HHE 40,60.70.804d 5, EXRASHRALBRBERENEHK
BEDEREN (P>001 R P<0.01), WHHLKREHALEE 404 5, " EHAMAR
BAETENSG, LRAAXMBEENERITNREESCBERETFEEEINANK

FBo



35 WAME: ERTESEXKEEDHEN I GHARELENAXNEYE 241

(L1
(2]
[31
{41

(6]
(71

(8]

(9]

[10]

{11]

g % X M

BF—F, 1980, BBNEKAHBAPABERRE SN, WREES RSN, 10(1): 7989,

EXHE, 1981, MIRERRTESEMPHENHT. REME, 2(5): 35—41,

PREBAES, 1987, SRS A RO LRSS RNIR. KRB E$MR, 7(2): 140149,

*%5 WE, 1981, BH.HLBLROABRKABRDNERESEYERNAR, FEMNEER, K3): 250—
257,

Christophe M., 1983. Speciation of copper, lead, Nickel and Zine in Meuse rive, Warer. Res. 17(6):
641—649.

Florence, T. M, 1982. the speciation of trace elements in waters. Talania, 29: 345—364.

Tessler, A., Campbell, P. G, C. and Bisson, M. 1979. Sequential extraction procedure for the speciation
of particulate trace metels. Anal Chem., S1(7): §44—850.

Ken J. Hall and Kuldips, S. Bindra., 1979. Geochemistry of selected metals in sediments and factor
affecting organism concentration.

Standahl, D. H, and Sprague, J. B. 1982, Effects of water hardness and pH on vanadium lethality to
rainbow trout. Warer. Res. 16(10): 1479- -14%8.

Vinikour, W, S., Goldstein, R. M. and Anderson, R. V. 1980. Bioconcentration patterns of Zine, Cop-
per, Cadmium and Lead in selected fish species from the Fox River, 1llinois, Bull. Environm, Conicm.
Toxicol. 24: 727—734.

Ginn, F. L., 1968. Disorders of cell volume regulation. I. Effects of inhibition of plasma membrane

adenosine triphosphatese with ouabain.” Amer. J. Fatkol. 53: 1041—1050,

TOXICTY OF HEAVY METALS IN RIVER SEDIMENTS TO

AQUATIC ORGANISMS
I. TOXICTY OF VARIOUS FORMS OF LEAD TO FISHES

Guo Yongcan  Zhou Qingshan  Xie Jinyun Ou Deyou Lai Qin
(Deparsment of Biology, Hunan Normal University, Changsha 410006)

Chen Ruisheng Liu Yanxin and He Xueshuang

(Institute of Environmental Proteciion, Hunan Province, Changska 410004)

Abstract

The toxicity of sedimental lead to common carp(Cyprinus carpio), Crucian carp (Caras-

sius auratus) and other fishes was studied in an artificial stream. Investigations were made on
the biological accumulation, biochemistry, ultramicroscopic structure, tissue pathelogy . and
blood assays of the fishes, fish exhibited a series of pathological changes after 20—50 days ex-
posure to the affinited form of lead at 95.23mg/kg. The pathological effects were positively

correlated with the cencentration of affinited lead.

Key words Lead, Heavy metal, Fish, Toxicity, Sediment.
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1. \MANEE ERARHITEERG(RERET ), LNIKETF, X8 6645 2. @S FEMmLR k
Bl HH RREERER, X221605 3. SAMHIT ZHAME WL AR LR 4GB BH, X9200;
4. INERELRESEEESERE(A), X53.6; 5. AR~ EERl(<=), X536 ‘

1. The epithelial cells of the kidney tubule were slightly damaged in the Cruciar carp (Arrow
shows enlargement of the perinuclear cavity), the mitochondria were undamaged, X8 864; 2,
Swelling and disintegration of varions degrees occurred in the renal epithelial cells in Cruciar,
carp. X22160; 3. Extensive ultramicroscopic changes occurred in all groups, most mitochondria
were disintegrated, X9200; 4. The epithelial layer of the intestine villi was separated from its
inherent layer, forming a cavity(A),%X53.6; 5. Vacuolization occurred in liver cells(¢a), X536

Mi (ZhiR)3 N (i)



