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, 1 8
) Cr K,Cr,0; 159.501
, Mn MnCl,-4H,0 632.600
( ) R Ni NiCl, 6H,0 102.701
, Cu CuSOy-5H,0 987.402
(151 , Zn ZnSO, TH,0 3285.399
, [16-17) cd CdCl,-2.5H,0 23.699
8 Hg CH;ClHg 1.000
Pb (CH;COO),Pb-3H,0 6.400
3 ’ , ’ 1.
2 mgg!
I 0
1.1 1.528
SD 40 150~180 g, 3.055
. ( Al AS B 6.110
Ba Be Bi Cd Co Cr Cu Fe Ga Li Mg , 10s,
Mn Ni Pb Sb Sn Sr Ti Tl V Zn), R 60s
. K»,Cr,04 60s. 4 )
MnCl,-4H,O NiCl,6H,O CuSO45H,O ZnSOy4 ,
7H,O CdClL-2.5H,0 (CH3CO0),Pb-3H,0 s 60s ,
. CH;ClHg Ehren-
storfer GmbH 1.33
1.2 Morris , 2% (m/V)
(ICP-MS) ,
PerkinElmer R
, 2~3
1.3 , ,
1.3.1 -80 s 10%
SD 4 10 48 h .
3 , 1.3.4
) ) ICP-MS
1 2, 3 -80 , 02g
1.3.2 Morris S5mL , , 3
180 cm, 60 cm, R
, (2242) , 44, , 170 40 min, 10 mL,
4 , . ,
3d , 1cm , 5% 200 gL ,
2,1 3 1, 0.1,02,0.5,1,2, 5ugL";
) 60, 60's 1%

>



78

2018

1,5, 10, 50, 100,

200, 500 pug-L™".

b 6 b
, 11
1.3.5
SPSS 16.0
5 LSD
, Dunnett’s T3
+ , P<0.05
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. . RBC HGB HCT
, NE LY EO BASO MCV MCH MCHC RDH-CV

. MO . PLT )
3
WBC/(x10°-L™) 5.26+1.13 5.40+0.72 4.72+1.76 4.19+0.66
NE/% 17.30+4.42 21.27+2.07 16.06+2.69 18.21+5.09
LY/% 76.92+4.83 71.47+3.89 79.34+3.08 76.17+6.09
MO/% 3.88+1.49 6.70+2.19" 3.46+1.04 4.71+1.26
EO/% 1.84+2.16 0.47+0.15 1.08+1.13 0.87+0.17
BASO/% 0.06+0.05 0.10+0.00 0.05+0.05 0.06+0.05
RBC/(x10'2-L 8.39+0.39 8.54+0.29 8.12+0.47 7.91+0.47
HGB/(g'L™") 148.80+7.79 148.33+9.07 144.10+8.58 139.33+7.07
HCT 0.45:+0.03 0.46+0.02 0.45+0.03 0.43+0.02
MCV/A 54.14+1.02 53.67+1.55 55.00+0.91 54.54+1.16
MCH/pg 17.80+0.33 17.37+0.59 17.79+0.30 17.63+0.38
MCHC/(g-L™) 328.20+6.02 324.00+10.82 323.30+3.80 323.11+4.59
RDH-CV/% 14.60+0.22 14.83+0.45 14.55+0.45 14.74+0.53
PLT/(x10°-L™) 538.20+229.50 685.00£97.55" 571.70+151.88 659.67+60.44
PDW-CV/% 15.06+0.17 14.83+0.21 15.00+0.09 14.87+0.10
MPV/l 7.80+0.44 7.10+0.53 7.53+0.40 7.37+£0.32
PCT 0.47+0.21 0.54+0.04 0.48+0.12 0.54+0.04
: WBC ; NE ; LY ; MO ; EO ; BASO ; RBC ;
HGB ; HCT ; MCV ; MCH ; MCHC ;
RDH-CV . PLT ; PDW-CV ; MPV ; PCT ;
*P<0.05:
4
TP/(g'L™) 61.28+6.47 60.23+1.00 58.08+3.90 56.1543.67
ALB/(g-L™) 26.45+2.16 24.73+2.02 25.92+1.73 25.72+1.42
GLOB/(g'L™h 32.83+4.42 35.50+1.04 32.16+2.18 30.44+2.63"
A/G 0.76+0.05 0.70+0.08 0.81+0.01 0.85+0.06
ALT/(U-L™) 49.25+10.78 32.33+10.97 50.80+14.92 42.50+7.12
AST/(U-L™) 127.75+34.20 101.00£10.15 134.60+24.89 113.67+27.61
AST/ALT 2.57+0.16 3.47+1.52 2.72+0.41 2.66%0.35
ALP/(U-L™) 248.00+45.26 204.33+128.41 262.80+£51.33 190.50+31.42
TBA/(umol-L™) 4.50+0.42 4.90+1.37 6.46+2.68 6.17+2.01
UREA/(mmol-L™) 5.42+1.38 5.12+1.03 6.46+1.20 5.5140.35
CREA/(mmol-L™) 13.17+11.88 25.73+13.39 26.78+5.69 21.53+6.73
UR/Cr 1.5242.20 0.29+0.27 0.25+0.05 0.28+0.08
URCA/(mmol-L")  174.25£18.21 128.33+28.11" 164.00+11.73 166.17+12.54
: TP ; ALB ; GLOB 3 A/G s ALT 3 AST ; AST/ALT / ;

ALP ; TBA ; UREA ; CREA ; UR/Cr / ; URCA ; *P<0.05:
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Experimental study on the accumulated toxicity of multi-heavy metal
pollutants in rats

WANG Ya-fei', SONG Xin', HUA Qi-hang', Samuel Selorm Fiati KENSTON', SU Hong',
WANG Liz, GU Yuan-liangl, SHI Hong-boz, LI Zhoul, ZHAO Jin-shun'"
( 1.Medical School, Ningbo University, Ningbo 315211, China;
2.Ningbo Municipal Center for Disease Control and Prevention, Ningbo 315010, China )

Abstract: To determine the toxic effects of eight common contamination heavy metals (Cr, Mn, Ni, Cu, Zn, CD,
Hg, Pb) in the aquatic products of Ningbo area on human beings, the combined toxicity and tissue accumulation
of multi-heavy metal have been examined. Healthy male SD rats were divided into four groups: control group,
low, middle and high dose of multi-heavy metal treatment groups. Heavy metal compounds were added into rat
fodder, and the treatment lasted three months. Using the Morris water maze test, the results indicated the escape
latency and swimming time in first quadrant was not significantly different between multi-heavy metal and
control groups. ICP-MS results showed that both mercury and cadmium produced obvious accumulation in the
organs in a dose-dependent manner; whereas the other six heavy metals failed to produce significant tissue
accumulation. Except heart and brain, the biopsies showed that inflammatory changes could be observed in liver,
spleen, lung, kidney, and testicle of the multi-heavy metal treated rats. These results demonstrate that chronic
exposure to a low dose of multi-heavy metal pollutants might be toxic on human body.

K ey wor ds. multi-heavy metals; combined toxicity; accumulation



