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ABSTRACT - Movement and accumulation of cadmium in male Sprague-Dawley rats, fed with brown rice from
nearby Janghang smeltery area were investigated. The rat fed with five different cadmium level diets made with Cd-
polluted during 12 weeks. The brown rice-polluted with 0.87 ppm Cd (PBR) was sampled from products in the Jang-
hang smeltery area. Diets of brown rice group were brown rice (BR, 0.002 ppm Cd), each 50% of BR and PBR
(BR+PBR 50%, 0.44 ppm Cd) and PBR (PBR 100%, 0.87 ppm Cd). To compare with BR+PBR 50%, the another
group diet composed the feed (FE, 0.002 Cd ppm) and each 50% of FE and PBR (FE+PBR 50%, 0.44 ppm Cd). Accu-
mulation of Cd, Zn and Cu in blood, liver and kidney rats was measured by GF-AAS. The weight gain in BR groups
and FE groups were different 0.22-0.26 and 1.08-1.26 g/day, respectively. Daily intake cadmium was 10.77 and 22.36
pg/rat in BR+PBR 50% and PBR 100%, and 8.83 pg/rat in FE+PBR 50%. Cadmium contents in diets were higher, and
total intake of the heavy metals was more increased on the whole. Weights of liver and kidney in FE+PBR 50% group
was 2.64 and 2.27 folds higher than those in BR+PBR 50% group. Cadmium contents in blood were increased with
intake of BR diet, but Zn and Cu were decreased with them. In the diet groups with the same Cd concentration, Cd
content of FE+PBR 50% was higher 1.27 times than that of BR+PBR 50%. In the diet group of BR, BR+PBR 50%,
and PBR 100%, the increase of Cd concentration was significantly different to the increase of Cd content in the livers.
In the same condition of Cd concentration, Cd contents were higher in the BR+PBR 50% group. In the diet groups of
BR, BR+PBR 50%, and PBR 100%, the increase of Cd content in the kidneys led to the increase of Zn and Cu contents.
In the same condition of Cd concentration, the diet group with the addition of BR was shown to be 3.11 times higher
than with the addition of FE. In view of the results so far achieved, It was closely related with Cd, Zn, and Cu content.
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Table 2. Ingredient ratios of diet fed during the experiment

Ingredient ratio (%)

Diet groups” (ppm Cd)

BR PBR FE
BR (0.00) 100 - -
BR+PBR 50%  (0.44) 50 50 -
PBR (0.87) - 100 -
FE (0.00) - - 100
FE+PBR 50%  (0.44) - 50 50

YBR: Brown rice 100%, FE: Feed 100%, PBR: Polluted brown rice
100%, BR+PBR 50%: BR 50%+PBR 50%, FE+PBR 50%: FE
50%+PBR 50%.
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Table 1. Chemical ingredients and heavy metal contents of diet used in experiment
Food Moisture ~ Protein  Carbohydrate  Lipid Ash Vitamin ~ Medicine Cd Zn Cu
Source” (%0) (7o) (%0) (7o) (7o) (%0) (%) (mg/kg)  (mgkg)  (mgkg)
BR 11.15 6.30 78.35 2.85 1.35 - - 0.002 16.682 1.250
FE 8.40 22.10 52.00 3.50 9.20 3.50 1.30 0.002 91.117 26.733
PBR 11.15 6.28 78.26 2.74 1.57 - - 0.869 18.365 3.401

YBR: Brown rice, FE: Feed, PBR: Polluted brown rice.
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FE 2]0] 72 0.0526-0.0624%4] 2o] g Rd} 2}o]

£ UehiA shk= 9<lo] =AUtk Table 3). o]} 7Fe] 2]
%A A EAo] thE AFE HSl Q912 o] Fo g
e 7tes S 9 Ao 2] fEoRE FPET
(Table 1). &, 2°] 5 7I=F o] F71=H AF] 4
ol A o}guq 53] 3AF ] FEFEE 7 L A9 AT
S7P7F AdE= AdFS BAd=d, o= Siewicki 5'720%
Kim 52V 343, 7t=go =2=W 7o vyl
Aol FAbsk A
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100% 2t Hlad o) drjH oz dd Cd 4HAZe] &
7belE ASR UERSTH(Table 4). Zn# Cu®l ¥ A3

Table 4. Heavy metal contents in daily diet ingested by rat

Daily intake (mg/kg)

Diet groups” (ppm Cd)

Cd Zn Cu
BR (0.00) 0.05 430.16 30.41
BR+PBR 50% (0.44) 10.77 443.14 57.21
PBR (0.87) 22.36 467.53 86.90
FE (0.00) 0.04 1863.97 546.88
FE+PBR 50% (0.44) 8.83 1107.55 305.13

DSee footnote table 2.

Table 3. Amounts of food intake, body weight gain, total food intake, growth rate and food efficiency ratio for feeding rats during 12 weeks

Food intake

Weight gain

Growth rate Total food intake

: 1) 3)
Diet groups”’ (ppm Cd) (@/day) (@/day) %) (@ FER
BR (0.00) 24.34 0.26 +0.03%? 127.51 +£3.80°  2043.88 £ 2.80° 0.0108
BR+PBR 50% (0.44) 24.72 0.24 +£0.01° 123.84£1.72°  2075.66 = 1.34° 0.0096
PBR (0.87) 25.70 0.22 +£0.02° 123.10 +2.54°  2157.81 £3.51° 0.0086
FE (0.00) 20.46 1.08£0.14° 208.61 £ 15.11° 1717.64 =5.01¢ 0.0526
FE+PBR 50% (0.44) 20.26 1.26 +0.08* 224.11 £8.31° 1700.85 + 9.60° 0.0624

DSee footnote table 2, ?Values are Mean + SE in five independent experiments (n = 5), The same letters in the same column are not sig-
nificantly different at the p < 0.05 level by Duncan’s multiple range test, *Food Efficiency Ratio = Weight gain/Food intake.
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Table 6. Liver and kidney weights of rats fed with brown rice,
Cd-polluted brown rice and feed for 12 weeks

Di b cd) Tissues Weight(g)
1et groups m
Sroups TIbp Liver Kidney

BR (0.00) 4.09+0.10%  1.02 £0.05°
BR+PBR 50% (0.44) 4.54+£0.15¢ 1.09 £ 0.09°
PBR (0.87) 4.08+0.18"  1.00£0.03°
FE (0.00) 12.97 £0.62*  2.67+0.09°
FE+PBR 50% (0.44) 12.00 £ 0.25°  2.47+0.11°
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Ao, 2o]de] xfolol wl FE+PBR 50% w©] BR+
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T FE 2]o] oAM= & 2ol A= wet ol 7+
219 FAZE zolE BATE 5Y 59 F=2 BR+PBR
50%¢%} FE+PBR 50%< ¥®lxgt uf, 7k 4l7ge] A=
FE+PBR 50% o4 BR+PBR 50%X.T} 7HS 2.644), Al

USee footnote table 2, ?Values are Mean+ SE in five independent
experiments, The same letters in the same column are not significantly
different at the p < 0.05 level by Duncan’s multiple range test.

A2 2271 =2 FAE YERT ©]= BR Ao|HT}
FE 2]o]9] ohald 3=k ujd|d Fo] Zn o] E%7]
(Table 1) W#o= FH T} webx BR 20| 9] H
- Ao] MF o] WSl = FE 4jo] #HT} 7] A
7F A 9902 Cd AFFS o HHoE Zn A
F&Fo] rol(Table 5) 7k} 21 &4 HAsA HE
53 A2 gekd odst o] AU FAE

0

[¢]

N

o O{

g gl X

T%' 0} ig

O

HU _]1.(1
oX,
(o
i
[e]
of
N
N
>.
L)
rr
,
oy
ol
I
o
%,
N
)
o
e

9
rr
2
£ X

5
30 7
oo

o

>,

>

o

5t} Besten 522, Suzuki 52 % Chund
Kim»ol st %2 W 7l=F B F559 5= MT
Hd, 7t=ge aEAE ey Ag g

ol A B, FtEES 2F Y
gk 2 o] & 2 e 9F

A3 AR Al wet @b 5 A

Table 7¢] A#}<9} 72o] BR, BR+PBR 50% 2 PBR 100%
2lo] o] PN F Cd T2 2o] HAFC] =575 F
7Y AL, Cd FHFo] w2 Ao] oA EF Zno] T
3F F dFHo] B E BR+PBR 50%%} PBR
100% o €N F Zn T S T4 Ago] FE3t

Table 5. Cadmium, zinc and copper contents in total diets ingested by rat for 12 weeks

. . Cd Zn Cu
Diet groups” (ppm Cd) Food intake (g)
mg/rat

BR (0.00) 2043.88 + 2.80% 4.43 +0.00° 39144.4 + 49.0° 2767.2 + 3.5¢
BR+PBR 50% (0.44) 2075.66 + 1.34° 980.02 + 0.59° 40325.7 + 24.2¢ 5205.8 +3.1¢
PBR (0.87) 2157.81 £ 3.51° 2034.40 + 3.08" 42545.8 + 64.4° 9070.9 + 12.0¢
FE (0.00) 1717.64 £ 5.01¢ 3.73£0.01°¢ 169620.8 + 452.0° 49766.2 + 132.6*
FE+PBR 50% (0.44) 1700.85 £ 9.60° 803.85+4.18° 100786.8 + 524.6° 27767.0 + 144.5°

USee footnote table 2, ?Values are Mean = SE in five independent experiments, The same letters in the same column are not significantly
different at the p < 0.05 level by Duncan’s multiple range test.
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Table 8. Heavy metal contents in liver of rats fed with brown
rice, Cd-polluted brown rice and feed for 12 weeks

Diet groups” Cd Zn Cu
(ppm Cd) mg/kg
BR (0.00) 0.69 = 0.09% 74.10 = 1.15° 10.95 = 0.26%
BR+PBR 50% (0.44) 1.41+0.16° 77.87+0.78" 12.57 + 0.59°
PBR (0.87) 2.43+0.10* 86.07 +1.76* 14.67 + 1.69*
FE (0.00) 0.60%0.17% 7336+ 3.24° 10.26 + 0.68°

FE+PBR 50% (0.44) 1.08+0.09° 74.36+2.28° 11.49 + 0.22"

USee footnote table 2, ?Values are Mean+ SE in five independent
experiments, The same letters in the same column are not signifi-
cantly different at the p < 0.05 level by Duncan’s multiple range test.
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50% * 1.41 mgkgHth 23.4% & S HY e, ol
% 2Jo] A FH M FE+PBR 50% -] 2 AW Z}o|(Table
5)2} 34 PBRZ} BR ¥ FEE 717} @] 2HJFo=2ZH

T FF AR FF Aol 7IkldE o= :
ole} Zke] FE+PBR 50% 2]°] oA Cd F3o] s

Table 7. Heavy metal contents in blood of rats fed brown rice, polluted brown rice and feed for 12 weeks

Cd Zn Cu
Diet groups" (ppm Cd)
ng/kg
BR (0.00) 0.324 + 0.025% 104.812 £ 8.934° 121.354 + 5.703*
BR+PBR 50% (0.44) 0.662 + 0.083°¢ 76.822 £ 4.496° 113.968 + 5.661*
PBR (0.87) 0.916 + 0.025° 66.832 £ 5.909¢ 113.314 £ 5.269*
FE (0.00) 0.254+0.017¢ 114.784 +£3.231* 104.554 + 4.393°
FE+PBR 50% (0.44) 0.844 + 0.051° 102.436 + 3.238° 116.462 + 8.759*

DSee footnote table 2, ?Values are Mean + SE in five independent experiments, The same letters in the same column are not significantly

different at the p < 0.05 level by Duncan’s multiple range test.
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Table 9. Heavy metal contents in kidney of rats fed with brown
rice, Cd-polluted brown rice and feed for 12 weeks

Diet groups” Cd Zn Cu
(ppm Cd) mg/kg

BR (0.00) 0.42+0.12? 5327 +0.53¢ 12.05 = 0.61°
BR+PBR 50% (0.44) 2.61+0.32° 57.80+0.27% 12.72 +0.13¢
PBR (0.87) 4.11+£0.32" 63.38+ 1.34° 13.57 +0.34°
FE (0.00) 0.45+0.13° 66.84 +3.42" 18.09 + 0.62°
FE+PBR 50% (0.44) 0.84+0.04° 71.86+2.81° 21.90 + 0.93°

YSee footnote table 2, ?Values are Mean + SE in five independent
experiments, The same letters in the same column are not signifi-
cantly different at the p < 0.05 level by Duncan’s multiple range test.
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