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Abstract

The major source of exposure to cadmium among Japanese is rice. A half of total dietary cadmium intake comes from
rice. Since 2001, we have been investigated in relationship between dietary cadmium exposure and health effects such as
renal tubular among 1310 farm housewives in 5 districts in Japan, who have been consumed their rice harvested in their
paddy. The geometric means of Cd in the rice(R-Cd)were 0.022, 0.061, 0.054, 0.113, and 0.154 pg/g in district A, B, C, D,
and E, respectively. The estimates of total dietary Cd exposure revealed that 0.5 - 2.5% of the participants in district A
were exposed to a higher Cd dose than the current Provisional Tolerable Weekly Intake(PTWI),i.e. 4.5 - 20.3% in district
B, 6.9 - 22.2% in district C, 24.0 -52.5% in district D, and 35.6 - 66.8% in district E. Creatinin-adjusted urinary Cd (U-
Cd) increased age-dependently, and correlated with the degree of Cd contamination in the districts. Renal biomarkers
showed statistically significant increases in an age-dependent manner in all the districts, but were correlated with neither
U-Cd nor B-Cd, nor R-Cd. Multiple regression analysis depicted no significant increase in the prevalence of renal
biomarkers in each district after adjustment for age. In conclusion, this study showed that the prevalence of renal tubular
dysfunction remains the same among female farmers exposed to life-long dietary Cd close to or above the current PTWI.
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Table 1 Probability (%) of renal functional abnormality based on cadmium concentration in renal cortex and urine

Cd Conc. In renal cortex Urinary Cd

(mg/kg) Conc. ( pg/e) %
<50 <25 0
51-60 2.75 1
61-70 3.25 2
71-80 3.75 3
81-90 4.25 5
91-100 475 6
101-110 525 8
111-120 5.75 10
121-130 6.25 12
131-140 6.75 14
151-160 7.25 17
161-170 7.75 20
171-180 8.25 23
181-190 8.75 26
191-200 9.25 30
200< 10.25< 35¢<

% quoted from Jirup et al. Scand J Work Environ Health (1998) vol 24, suppl 1 p28
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Fig. 1 Meta-analysis of elevated U-3-2 in relation to U-Cd
¥ quoted form Scand J Work Environ Health (1998) vol 24, suppl 1 p27
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Fig.3 Prevalence (%) of tubular proteinuria caused by dietary cadmium intake
2% Scand J Work Environ Health (1998) vol 24, suppl 1

Table 2 Cadmium concentrations in the rice collected from study participants in the 5 districts

Districts A B C D E

N 202 202 204 204 596
AM+SD (pg/g) 0.032+0.031 0.076+0.049 0.084+0.085 0.139+0.082 0.192+0.135
GM (ug/g) 0.022 0.061* 0.054* 0.113* 0.154*
Median (ug/g) 0.022 0.068 0.054 0.128 0.161
Maximum (ug/g) 0.178 0.308 0.546 0.494 0.971
Minimum  (ug/g) ND ND ND ND ND

N; Number of rice specimen collected from study participants , AM; arithmetic mean, GM; geometric mean,
SD; Standard Deviation

ND; Not detected, LOD= 0.02ug/g

*, p<0.01 ( compared to Distric A)

2% Environ Research (2004) 95 : 20-31
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pg/HERZLTMEST A2 LICk 0 iAn4 Cd ERE
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Wb, $abb, HiE A~HEE B TR 724 Cd L=
25 id, Mg A0.5~2.5%., ik B4.5~20.3%. Mk C

District A (N=202) District B (N=202) District C (N=204)
0.0% 0.0%
0.0% 3.0% 1.5% 8.8%
100.0% 97.0% 89.7%
District D (N=204) District E (N=569)
1.0% o
19.1% 7-4%

79.9%

29.4% m0.4 pglgs=
. o

m0.2 pug/gs ~ <0.4 uglg

0<0.2 ug/g

Fig. 4 Percentages of rice with three categories of cadmium concentrations

2% Environ Research (2004) 95 :

20-31

Table 3 Estimates of Cd intake calculated by two assumptions in the 5 districts.

District A B C D E All districts Average in Japank
Numbers of study participants 202 202 203 204 596 1407
Body weight (kg) (mean=+SD) 57.8+9.1 54.8+8.1 55.0+£7.9 543+75 54.7+8.4 55.1+83 50
Assumption A
Daily Cd intake from rice ( 1 g/day) 55 129 14.3 253 33.8 22.7 10.2 (36.5%)
Cd intake estimate except rice ( i g/day) 9.6 224 249 440 58.8 39.4 17.8 (63.5%)
Total daily Cd intake ( ¢ g/day)** 15.1 35.3 39.2 69.3 92.6 62.1 28 (100.0%)
Weekly Cd intake ( i g/kg/week) ¥k 1.9 46 5.0 9.0 122 8.1 39
Assumption B
Daily Cd intake from rice ( 1 g/day) 55 12.9 143 253 338 22.7 10.2 (36.5%)
Cd intake estimate except rice ( ¢ g/day) 17.8 17.8 178 17.8 178 17.8 17.8 (63.5%)
Total daily Cd intake ( 1 g/day) *** 23.3 30.7 32.1 431 51.6 40.5 28 (100.0%)
Weekly Cd intake ( it g/kg/week) *¥kk 29 4.0 41 5.6 6.8 53 39

Data are presented by arithmetic mean of individual participant’s value.
Assumption A; Percentage contribution from rice, 36.5%, is constant in all-districts.

Assumption B; Amount of Cd intake from the other food, 17.8 i g/day, is constant in all-districts.

*; Cited from the total diet survey in Japan conducted by National Institute of Health Sciences in 1999.

*%; Total daily Cd intake by assumption A=Daily Cd intake from rice +0.365
**k*; Total daily Cd intake by assumption B=Daily Cd intake from rice+17.8
**xxk; Weekly Cd intake=Total daily Cd intake X 7--Body weight.

2% Environ Research (2004) 95 : 20-31
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Fig. 5 Prevalence (%) of the participants assumed to exceed PTWI (7ug/kg bw/week)

2% Environ Research (2004) 95 : 20-31

Table 4 Distribution of residents with higher urinary 32-microglobulin (300ug/g cr. and more) in the 5 districts.

District A B (¢} D E p-value
N % N % N % N % N % (X’test)
All ages 0.006
Total 187 100.0 194 100.0 194 100.0 197 100.0 538 100.0
<300 152 81.3 155 79.9 175 90.2 179 90.9 435 80.9
300=~ < 1,000 30 16.0 33 17.0 18 9.3 15 7.6 83 15.4
1,000= 5 2.7 6 3.1 1 05 3 15 20 3.7
40s 0.802
Total 39 100.0 34 100.0 57 100.0 80 100.0 88 100.0
<300 36 92.3 32 94.1 55 96.5 75 93.8 85 96.6
300= 3 117 2 59 2 35 5 6.3 3 3.4
50s 0.050
Total 58 100.0 75 100.0 52 100.0 78 100.0 175 100.0
<300 47 81.0 66 88.0 49 94.2 70 89.7 140 80.0
300= 11 19.0 9 12.0 3 58 8 103 35 20.0
60s 0.283
Total Al 100.0 59 100.0 70 100.0 29 100.0 221 100.0
<300 54 76.1 42 7.2 58 82.9 26 89.7 173 783
300= 17 239 17 28.8 12 171 3 103 48 21.7

2% Environ Research (2004) 95 : 20-31
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Table 5 The effects of age, blood Cd, urinary Cd and Cd in rice on urinary proteins analysed by muliple regression

(partial correlation coefficient). District

District A B C D E
Dependent variable Independent variables
log @ TMG/Cr Age 0.385%% 0.437%* 0.371%* 0.334%% 0.405%%
log B-Cd 0.027 -0.083 -0.001 -0.008 0.071
log R-Cd 0.123 -0.063 -0.048 0.107 -0.078
log B 2MG/Cr Age 0.299%% 0.3113%x 0.253%x 0.217%x 0.290%x*
log B-Cd 0.04 0.037 0.03 -0.066 0.092x
log R-Cd 0.151 -0.131 0.01 0.035 -0.036
log & TMG/Cr Age 0.352%% 0.394%* 0.282%* 0.292%% 0.394%%
log U-Cd/Cr 0.161% 0.05 0.155% 0.09 0.161xx
log R-Cd 0.12 -0.06 -0.08 0.10 -0.102%
log B 2MG/Cr Age 0.259%* 0.283*x* 0.177% 0.182% 0.2913x
log U-Cd/Cr 0.189% 0.04 0.14 0.073 0.112%%
log R-Cd 0.151% -0.13 -0.02 0.02 -0.05

a TMG; @ 1-microglobulin, 8 2MG; B 2-microglobulin, B-Cd; blood Cd level, U-Cd; urinary Cd level; R-Cd; Cd concentration in rice; Cr; creatinine

*; p<0.05
*%¥; p<0.01

S¢Environ Research (2004) 95 : 20-31
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