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Fig. 6-25. Location of cadmium mines and concentra-
tions of cadmium in paddy soil, Kakehashi River
Basin. 1974 survey.
Source: Ishikawa Prefecture 1975C
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Fig. 6-27. Cadmium concentrations in rice grown in
1974 in the Kakehashi River Basin.

Source: Ishikawa Prefecture 1975C

Note: Numbers correspond to key on Fig. 6-25.
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Table 1 Age and sex distribution of population studied.

Cd-exposed subjects Nonexposed control subjects

Age Men ~ Women  Men and women Men ~ Women  Men and women
50 — 59 600 T3 1313 62 b4 1%6
60 — 69 494 091 1085 3 4 87
0=19 265 340 605 2 k! 60
80 - 69 110 175 T I 2l
Total 1424 1754 3178 133 161 9
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Prevalence of B>—Microglobulinuria

B0 - Eu-l
;gau— 60 1
S
£
H.ﬁ 40 40
m
2| 3
a
20 7 20 - 3
Total 50-59 60-69 70-79 80-
80 80 1
& e %
E| =
o| 8
|E| @ 40 40 -
t:I o
'3l
1 .
E T l@ 3 L
0 _ n-- Iﬁ
Total 50-59 6069 70-79
Age Age

B.—Microglobulinuria > 1000 ng/g cr
B ; Cd-exposed subjects, ; Nonexposed subjects
*:P < 005 *;P< 00



Prevalence of Metallothioneinuria
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Urinary findings of glucose and protein in cadmium - exposed inhabitants with
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II. Cadmium induced
renal effects
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Fig 1. Relationship between urinary B 2 ~microglobulin concentrations and NAG activities

among people from an area free of cadmium (Q), inhabtants of a cadmium—polluted
area (@) and itai-itai disease patients and suspected patients ( %).



o-year follow-up study
of Cd-exposed subjects




Table 1. —Sex and Age Distribution of Subjects Examined

*
A(;g; Men Women Total
50-59 8 19 27
60-69 19 15 34
70-79 ) h 10
80- 0 3 O

Total 32 42 74
*Age in 1981. |
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Fig. 5. Urinary excretion of cadmium (ug/g creatinine) in 74
cadmium-exposed inhabitants examined in 1981 and 1986; A =
males, O = females. The r denotes the correlation coefficient.
*Significant r value at p < .00V.
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Fig. 1. Urinary excretion of py-microglobulin (3:-MG) (/g
creatinine) in 74 cadmium-exposed inhabitants examined in 1981
and 1986; &4 = males, O = females. The r denotes the correlation
coefficient. *Significant r value at p < .001,
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Fig. 2. Urinary excretion of g,-microglobulin B:-MG) (up/g

creatinine) in 22 cadmium-exposed inhabitants examined between
1981 and 1986.
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Fig. 1. Annual changes of serum creatinine levels before and after
cessation of cadmium exposure. The top figure includes all subjects
whose serum creatinine levels at their most recent examination
were increased by > 20% above baseline values. The bottom figure

includes subjects whose levels increased < 209 above baseline
levels (A-—A = males, ®-@ = females).
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Fig. 2. Annual changes of arterial blood pH values before and after
cessation of cadmium exposure. The top figure includes all subjects
whose serum creatinine levels at their most recent examination
were increased by > 20% above baseline values. The bottom figure

includes subjects whose levels increased < 20% above baseline
levels (A—A = males, ®-® = females).



Table 4.—Biological Parameters of the Case Showing Renal Failure

Date of examination 1998
Sex Female
Age(y) 80
Serum creatinine (mg/dl) 4.38
Blood urea nitrogen {mg/dl) 448
Red blood cell (X 10*mm?) 191
Hemoglobin (g/dI) 6.4
Hematocrit (%) 20
Urinalysis
Glucose (mg/g cr)* 9016
Protein (mg/g cr) 1934
8 o microglobulin (/g cr) 137892
Retinol binding protein (mg/g cr) 167.9
Lysozyme (mg/g cr) 475.7
Cadmium (ug/p cr) 7.9
Creatinine clearance (ml/min) 109
Tubular reabsorptive phosphorus (%) 29.9

%o creatinine




LR
A 107







18-year follow-up study
of Cd-exposed subjects
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Fig. 1 Change of Urinary Findings
between 1981 and 1999
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Fig. 2 Relationship between Urinary
Glucose in 1981 and 1999

1999




Fig. 3 Relationship between Urinary
Amino-N in 1981 and 1999
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Fig. 4 Relationship between Urinary
B ,-MG in 1981 and 1999
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Fig. S Relationship between Urinary
Cadmium in 1981 and 1999

1999
102

10

1 10 102 1981



14-year follow-up study
of non-exposed subjects




Fig.6

(ug/ger)
10*

10?

10

Urinary B ,-MG in Cd-nonexposed
Subjects in 1986 and 2000

® men @ women

1986 4F 20004



Fig. 7 Urinary Cadmium in Cd-nonexposed
Subjects in 1986 and 2000
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Fig. 8 Relationship between Urinary

B:2-MG(prg/g cr)

B ,-MG in 1986 and Cd in 1986
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II. Cadmium induced

bone effects




Densitometer chart
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Number of subjects examined

Male Female
Cd-exposed | - 28
K 92 114
Nonexposed c-1 10 10
C-2 30 33

C-3 4 23




MCI

Microdensitometry indicators in itai-itai disease
patients, Cd-exposed and nonexposed subjects

Male Female

0.51 0.57 55
0.4 0.4
0.3 0.3 1
0.2 0.2
0.1 0.1
0.0+ 0.0- '

| K C1 C2 C3 I K C1 C2 C3
N = 92 10 30 4 N=28 114 10 33 23

Notes: Geometoric mean. [; ltai-itai disease patients, K: inhabitants

in the Cd-polluted Kakehashi River basin, C; nonexposed subjects in
three different non—polluted areas. *:P<0.05 *%:P<0.01



Microdensitometry indicators in itai-itai disease

patients, Cd-exposed and nonexposed subjects
Male

Female

=GS/D

0—

0+ '
l K C1 C2 C-3 / K C1 C2 C3

N = 92 10 30 4 N=28 114 10 33 23
Notes:Geometric mean. [:[tai-itai disease patients, K:inhabitants

in the Cd-polluted Kakehashi River basin, C:nonexposed subjects in
three different non-polluted areas. *:P<0.05 **:P<(.01.



Biological parameters selected by the stepwise backward regression
analysis and significance of their standard partial regression

coefficients to microdensitometrical indices (Male)

- ed s s (N=91
Sum of
MC1 d _GSmax GSmin 2G6S/D given scores

Age » i 5
log(U-Cd/Cr)
109(U-B,-ma/Cr) ok o * ke e "
Toa({S-Cr) e 2 e #a e e
S-Ca * *
sS-P
log(B-Cd) .
R 0.51 0.51 0.43 0.50 0.43 0.47

L i E 2 2 E 2 t 3 =% t & 3

Nonexposed subjects (N=25)
Age
Tog(U-Cd/Cr) »
1H{U~ﬂ2-mfﬂr'1
1og(S-Cr)
S-Ca »
S5=P
1og(B-Cd)
R 0.45 0.60 0.43 0.48 0.41

R:Multiple correlation coefficient.
®#:Significant (P<0.05). **:Significant (P<0.01).



Biological parameters selected by the stepwise backward regression
analysis and significance of their standard partial regression
coefficients to microdensitometrical indices (Female)

Cd-exposed subjects (N=112)

Sum of
MC1 d GSmax in iven scores

Age " e fed as

log(U-Cd/Cr)

1 Dﬂt u-pz-m /Cr) : " = % e ®*N *

1og(S-Cr)

S-Ca_

S-P

Toag(B=Cd)

R 0.53 0.42 0.35 0.49 0.44 0.25
L & L 3 R e e a8
Nonexposed subjects (N=55)

m 3 "R »

log(U-Cd/Cr)

1ngtu-Bz-mmr1

log(S-Cr) L

S-Ca_

S-P

log{B-Cd) b .2

R 0.41 0.37 0.37 0.54 0.46 0.38
k.3 = ne k. & 3 E

R:Multiple correlation coefficient.
#:SigniTicant (P=<0.05). ®**: Significant (P<0.01).



Table 4 —Biological Parameters of the Case Showing Renal Failure

Date of examination 1998
Sex Female
Age(y) 80
Serum creatinine (mg/dl) 4.38
Blood urea nitrogen (mg/dl) 448
Red blood cell (X 104mm?) 191
Hemoglobin (g/dl) 6.4
Hematocrit (%) 20
Urinalysis
Glucose (mg/p cr)* 9016
Protein (mg/g cr) 1934
8 g microglobulin (/g cr) 137892
Retinol binding protein (mg/g cr) 167.9
Lysozyme (mg/g cr) 4757
Cadmium (ig/g cr) 7.9
Creatinine clearance {ml/min) 109
Tubular reabsorptive phosphorus (%) 29.9

%5 creatinine
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FIG. 1. Cadmium level in kidney cortex s a function of cadmium level in liver for the polluted persons (®, ltai-ltai disease patients; M, suspected

patients; A, inhabitants in the Cd-polluted Ichi River basin; %, inhabitants in the Cd-polluted Jinzu River basin) and the control persons (O, subjects ages
over 50; A, subjects ages less than 50).
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S Co-RER ERBH

N Mean S.D. N Mean S.D.

Age (year) § 27 735 1.57 22 76.5 5.67

B,~MG (ug/g cr.) 27 239 17.0 22 23.4 3.58

Cd(ug/gecr.) 27 4.01 1.65 22 1.84 1.56

Mg (mg/g cr.) 27 694 2.01 22 426 6.17

Ca (mg/g cr.) 27 111 1.69 22 68.2 1.81

P (mg/g cr.) 27 579 1.35 22 438 1.66

NTx (nM BCE/nM cr.) § 26 332 17.8 20 260 18.9

* P<0.05  *% P<0.01
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4 Co-RER EREH
N Mean S.D. N Mean S.D.
Age (vears) § 34 734 6.19 38 73.7 8.62
B ,~MG (1 g/g cr.) 34 336 11.1 32 229 2.81
Cd (ug/gcr) 34  6.03 2.37 35 286 182
Mg (mg/g cr.) 34 94.7 1.76 37 52.6 492 «
Ca (mg/g cr.) 34 157 1.66 37 109 1.79 s
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* P<0.05 *%k p<oot
§ :HINTEY, Fh Lo 8Ty



-655% LU E -

== ==
EH 4
= 5 |
103 *
*ok
| [ ]
102
. *k
101 |_|
. m
B2-MG(u Cd (ug/g Mg (mg/g Ca (mg/g P (mg/g
g/g cr) cr) cr.) cr.) cr)
DESE BEAER
* P0.05 k% pco01  MAITY

103
*
* o
102 ! '
*
10" ’——’ "
B2-MG(y Cd (ug/g Me (mg/g Ca (mg/g P (mg/g
glgor) cr.) cr.) cr.) er.)
WERE N 3REE



Z R AT

:I-

IERFERE DL H

-655% LI -

NTxE Z b

NTx/cr 80

70

60

30
40
30

20
10
0

ok

B it

mEEH OERER

%%k P<0.01




\Um

51

NTxEDHERE] -CdiE .

%

NTx/cr

90.0
80.0
700

60.0

500 |

40.0
300

200

10.0

00

Mg r=0.59
(** P<0.01)
L
&
L 2
&
L *
* @ *
L 4
& *
Py S
$38 .
bal, ¢ L " * &
c 2 * 2
t S 4
10! 102 108

Malcr



Xt g2-me

NTx/cr

200.0
180.0
160.0

1400
1200
1000
800
600
400
200 |

0.0

NTxEDHEE] -CdjFEithis-

r=0.52

(** P<0.01) NTx/cr

200.0

~ 1800

160.0
140.0

120.0

L ¢ o ~ 1000

60.0

. e ® :
s oo 400

® e 200 -

00 '

101 102 103
B 2—MGlcr

o 800

Cd

&
—r— o
+
*
<
*
] &
@ s
04.‘ ’“"
* o v s

101

102

r=0.58

(** P<0.01)

Cd/cr



FRPENTxEELFIEEZEDREE  -c d B

Es t x i3

N B N B
Age 47 —0.045 Age 97 -0.047
log aminoN 47  -0.157 log aminoN 97 0.327
log NAG 47 0.043 log NAG 97 0.072
log Total Protein 47 0.07 log Total Protein 57 0.119
log B ,~MG 47 -0.034 log B ,-MG 57 0.195
log Cu 47 0.099 log Cu 57 -0.049
log Cd 47 0.085 log Cd 57 0.339
log Mg 47 0.378 log Mg 57 -0.022
log Ca 47 -0.338 log Ca 97 0.144
log P 47 -0.131 log P 57 0.106
R 0.378 R 0.564

B : BRELRIFRFZRE R : EtHE®R#

* P<0.05 =k P<0.01
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IV. Dose-response
relationship between
cadmium exposure and
adverse health effects



TABLE IV

PREVALENCE RATES OF f-MICROGLOBULINURIA IN RELATION TO URINARY CADMIUM CONCENTRATIONS AMONG INHABITANTS
OVER 50 YEARS OF AGE

- i — = s

Mes

Cd (/per) 0.0-09 1.0-19 2.0-29 1.5—3.9-4.0-4.9 50-59 6069 7.0-19 3.0~89 9.0-99 10.0—149 (59-199 20.0—
Medisn Cd (g/ger) 0.8 11 .5 15 L 54 64 1.5 8.3 94 1S 18,

N 0 1 40 21w 1 w0 8 &8 @ us M
Prevalence rales (%)
omgdgN 00 45 29 35 63 85 WS M6 64 DI o1 42
prmg » 1129

s/gcr. 00 36 46 43 72 85 IS8 M6 A3 M2 &2 98
wm el e — —_— —
Cd pa/g.cr.) 0009 10-19 20-29 3.0-39 40—49 5.0-59 6069 7.0-79 8089 9.0-59 10.0-149 15.9-199 20.0—
MedisnCaGg/gcr) 09 17 26 35 45 S3 63 14 84 95 I8 10 24
N s« 7 ® W Mm% s 1w we w2 w8 e
Prevalence rates (%) ‘
mgaSugl 00 37 30 S0 23 80 90 82 BS A4 RO M3 %S
p,mg > 1059

i 00 74 30 SO 73 91 BS 88 4 B8 Ne 40 997

N: Numbet of persons examined.
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Fig. 1. Probit linear regression line between urinary cadmium concentration and prevalence of f,-
microglobulinuria.
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Fig 2. Probit linear regression line between urinary cadmium concentration and prevalence of B 2-

microglobulinuria.
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Total Cd intake calculated by
formula as follows.

([village average Cd concentration in rice] %
[the average daily intake of rice] + [daily
intake of Cd from foods other than rice]) x
[duration of residence in the Cd-polluted
areas] + [average daily intake of Cd in non-
polluted areas of Japan] X [duration of
residence in non-polluted areas].
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DOSE RESPONSE OF Cd AND Cd INTAKE LIMIT
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FiG. 2. Correlation between total Cd intake and prevalence of ,-m-uria (,-m = 1000 pug/g cr.) for
the Cd-exposed male group. The regression line is ¥ = 0.0083X — 7.93 (» = 0.81; P < 0.01).
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Fic. 4. Correlation between total Cd intake and prevalence of B,-m-uria (8,-m = 1000 pg/g cr.) for
the Cd-exposed female group. The regression line is Y = 0.012X — 16.16 (r = 0.84; P < 0.001).
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i 1o Prevalence of f-MG-uria in the Cd-exposed women and (heir logistic model in the case ol ff,-MG
expressed as gp/p-cr.
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Fig. 1. Logistic regression analysis of the prevalence of MT-uria in the Cd-exposed women. Data are for
MT values expressed as pg/g creatinine. The probability of MT-uria (prevalence, %) and In odds (logit)
MT-uria are plotted. Exponential fit, correlation coefficient = 0.75.

Logit MT-uria = —4.6773 + 0.0119 (Age) + 0.000566 (Total Cd intake)



Fig. 7 Prevalence of metallothioneinuria ( pg/l ) corresponding to each
age and total cadmium intake calculated by general limear model

"




Fig. 10 Ranges of total Cd intakes corresponding to 2.5 I of prevalence

of metallothioneinuria in the nonexposed men and women




29 of total Cd intake

[Example]
In case of 80 yr is

=25 mg/yr (2000 mg / 80 yr)
=68 1 g/day (25,000 1 g/ 365 days)

<80 1g (0.4 ppmx200g) + «

—

Cut-off value of rice in Japan ‘
Other foods




Conclusion(1)

* Prevalence of 3 ,-MG-uria ( > 1,000
©glgecr.)was 14.3 % in men and
18.7% in women in Cd-polluted
areas of Kakehashi River basin,
while it was 6.0 % and 5.0 % in men
and women in unpolluted areas,
respectively.



Conclusion(2)

* Once Cd-induced renal tubular
dysfunction occured, it was
irreversible even after cessation of
Cd-exposure.

* Bone damage such as osteopenia
was also found in Cd-exposed
subjects with renal tubular
dysfunction.




Conclusion(3)

 Total Cd intake corresponding to
maximum allowable Cd
concentration in urine was
calculated as approximately 2 g for
both of men and women using

linear regression and multivariate
analysis.



