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Abstract

After obtainig information from the National Health Insurance bills, comparative
study of the relationship between diseases and air pollution was made for the three
small areas in SUGINAMI-KU, TOKYO : WADA as a high-polluted area of 696
infants and HONAN-IZUMI and KAMIIGUSA as low-polluted areas of 1844 and 1139
infants respectively.

The results are as follows. The incidence (average frequency of new consultation
per person-year) of acute respiratory disease was higher in WADA than other areas.
Also the incidence of optic disease, infectious disease and the sum of all diseases were
higher in WADA than other areas, but those of digestive disease, skin disease and
injury were inconsistent.
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Fig. 1 Survey area and the location of air pollution menitoring station
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Table 1 OQutline of the survey area
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Table 2 Number of object by area, sex and age
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Table 3 Incidence rate by area, sex, age and disease
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A 4.507 4.282 0.245 0.413 0.779 0.295 0,329 &.477 7.044

- " 4.419 4.197 0.201 0.370 0.884 0.338 0.292 0.41% 6.923
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Fig. 3 Incidence rate by sex and disease
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Fig. 4 Incidence rate by age and disease
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Table 4 Distribution of the frequency of incidence by disease

frec (e 1 2 3 4 5 6 7 8 9 10— 15— 20— 50%fH 90%fE
&8
OB OB & & 162 131 12.1 108 93 7.6 6.2 55 4.6 4.2 87 1.6 0.1
16.2 29.3 41.4 522 61.5 69.1 75.3 B80.8 85.4 89.6 98.3 99.9100% 2.8 9.1
(B)AMTREES 174 14.7 12.2 10.6 100 7.8 6.3 49 50 33 68 1.0
17.4 32,1 44.3 54.9 64.9 72.7 79.0 83.9 88.9 92.2 99.0 100% 26 8.3
H o ¥ K B Bl.1 159 25 0.4 0.1
81.1 97.0 99.5 99.9 100% - <1
i % B 771 163 46 1.5 0.3 0.1 0.1
‘ 77.1 93.4 98.0 99.5 99.8 99.9 100% - <1
B @& & B 585 223 103 48 2.3 09 0.4 0.2 0.0 0.2 0.1
58.5 80.8 91.1 95.9 98.2 99.1 99.5 99.7 99.7 99.9 100% - 1.9,
RS (R AEC) 789 166 3.4 06 0.3 0.2
78.9 95.5 98.9 99.5 99.8 100% — <1
4 % 775 17.5 4.0 0.7 0.3 .
77.5 95.0 99.0 99.7 100% - <1
* o fi o &£ OB 80.2 144 39 09 0.3 0.1 0.1 0.1 :
80.2 94.6 98.5 99.4 99.7 99.8 99.9 100% - <1
& i+ 9.9 7.8 76 85 86 73 7.4 6.8 50 54 174 6.3 2.0
9.9 17.7 25.3 33.8 42.4 49.7 57.1 63.9 68.9 74.3 91.7 98.0 100% 5.0 13.3
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Fig. 5 Distribution of the frequency of incidence by age and disease
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Fig. 6 Incidence rate by area and disease
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Fig. 7 Incidence rate by age, area and disease
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Table 5 Air pollution in four monitoring stations (Annual mean)

HHRE  iHEF f F ARL B®H A

50, 151 10,8 12,9 10.4 (ppk)
O, 147 17.7 159 157  (pph)
NO 18.1 33.9 285 29.5  (pph)
NO, 32,2 33.7 317 30.1 {pph)

NO, 50.7 67.7 60.6 59.5  (ppb)
SPM 38,3 48.2 518 490  (eg/m®
CcO 141 148 1.3 1.12  (ppm)
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An Epidemiological Study of the Relationship between

Air Pollution and Incidence in Suginami-Ku
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Abstract

Dynamic association between diseases (acute respiratory disease, optic disease,
skin disease and injury) and air pollution was investigated. Weekly incidence of those
diseases was obtained from the records of the National Health Insurance regarding
infants who Iived in three small areas in SUGINAMI-KU, TOKYC. Then correlation
coeffcient and partial correlation coefficient were caliculated. Acute respiratory
disease was highly associated with 50,, NO, NO,, and NO,. Also optic disease was
highly associated with O,, but the correlation beteen skin disease and injury and air
pollutants were inconsistent.

l. BYAZFHEMBERES T 305 RIEBR WIS HHET-NEF) 16-2
Environmental Health Sciences Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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Table 2 Incidence rate by age, area and disease
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(24.18)  (26.01>  (23.3)  (16.700  (15.55)  (14.90)
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(3.26) (6.82) (4.69) {4.65) (7.33) (4.21)
& & 149.1*  165.1  154.6 97.3 96.0 894
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Table 3 Air pollution and atmospheric environment in three menitoring stations
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(6.69) (10.55)  ( 5.53)

NQO, 50.7 67.7 60.6 (ppb)
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Table 4 Correlation matrics of incidence rate, air pollution and atmospheric envi-
ronment
JiEE - FIR B L+ 3 H
B, = & B, = B2 0 =, &
b3 = i 1. i B bud {2 53

AR EEKE 024 —-. 196 .201 .066 044 —.083 -.,004 —.028 —.063

(;} R 3 I=:A .200 .260 J33 —.222 .422*% 427 —.078 .260 029
4 B KB .09 446° 387 —.254 191 147 —.136 A407* 190
5t B —.121 —.201* .030 062 . 380* 3100 —.001 .308* .278*
AR EBEKE 125 —.195 112 027 .019 129 — 057 017 056
? R 3 )=:4 .059 .391* .380" 056 .407° .345* —.156 570 .453*
% E B # & —.207 .596* .561* .383* .335* 173 —.263 652" .545°
# £ —.015 023 .169 —.093 .210 .179 132 126 .183

S (0. —.351* —. 311" 251 —.511* .031 010 —.460* .198 .194
O=x 414*  —.018 023 .342% .253 .69 536*  —.164 —.380*

NO —.255 —.561* (482 —.345° J417* —.335°  —.284* — 465" —.154
NO: —.480* —.303* 074 —.257 .491*  — 450" —.396* .169 .349*

NOx -.363* —.545" .383*  —.330* .456* —_384* —.362* —.350° —.029

SPM —.520* L28 254 — . 499* 105 272 — .37 —.025 .204

co —.540% —.016 .008 —.269 657 —.594*  — .394°% — 289 — Q75

*IP<0.05

[ Bk [

- EHEY . WEREA - LT EEL -
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Table 5 Correlation matrics of incidence rate and air pollution

50, Oy NO NO, NO, SPM CO

Hdg-FE 220 —.100 3297 231 324 087 - .222
ﬁi 0—43| Fo B 068 234 144 .23  .171  .045  .066
g £ # B 373 078 .239  .272% 282 082 227
E K3 fOE 169 132 160 .204 196  .128 —.059
= s5—om| B .035 —.03L .03  .019  .027  .087 —.073

Eo# B 320* 115 .19 364 195 104 .101

Hm - fig — 297 526 —.428* 001 —.317* —.149  — 468* _
g 04| W m —.087 .14 —.162 —.245 —.193 021 —.250
5 E o# B 271t 27t 013 156 (058 —.109 060
. Heg-FOE  —.210  .368° —.327°  .153 —.190  .002 —.234

593 | Fn B —.168  .343" —.392% —.260 —.370° —.120 —.524°

+ # B 230 172 —.211  .299° —.098  .063 —.189

FE-HE —.129 —.177 —.145 —.088 —.147 —.123  .024
g 0—4i%| % B .118  .005 —.053 —.041 —.057 —.008 —.080
& b o#F B 275 —.120 067 142 —.017 —.068 —.138
& SEaefm — 201 —.262 —.302 —.065 -—.246  .032 —.057
B s—9x|A B —.162 137 —.268 —.244 —.268 —.009 —.260

o B 13 —.216 —.264 124 —.I188 —.094 —.192

K@ -fR 009 —.098 —.066 —.066 —.071 054  .124

0—4 3% | 70 B —.03 -.027 —.170 -—.176 —.178 —.008 —.346"
# b o o® 110 —.186 -—.121 —.046 ~—.117 .17 —.121
. HE-FR 245 .337* 035 224 111 (190 —.040

5—9 | & W —.020 .04 —.112 —.083 —.107  .068 —.019

E o# ®m 047 080 -.102  .214 —.030 —.145 —.086

L P<0.05

LraT, REFRBRELISRHELOMTIARLHENEROA VA, ARFBRERE
S&E&ELCThAEC (F, A0) BEYTRLTV5, £2T, [E&GOHEYRELL,
BEELHRE L oREBERYRDA(FE ), BREEHL, KR, B, REOThIhRA
B, B/ME FHEOIERE LI, HHMCEERLFERHBOROhLERED L, £
E (0-48, 5-94) © S0, NO, NO, NO,CRRfoERARLRE, —F, HéE-f
B (0-4%) TRS5AK NO, NO oML h, - THHE (5-98) T NO, LB
BT EA,

COXHic, BUNERSEEERR, HEMDLVCIEREGOKELERE L HEERNO




HREBER s D, KAREEE L ERBRCHT L EEHHE

THTAHRTS, SO, NO, NO,, NO,:HEMAESAHEMELRL, *0BEY 5 niibes,

4.2 BES

MEBCEMEX EL 6-7Arwkehe—r%FL, 88 (BE L A2AERERES
ha, =7, KABREL (B) HEAYLTh, FHETOLHVCEEMEAROAB RS, F
BRI (0-48), B (5-98) RETCHOFERELEV-AOEMARORS, 2 TAR
HREER L FRICIRLREOEELRELEEMRRE RS TAB E, ME(0-45%, 5-9
BORBRCTRALLTOLFEAEHBEARb R, LL, £0EH0HRE & ooingd
BBLAERGRECRD, T AE-FR (5-98) © NO £ CO, f1H (0-48) © CO
LDZADHBARLR, CAbDI LR, EELLBEIRTVAXEFEAE 7 (0.5 F%
DEERFRAYPEDO—-TH3) LBERLYI LD L TIHEER BBV T T b0 LE LS
ha,

4.3 KEER

BRI 6 b 9 Aol T@onke — 7 ¥ RL, SEEH L LHBERENERT, —
%, BRELOBETE, bipcii- MR G-98% TNO LAn, E#HE (0-48) TS0,
LEDHBARDhARFTH S, MHHTHTS, HE-FR (0-48) T 0, ADHBAR
BRI THS,

4.4 N B

FHE L - 4R TEBCRWEHANR b (KB & EHE) 25, HRE:oMTE, bT
PSR (5-98) TOLED, fIE (0-48) TCO LtAOHEMRRLRALIETTS
Do FTREMTH, HH-MR (0-48) TS0 L, fHE (0-48 TCOLoATFHMMNE
b,

MM CRMRERBERYILD LT EREROBRE L AKHEY (P h FhEFHME) o
BEYb L, ThooMELKFHLE, AR TCRERR L KB RO4 1 AlHEIE ST,
*OEREB» LEBEOMEYBH LA WAL LTHBRR L AKERE & 0BG,
FHOCREREGOERYRELREMAR LAV CEFRERBCORBE~OFELHA
Hiwk Ewl, Lal, EERECHECEELE > TV AR vl 2 ¢, $BRERRS
WEOPEEBIH7 T e -+ 2 ED T FETHE, TLEAPRCHEBEE, XEFRED
LARME CFHE) XS FH2T-TE e, FREVILHEBEROBRCIEFHE
o -7 HEXBRELEI BGETH L bELOh, BEMEMY LIPS LETTOLELEDL
ha, Ebitit, 1FEME LB LTCOFHEF TR, £EHTLEBBRERXTFREOBMAE
FRELTCTFETHE,
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Table 6 Partial correlation matrics of incidence rate and air pollutien

50, O, NO NO; NO, SPN Cco

- TR 153 005 072 054 078 124 040

ﬁ 0—48 R B .029 —.040 . .053 068  .058  .060 —.092
g E o3 & 407 056 217 .374* 3010 130 225
E HEeFm 183 —.128 280 170 276 .084  .250
= 5-9& A B .120 192 262 3517 204 127 229
ko3 B 433" 072 317 276 349" 075 285

H& RIS - 059 .348° —.103 292 034 —.052 —.I55

g 0-4E A B —.116  .175. —.193 —.018 —.154 —.064 —.332°
5 ko oB 193 432 052 .47 128 1L —.039
. HEROR —.172 430" —.320* 040 —.220 —.198 —.336"

B s 9m @ B —.119 046 040 —.009 028 —.034 .12
E o B 202 392 2 .182 282 —.043 174

HE- R —.047  —.340 048 114 081 —.093 —.116

g 0—4i% A B —.04 —.214 020 —.010  .016  .063  .199
& £ o# B 053 —.207 068 012  .063 —.091 —.045
& HE-RR —.023 —.124 145 . 037 10T —.262 —.047
B 5-9@ A B .069  .048 —.033  .045 —.018 ~—.112  .006
+ # & 23 —.101 .19  .093 .18 —.06 —.021

FW I 37* 207 174 251 231 285 140

0—4m A B .00 —.138 028  .064  .042  .117  .318°
# £ # & —.06 114 —.00 .66 -.020 —.205 -—.040
% HE-Fs 048 078 058 069 071 .040 016

5-9m B —.010 -—.245 035 034 037 024 — 110
£ H# E 085 —.222  —.050 —.156 —.109 .08 —.017

BREER  RE AR BE
* | P<0.05
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Epidemiological Study on Common cold and Air Pollution
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KEEROHEHL <A LSRR BEBERRE L oM#ER YR DI, FREAH
EHOH 2B CEETD S HEFOREYNRC 1 EHOFEYER L, FFEKEO T2
F OBBELBTAF AR VEAMI L BEN L LIRBELL > THab AL, KR
BREFRT - s IANGHBECGIETIRERObOYHV e, SHRERTLCHED
KEFH Y~ b BREREYS2EHTHI D IBVCAEEBVCBRFFTT 2. 0O/
£, BEEIL SO, NO, NO,;, SPM £ hFhoBBc Ll T—RLABE2RET,
AEFY AEERRERE L OBMRIHE T A -,

Abstract

The relationships between daily air pollution levels and the incidence of acute
respiratory illness in 55 families in a small area in Tokyo was studied over one year.
Nlness data in each family member were collected by telephone or mail at 2-wk
intervals. Air pollution and meteorological date were obtained from monitoring
station near the area. The days of observations were grouped by the preceding day's
pollution levels and were further stratified into two groups by the mean temperature
above or below the mean temperature for that two-week. The illness rates for each
category did not vary in a fashion consistent with a pollutant effect for SQ,, NO, NQO,,
and SPM. There were at a limited association between air pollution and acute
respiratory disease.

1. RLaic
KRABREZ RSO AMORRCH T 5HBY, BEORRIINLERH RN T LILL

1. EYAEMRFREREE T 305 KERWELLBEETHF) 16-2
Environmental Health Sciences Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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Fig. 1 Survey area
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3. #& B
NERHBEOZFEOERBRYE 1 TR T, WHOFEBEZ I EABREA LT, FHFERIX
BH 3658 SEMNBIBTHot, F1FRIARSAHERCHHERLT.IR F2TFR
KESVERE R CEHERIZLIETH o, ¥, F1FOILF5FM0EH, LFAH2B%
ThY, H2TRBFH2HK, EFHBETH-T,

%* 1 AB|HEOEWEL
Table 1 Age distribution of subjects

#FH LR 8B £8® BT H2T
20—29 1 5 0- 3 0 18
0-34 18 3 4 0 12
B-39 U 17 5 10 12
40—44 g 3 6 13 12
45—49 3 o 7 9 1
it 55 55 8 i 0

9 3 0

10 4 0

11 2 0

it 55 55

# 2 HHEORELRR
Table 2 Smoking habit of parents

iE  Bg
R 38 10
RIREE 6 3
B 11 42
5t 55 55

TEORERTYE 2 103728, ABHBYEHE CH 5011 38 3, RENRELTH D10
WECHot, TR, BEIEELZCHIOBERITATILHIBEETH -,

FEHLPMOBRER (100 ABYL D) oRBERSMYR 2 Rt REERSL 15973 B
¢, 1HHEFEH0ATHot, XF, BE, F1 7, #H2ToHCEEHRIEML, 100 AB
W heRBE044 BEOTHEH B1TF1.34 E2FLIHTH-T. 1FEMB BN
hi+ne, RE154 BA2.TH B1F4TH B2F628TH-,

Fond ) #OWTWRARE XD bEAERPTFRLABROLHBREE I W, The %




PEORES & KSR BT B BRI

fathers
mothers
firat children
-+ aecond children

o b2
0 0.5 1.0 1.5 2.0 2,5 3.0 3.5 4.0
illness rate

R 2 &HTHMMoBBERRBERS A

Fig. 2 Cumulative distribution of illness rates during the study period

* 3 I oBRBEEERDAR
Table 3 Summary of symptoms reporting for the study period

HEAH # % oA D E AR BRkET B OB OB &

x # 436 4 153 175 7 211 106 1
B B 891 467 357 437 0 482 110 2
B—F 1354 926 130 417 22 781 333 1
BT 1988 1321 337 531 144 1263 518 11

BE%EA® 15973 B

DWW AORBEE BT 2EI& 6, ABMN2.7%, fAB5.6%, 1 F»n8.7%, H2 T
212.4%TH T, 1EORBLUL Y OFHEHRBRILHEG6.7TA, BHT.4H £1F680,
W2F7.30C, BE1LENBECH -1,

RACFEEDEAN THE ) ¥ DT Whe B, fioREY T, 20Tl hErte$E
HLicbodmrt, REAADS LOR AR The) 20VWTVW2BERE(, flaid
H1FHA T #00TH5BER, H2TFM T, 200 TW28&3840%THY, &£
1F2 M) 2O0WTORbWEErR, S22 T, 200 TwW20R 0% TH -7,
FKENREOFRIMNCRELGRE YLD L, £ 1T CRRERREL VT 0L 2R BRGNS
HlfoTRD, MOREKETLRENEEN RV OHPBEBERILCEVWHERLA LRI
(#£5),

BS54 1 BRI E3 A3l BECoORSRERTORIBET — 4 0RFHRRY
6 Irt, EERMERED > L TRCERE Y RT ORIV, —BRIER L -
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Table 4 Prevalence of “common cold” in the same families

3 B # ® w1 T
X L3 H 4% H #
B o433 758
m E 303 14779
% A 15 1279 223 L7l
2+ #3201 14258 668 13911
gzg & 113 1875 334 1654 552 1436
£ @ 323 13662 557 13428 842 13143

% 5 FENREOHFEJNREGR

Table 5

Illness rates by parental smoking habit

BB 100 ABYH)

% SmEHK
K| BE H1TF #HI¥
FHEARE FH 38 11046 0.4 0.7 1.1 1.6
i 17 4927 0.5 0.9 1.7 1.8
# 55 15973 0.4 0.8 1.3 1.7

# 6 BERDHFHEOEHER

Table 6 Descriptive statistics for daily means of some air pollutants

FE BRERE 90%E 95% 18 BAfE  BEBE

502 (ppb] 22.3 7.9 32.5 35.8 52.9 361
O, [ppb] 12.2 5.9 19.6 22.5 29.1 353
NO {pph] 39.7 39.7 88.2 115.8 274.1 353
NO2 [ppb) 30.6 12.5 45.4 51.4 92.1 353
NO: [ppb] 70.3 50.6 139.6 162.5 346.4 353
CO (ppm) 1.77 0.63 2.4 2.9 4.6 324
S5PM (ug/m®] 48.2 32.8 88.6 107.8 247.2 361
« BITERER A 20 BERLL B IE 8
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FROBBGR L FTOLHRUAE O_MLEFE, —RILER, FEBRIY (—EBLER+
TR bR, —BERE BENTRYE SEOQEWEL OEMERYETCTT, £1 7
DB & —BLRERE PP TEOHAE AL LRSS, itz e A S HEEERIIY a i0Eh -
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Table 7 Correlation coefficients between environmental factors and illness rate

A B & # £ 1 7 8, 2 F
%H i =1 A %UH i A =1z Bl H
502 —0.040 —0.062 0.007 -—0.035 —0.002 —0.057 0.011 0.003
Oz —0.001 0.014 0.016 0.059 0.006 0.034 0.037 —0.035
NO —0.012 0.015 0.070 0.055 0.045 —0.004 0.063 0.080
NO2 —0.036 0.019 0.098 0.048 0.060 —0.005 0.018 0.053
NO, 0.018 0.0056 0.060 0.038 0.028 —0.022 0.053 0.074
Cco —0.040 0.007 0.040 0.067 0.107 0.069 0.114 0.159
SPM —0.085 —0.029 0.022 0.036 0.009 0.012 0.025 0.090
% & —0.100 —0.105 —0.101 —0.087 0.001 0.010 0.019 0.020

REOEACEEHNOFRES (H3) %45 &,
bhBH, Eo% b LASBHESHETD bhish -1,

9 A 6 10 AFDIE AT TE — 2 piL

o—® fathers

48 nothers

d—ad first children
&—a $econd children

4/15 5/13 6/10 /8 8/5 9/2 9/30 10/28 11/25 12/23 1/20 2/17

K 3 BEOGHOTHER (2 EETRE)

Fig. 3 Seasonal variation of illness rate (average of 2 weeks)

KL, HFHOGEN ZHAMZ LoFHAEL Y BECALEHGRCHEL, SLIRHEOM]
LB, —M{eERE, —REE BENTFRYEOBEY £ hFhoFHIRES (A FH1E)
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OFRE L VBB L - TIFTHELT, $O A0 REBEEHHLHE L0 ER 4 TFLI,
AH, BE, 1T, 2T Fhb—BLAEERES bRV, E2FiIET, HiE®
—B{LER —BRLEERUEENTROERED 00%EN FT&RA 28MTHLY bEV-E
ORBHEED, BENGRELTOHORELHTL Y bBEH -1,

502

NO

NOC.

temperature

below above

1
2
3

e I s s

)
p
!

SPM 2
3
¢ ot
fathers
2 4
Fig. 4
4 B B

temperature temperature temperature
below above below above belaw above
1 1 | 1 |
2 2 2
3 3 | 3 |
1 1 [ 1 ]
2 2 L 2 |
3 3 s 1
1 1 [ 1 |
2 [ 2 ] 1 2 ]
3 [ 3 { | 3 ¥
1 1 I 1 I
2 2 E 2 ]
3 3. 3 |t
._.J___J | — ) T . x " n . N
.20 1. 0 0 1, 2,02, 1.0 1. 2. 3. 2. 1. o 1. 2. 3.
mothers firat children second children

*significantly different between
5G2 1:0-22.1, 2:22.2-32.5, 3:32.6- {ppk) 1 and 3 at p«<0.05
NO  1:0-27.1, 2:27.2-88.2, 3:88.3- {ppb)
NOz 1:0-29.6, 2:29.7-45.4, 3:45.5- {ppb)
SPM 1:0-39.2, 2:39.3-88.6, 3:88.7- {(mg/m”}

S0;, NO, NO,, SPM n@BE 5 - KR 5ID VR B4R
Illness rate by SO, NO,, SPM levels and temperature

AEFLDEORBFELELZ LY BN L LFEMAWRCl, BREEOHRELLTREE
(mortality) %MK (morbidity) ©F — 2 ¥ Ficfv-C\v b, BLCETEF s 285 Lk
HEHMBSETHDH, KEFRHEMEAEALBAE TR, »rREN s CRECOEMY
b b T ABRBEFRIHET LS EQEFDH D 2l —F, ERCHATS 7 — 2 11HEKR
HERETCOBEYVEETCY ATMEEYRF - T30, Effichlc s CERENCERCETHE
EHOBWF— 2 %#EDI 5 ETH L, HREEHBEEIR, HBE P h-TLES, 0
HER, SWFEEREIHBRIRT, HERREY S FEYAV-L ZEREBB LS, AHETS,
Cor D AREANBARNGRRTEI LR TE ol LA T, HLOWRTHVS
RT\VLEIRSHLRE Korm & Whittemore MR LBzt 73 @A Lok o,
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Indoor-outdoor Relationships for Nitrogen Oxides
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EREXBEH5—FEOBARCEAO—BILER (NO), —BbE# (N0, £

i, BAREY 1 2k ), ARERNEY ER L7, NO BEDCEZHEREMN A 5T

ppb, B 5453 36 ppb TRABE D25 7t Tuvi, NO B OE T {EZ R A 29 ppb,

B#4 35 ppb TRABEO T AEL K- TW i BRNEE L BABE O H FHE0HE G

B, NO70.892, NO,220.597 ¢H b, NO DHIBIEEAHEC A nic, BARE

L > TBERBEO2EE®, NOE80%, NOAXB%YHEMR T eanTii, s

b, BHBREIEABEOBIMECIEZNTBD LMD, FE- 2 — v b 2BEELL

T b o EHFE IR,

Abstract

Simultaneuos measurements were made of the concentrations of NO, NO,, temper-
ature and relative humidity inside and outside of a private house over a 1-vear period.
The annual average indoor NO levels were about 57 ppb higher than outdoor levels.
Indoor NO; levels were about 29 ppb lower than outdoor levels. Correlation coeffi-
cients between daily indoor and outdoor levels were »=0.892 and 0.597 for NO and
NO,, respectivety. Outdoor concentrations explained 80% of the variance in indoor
concentrations for NO, and 35% for NO,. These suggested that there were differ-
ences between indoor and outdoor mean levels, but there were some similarities
between the daily pattern of the two,

1. @jLsis
1R, AABROBREB T 2EFFRTE, $<0BHs, ECHAEBEORE LE

L. HuLERAUFBSEAET T 305 RERHHIE D HET-E) 16-2
Environmental Health Sciences Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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Fig. 3 Seasonal variations of indoor and outdoor NO concentrations
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Fig. 4 Seasonal variations of indoor and cutdoor NO, concentrations
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Table 1 Summary of indoor and outdecor NO. concentration, temperature and

relative humidity at the home

indoor
mean (s.d.) =

outdoor
mean (s.d.) =

NO (ppb) 56.9 (37.1) 323 35.7 (35.6) 351
NO. (pph) ) 28.5 ( 8.0) 323 35.0 (12,9 351
NO-+NQ; (ppb) 85.4 (41.1> 323 70.7 (46.1> 351
Temperature {C) 19.9 ( 6.2) 336 15.7 ( 7.7) 352
Humidity (%) 63.9 ( 8.4) 336 61.2 (15.5) 352
4 100
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Fig. 5 Cumulative distribution of daily mean concentration of NO
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Fig. 6 Cumulative distribution of daily mean concentration of NO,
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Table 2 Summary of NO, concentration, temperature and relative humidity at
Kojiya monitoring station
Kojiya station
mean (s.d) #u
NO (ppb) 39.7 (39.7) 353
NO, (pph) 30.6 (12.5) 353
NO+NO, (pph) 70.3 (50.6) 353
Temperature ('C) 16.2 ( 7.6) 357
Humidity (%) 67.8 (15.1) 361
= 3 MNEREBOER - EARER U BERHE O HBEGRE
Table 3 Correlation coefficients between indoor and outdoor concentration at the

home, and at Kojiva station

indoor outdoor indoor

outdoor Kojiyﬁtation Kojiya—station
NO 0.892 0.964 0.876
NG, 0.597 0.916 0.559
NO+NO, 0.864 0.962 0.865
Temperature 0.994 0.998 0.993
Humidity 0.803 0.931 0.816

* 4 NOMEREHEE X 5AERR - HEE BE R O RE MM
Table 4 Summary of indoor and cutdoor NO, concentrations measured by simpli-

fied method and at Kojiya station

indoor outdoor Kojiya

mean (s.d.) = mean (s.d.} =n station

July 7 22.0 (4.7 33 30,6 (3.7 3 30.5
July 8 23.2 (6.0) 10 0.6 C2.01 26.7
Feb. 13 66.6 (29.6) 52 69.1 ( 8.1) 52 90.0
Fed. 14 44.3 (17.8) 47 31.4 ( 6.4) 46 28.3
Fed. 15 44.3 (15.8) 37 39.6 (9.7) 39 41,3
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Table 5 Summary of indoor NO, concentrations O FEBAERH
measured by simplified method by Table 6 Correlation coefficients
the type of heating system between indoor and outdoor
NO, concentrations
unvented heater measured by simplified methed
unused use
mean (5.d.}) » mean (s.d.) = r* n
Feb.13  52.8 (20.8) 11 70.3 (30.6) 41 July 7 0.339 (33
Feb. 14 37.0 (16.8) 9 46.1 (17.8) 38 July 8 0.495 (10)

Feb. 15 35.9 (10.6) 13 48.9 (16.5) 24

Feb. 13 —0.097 (D)
Feb. 14 0.003 (45)
Feb. 15 —0.069 (37

*correlation coefficient
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Abstract

The amount of carbon black dust deposited in a lifetime in the human lung depends on
many variable factors, such as age, place of residence, smoking, and occupation. Where the
degree of atmospheric pollution is great, excessive amount of inhaled carbon black dust clogs
the cilia of the respiratory mucous menbrane and a large amount is not expelled even in
normal subjects. Thus in these subjects, even under more or less normal conditions of
atmospheric pollution that exists in any large city more carbon will accumulate in the lungs
than in healthy subjects. The carbon black pigment deposited in the lung consists in part of
atmospheric dust particles. It is considered that toxic gases, such as NO, or S0, was
adsorbed on the dust particles in the air, Therefore, this study was conducted in order to
ascertain the effect on the lung of unfavorable environmental factors, such as atmospheric
pollutants and tobacco.

The experiments were conducted as follows:
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1) Lungs were obtained from autopsy of residents of Tokyo metropolitan area who were
smokers or non—smokers without lung disease or other malignant diseases. Response to a
questionnaire on age, sex, diagnosis, living district, smoking and diet was obtained.

2) patho-histological observations

3) The carbon black pigment deposited in the lung was isolated by chemical treatment and
was obtained as black dust. The dust was analyzed by SEM-XMA, neutron activation
analysis,

4) The carbon black pigment was collected directly from the lung tissue and was examined
by ESR technigue for determination of carbon free radicals,

5} The carbon black dust was identified by X-ray diffraction.

The results were obtained that the deposited amount of carbon black dust was correlated
to age, the correlation coefficient was 0.77 (#=71). The black dust was composed of many
elements such as Mg, Al, Si, P, 5, Cl, K, Ca, Ti, Fe, Zn, Cr, Mn, Cu, V, Cd, Sb, Co, Pb, and Hg.
The concentration of these elements differed by subjects. Al Si, V, and Fe were positive
correlation to age. On the contrary, Ca was negative correlation. For one attempt, the ratio
of this four elements, V, Mn, Al and Ti was made and was compared in stead of raw data.
Moreover, this ratio was compared to the ratio of atmospheric dust. The agreement Mn to
V (Mn/V) was farely good with the city data. Furthermore, a-quartz was detected in all
subjects by X-ray diffraction. Moreover, carbon free radicals were detected in subjects by
ESR technique. This result was considered to be related to smoking. We did additional study
of several cases using transmission—electron-microscope coupled with X-ray micro analysis
to identify asbestos fibers in carbon black dust.

In our pathohistological study, the abnormal finding of pulmonary lesions which we
observed were found to be related to smoking and carbon radicals of tobacco were detected
in the lung lesions whose amount was greater than that in lung tissue without abnormal
findings. In view of the high concentration of elements observed therein and the detection of
also asbestos, it is considered that multiple factors participate in the development of exogeno-
us pulmonary disease due to substances in the general environment. However, for the
elucidation of the largest trigger factor, it is necessary to obtain a greater amount of
information regarding the living conditions of individuals. This differs from the method of
elucidating such elements involved in the development of occupational diseases.

The results obtained by our experiments provided interesting information regarding the
condition of environmental pollution.
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Cell desquamation due to bronchitis, 78 year-old-man, Medical doctor, 30

cigarettes/day
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Fig. 2 Metaplasia of bronchiolar epithelium, 65 year-old-man, 30 cigarettes./day
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Fig. 3 Pathohistological observation of carbon black dust deposited around small
blood vessels and alveoli, 70 year-old-man
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Separation of Carbon Black Dust from Lung Samples
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NaOH #/nz, BUORBROCRBEBL A, OB EHS5 L 7EEEDEL TS, W
WERBA A Ko TS L, EERO pH b ie s T TR IEM - OEREREIEL L. E
DH, EREEYoKSERETSLLDIIC, =2/ A, T+ Vv TELDBERERT 1, *
hokFor -2 NICHRBLITLCEE SR -0cob, REHEL LTUoFEET 2o
RE LT, 2o—EZ0fFEX 182, TH1IHAYE LA, T2 CAHEBMR CHE L mg
Lich DWERER LI,

B OBHEIL, 0.5 N NaOH ¥ A L4, oozt 0.5 N KOH, IN NaOH, NaHCI
SRFRALTRROBEYRRL:,

ChbOQECEL R RS EY SEM—XMA TRECHI LR, NaHCl oBgci
Sinwtlr G Tk, AROBHIT+STHY, ERETHEY L5257, 0.5N NaOH
& 0.5NKOH Tzt A LFRBEOEA B LT, ST NaOH #ERTA Lt

(2) HEWiuE
RERBEOBRAIZ5.4mg, THELS1Img THote, COBRGFERLA-MEMOERECBRT
HH, REUERD &t YREFEAD B, 0, MAKBESR ()Y h ORBVER(mg)
FREHL, BUYhoRBIEER L L, chie oW THER & ORBEL ROLER, r=0.71(n=
D MBS bR, RARTESYTHD, Thid, MBLRTRBUFRIS D
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Table 2 Duration for chemical separation procedure of carbon black dust from the
lung samples
A
w5 e w2 | o (N0l | Re®epEEm We&*ﬁﬁ%ﬁ?&?“
1121 |8 2 # 20 40 43.3 0.40
2 [ 68 [&] % Lo (=) 35 513 4.57
3| |B|l& # A 20 30 46.4 0.43
4165 B & B 30 35 151 3.29
5152 Bl & A/ 2-~30 13 151 1.26
6| 65 B &= B 10 6 171 1.39
T3 |Bls # A| wm 54 90.7 0.51
8164 |H|& #H B | =+ 3 175 1.59
9 | 59 |&| & B {(—) 36 200 1.99
10|38 |B|& # A 20 49 119 1.41
1 (%7 (B # A| T8 8 135 .85
12 |5 |5 & A 10 8 156 0.68
13 ] 56 |&| = B () 6 176 1.62
4| 2 |[B] = S (=) 50 46.8 .42
15 (39 |[B| T 8 20 50 82.0 0.69
16 | 66 |&| m B (—) 42 173. 1.64 |
17172 | B & [ 20 48 179 1.85 i
18 20 Bl # A, TH 39 4.4 0.30 ;
19 [ 19 |B| % £ (=) 39 33.2 ' 0.20 |
20 | 52 [#| = ] (= 42 56.2 0.51 ‘
212 |4+ # A (=) 39 107 0.58
2| 45 |B| Y 7 ¥ ECT 54 149 1.04
23 | & |B| T a 30 39 120 1.62
4|2 |B| % B A 20 38 136 - 1.29
25 1 54 |H| T B 30 38 220 1.54
% 4 |B| I B TRER 40 155 1.14
REEAES T (—) 38 281 4.62
| n|B £ 7 AR 20 39 111 1.44
29 | 52 |B| & B | T 38 178 RN
30| 49 |B|F [ 7RBA 38 140 0.94
SR IEREIE: ) (- 39 203 1.03
2] 60 |[&]| e mEmA 20 39 194 2.60
RN EIE ] {—) 28 176 1.30
34 50 | & & B (—) 28 169 1.64
B |64 [B) TA-rEE 30 28 160 1.52
36| 8 (B E ] 30 44 284 2.61
HENEIEEE 20 28 144 2.11 :
FRIGREIE B (- 28 148 2.06 i
NI REAE:] B (—) 28 266 ' 3.34 ’
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2 (2>38)
Table 2 (continued}

#5661 B x| Q| Tanee [REREBER@ | VARIE SER
40 | 69 [B] £+ T 30 28 409 2.87
a | 19 |Bl % ES 20 28 74.5 0.79
42 | 64 | B} A * 20 28 137 1.19
3 | 33 | &) E 5 (—) 43 117 0.73
4 | 24 | B} 15 A (=) 36 55.4 0.59
45 | 37| B & # A (=) 36 93.2 0.69
4 | 52 || B B B ? 37 69.1 0.59
47 | a7 | B & & 8 |20%xLE 37 137 1.31
8| 3% |85 £ # A ? 37 58.7 0.43
49 | 51 || & B B (—) 38 92.3 1.04
5 | 67 |B| & B | 20&L 35 249 2.01
51 | 41 | B | & B (- 35 107 0.95
52 | 89 |k | & B {—) 35 216 2.64
53 | 53 (A | ¥ # A |20&LL 36 177 1.73
54 | 40 | B| A B ® # | 20%5L 62 115 0.69
5 | 59 |®B| & i ? 62 286 2.27
56 | 39 |B| & # A |20%HE 35 61.8 0.45
5 | 37 |B| B W A 40 36 104 1.26
58 | 47 | & | = i3 (=) 65 148 0.90
59 1 49 (B & B A () 64 182 0.80
60 | & % | £ =) {—) 64 104 0.68
61 | 61 |#%| % ] {(—) 22 115 0.85
62 | 201 HB| & #H A (=) 23 29.8 0.17
63 | 28 |[HB| 2+ # A {(—) 23 44.0 0.37
64 | 30 || = ] {-) 36 63.9 0.56
65 | 43 = | & T | 20&BL k- 37 98.3 0.58
66 | 4 [B| T B |20 E 23 240 2.18
67 | 34 |B| v aER | 2050 19 130 0.67
68 | 45 |B| s -EEF 40 28 161 1.78
69 | 64 | B — (=) 26 113 0.99
0| 79| B — (—> 28 215 1.74
N5 |Blas # A (— 28 173 1.45
72 | 54 BT a8 (> 28 227 2.70
73| 46 | Bl X F ¥ | 20FLE [(KOHAE)2S 211 0.95
L5 8| T B |20kLE] » )25 232 1.62
F ) { o« 22 7.3 1.47
% |45 |Bl B E £ |[20&bE[ ¢ )25 65.8 0.54
6|51 |Bi# 1T OB |20FHEK )28 141 0.66
|2 | B H& & T |20kl ¢ 28 78.8 0.53
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Fig. 4 Relation between age and deposited rate of dust
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Analytical Studies of Elemental Composition of Carbon Black Dust
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(1) SEM-XMA (& 5TEDF

Analysis of Carbon Black Dust using SEM-XMA

X @0 BEET
Yukiko OHTA

(1) B W
HBEOMEREEFOETOBRTAET i, LTROTCRIISDECRENTED
SEM-XMA ¥ Hvt, BRETHEAARTRYBET S,

(2) MEHE
BB BFREHE (SEM, HIZ $-550) & =% A-F — 5#E X #4548 (XMA, kevex 7000-75)
PEAEbRLI =2 VY a— 4 —RIDEHBT -2 ABEE (RATFEHRSHEI) R ER
Lz, BFBRHRREREY L THERA L L,

(3) & &

Mg, Al Si, P, S, K, Ca, Ti Fe, Zn, %234t 72 flickH Shi, ToRER
BEY (Wt%) CTELALLERBETH D, BMHITETH > LILROZEHE Lo, JEMRR
EHEMAMNFAL L 5 REERMNDWIEREYRDE 2 LATES, BRI, RETCLNE
L &BoRRLTT,

RECOWTE, RETRREREY L dWERTES, C H NosrilEc 5 CHN
2= F e (WA, MT-38) kb 8RELRE L, o8, H0wtBTHoT, R




E SEM-XMA iz X s iR o RS HiE (CHN = —# - s &
i)
Table Content of detectable elements in carbon black dust analyzed by SEM
10 ¢ -XMA and CHN corder

No Ciga- Elements (Wt %) Wt % Dust
——‘Age Sex| Occupation ;%t;s " ) . , 1 n;vgétg
g Al Si P S Cl K Ca Ti Fe Zn Cr C N H tissue

1|19 8| % £ — 1.25(16.2 | 0.75 0.70773.7 1.37| 6.06 0.20
h2 19| A 1% 2120 3.42712.8 | 4.67| 3.65 2.74164.7 | 1.75| 4.02| 2.27 0.79

20 1%

No Ciga- Elements (Wi %) Wt % Dust
— AgeiSex{ Occupation | rette TEZF
/Day Mg | Al Si P 5 Cl K Ca Ti Fe | Zn Cr C —[ N H |tissue
1{21| B | % £ 20 1.18| 2.86| 7.32(18.2 | 3.78| 4.21| 4.55(45.1 | 3.66| §.89 44.6| 3.8 | 4.9 0.407
226k & Al — 0.107] 0.79; 4.50] 3.65| 1.34 1.42182.0 | 1.06| 4.77| 0.42 0.58
320|583 £l — 0.05( 0.66] 4.23| 5.06| 1.79 1.65(77.5 | 1.53] 3.67| 3.86 0.42
4120/ B #H B| *H 0.42| 4.45] 5.83| 0.83( 0.34 79.8 | 0.93( 7.29| 0.08 4{0.30
51241 B B 3.58) 6.15]15.8 |12.2 | 3.12 2.00|49.8 | 0.82] 6.52 0.59
6120 B |& # R| — 2.83| 1.64| 7.51|14.6 | 0.80 0.87(66.0 | 0.40| 5.33 0.17
L? 28 F|& # A .44 6.46(18.1 |11.7 | 2.15 2.28153.7 [ 0.77{ 4.40 ALB.S?

+ARHEY
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Table 3 (continued)
30 1%

No Ciga- Elements (Wt %) Wt % Dust
——1Age[Sex! Occupation | rette n\';&é f
/Day Mg | Al | Si P ] Cl K [ Ca| Ti| Fe [ Zn | Cr C N H | tissue

11378 #® Aj 20 ¢.74( 2.23| 7.53[16.1 | 3.10| 2.83| 3.46(53.5 | 1:96| 8.55 32.7|13.8 | 5.5 |0.43
2137y Hle # Al *H 0.76| 4.11116.6 | 9.42| 3.46( 2.64| 4.53/34.1 | 2.28(21.9 | 0.22 46.6| 1.5 [5.7 {0.85
3ls1l®m|m 7 Al 20 | 0.44| 0.34] 2.19| 7.71| 5.43| 0.75| 0.84( 1.28(60.5 | 0.60| 2.03|17.9 1.44
4139 (B(T Al 20 0.04| 0.06| 1.18] 6.11| 9.84| 0.54 2.40(67.1 | 1.10|11.7 0.69
5(33| 8| & Bl — 0.45| 4.04} 2.54| 0.58| 0.07| 1.06|57.6 | 1.07|32.5 0.09 1.03
6/38|HB |2 #® A| 20 0.11| 1.08| 6.20] 3.74| 0.81| 0.53| 1.30|35.0 | 3.02(47.7 | 0.33 1.41
7TI131| B |& # A| 7 0.29| 0.31| 2.70{11.7 | 0.59| 0.45| 1.13|75.4 | 0.26( 6.80| 0.46 0.51
Bl30|&E Bl — 8.32| 1.28|10.2 | 2.24| 1.12] 2.11| 2.37|67.3 | 1.38] 3.70 0.56
W B|HE @ B 40 1.42| 7.37|18.7 | 5.11| 3.88 2.78(51.0 | 1.20( 8.53 1.26
10|39 B|& # Aj20CE 4.32| 5.22|18.7 | 0.85| 1.32 2.45(56.8 | 1.15| 9.46{ 0.72 0.45
1135|858 & K| TH 0.40| 8.50(22.9 | 4.12| 1.32| 0.86] 2.45|31.9 [11.5 |16.1 0.43
12|33 & |~ * * v| — 3.83| 8.89(16.2 1.50 1.57(53.0 | 0.68|14.4 0.73
13|37 8|2 # B| — 1.53/10.7 [28.5 | 6.29| 2.05 2.82(34.9 | 1.33[11.9 0.69
4|34 B|<7vaERA|120HE 3.30|12.2 |32.8 | 7.27| 1.84| 1.14| 3.17|30.1 | 1.20| 7.08 0.67
1530 B |8 B ¥ — 3.94)17.0 |43.0 | 2.05| 2.20] 1.06| 3.95|17.7 | 1.13| 7.54] 0.45 0.62
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Table 3 {continued)
40 %

No Ciga- Elements (Wt %) Wt 9 Dust
——Age[Sex] Occupation | rette n&% tg
/Day Mg | Al | Si P S il K |Ca| Ti| Fe| Zn| Cr N tissue
1|48 |T B| T 0.04]| 1.35| 6.85( 1.29| 1.45| 0.96| 2.08|67.0 | 1.13|14.6 | 3.01| 0.27 1.14
29| 8Blx Bl 30 0.04] 0.28] 4.820 4.077 1.42| 0.63| 1.53}78.4 | 0.78| 7.20| 0.80 1.62
349 B |+ 8| ] 0.29| 3.12|12.1 | 3.45| 3.00| 1.08| 3.82(41.8 | 1.31|10.6 |19.5 .94
4|2|Blg W A| 20 0.16 1.65| 7.15| 5.79| 0.77 2.03|70.0 | 0.88| 6.99| 4.56 1.29
5(45[ B[~ & +{ & 0.58| 1.78 8.58({10.8 | 1.06 2.19(51.3 | 1.13(21.8 | G.44] 0.38 1.04
61471 B (& & Rl20bE 5.67|13.1 |25.4 | 3.71| 2.84 3.11137.0 | 0.97| 8.21 1.31
TI41| B | & Bl — 3.69(11.2 129.4 | 8.66] 1.06 2.81(31.8 | 0.70|10.7 0.95
BleolBlA B B — 4.27]11.2 |37.6 | 4.23] 2.39 3.05)31.9 | 1.14] 4.35 0.80
9|44 | B|T B|20 ik 3.00| 4.31|16.8 | 1.93| 0.49 0.94(11.9 | 5.00|54.9 0.48 2.18
10 47 | % |3 B — 6.34| 7.56|19.7 | 9.17| 2.45 2.19|33.9 | 0.89[17.8 0.90
11140 5| 8B & £|200lE 3.65115.5 {36.6 | 5.09| 3.34 3.79(24.0 | 1.62| 6.37 0.69
12(45| 5B |57 -EEF |40 L E 5.29(12.8 129.8 | 3.46| 4.41| 1.93| 3.53|26.4 | 2.54| 9.71 0.19 1.78
13438+ T 20k F 0.05| 7.96|22.0 | 5.57) 2.32 2.74|48.5 | 4.19] 6.70 0.58
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Table 3 C(continued)

50 1%
Ciga- Elements (Wt %) Wt % Dust
AgelSex| Occupation | rette n&% f
/Day Mg Al Si P S Cl K Ca Ti Fe Zn Cr A’ C N H tissue
1[52)| %= # K 20~30 2.07 3.44| 8.74] 5.56( 5.60 4.53{59.5 10.5 545 1.1 [8.3 |1.26
2|50 H/|e # EAE| 10 0.17| 2.45{13.5 | 5.65| 1.65] 0.76] 3.60(58.5 | 2.01|10.6 | 0.09 58.1 [ 0.58 |7.1 |0.68
3156\ &% ®| — 0.30) 3.03(16.4 | 7.20] 2.61{ 1.25| 4.45(40.1 | 2.22|22.2 | 0.10 46.9 | 0.99 /5.2 |1.62
4(52| 58 | =& Bi| 7<B9 | 0.41| 0.82| 4.76(22.9 | 5.00| 1.07| - 2.03|41.1 | 1.94|17.4 | 2.57 3.07
5\4 | BT B| 2 0.01| 0.88( 5.96| 3.12( 2.63 1.59]43.3 3.54139.0 1.54
6|52 & |k ® — 0.36] 4.33(16.8 | 5.76| 1.76 3.52147.3 | 2.09( 9.20| 8.95 0.51
AELIE: T Bl — 0.36] 8.10/21.4 | 1.46| 1.71 2.45|17.3 | 1.02|39.8 6.34| 0.05 2.70
B8|50| BB W ¥| 20 0.71) 6.65|32.2 | 6.52| 3.92 3.71139.4 | 3.69| 2.41| 0.52/ (.23 2.11
91591 B |« #H BA| T8 1.24115.8 |38.8 | 4.67| 1.50 5.63(16.1 | 1.55|14.6 0.06 1.45
10(53|58 |4 % #% A|20LF 1.37| 7.38(38.4 | 2.96| 1.35) 0.96( 3.66[14.9 | 1.49(27.5 1.73
1|52 % |# B 8B =4 0.78( 8.69|20.2 | 7.84! 3.01| 2.26| 3.43(48.5 | 1.05  4.25 0.59
1259 | &z | & B — 3.5%) 4.03)21.5 | 6.97| 2.1% 2.43(53.9 | 1.50( 3.90 1.99
13150 | & | %& Bl — 2.58111.2 |30.4 | 5.58| 1.80 2.78(22.6 | 1.51|21.6 1.64
14 /59| B | & Bi| 7~ 2.48(13.8 |34.5 | 4.05] 1.78 3.3213.8 | 1.31|24.9 0.08 2.27
15(51|x% % % R — 0.46| 7.42122.7 | 4.46) 2.34| 1.17; 2.88(50.8 | 1.45| 6.37 1.04
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Table 3 (continued)
60 1%

No Ciga- Elements (Wt %) Wt % Dust
—Age[Sex| Occupation | rette n&% tg
/Day Mg | Al | 'Si ) P | S| C | K| Ca|Ti|Fe|Z2n|Cr C | N | H |tssue

11655 | & Bl 10 0.44] 3.50]17.7 | 7.92] 2.18] 0.43] 3.14]32.0 | 1.23/31.4 54.2111.6 | 4.7 [1.39
2/64|Bl& #® B| &H 0.31 4.03|19.9 | 6.77| 2.20 5.11|27.9 | 1.59)32.2 50.7( 1.1 | 4.3 |1.59
3|66| 4| & B — 0.21( 1.45]12.3 | 3.46; 1.23| 0.60( 2.51(40.8 | 1.31(32.6 | 3.41| 0.08 1.64
416 ) v EHB ALl 20 0.14) 1.29} 6.42) 3.67) 1.24 1.81)72.7 | 0.63| 8.20] 3.87 2.60
51656 5 | i« L| 30 0.20712.3 |45.2 0.59] 0.211 4.50|15.4 1.33120.4 0.08 3.29
6|68| & |xE wm — 0.81 2.63|12.3 | 7.50| 0.13 1.54161.2 | 0.49|12.4 1.05 4.57
TI61 &l L — 1.57) 8.8%126.7 | 7.30] 2.84 3.10133.9 | 2.55)12.6 | 0.60 2.08
8(64| B | A {20 3.81(14.3 | 8.34| 0.99 1.87|61.1 | 0.96] 6.99| 1.59 1.19
G675 | L |20 Bk 1.63) 4.33|21.4 | 3.42| 1.64 2.39(16.8 | 0.95147.5 2.01
10164 F |7 —+EE] 30 0.17) 6.17128.1 | 8.23] 2.74| 1.67] 3.56/32.4 | 2.72113.3 0.05 1.52
11|69| 8|+ _I 30 1.63|18.5 |55.5 0.85| 1.01 6.51] 7.92( 0.83] 7.36 2.87
12161 %&£ B/ — 6.562|14.8 37.5 | 5. 70| 1.92 3.23|15.6 | 1.11]13.7 0.85
1365 & | £ B — 4.70) 7.84(21.1 {12.7 { 1.90 1.83/36.3 | 0.65({12.9 0.16 0.68
H|64|F | & Bl “~eg 0.62( 6.09|28.6 | 5.49} 3.27 3.08|32.8 | 3.02|16.8 0.19 0.99
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Table 3 {continued)
70 f8
No Ciga- Elements (Wt %) Wt % Dust
—AgelSex] Occupation | rette rr‘;vgé tg
/Day Mg | Al | Si | P | S | C| K C |Ti|Fe|Zn]|Cr N tissue
{72 B | & B 20 0.04| 3.44|14.4 | 3.68| 0.87 3.75|50.9 | 1.40(19.5 | 2.05 1.85
2(76| B | & Bl — 0.24| 1.84|12.1 | 2.87| 2.40| 0.31| 2.62|28.2 | 3.43|45.5 | 0.07| 0.38 4.62
3|83 |E B 30 1.40]|10.6 |26.4 | 5.68| 1.49 2.87|21.3 | 0.86|29.4 0.05 2.61
4)78 )& |t Ll — 5.89/28.6 | 4.86] 1.23) 0.05] 3.37[24.9 | 1.14]29.7 0.30 3.34
5795+ N 4.37(12.7 129.6 | 4.48| 3.80| 2.28| 4.02(15.4 | 2.16121.3 1.74
B0 X
No Ciga- Elements (Wt %) Wt % Dust
—Age[Sex| Occupation | rette n‘}vgé tg
/Day Mg | Al | Si| P | S | C | K Ca|Ti|Fe|Zn|Cr N tissue
1|84 % | & B — 9.27(30.3 | 7.66| 1.17 3.35|27.7 | 1.02|19.6 3.30
2|89 & | & B — 3.69(11.2 [29.4 | 8.69] 1.06 2.81(31.9 | 0.70i10.6 2.64
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Fig. 5 A scanning electron microscopic photograph of carbon black dust % 100,000
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Fig. 6 Relation between age and Si content in dust
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Fig. 7 Relation between age and Fe content in dust
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Fig. 8 Relation between age and Al content in dust
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Quantitative Determination by Neutron Activation Analysis

X B BET
Yukiko OHTA

(1) B ®
gEoBRGHABOERSTCL Y, RO LA V-ARTHOFERY RD, KSEBEEGFDOLA
Aol oMEY RV T EYENE LT,

(2) #RFE

RENHETHY, FA—ARYFEL FFCERT 20BN 509, FHEBC L 5hTH
ARG, REBLADVREED LES WD, FEAELTW20TH 5,
BEIAREFERRE EFF (TRIGA-TE) of#28rER UL, BhETFERBE=1.5%
10"n/cm?C 30 A & L, BEbic Ge (Li) HH3% GEX %) 15%, 1332 keV TOFAEIE 2.0
keV) E~AsF v 30, BETHE (GAMA > AF LK) LT, 547 %4 A4 180 #~260 1
Ty BRAUEL T -7
RRVFELBORIEERMEE T, L2t RELOMENLALAD V, Mn, Al TioxTH
KEABLERBLTH T, RAK, TOEF—F %17,

*= 4 A 52V, ST, *Mn T — £
Table 4 Nuclear data of #Al, 2V, 5Ty, *Mn

. Half life ) Cross section
Nuclides = i
Ton y ray energy (keV) ¢ act (bam) Reaction
WA 2.81 min. 1778 0.21 Al (100%) n, ¥
sy 3.76 min, 1433 4.5 BV (99.76%) n, ¥
ST 5.79 min, 323 0.14 T (5.34%) n, ¥
*Mn 2.58 h. 846.9 13.3 ®Mn  (100%) n, ¥
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(3) # R :
WAL, 52V, SITy, sMn @ 4 BB R REBICRAIE Ui, R 5 CEAEY R, &R0 ERELME

BELEDTESLDENKELOT, HELLRY T DT HEMOBREL ¥ kpl, btk
OEYTT. BEHOTHRETRLIENBS GEE- s X— VM 2 b a1 A1), BOXRahn'"&0
i, B, IR, *OMAROFITM'OATELAHVORELYEELER, MRHBLAS
VCOERREESEEE LTSS ERFHETD -,

o, Al Ti SiSRiECEREETAERAREROTLRTHD, Mo, Vid, B
B, BEHECHRRTAATREROTREELZLZ LN TERORLTHD,

W, THRBELEBEOMBYZD E, Al OEBERK r=0.48, 2=72, VO r=0.34, n=
72 REEIZDH bR M & Tic 2L THEREOHBENLLRE I - B 10V D 354
(r=0.43) &2o2TiET, A

EXMITHED Cr, Co, Zn, Hg, Sh, Ag, Fe, Cd, AsFowTit, BRAKK2>20To
DR BTCHIRTECRTEXDTH D,

LEBOSIICIEAYORE2ET A0 TEOBRERECHEYTLTFRETH D,

frds, RTHFESEERAERICEL, WRESI v £ - BEERTEEREAOEXNL D ZHA
PR LR BHOBRRLI T,

5ol © Non-smoker
® Smoker
& Uncertain

r=0.43
n= 35
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Fig. 10 Relation between age and V content
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5 WoRELASVHOALTL, V, Mn2E
Table 5 Content of Al, Ti, V, Mn in carbon black dust deposited in human lungs

BB L 2R

e . Content m
Samp](tobacoo) age Occupation Al Ti e V) Mn
D39 @By 18t |KE B 11960 918 13.3 42.5
D36 (=) 78 % |1 L 14320 1500 18.4 61.5
D8 (=) 7 & | L 17690 5250 35.9 418
D22 Qo 72 0% |k L 13460 1570 17.3 64.6
D13 @20 69 3 L T 49440 2520 50.7 182
D49 (=) 6 % |%* %) 6047 716 6.62 28.3
D21 =) 6 § | L 11920 1330 4.4 69.2
D50 By 65 & |k L 22680 2040 28.4 139
D1 0y 65 ¢ |7 L 11580 821 13.5 65.7
D17 (?) 64 & |&2 ®H B 6875 783 4.19 39.2
D51 (=) 59 % |*& L 7482 1460 7.66 64.7
D 4 (=) 5 % |#* 17 9178 1870 9.61 47.2
D& 30) 5 ¢ | T a 4248 612 4.81 22.5
D10 (?) 52 % |% L 8261 974 11.0 60.9
D16 (3 52 % & # A 2809 516 4.16 38.1
D25 (= 52 % | % ol 14150 1410 1.5 56.1
D3 (1) 50 3 & # B 5851 842 7.57 66.1
D11 (?) 45 2 ? 7972 866 9.31 4.1
D27 7y 45 % |~ & 8009 1420 10.5 78.6
D7 )y 4 5| B 4790 1150 6.86 50.7
D53 (=) 41 3% | L 18720 2720 28.8 131
D5 20 33 3 |T Aa 9161 805 12.7 50.8
D36 (200 33 3 (&£ H A 7431 428 7.15 73.9
D2 0 38 % |&£ ® A 7023 4200 16.7 451
D14 200 37 % |& H A 5577 607 5.20 54.2
D18 7y 31 % |&# H A 14300 2320 27.6 144
D48 “n 37 % |¥E W R 5558 581 5.98 40.7
D58 (200 34 % | ~¥va5R 17900 1700 23.3 64.1
D12 (—) 33 ¢ | L 4833 835 9.93 77.5
DS 200 31 ¢ ||/ T A 3511 1140 4.23 18.6
D19 (7 31 % |& & B 3601 348 6.06 54.6
D57 (=) 3 % |* = 3521 284 3.18 28.5
D26 (=) 26 ¢ |l& & A 2644 581 4.14 24.7
D15 o 21 ¢ |# % 7065 3140 4.68 134
D20 (=) 20 ¢ |%# & 2599 287, 5.09 23.7
D23 (?y 20 % |[& # A 3201 749 6.92 38.1
D24 -y 19 ¢ | & 2155 233 4.63 48.1
D37 @n 19 § | & 4235 4784F 7.18 30.3
NBS 31370 3080 115 670

(3.3wt%) | (0.40wt%) | (130 (R60)
Tokyo 480 36 12 56
Sapporo 920 54 7.4 19
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# 6 MEREBUADCERUKXIZLABCHOMN/V, AUV, Al/TIEBE o HEE
Table 6 Comparison of Mn/V, Al/V, Al/Ti ratio among different specimens and

Sampl?tobacoo) age Occupation MVV AI/V AI/I‘ i
D3 @30 78 % |E B 3.2 899 13.0
D3 (- 78 % |x L 3.3 779 9.6
D8 (=) % % |*% L 11.6 493 3.4
D22 (0 72 3 | % L 3.7 780 8.6
D13 (0 6 % |+ I 3.6 975 19.6
D4 () 68 ¢ |=E 7 4.3 914 8.5
D21 (=) 6 % |% L 4.8 830 9.0
Ds¢ @30 6 % |% L 4.9 800 1.1
D1 (0 6 ¢ |7 L 4.9 857 14.1
D17 (?) 64 % |2 & B 9.4 1642 8.8
D51 (=) 59 % |7 L 8.5 977 5.1
D4 (=) 5% % |% o 4.9 955 4.9
D6 (30 M % |T =] 4.7 884 6.9
D (?) 52 % | % L 5.6 753 8.5
D16 (300 52 % |[£ & B 9.2 676 5.5
D25 (=) 52 % |*x i 4.9 1229 10.0
D3 (0 5 % |2 # 8 8.7 773 6.9
D11 (?) 49 3 ? 4.7 856 9.2
D27 (?) 45 % |4 x 7.5 765 5.6
D7 (?y 4 ¢ |I =] 7.4 699 4.2
D53 (= 4 % |% L 4.6 650 6.9
D5 (@ ¥ 3 |I A 4.0 720 11.4
D36 (200 39 ¢ |2 # A 10.3 1039 17.3
D2 (@ 38 3 |2 # B 27.0 421 1.7
D14 (@0 37 % |2 # B 10.4 1073 9.2
D18 (?) 3 % |& #£ A 5.2 519 6.2
D48 (400 37 % |®E B A 6.8 931 9.4
D58 (200 M 3 |sFvajER 2.7 768 10.6
D1z (= 3 3 |x L 7.8 487 5.8
D9 (@n 3 % |H 7 B 4.4 830 3.1
D19 (?) 31 & |4 & B 9.0 594 10.4
D57 (=) 30 % |[=* » 9.0 1107 12.4
D% (=) % ¢ |£ # B 6.0 639 4.5
D15 (200 21 % % 3 28.5 1508 2.3
D2 (=) 20 % |#% & 4.7 511 9.1
D23 (?) 20 ¢ |« # A 5.5 463 4.3
D24 (=) 19 ¢ |=# £ 10.3 460 9.3
D37 @) 19 % |% % 4.2 590 13.6
NBS 5.8 272 10.2
Tokyo 4.7 40 13.3
Sapporo 2.6 124 17.0
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* 7 TR EAFEC I VBB I A TREOTEH
Table 7 Concentration of elements in carbon black dust, measured by neutron

activation analysis

No | Age Sex | Occupation Cigay Concentration of element  {(ppm)
day| Al Ti \' Mn Fe Hg Zn Cr Co Ag Cd Sh As
A 78 T - B 30 11960 918 | 13.3 42.5] 36061 4.71| 238.1 124.8 1..99 16.2 25.2
B 65 3 7 L 30 22680 2048 28.4 139 46715 3.91( 295.0 233.3 3.52) 28.0 39.8
Cc 50 'y £ # R 10 5851 842 7.57 66.1 6504 5.24| 361.0 204.1 2.39] 31.8 23.7
El- D 20 s ¥ &£ — 2559 287 5.09 23.7 3410 3.12| 192.4 69.1 1.19| 33.5 3.58 4.95( 0.201
T E 68 * * B — 6041 716 6.62 28.3 | 11618 1.27 | 153.2 58.2 0.93 6.47 6.09 6.16 | 0.529
F 78 ¥ e L — 14320 1499 | 18.4 61.5( 34074 2.55( 186.5 438.7 2.64| 12.6 2.70 39.7 2.46
G 19 ) s 4 20 4235 2 7.18 30.3 4383 2.85 | 1499 26.1 0.90| 25.1 12.2 2,161 0.247
H 26 2 & # R — 2644 581 4.14 24.7 3370 1.88 35.8 67.5 0.78 18.2 7.13 4.03] 0.358
I 21 % B == 20 7065 3140 4.68( 134 14364 4.72| 990.6 513.2 2.76| 42.0 4.88
J Ly Sy & % R 20 5577 607 5.20 54.2| 10068 3.70) 639.5 190.2 2.51( 34.5 8.19
I K 65 t | % * 10 11580 821| 13.5 65.7| 33111 20.1 441.8 234.9 3.25| 23.8 61.4
L 64 ' £ i B ? 6875 783 4.19 39.2( 20224 2.76] 384.8 85.6 1.01] 12.3 5.99
M 54 3 X A — 15920 2066 | 69.1 323 58364 4.50 [ 697.5| 10221 9.62| 46.4 6.54 | 127 2.76
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(3) RARA—-IA1FREBBMEIC & 2TTRDR

Analysis using Spark Source Mass Spectrometry

KEFES - ok ®
Yukiko OHTA and Michi MATSUMOTO

(1) #LoE

MeltE LR LAV OARFOPTRREOESFEARLATVE BB LASVOT
ROMETO e h, MBLROSHLD TR, RESEEOSH LTI LILETHD
EELZ L, Bk 5, CHN = —#F —iw X Y EFloMREbPORELER] LAY, K
HickvTid, RELBOTFELOETEMBESN LTI S LEBMELT A2 43 VHE
Bottic X 2 RS LI,

ASn— 7 A v HEEBESEHC L MR B P ORFSEREOWE IOV, WEF S VEFE W
OB|ENDD, 11 AD-TD Ci2 11~8wtH T, PHETRHOWUTH5, EE LD CHN
T F-RIBAERR E2) TRHOWR TS -7,

(2) REHZX

a) HE#HE

AABTH IMS-01BM2 M 22— 7 4 A v REBSHERE R MS-AS-01/MS-ED-01 B 58
HATREE (AEHEHEWHR,

b) B G

AA—s A RERS I, BESERFEERELBESBRHED 288D 5, SEOH
WTEmEL L v EHERA L, DTgEmouv s,

i. BEERS
AAVYTWCERERCEBEA v E—ail, w20y » b @EBT LI, nE
Eh, FAZEOBESRHL ST, =AxrF¥—BoREL 5T 0b, BBRASL, BB TA
AvOEBEBERCIHHABEYEIC BBoH D Tm/e Bt s TRE IS, S OZHRK A,
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KERETF - B% =

BHEIL A A VYOLARZ A LLT, FEALCBHWTHEFEER Lic 1R HCILE
Ehi, cOFEEHRYEGE, (7r7a 42— BEEYHES R ABETEBK LY
BRETH., ANEREE LA CHORNMARVAIEL L 5 tTHATERORMMEDO A7 F AED
NERCELELXREL, BLELBHECHG» S TROEEYT S,

i . ESBHE
REOEBFHCHILBBEY LV —BHEER, Tl bRELSIHETEZEMNTETH
B FHBEELTRELEDYARARZ VARERTAAT +» v 2V LB EOTROS 4 v
BYBFLERBTOIV -7 A v F w7 EASHD, AF v v v/ RKREBEY AT+ v LTRE
BAFvERIEKA V2 2 FitSl, ~2A27 bARERTILOTHED, ©—2 AT s F VT
RTRAF+ v 2 v 7 CRLOWCHEETRCHIG T 2B BELXREL T, F14 v~ a%K
BELEMERRDS,

c) BHEE
—RRCEBEEANREER SN X V0T, AECHERESMEOBRBRERE 1 | 10EEL
TRAWRHL, HRAE 1000 kg/cm? CHE L2 X 2 X15mm OEEYHREE L LBV 3,
UL, KRB CREMSP L, RBC L 5 M ORAZ BT BB, FBRE0RHK
DFE R EHICIT 5 7odbic, BEHROMRL D cEMED Ag BARGHE 99.9999%, ALFA prod-
ucts) I,

FTEEBTH 108C, 8RR L RDAR L AgBFAPERKY L [ S00EE&T2 2 -4l
BTHBRESL, REBE7 727 » 7BBRCARKEEE»SH 0t 7L AL TRYHLEAR
BE (10X1.5mmfd) L7,

d) HEss

i. BHEERE

PADORBBELIEA Y » + OFERE 5 mm, MEEE | 2 kV, BERIES  25kV, 4.0A
& LT, 1 MHz, 50 kV OB EE % 1000 El/s, 6 20 ps FE S THB LTV, BERTML
FERECHEREI A v ETHL L,
FHEROREZID-IOBBREAV200C T35, EHERI 77 1 » 2 ARV 3 GEH
Lice KBk 27 ) —= v /7 RIBL, BELL,

il . BEBREE
s RF v =SB

A A=A FBE 05kV, A%+ A —F . 25mm/min, 60min, £1 v %= % —E
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Ast— 2 4 A v HERMTHC L 2 TR

BHE 1 X107 ~e v, QIEEEEHE  'H~2U (500~13200 # v &),
L=l A N R S -
AR— P ER EOREBEXAF =V BRI LSS E L, ABLEEETRE DS
1X107°7 — = v OBHBERET 8 EOEHIE R - o |

(3) RERRRUELE
BHIIAED L > EEENE L BRREEDOERIC L h T8, FORBEFHEL LR
OERIES Uik ot, UTREEDFEHc>wTihis,

a) FHEfRE

BEEFHB SR UNERR L LT Ag OZDFEBHCOVCTRIBETT -7, 5 b 1 FlOREELE S
o T. Ag DA 4 v e — Al — -7 e -0, BIEERIBEY 100 L LTETED
HRIETRULA, BETEEZB &5 Au i TTh 5,

ZBORBEK L AgF O SIEBRYEELTA2 L, RBRBNLBILAL S, P, S, K
Ca, Ti, Zn, Sr, Cdie & BH IR TV D, W AgHBOFREL Lo TWABTEEL V{2
hhbhb, E055V, Cr, Mn, Fe 0 4 TERIRHBERIBFORME»ASBRIhic b0
EEbLRD, CudbHBvd, CThRBEYHSVRE I+ v bLlicicdEELLRD, AgDA
AVEERBMEOC - 7BELHEL TR L1000 201 4 v HBE - Bbhb,Ta & Auidiz
EAERBTAgR—ALEEBYTHot,

b) BR#HE

Mg, Al 81, P, § Ca, Cr, Fe, CHe X oBmbi®H A, BEXBLY, REOEHEN Y -
7 OB SR T, BREET b ote, BRI 10mg ¥ Ag500mg & £ 2 —H
BTBRBES Lcs, R, FRBERBIE—Chr o d tBbhb, Tl A~
FMOEARICL D 1 A v REFCBRHEE bl L 4B L bR,

DLEEES S LABIC L 2 02T o122, TENETAREZNMIETE Aotz s, 1
AHOGTCREEET S LA 80 SRRRBRHNEIC L Edl, AA—2 14XV EEES
FI L DMREEB OGN TR ZILH I, AERTELTELOhIARBER, < -7
R, HZEE, 14+ v HERUABHEREYBBC2vir—2L, 13 VOERABYRED
RECTTA2 X 5 REEDILELDDH EELD,

BhbbiciRad, 24744 v EEESTHBYHRFCk W), TOFRKCLSHE LS
ROBFNY L TT - AEBFEARMTILHERE, B HEOEANRLIIBEAND 2 L
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KEMET  BEx B

L, SR BE#HoBYRLET,

#= 8§ AR A+ VvEHEBEBRSVHFEEIREC LA TREBE

Table 8 Composition recorded by photoplate spark source mass spectrometry

denent | QIR | Ageotrode | Am®
B U  wt% U  wt% - Wt
C u U -
N 75.6 2.22 73.38
0 100 100 0
F 0.116 (.0422 0.0738
Na 5.83 3.06 2.77
Mg 2.69 U -
Al 9.18 0.730 8.45
Si 26.1 5.87 20.23
P 3.24 0.0146 3.2254
S 1.03 0.491 0.539
K 6.55 2.64 3.91
Ca 28.9 14.3 14.6
Ti 1.14 0.0638 1.0762
\'4 0.0294 0.104 —0.0746
Cr 0.151 4.25 —4.099
Mn 0.0400 0.391 —0.351
Fe 9.75 61.5 —51.75
Ni 0.0619 u --=
Cu 0.0572 2.44 —~2.3828
Zn 0.175 N 0.175
Ga 0.0492 N 0.0492
Br u N -—-
Sr 0.141 N 0.141
Ag u U -
Cd 2.78 1.52 1.26

I 0.149 0.123 ¢.017

Ta 1.66 1.73 ~0.07
Au 0.704 0.864 —0.160

U ! uncertain

N : no peak
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1.2.4 EBLADVWRORESCHILE
4304 5T

Determination of Carbon Radicals Caused by Tobacco in

Carbon Biack Dust Deposited in Human Lungs

KBBET - 58 & -B#E KB
Yukike OHTA, Hirotsugu SHIRAISHI and Yoneho TABATA

(1) B ®

KETFLMEOR~OBELE L 2B, 2 -Ax20BEYESRTLIZ LIXTERG, Flig,
EEBTH-THMEV A Vv 20BRER, 2R, K BHIVE2Az0Enb0HK
THB EESAREC L bR TA LWL, My ABREDE  NEEETH -
ol IBFRRALRTVE, # -2 OFICRELAWE L LTOFERRILAR 2D, ES
Bt EZ0RERELSTh TV A, S0, ERIGHYRIRES O AL FELT
WAREH, t B LEEE MBSl EE L TEELEREZRALOR TV RL, &
MR, MEHELCCA2RE»LREZ O A+ OBBEEYENE LD TH DY,

(2) kBFZ _

R CABVIEENEVEE, RUP VR, REERENBEROERERRORAH,
SLCREROH LA REHRE»LEARBOES Y v, P TROHL, BELCHBEERY
Lz, #W20mg #EEARBE LTHELLR,

BB ET % ¢ v #W3E (ESR, Varian E-109X v FA~2 b 8 4 — 2, RRAZEFN
WRES Ly s —) A, ERCTHERY L,

(3) & &

IBFHFOHBEEEI B S his, ChbE R, R, B R EBETHCLITL, AFEYTA
<7 PAXACTHAYEDSD, ERTORMEOEBEIHER I AR OBUNERLI- Y OF
BiEoRizo0TTH B,

- 115 -




AEERET - AFEZ - HEXH

1) Riiz2w<T

Mli(a)iBH A o g=2. 00 LD ESR 27 b A THE, g AFH2.002 THIE GRAM
SHEY 2.7TC D 1 EBNBAEAT VD, ZOA2F FAESE R ETE, 2y b DR,
5 RIBRUAFREORGBEOBETIREZ S oL EHTEEIND, RICKFRRORTECR
BOBE, KEARBRCTHNETHHERECLAHOLEL S AV ERERERDFRLL
HHRTVAHM 2T, BAMS 20"y g~ b - 7"OREZEDTREL THI K 11(b ),
tE—7OESR 2272 b ATHDD, AL bADBERRII(A)ENTVS,

ZHARVCLFE2W T RESOEECSWT, FOHOY — 7 HOMEOEYFR I DE
17l Ui, BEEOE -7 AB DR O RBSIHLATMOBERL D&\,

ChEXLT, RBESEOL WG, HORBCE RSB EALBEHRTER,» 51 Ry
A OMETEIL R, & RS OFEINERE TR ow, A7 e — g bR E L, BE
DiE o ZRB D, E, Feowtd RIEGAED b0, oETF, AL AR
FierarbotEBLz5L5TED,

2) Ryt

RI2H B G0 g=200fEDA<7 b A&RT, CORBCEBORG RESFZEAL
2, BIEL RN (RAEMEN 106, g BT v 7+ (g=2.004) LARIRA
Bohs, REH SAKTH T, Thbid, RS L RESNE -1 b0 LHEFENL Ry
ERD gHEFOEINIVOT, HERBREEIEhANELO TR LA SHRIEL,

RASOAB L &0 Litv, RILAELS0CRBECHEFCHIEL, R LKL D
ANERELLRCBREYEATS ERBOENY L gHTOY 7 PAEISHZ EAMLRTL S,
RS0, BB L ETATHAS DI I T OINEYRATVWAR L ERTHRELLGR
B, REABLERES o2 4+ bnOBEOBRICL - TRIEFELTS (1~8 G Z L2
LT 55,

—F, RAEREEREOL 712G, HoREnblEEhicZ b, £E-miEHE
LT RAEABICEET IO THL LI Bbh 32,

HIODEIFiL g=200 {027 T HAE (R+R,) ¥ A7 + A0 2EFEHIT L » CTHHE
L, $RBcoLTHELALIOTH S,

Ri& RSy BT 2028 L <, RS OB FHA LT - Ty i, R A LARIEA R
Fobit A7 b AD ETRED BV, BHG HoBYR T 05 L 5K, BRICR
MO KEV, Ri+ROBHMOENLY ROBLCERTIEIVDE, 20 REFOFFIR
B TRERENECZ EERLTV S,
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BB LADCRORES Pha b2 apllT5HR

n i

(a) BB A T8F, B, 2.2 1H30K) ODREFSHADAS b
(a) ESR spectrum of the carbon radical signal from specimen A

A 4

ST
J

) #32 (Ya—th—7) OROBRESSHILDARZ + A
(b) ESR spectrum of the carbon radical signal from cigarette ash (“short hope”
made in Japan)

K 11 RBADRBUADVELE2ATDKDOREFSHADAYS b A
Fig. 11 ESR spectra of carbon radicals in carbon black dust deposited in specimen A
and of cigarrete ash (only carbon radical signals)

3 Ryt

R 13(aEBEVEBRINICIAZZB ADLED AR VA THE R, ROFHEF AL LES
TiEdEL (B500G), gRFD 7 b RE (RO g HTR2.08) 1&EMRAIZ AT
VB, IO REEDARZ b AORE BUAORKCHELOZRIFED LA L ODBIERT
Thote, Ll LTRR+R,OE: RyOBOHEBZEFLE X (v,
RSB A v BLE L SN, g BT TR OERELDL, Fe " REMS L Ebh 2,
RiEFDAZVEETRAARZ F A0FhRFZ 1000 G bl > TN WH 10 KOS S i
EEMAIEEL L EEENRBIS R,

CThHELBBSEAA v EEILADN, FAERARAUETSH-T, ¥/, B13(blicdtAbh
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REMET - 9AE - BAXHE

M

PN | Y

K 12 EABEHGOESR 2~
Fig. 12 ESR spectrum from specimen G

\\\ / " 10006

(a) HEHADESRDLA~7 tadhRO v — s MRET AL
{a) Whole ESR spectrum from specimen A
A sharp signal in the central part is carbon radical

A
\\
™~
TN
] /, L H 10006
s e Mn"]

{(b) #-2DRKDESROEAARZ b,
HREOPE— s BRETF OH A, PECEERD Y S F A3 Mot

(b) Whole ESR spectrum from cigarette ash A sharp signal in the central part is
the carbon radical, small six signals are Mn**

B 13 AR AORBLASLFA2DKDESR £&A <2 t o

Fig. 13 ESR spectra of carbon radicals in carbon black dust deposited in specimen A
and of cigarrete ash (Total spectra)

— 118 —




BB ULABVCHORES S AL F Ao BT TR

= 9 WEFCHALVOEMNEE L HYAE

Table 9 Relative intensity and relative concentration of carbon radicals

Sample Relative intensity Relative concentration
(tobacco) age of R, of R, + R, (spin/g)*

A GO - 1.0 1.05 x 10" i
B (30 65 - 0.36 0.78 x 10"

c Qo 50- 0.31 0.67 x 10"

D (-) 20- 0.25 0.47 X 10'°

E (=) 68kt 0.22 0.57 x 10'°

F (=) 7kt ~0.1 0.39 x 10'°

G @»n 19- ~0 0.21 x 10*®

H () 26kt ~ 0.18 > 10'*

* DTPH was used as standard.

10004

B 14 it (L) OESRAXZ b
Fig. 14 ESR spectrum from dried soil

BLoK A aDEOASY PACR Mo X B §ARENHEBERED LR, Thied L, B8
ARVLCTRM"IZIAE — 703 20 L REDEL, RREFOERN A AL H T ER
WX 5THB, Lrl, BNREEIURELD LA TED,
RECADVCFOBBEBTHS Fe, Mn, CoZnESHRBRERRTRFTLERITH S,
REDSOBEBITBIVORANICIDBIDEE LS, CRYHETIRDICERECHNRL
TBEERMUE L ZARULBORZ bARELRICDOTHD. RUBERTEED TS,

(4) & =&
oo BEEm o ESR MIECH RS 6 3 EEOFRIEMAIEE Ehi. RUIBILARDOR
SRCRBEOBICET D RE T o h A LE X bh, BEE L 0RGENRD oA, R & R,D5
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BAILTUSHETE RV, RS L LTHERRRCBESAMMLAED 5 o s A0SR
HELE, REFCIED KELENBOROZIEL > THB, Ry Fer XS ETH
W A VET, KRFORIIPELRFETES S, RPROF A NABROEERT >
AAVTHBD, EEREOBAEFAYELLERPFETLV LD TRV, & MiiOWEHI VR
RICANMERBLEDEFLCMRAL LTHET<ETHS D,
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1.2.5 RBLAHVROEGEMENRAECHT 5HK

Identification of Crystallized Materials in Carbon Blek Dust

X B BET
Yukiko OHTA

(1) B ®

BB LABCHCHFELELTVWA2HEYELZ Lin L, RBLAIC-ORBEEOHBERYE LM
THIERTES, ZOBAH»L, FENEORERXT, BEGOHE L oBMEr By A7
CERBWE LR,

2 REKE

X REFHIC L VAR oo X GRASE ELEEN) LYK X GEFA = A 4 — 2
(=4 2155D) T, ST (Ni7 A2, Cuka, 1,5418R) #@AHL:,

Ll, A2 759 FOBVROBRCOWTHRBESRICILANELT -,

ARHIR X 0.2 mm DE#E Y 57 AR, IEMREE L, #IEH®EL 2 0-Scan T
A5,

¥, BERESO—HowTit, BRERBSIE, SMERA<7 trErAVCRER LT,

(3) RRRUZE

AR, ERIBRCERDCATTI VRIS T A, oa-B%, o-HERRBILE (o
~FeOOH), # A 7 Spiklt X hie, _

1516 (RIDA) OREF + — b hbFHAR- AR5 — v R,

D a-REOHKIZOWT

HEETTCHE L 2RE @16  a-BRIBEH IR, BRIZEHED 55.2%%b 5D,
- ARFERCEERBRAETHSB, Zhid, pavE, F=a4 b, ed=aRiEEL
TEHL, TEHZEHD—->THE tdbh, BRABRCHAETIIOTH S,
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Sampie 58064

T T T T T T T L T
JCPDS NO.5-0010

Al AFPL—F

Calcium steorete

T T T T T T
JCPDS NC. 5-4%0
- 3i02
Alpha - Si0z
: : . : | _!_I 1 - ] ‘|l I — ﬂ_r
JCPDS ND.17~-536
- FeQOH
Alpha - FeOOH
T T l T l 1 l lJl IlI T l! T T
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FeKe 28 (deg)

B 15 X#EFZLHEMAORE AL - FOREEDORE
Fig. 15 An identification of crystallized material in black dust deposited in specimen
A (78 year-old-man) using X-ray deffraction

2 AFTIVEEHIA LT ADORTE EHE )
E#fAZ =Lz b 54+ EERER(A)=15.8, S.4A% B0 Ch - o2y v ridreE
At LTE<EaETapE L E2ohY, FRESDTIRCHEHELLELSTH S,

a) MERSK

HEIZEE TG-30M v, 38 1 mg ¥ RRER 10°C/min L CEEFET B CREL .
FORRE, 5000C ETCOEBEMISUTHEZZ Lrb, FEERGEELOAL, BoHEYED
TR THRIY, ERERSFAHOUETATW LT LS,

b) HABNA~2z b AE (R B

@11 IR model260-30 (Hi7) ¥ Ay, KBrZHAIEL TfT-o7c, BB 2 FlicounThd L
2900, 2850 cm~'®> C-H @B T % A <7 + A KU 1550, 1450 cn™' D 7 A RS JRIE & H#EE X
RBEASZ FARBED LRI, 2 SORIE SADTLER #2227 + AOBRBTIIATTY
VRS BE (i Ca i EHU L T, ¥, BB 2HounToA <7 b A2 1,000 cm™ fF
FED Si0 iz k 2 BIUSELY i S BETRIER U TH - 1223, 700 cm ™ HEO BNRIL O BUL & —
ZIBIRE VAL LAD R OREREOBVETRTLOTH -,
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BRUAS FoEEDEORTCHETAHR

AFTVVEBALL Y AOLHBAFE REBLADGOLLHESR» ST onic, B
Br7Ar VBT, WCERETERILIBBERSVCTERIhIbDTH-T,

IhE X YR T LD, LECFERIFYT ORI, Wi srenkra—sx5 -0
# (Folch#) X b REsME L,

Thik7ah) ERBECTLARY L TRERG L LTNEL L, A—-EBfoMEkicouvt, &
FEAEA LBEELIVBELDAT 7Y VB AILY Y ADRKFEROER LD 10HI, IR i
TRER T 1o BRAFE 10 TT, /20U L7100 HD Loy, BISATE R T
FotBERATT IV VBIAS Y AOBPSRTH o7,

—77, NBSBEXHORKIUADVCKE, 1 X-VHlevitartahokKRLAdv)ico
WTh XBOERCTREY LR, M A v o a2 BH LA, cOE 5 RAELAR VTR
HBA Ao 2 s FEL B2, RUSHEC Cal 2 8.80% MEELTWB Z b, A7
TVVBAIALYY ADA Ay sERSEFEERC I ZOZTREL, kDL L DERD
Erxbhb,

£ 10 BEABORERCLILANFATT ) VB vy A ERBO K
Table 1¢  Comparisen with calcium stearete content in samples defatted and in

samples untreated

Sample No. Sam;zl; g“)relght Tasmo g:llslum s(t;::(r;;e
264 0.9 0.250 023 26
264 14 0.754 0.50 36
F264 2.6 0.082 0.08 31
F264 23 0.045 0.045 20
567 0.58 0.700 035 60
0.60 0.459 0.24 39] av. b0
0.44 - 0431 .23 52
F567 0.60 (339 0.18 29
0.38 0.342 015 47 J av. 43
0.56 0.582 030 54
692 043 0.263 014 33
.44 0.447 023 51 } av. 45
0.45 0.434 023 51
F692 1.01 0.261 014 13
0.51 0.169 010 25 ] av. 18
0.74 0.194 011 15

¥ ; Samples defatted

— 123 —



KEMET

(4) #& B

X HEMECRAE LA AL, +8, ShE0ARBMICHETS o FESRHEH
tro 1PICRBEREORMY TH D o-EHMR(HELALLR, i, 2473 1HLBEESH
foo RBFHCATT Y vERH AV AHNERS L LTHRE SRS, hMEFAETICATH
EBEhAEbDTH 1, '

BhbhiEa, SERFXHERHCRELY I —F2v 7 —DFNFEL,

Fi, HABINA 2 FABRIBATT I vEIAC Y AORFCE L T, BXAETR
ARSI HERTFEERRREOHB R B 2L, B BHoBYRLET,
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1.2.6 RBMBLABVEOFTRARIMNZIBATIHR

Determination of Asbestos in Carbon Black Dust

KBFET -l EE
Yukiko OHTA and Nobuhiko KOUYAMA

(1) B ®

7ASA 2% OMEAE, WEE BEEYFIALC, RERRARE L TERERTWS,
HEVEDZ 5 3K, Fr—FF3 A=y, 7e7840, R4V E, 75250 78T,
BEIhTV5, CABICHRTL -BBRETOERT A <A FEOBEAEHILEFL TV
AFBETAZEREMNE L, 7AA MIESDEEEOEORECEECHERL T
B20C, HLHLEERBCECTRERINEZL0LEATW D THD,

(2) # &
R EE mg KB A, Ly — 2 THRALTrD, £ OBR Y BEHRERM L L1,
HAMNEFEMEC X ROFEL AT TERNC 7 A2 P REET» 7

(3) & &

§ BT ORERBLMN, Foh 3T AA BB L, 18 GRon A) iz
VEAN, MO VEFALEZ2 R T P THole W17 ) Y # A A ERT, £D
fhnREhcit, A ) F 4 P REAEBEOLTH -1,

feds, AP, EFEESEANZHARBHEROTOORN LT ot d L -, REDHRE
BrEHRHMCOVTDORRY I LBHETETH 5,
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KHEET

573u WA~ 2CC

16 ERVACRBLADVHOTAL~AL (7)) 244) OBES
Fig. 16 A transmission electron micrograph of chrysetile in carbon black dust from
specimen A
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1.2.7 e SHROMARBE

Conclusion and Perspective for Future Work

X H BEET
Yukiko OHTA

BEIEELOREERYE LD LT, MR L TEEY S 25 KEPHELADVRU S A
IRDWT, EEBROXBIMELBI OB FRKEELTWARBLUAD WYX
ELT, HEOSMFECIIVHRET-TEL,

Y, BRLADVOHEYDLnE, T4 -2t LTAELRBENTEREY RS
TEREOEFBGRYRMN LA, 4, —20RZELTV, Mn, Al TioxmHERBRELM»LX
HhoAREE L oMEY Rk, BAREBCHRT LHBEOMAERS > THERERY
B1 o LB BHETH -, RS OLTE, BTRADRBERDEND (Ph) b
DETHED, BELITCLAEERROPTCHMLTI o &2FELT%, Z2T, HlLw
SR FELRLAYENGR L LT, SERATEAEEELLRETH L,

B F —HBRYHEFOMMLEBMER, 7+ b 772 ) -7, RATEREE
BRZORBERSTENFOE LI SFORB LA L, 8 (Pb) ok THM{LFHTRTe
RVOT, BHE XL B, =¥ —FHEIFVE X REET, Pl LTEB~DA
Bt=%n ¥ —% 17~18keV KEE L TRIE LT » o, BAERRERET — 7 LB Z, B~D
X SRS EHT3 X 2 mm2Th -1, BREFESL 1 RABOLZKEE, it XTERFTT-
oo A=V e o v/ OEERETTANT2.5GeV, BRAXEASZ b ARFD mAITRENT
WEA, BRERA LELTAOTIAGOEIICKRTROLOTHS, SEOERILER
Bz & Edt,

H17THWLE220wE&ERBOA7 v v 2RLA, M17 (FE6DD3Y, FIDA) ZilPbit
B Shirhofon, WM1B(E60 DS, FI0B), M19(FE60 D49, 290 E), K20(”
e ATRERIRFEREE) B HPh BEH IR TV, Atevsv s (Sr) BECEEIATH3E
&, rETya (Rb), ¥A==04 (Ge) BMUIEShiZ LICRENRAED D, RFERELR
Wi EEZTED, FERFERBEFRATEAOC, BEMANTCEREELE STV 5,

2T, ERROFCRELFEHHCOVTOFLVHARELT, - akBETIRES
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Fig. 17 Analysis using fluorescence-Xray induced by synchrotron radiadiation, Spe-
cimen A(Table 9} Which is the same specimen to D3% in Table 5 and 6
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Fig. 18 Analysis using fluorescence-Xray induced by synchrotron radiation, Speci-
men B(Tabie 9) which is the same specimen to D50 in Table 5 and 6
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TIHFELLRVWEETH LD, BDHTHRET 2 Az oBBLE L LLEND A5, 0,
HLOBBENCILHTVET7 ASA P B—BRESOAFELLRVE Shic s BRI
B3 5,

FRBLADVHIDL SREOMAABORIEV IO, M, —~BEEhOEIEC
BWTERAL O EVEE 58S, BRORFISEEAREV I LR THLD
EbELE, flad, BIDHEMA CREROFEERRERIB LI, FAR VEFH, #-12
1H 30 EMBR- Tk, HHARK IS FHEEOERTH -, FEARENER L, MR
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Fig. 19  Analysis using fluorescence-Xray induced by synchrotron radiation, Speci-
men E(Table 9) which is the same specimen to D49 in Table 5 and 6
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Fig. 20 Analysis using fluorescence-Xray induced by synchrotron radiation, Speci-
men Z which was a worker inhaled hexavalent chromium
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II-2. AB#REEPOTREHT

Element Analysis of Human Lung Tissue

mA B4 B KHBET
Michi MATSUMOTO!, Atsuhiro NAKANO! and Yukiko OHTA!

E B

RO EESARECHLIMOBRER 2S5 -0 0 AR EH 8% A1
-, FHEFAREO VSR 48 flicov-T, BAEEHERES 77 X~ (ICP) BXoXFH
B X b B POTES LT -7,

Na, K, P, Fe, Ca, Mg, 5i, A, Zn, B, Cu, Cd, Ti, Cr, Mn @ 15 TEORBEX#HC, &
NEOTREE LFKEOMECTER oML THRHEZT- 1. TOKER, FHd
SIEERUC Al BEOMCEVCEOHM ARG, ¥4 (K, P, Mg Zn), (Si Al, T,
(Fe, Cr, M), (Zn, Cd) OEFAOTHEMTELVICHBNED bl

HfrF LA REEPoTELOGTLEN L,

Abstract

As a basic study for examining the contamination in human lung tissue by air
pollution, elements in the lungs of autopsy subjects who had lived in Tokyo and were
free from pulmonary disease were analysed by means of inductively coupled plasma
(ICP) emission spectrometry.

The amounts of 15 elements (Na, K, P, Fe, Ca, Mg, Si, Al, Zn, B, Cu, Cd, Tj, Cr,
Mn) were determined.

The Si and Al concentration were highly correlated with age.

High correlations were also found between pairs of elements in each of the
following groups ; (K, P, Mg, Zn), (Si, Al, Ti), (Fe, Cr, Mn}, (Zn, Cd).

Elements in carbon black dust deposited in lung tissue were also examined.

1. L&
AR, ARBIEh o BRMEY SUARENE THHHEBROLADVAEEFL TV 5,
:@EA@L\Dﬁ&iiﬁtﬁf&ﬁ%ﬁﬁ«'% Deickbh, MoBRKRPBEL, $LmRiEvHE

1. BAEFEMEERES T 305 WwRR ANy BMEr g 16-2
Environmental Health Sciences Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan ' '
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HF 2. SHEE- KHET

ETHoenTcEsbotEbhs,

FEARITEE LA BV OSICEL T, FRELCoAMEAE4 D L 00BN TEO HH 2 T,
HERHTHENUETHD, i, BBRUAS VL8, ERBYE L CHERNCE
ELEPWMOATR TR ERELLNADIOC, FOFRRRLEASL LT, ChboMER
ELROSHIEECH 5,

HED L 57k Rt b, RFRIT-BAOTHGHOTHRRD 2 HH L, AFOBRIRTLE
BTozl, RULORBRMEE LADVCERTRESNC R 2 ERER L L, AE0kEY
T2 BME LTiThhi,

2. RBEHE

2.1 xRBE

F e LCHEAREABES T, MicEREO I EIBAD 48 MI(E 36 Fl, & . 12 Fl, £# 19~84
2 RRMELTERLL. HRE0FERERYE L FT,

* 1 SRR OEMEER & 5
Table 1 Age and sex of subjects
Age
Sex 10—19 20—29 30—39 40--49 50—59 60—69 70—79 80—89
Male 2 4 10 7 5 5 3 0 36
Female 0 1 1 0 5 3 1 1 12
Total 2 5 11 7 10 8 4 1 48

2.2 HEMLEE OREITE

fiffL, —80CamL Tkwicd ok, EARCERLL, 5 ¢ (BERE »APLED
L, BELCHBABCHE L, BT LAESMEL m 2ing, KBFRURE L CEES
DEBTHECECh B L, e, Bt - Failic vBRELL, T OBRER
O—HE Eh, BBEUBBIERBEKECKEL, EELAEAS 0. 1N HNO,wBREL THlE
BB L Ui, ¥ EROBEEDO -HEEBATHERL, SioWEHRE L L,
HERRRAESEEES 77 A=(CP)BXTEFHECL DT o172, EEL Jarrel Ash Model
975 75 X =7 b & a v 7R EBEYEA L. Na K, P, Fe, Ca, Mg, Si, Al, Zn, B, Cu, Cd, Ti,
Cr, Mn, V, Co, Ni, Mo, Sr @ 20 TE2\-THIZ% v, Na, K, P, Fe, Ca, Mg, Si, Al, Zn, B,
Cu, Cd, Ti, Cr, Mn @ 15 TROSHER B, ICPRATHEOSTRRAFEEOFEY £,
L, TEL5HIELOTERYNET o0, FLEBCHETITECLILZ=1 Y » 7 20¥
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ARG ROLRSR

EhRE bz, 3BRECLITTREY Tk, ETHAOKHEICOV-TNa K, P, Fe, Ca, Mg
DETEBREOTHAERT, ORIV hbOTROBERORELHRE LA, LiL6
TEONE - HOBKBTEOHEEINZT L, HETRORE OB, TE6THRYEERT
HiL, AEHE~DFHEOBEYE VI, SiK oV TR IHOBRCERRB IR I LRIDE
BIAELTLESBhAD A D, ShiB CEERYNERRE & L, NERE, FE
BRI ¥ ORMYE 2 1R Ui BEROREITE, U v 2B E R TS MR, 000
ppm) wEi, Vv OEERTY vB- 7T ves v a B THERLA,

# 2 ESSTHEBENECREROER
Table 2 Composition of standard solutions for ICP measurement of element con-
centration in human lung tissue

. amount of tissue
Group| Elements studied. sample in the solution Blank solu. Std. solu.
Na K. P. Fe C Na: 15ppml,?K : 15ppm,
a, K, F, bPe, La, P : 10ppm, Fe : S5ppm,
1 Mg ca. l0dmg/ml 0.1N HNO, Ca : 1ppm, Mg : 1ppm
in 0.IN HNG,
g‘f :151(?31';;“" Na : 150ppm, K : 150ppm,
g | AlZn B Cu Cd 100mg/ml 11; :-Iggppm, ga :1?3?5?’, Pl;;g: :3?511»);“&.
Ti, Cr, Mn ca. 8 C‘;j mf)‘l’)ﬁ' Al Zn, B, Cu, Cd,
Mg.- 10ppn; T| Cr, Mn : lppm
in 0.IN HNQ, | ™ 01N HNO,
. Si : 5ppm
3 Si ca. 17mg/ml 0.1N HNO, in 0.IN HNO,

BRI BB UADVONEDE L - BB 0 55— b 013, AR ETIHREED
B AR E A e S RS TR FE L, = -7 AR L BIRERERIECRES L
Lhiez—FABCBR L. ZoBEEOWTARET BLHEES D LE X TRATHEHK
foo =—FARBALE=~FARRGTROEYELY TELAT VERL, HE MR 305BR
KRR THEET 10, BEXCHERLUCHERARM L L, ABBRTED > D, EELRY
B\ 72 Al, Zn, B, Cu, Cd, Ti, Cr, Mn ®© 8 TE2\T, ICP RESHEC L Y TRSFTET -
to. (1% 12)
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BA B-hEHE - AREET

3. 8 =2

3.1 MERLRLBE

Na, K, P, Fe, Ca, Mg, Si, Al, Zn, B, Cu, Cd, Ti, Cr, Mn, V, Co, Ni, Mo, Sr © 20 THic >4
TREAFTV, V, Co, Ni, Mo, Sr %< 156 TRICOWCEREY B, ETRBEOFHEL
EICET,

B TE M7V, Co, Ni, Mo, St 0 5 TROZHRFCHEFEERM - h BB LT,
FhEh 0.2ppm, 0.4ppm, 0.45ppm, 0.6ppm, 0.1ppm TH -7,

Al, Zn, B, Cu, Cd, Ti, Cr, Mn © 8 TR 2\ ik, EEEERCHORE N CRBOERME
v, ERERRSIER, Al Zn, B, Cu, Cd, Ti, Cr 21100%, Mn 23 04%TH -1,

£ 3 AFESRoTREYE

Table 3 Content of elements in human lung tissue (ppm of wet tissue)

male (#=36) female (n=12) total (n=48)
Element Mean+S.D. Mean=S.D. Mean=S.D.
Na 1522 332 1608 196 1544 306
K 1312 307 1175 272 1278 304
P 1134 219 1093 188 1124 212
Fe 167.9 50.8 159.3 71.0 165.7 56.7
Ca 117.3 35.6 145.2 47.2 124.3 40.6
Mg 73.1 11.5 74.3 13.2 73.4 11.9
Si 34.4 15.0 47.3 22.1 36.7 17.3
Al 13.4 15.3 21.0 13.3 15.3 15.2
Zn 10.3 2.1 10.7 2.4 10.4 2.1
B 2.69 0.87 2.55 1.25 2.65 0.98
Cu 0.842 0.286 1.06 0.34 0.897 0.316
Cd 0.560 0.267 0.8%4 0.933 0.643 0.540
Ti 0.279 0.222 0.402 0.329 0.310 0.259
Cr 0.249 0.243 0.144 0.104 0.223 0.221
Mn 0.233 0.275 0.195 0.058 0.223 0.241
average age 44.6 55.8 47.4

3.2 ELRBEOAMOLST

Na, K, P, Fe, Mg, Zn ®© 6 TRRXBREERGFH TR LA, T Ca, Si, Al B, Cd, Ti, Cr, Mn
O TEIMBERFFE T L Culi b oo gfH8rs b LizThtyv i, Mg, Cd, Cr %
Blick b, BESfHivea 77 aCxRt, (B1,2,3)
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Fig. 1 Histogram of Mg concentration in lung tissue
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Fig. 2 Histogram of Cd concentration in lung tissue

3.3 F ®
EXRBEONCHEOEDRELHATA L F40 ey, SHErLBONLHR L,
O —HLTWE, TiabBERGHL LTV B TRI—RCEBDREINEL, HBREESR
REBEEVKEL, Fe OFRPH L SAKEV O], HBCEThTVW2MEROE LSS
DEELLRD,

3.4 fFE#h: DFEED
ATRBE -8 - OBOMBREYRSETFT, SLACh OB LBEPRE{FEhLTHR
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Fig. 3 Histogram _of Cr concentration in lung tissue

% 4 AEKRBRESHOEBHRK

Table 4 Coefficients of variation in the distribution of element concentration

coefficient of variation

" Element male female tofal
Na 21.8 12.2 19.8
K 23.4 23.1 23.8 ‘
P 19.3 17.2 18.9
Fe 30.3 44.6 34.2
Ca 30.3 32.5 32.7
Mg 15.7 17.8 16.2
Si 43.6 46.7 47.1
Al 114.2 63.3 99.3
ZIn 20,4 22.4 20.2
B 32.3 49.0 37.0
Cu 34.0 32.2 3.2
Cd 47.7 104.4 84.0
Ti 80.0 81.8 83.5
Cr 87.6 72.2 99.1
Mn 118.0 29.7 108.1

T55,) KoWTHEWECHENA LR, 202 THROFH L OHERER 4, 5T,

3.5 M E

Skt 48 Bl 36 AU BHETH », BEMOAROR Y RV RD—BhrlEEr@m L Hhi
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Table 5 Correlation coefficients between element concentration and age

A o TR ST

element correlation cofficient
Na —0.310"
K —0.119
P —0(.23%
Fe 0.323"
Ca 0.217
Mg 0.183
Si 0.634"**
Al 0.629***
Zn 0.273
B 0.100
Cu —0.051
Cd 0.355"*
Ti 0.430**
Cr 0.376"*
Mn 0.199
* P<0.05, ** P<0.01, P, 001
§i .
r=1.634
n= 48 L 80
Al .
- 1 r=1{.629
e L E n=48
. = 80
e -
[} 2 50
. = .
c 40 .
. "c o o, - s .
[ s a0 . .
i%%"ﬁh ¢ uﬁ e
= [ »
10 ?..‘oa .‘: ¢
* 0 :5”"'
20 30 4D WD &0 TO 8D S0 D tD 20 30 4D 50 60 70 B0 90
Age (years) Age (years}
A4 REBE L EHROBMGR = 5 7Tai=v aBEFFHROBMG

Correlation between silicon

concentration and age

Fig. 5 Correlation between aluminium
concentration and age
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WEBbRSA, EofiEicov-tilg &, Ca, Si, Al Cu, Cd, Ti A &tic% <, Cr, Mn 2%
B E, CRECIOHFEESTEDLRLEOR, Ca, S Cu(Z>B) RUCr(B>%) (W
Thb P<O.05)D4THETH ot L L, HEERFHLXLCV5 8 THE Cuc>0 T
ERY L ETREY TR, Ca, Sio 2 TEw2L ToOLEEEZNED LR,

3.6 THEMIHEE

EXREER OEBFELE 6 R T, BPFWRLX i, (A K P, Mg, Zn, (B)F !
Si, Al, Ti, (C)B¥ : Fe, Cr, Mn, (D) ( Zn, Cd om0 HmH T, &#RROoTEEREROE
Brv-ThbE, E—oBEimlL T3 L8bh%,

3.7 BEEEEoOME
DT - dRR G, BEREOBRC Y 5 2B A TTHARBFCED bl - o nl,
EDO—FRIEE OBEY 5> hhibe 5,

#: B, 6%, BFE-LIT
Si ! 64.6 ppm (36.7 ppm) Ti :0.920 ppm (0.310 ppm)
Al :90.4ppm (15.3 ppm) Mn : 0.624 ppm {0.223 ppm)
(O OHRRLEDTFHE

ZOFY, Si, AL T, Mn © 4 THIEDWTEHEWEYTFL, B AlOENAE T 5, Si,
Al E D IFER & oHEREVCTETH Y, MR > EBROENMY I RREETH A 5 M, B
%.J:r %h%k@%*&mﬁgéof\:%@ &%ﬁ. Bhbe

3.8 TEBEHERBARGECOWT

FESREROCLADLIAEBLTEDY, ZOULABVRESVWTRIESHXT T AT
ERBRPICRA, TOLADCOEBED L > THAENCLRECE L, HEROSE -1
BEOS WMo b0, 2.2 BRABRURBHIEOR TR L 5, MBRIC X 5 ERERIF
EWT, REROYEFLBERL VTR, SORBRYBOLRSH 2B 12 flico
VTR, 1260 vThd AL Zn, Cu, Ti2WeH X h, Cral114l, Cd» 104, B3
B, MnH 1 FlictiB S hic, SRS LEBFOSRLEBE L 02K T~ 4 wFRT, Al
TioggrHe®w <, TidEboHE~HHEoRFRBPILET T,

4, £ B
—RAEBEPCHEET 2 EESREABDTHATH A 0D, BEABBEE L Fodi
ATHEVED, TALRYREERMGERATLI LRI sTHBICHLMFRENERDL o LILE _
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Table 6 Correlation coefficients between pair of elements

Na

K 0.052

P 0.269 0.693 4 (A K. P, Mg, Zn

Fe | -0.383"  0.332° 0.085 (B} Si, Al Ti

Ca | 0240 —0.13 0.080 0.111 (C) Fe, Cr, Mn

Mg | —0.092 0.720°4"  0.748'%°  0.39%"  0.113 (Dy Zn, Cd

Si | -0.003  —0.223  -0.205 0.352° 0208 0.054

Al [-0.119  ~0.133 —0.241 0.355° 0.102 0.155 0.773 %

Zn | —0.166 0.682°8  0.691°%  0.402°  0.089 0.835°4°  0.072 0.116

B 0.218  —0.075 0.158  —0.047 0.098 0.024 0.272  —-0.032  —0.004

Cu | 0.205 0.281 0.354° 0.092 0.083 0.401%  —0.000  —0.009 0.324°  —0.071

Cd | —0.124 0.318 0.278 0.188 (.050 0.422°  —0.274 0.0 0517 0.491 0.313"

Ti | -0.041 -0.242  —0.144 0.133 0.054 0.047 0.676'5  0.687°F  0.049 0.094  —0.102 0.051

Cr|-0.314"" .2 0.001 0.563°¢  —0.021 0.287" 0.382°" 03787 0.38"  0.036 0.061 0.18s 0.32°

Mn | —0.146 0.07%  -0.081 0.407¢  —0.05% 0139 —0.031 0.374" 0230 0.036 (018 t.221 0.517" 06597
Na K P Fe Ca Mg 5 Al Tn B Cu & Ti o

* PL005 *t P<Opy, *t*t P<poonl
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Table 7 Aluminium content in carbon black dust and in tissue

No. content in tissue content in carbon dust
(A (ppm)¥ (B) (ppm)"| (B)./(A)
1 25.3 3.6 0.14
2 3.5 2.4 (.69
3 8.5 4.4 0.52
4 181 3.9 0.22
5 15.1 17.0 1.13
6 39.4 27.0 ¢.69
7 15.5 19.5 1.26
8 12.8 13.0 1.02
9 31.7 31.9 1.01
10 90.4 57.5 0.64
1 18.5 11.5 0.62
;12 16.5 6.8 0.41
a) ppm of wet tissue

8 RBOBSSHELEBVEE

Table 8 Zinc content in carbon black dust and in tissue

No. content in tissue content in carbon dust
(A) (ppm)® (BY  (ppm)® | (BY. (A} |
1 9.1 0.5 0.05
2 9.2 3.3 0.36
3 11.3 1.0 0.09
4 14.3 1.9 0.13
5 10.6 2.4 0.23
6 11.6 2.4 0.21
7 11.9 2.1 0.18
8 12.8 " 1.6 0.13
9 12.5 2.4 0.19
10 11.0 1.1 0.10
11 11.0 1.3 0.12
12 7.3 0.7 0.10
a) ppm of wet tissue
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Table 9 Boron content in carbon black dust and in tissue

Ao TR

No content in tissue content in carbon dust
' (A) (ppm)® (B) (ppm)¥ | (B), (A)
1 2.83 ND
2 2.18 ND
3 1.84 ND
4 4.46 0.46 0.10
5 2.99 ND
6 1.75 0.42 0.24
7 1.53 ND
8 1.52 N]_)
9 1.93 0.86 0.45
10 1.84 ND
11 4.22 ND
12 1.7 ND

a) ppm of wet tissue
ND : not detected

# 10 REOWMEHELERDRE

Table 10 Copper content in carbon black dust and in tissue

No content in tissue content in carbon dust
) (A3 (ppm)™ (B) (ppm)*| (B)/(A)
1 1.003 0.080 0.08
2 ND 0.361
3 0.861 0.065 0.08
4 0.943 0.089 0.09
5 0.889 0.299 0.34
3] 0.912 $.150 .16
7' 0.748 0.119 0.16
8 1.391 0.176 0.13
9 1.028 0.243 0.24
10 0.981 0.103 0.10
11 0.738 0.090 0.12
12 0.692 0.099 0.14

a) ppm of wet tissue
ND : not detected
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Table 11  Cadmium content in carbon black dust and in tissue

No content in tissue content in carbon dust
(A) (ppm)¥ (B) (ppm)¥| (B)/(A)
1 0.739 ND
2 0.711 0.269 0.38
3 0.640 0.008 0.01
4 0.680 0.0%90 0.13
5 0.996 0.011 0.01
6 0.830 0.142 0.17
7 0.651 0.103 0.16
8 1.026 0.139 0.14
9 1.618 (. 364 0.22
10 0.586 0.052 6.09
11 0.967 0.107 011
12 0.173 ND

a) ppm of wet tissue
ND : not detected

# 12 REoFrvaaRisbRE

Table 12 Titanium content in carbon black dust and in tissue

No content in tissue content in carbon dust
{(A) (ppm)¥ (B)  (ppm)* | (B)/(A)
1 0.518 0.863 1.67
2 0.064 0.546 8.53
3 0.195 1.110 5.69
4 0.342 0.631 1.85
-5 0.745 8.035 10.79
6 0.760 4.225 1 5.56
7 0.126 4.609 36.58
8 0.010 4.536 45.36
9 0.182 . 3.790 20.82
10 0.920 5.895 64.08
1 0.157 1.671 16.64
12 0.480 1.672 3.48
a) ppm of wet tissue
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Table 13 Chromium content in carbon black dust and in tissue

No content in tissue content in carbon dust
) (A) (ppm3® (B> (ppm)* | (B),/(A)
1 0.169 ND
2 0.119 ND
3 0.150 ND
4 0.260 ND
5 1.551 0.614 0.40
6 0.242 ND
7 ¢.171 ND
8 0.188 ND
9 0.240 ND
10 0.624 ND
11 0.189 ND
12 0.121 ND

a) ppm of wet tissue
ND : not detected

% 4 HEEo~viveEhHREABRTRE

Table 14 Manganese content in carbon black dust and in tissue

No content in tissue content in carbon dust
: (A) (ppm)™ (B) (ppom)¥| (B)./(A)
1 0.081 ND
2 0.049 0.118 2.41
3 0.189 0.053 0.28
4 0.191 0.023 0.12
5 0.695 0.567 0.82
6 0.242 0.237 0.98
7 0.293 0.198 0.68
8 0.229 0.076 0.33
9 .348 0.364 1.05
10 .388 0.193 0.50
11 0.354 0.172 - 0.44
12 0.253 0.0%95 0.38

a) ppm of wet tissue
ND : not detected
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ThvdIhtws, Lhl, KEHOBBOEBRS b AKFERNELCohTHIL, J&
CHEEYRIEFIRGCESBOAY, FLERERNBORBRCIZBEN I hALEA TS
BEHbLHD, METHHIL V- TIER T ERTERVEEDRS,

CHhETKE FOREBPOTERES L DM LAEE REL DAY, —HnHEiasssesy
Brd ERIEAS DG ONREAETHE, BRERSLLOMOEROHHEHK L EHEKLD
R IT» To pEosImIs02828-3000 1y )8, ARBHRO L 5 hHENAE L OBENS
BBRFOSEREOVTHNLMELYRD L 5 LT3 HN TR TV 2biTiil, —RICAR
BE& L IV I KRIFE R & & b EEX RS T B ou TR & (7)1 34710-15,22.24,2630-33.85,36)
bbh¥hth-T, ERAMFOLBEFTROEHEL BB EEE b TRV EW
SPETHD. HEBPOEELRL, XABELTOLOER L OBEYH S, Lto—2>0iF
BLUrnE 50 HRETALDICR, HKOERLLLERNILETHE S, ABToERE
REwIL, ABE #BEZE BRRI2EESFET > EEL0h DD, ERERCL AR
U RERERINE LEPRD,

&0, H4NICP RETHSIITL 0 HHT LSRN 48 Bl & 1%k & et £ <, BEnER
T2 GERWLOAE, (LIFFE, B KEREREO S ORE), SERRBEECEEEL TV
EATH, TEHECEELTWRAT VDT, SPHERBIETEESD FYIAELEH AL
TivEfbhs, SRAREREEARCEOAGEOBEEh D, AFHUNOTES
LBt L, ERBCHEAYDDLTFHENLOT, ThoDF—- 228 60hiE, HED
L D ARBERRBCOVCTREEDLBELTHOTRARCHEE LT A,

7, AHEL LTICP c X A& ARFANFMERR Lick®, Wb EHEESBLET TR,
HAERTEPLALELNET S Z i cE, HEFHOE Cu, Cd, Cr,Mn iz Ko fiiic, fid
BB LT BEFDH ey Na, K, Ca, Mg, Si R FEovCoF—# 2B bhic o &, LAT
FROLHrCbERSHEREL:, E60X0EVWERRDE - L¥BrDbhZ Ei3KER
Tk LEBbha,

ZhETOREFNL, 22 ALVREFRESITCL S SOT, ST o TS L5 e 6109
RZEY AR X RO, A, YR s rER ST AHYg, s b0 28
Bl B fodiiggmaessssany 2 b AR L D W SAERRLEL S50 R B
WEBbhBA, EFRESE, RBESHEL, ICP RADHE L ABELEULTE D
BRAx0BELT0E BN ATRTHD L EbNb,

BEFOTRBEEONEMEIBEARYL D TRIATV2HE, BRERYLC) TREIRATL
DEE, *LTHBKSY Y TRENTVW2BE05 5, ERFEPRILFECL YBER,
ERER KOBHEEOENERD, ¥R Is22bd50n, S4ioBdrnic b
L, EBIS EhaKaRicouwTit, Diem®D 78%, Gump 5410 83% &\ 5 TIEE A3
S EHEXhTED, i Molokhia 59 MBTRONECR LEER (EREROZXWEL T, M
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ABiE B OTR G R

BURERN IR TH s LTwa, A LEBERL BB W TEERiEo By ik
Lick o b, BEREIIT%CELLTED, LREOEEBERKROBRYB V-5, TEEK
FEic ) THEYRD TV 2HCRG P BERCHBHEO MG HS T s 2AIEL TV

HbdDh, Thitknl, 4.9~5.3%o0f dried tissue, 1.0~1.1%of wet tissue (Tipton ef
alt1213y 0.97%0f wet tissue (Hirst ef al®*®) el E - TCwb, Cu l TREOLTH D, B
BRELERNEROTHALGITHELT - 2" 3 50, BREEM ) OREEXEHRERYD
DREMED LTHROREE > T B L b0z Eb b, AR L T, RF2BEKROK 1 %,
HREASONS BHYL, EREERBERD 1T~-20%TH5LE 41T, thoREMEL O HEL
1T o7, -

1920~ 1950 oz, B4 O FIELUOBREOBEF LB L THi I BTV A LD
b—Hirp s, SEVHERERIIATWRL kDb TH2 EBbR5,

Na, X, Ca, Zn it L O HATERE VY Cd im-o Tk Hirst 5¥0#&E85 0, Fhith 240163
mg/g ash, 190 =75 mpg/g ash, 25+ 17 mg/g ash, 820410 mg/g ash, 1913 mg/gash &2 5T
V%, ash%of wet tissue 21 0.97% TH L L V- S EHOHBEIZ Y Y BEREXL- BT 5 L,
2300+610 ppm, 1.8+0.73 ppm, 240165 ppm, 7.95+3.98 ppm, 0.18+0.13ppm &7 %, Na,
Cal3BADRDIMED 1.5~ 21, K, Zn, CABLT3BA0EI VEWE:->Tw3, K
HEZHBEDRIIIZIOTHSLH L, CARBRABILIZEL—ATHA S,

K, P, Fe, Ca, Mg, Al, Zn, B, Cu, Cd, Ti, Cr, Mn &>\ T3 Tipton &P DR niREn b
B, 7A)HERED MOFARRPT 7V 4, FAH, BF, =2—r2» OHH~FHH, 25%F
DEBIZ 2 TOFH T, WELHEZ U ARCRE, 74 U 2 A2 ToREBZBER A
B LT, K: 2,000 ppm, P: 1,100 ppm, Fe : 310 ppm, Ca : 120 ppm, Mg : 100 ppm, Al :
27.5ppm, 25 ppm, Zn : 15.4 ppm, 12ppm, B <0.11ppm, Cu:1.43ppm, 1.0ppm, Cd : <
0.55 ppm, <0.34ppm, Ti: 4.2 ppm, 2.8 ppm, Cr . 0.22 ppm, §.18 ppm, Mn : 0.26 ppm, 0.18
ppm &b, P, Ca, Cu, Cr, Mn 23R U, K, Fe, Mg, Al, Zn, Ti B4 LE<, B, Cd #MEL
o TBHBEDT —#(69 AFHAA 30 A2 ST TiESCK | 2,100 ppm, P : 1,300 ppm,
Fe : 270 ppm, Ca . 130 ppm, Mg . 110 ppm, Al : 31 ppm, Zn : 22 ppm, B . <0.1ppm, Cu: 4.2
ppm, Cd . <0.5ppm, Ti:l.4ppm, Cr:0.32ppm, Mn : 0.36 ppm &7 - TV 5, Fe, B, Cd,
TiAREREOFAL VB EE > T B, DLEOERFEHET, Medianizd 54 LKL,
BA DBEIH

Koch &7@ Al, Ca, Cd, Cr, Cu, Fe, Mg, Zn &0V C o F— 23 L O THHA, K4
DELGER U, $2E£5EGIBETDD, LKL, Hibikash M) TAREERLTE
D, ash BBEEO 2% THHLRELCMEDEELT T2, RAX1%E LTHELE,

BEAOWBBGEhTRIC ST, LH 62O Fe, Ca, Mg, Zn, Cy, Tuls 5%0 Cu, EEHA?,
Sumino 5%¥@ As, Be, Bi, Cd, Cr, Co, Cu, Hg, Mn, Mo, Ni, Pb, Sb, V, Zn, fFEEL**® Cd, Pb,
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Cu, NieFoHEL D2, =0T H45C Sumino 530 30 4] (BL % 156 Lo T,
15 T, 28 19 BEOHREMT L b D TH), RHMELSL, BETELF—2THD L%
B ChODMERH 4 D/ LATEOFTRIET 2 L 0% hE15 L, dtn oo Fe, Ca, Sumino
5 Cd, Cr, Cu, Mn, $#H 0 Cu, Cd DREEREERL < SUDEL - THD, abo
Mg, Zn, Cu, 745 ® Cu, Sumino &0 Zn iz 84 DAHEX b & LEL~, #124 Sumino H0HE
&fE( Zn : 16 ppm, Cu: 1.3 ppm, Cd : 0.72 ppm, Cr : 0.26 ppm, Mn : 0.22 ppm T&H %,

St oW TOBERIIA <, 20~40 mg/100 g FEEH L V- 5 EXME XN T390, Fa
DOFHERI VBVETH S,

REDERODMOBMPER L OMBEYFEND I LI, FRENROTENFERED LD,
EodebbBERMET L L TE D,

—, EEVEBRT I IETECUEOLASBETRIERSALY L, BFRTEIHHTER
FHETHLVBh TV SN, DETRERETHOR BB OTIREL, LATHE
THHRAEL, BRECRDLERILE S THEEL AL ORE L, ERPFERLETE,
ABLOBERMRTEA ERRGD, HEGCABRCEEELET L BICEB L T RV dBESS
REBREZGCHDOWThANTHEEELLRDN, LATETHY, Na, K, P Lizkt
SHEFELTS Ca, Si, Al 7 EXRBERSHETH LS 2 243, ZhLOTEM LD
BRI L o TRRBCHET B LU ERBER LTV B bTidlev kb Bbh s, ¥HBIA
&ETHD Cu, B, Cr, Mn b EH AT, Cd Ti L 0SB E ABECANLOBERE »T
fERBL T3 :ELHRS,

Fie, Si, Al A KWERE L HEBME L, MBS ERAMNTATRE AL, Thbitt
BOROTRTHY, ARPCECERSTRAIHCLONHCER LT3 2B 5,

EECOWTRBLZOARCFEY» DD, Z0FIBHSTIORMKHLEERD S EEbR
L%, Ca, Si, Al Cu, Cd, Ti &£ <{, Cr,Mn 2iBHc kv 5 &R, Mo Sumino
LROKRE—HEB LT a, TOHEC LB, Cd Hg, Pb i FBS TR LHEIE <, Cr,
Cu Mn R X OSHATENBRCECLVWS5ERYBLTRY, RBOZECEREE2EX®T V3,

AL OBMOZVBRTH), MBFORSLHLELIS, B4 REcSBoMnEk
BHALECEF 0 ACKRBOSBURLRAE L2, TORKELEETS L, K, P, Fe, Mg,
Zn, Cu, Cd, Mn 3O 525 <, Na, Ca, Si, Cr 2o F2E v, = RUAHER 5 5
EERBRBTHIMOBEOE, FERBOZCRERT A LEbLRS,

THREOBMEYHANTRDE, ROLRLLL ICA—DBE 2 TRTEBbh 2 TERN<
SHhBRWEER, TOB(AMH-K P, Mg, Znii=x ¥ —RHoBRic B CHE KGR
DBEWTEBTHEEEbRS, (B)B-Si, AL Tio 3TRIEL, +ELIHBBECE{ ST h
TWARZTHY, &, BhlBB X TASHEBEBELTVWE0¥BATS I I Y b,
IRHOTEPERLALLELDB I EMTES, (C)F-Fe, Cr, Mn b BARELEThTV-3
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TRTEHH, CLABHOELRICH S AKFTRLIEENFVWLEBbhE, chbdBHo
BT U AFOSRERFRGEST OS2 RO EhABTHTHY, BEHLATOTE
BECREVWTLIhLONERE G CHEBABE G (B)HOTRLBER LA OB IRST
FThHoH, (OHOTFELOEHRES, FEHLATRECEVTL(BIBL(COBOTRHR
ORITLHBIREVCX 5 THH, In b BEHR LATEELFETEN, (COOFDCr,Fe 2R
HERS5DATERIZER v, (DO Cd & Zn OHBRERECLZATHD, AL L

S F - 2 RWADBRICSCTHE LT WA, $iebb Cd & Zn otk (Cd/Zn) 2VNERE
WESHWORIEERL, FAUBIRIE2/3O0—FDERRED, ARk -TREND CAE
DIEHHBTCHEL L5 TH ) HEOMBTCRER CAdOFRE S FT D eEx
bha, L LERAKBWTC/ZIn B—FTHHEVIERE, A2t Iv0X5tinD
BELc CADBEMBEORIRELSE2 D Z EMNTEL S M LEEFD Cd & Akt s Zn
OHEBERDVTEERT SRRV E DY, fiFD In/Cd dkbic b 25, BEROEEHIK
24, —EBE-o TV BEY b EhTWD,

BEr of#Eroun T, BROBE TR To—fl#kE, £RMCRBECILLED
hEZFEERERRLR B o,

RECBREFECEREL AKERYEOTHORBR, CoRBPIC AL TIi NS SEATVI,
Lo ERIhoOLKROHEX, FREVMIOTHEERL > TV3FHESYTRL TR, B%O
HOERRTEDD, LrLizrib, LoREALEBELCIALOTEREFBLVBELDD,
Fi e Ao SHERE VS A CHREY L EDLHBTOORNEE Ly, SEOSHE, BICH
M, MUEoREN L, XEORBOLBRIFFCHELLIETCILLH, Lok
SleErL AL TIi R EORAROLDIEZFLAEFEL VLT, SEORRBEETHZ EELD,

50 A X W

1) Myers, V. C. and J. W. Mull (1928} : The aluminium content of human autopsy tissue. J. Biol.
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llI-1. JR g-microglobulin = A\ TOEEZERZMHORE
BRUBR{LDOEFE

Early Diagnosis of Proximal Renal Tubular Dysfunction Induced

by Environmental Cadmium

o= B R - SY B
Kozo SHITOMI* Hiroshi SAITO" and Atsuhiro NAKANO!

E 5

BEOCEE NI X EOAMIFREREER 25 Fhicou CRERE g-microglobulin HHRIE
SR RATRERESE (RO vBERNE, Rz V772, BHER, FM
s VA2 R, £BET  CEE) YT 7. K B-microglobulin FEEE 1T 67 B MR i
EEEOBRE ! BEL oMY L, BEAS thift s 3 ERERIEA R M A,
POREORE (MEOCRE) AKX LE, 0 E55BRE g-microglobulin BE AGEE
RAEBRESEEOENEEL LB o s ot

PRER/NERT X (2 F 7 a5 ©5RULOER 215 A (RREEKD
BO%) O HEE g -microglobulin %4 5 &, AHEC KT 5BESHY 5 EL LOERE
EHBWOMBE LY b EFEOEMERL, BEERARL LRI BEERE Lt 51,
R B8R X 0 IR g-microglobulin MEEQWMNTA ¥ £ ¥ A X AR MRS HEERE
B ERER IR,

FRFRELH Vi v ARBRERTIBEEEOBEAREE -microglobulin DRIED
HCRBER C ERUF L, REFEMIANLI LRI VBETON ¥ o o1 EE TR
ERARFAEFSNGREOERE L, SR IBEHOMBATE, IMI b iEERAE
LTHBER S LB R LA Yot TE D,

Abstract
We have carried out health examination on the residents in Hosogoe area, Kosaka
town, Akita prefecture, one of the cadmium-polluted areas (soil-pollution) in Japan.
Estimation of urinary g-microglobulin concentration and proximal renal tubular
function tests (%TRP, uric acid clearance, tubular proteinuria, renal glucosuria and
urinary total amino nitrogen} were done at the same time on 25 residents in Hosogoe
area. There was a close relationship between urinary g-microglobulin concentration

1. EMAHMRFREREE T 305 RKRANNES DEET/NFI 16-2
Environmental Health Sciences Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan
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and the results of proximal renal tubular function tests. From these results we
concluded that urinary g,-microglobulin concentration was a valuable index of pro-
ximal renal tubular dysfunction and that it was very helpful in diagnosing health
effects induced by environmental cadmium,

A —microglobulin in morning urine was measured in 215 Hosogoe residents (80%
of target population). The urinary concentration of g-microglobulin in Hesogoe
residents was found increasing with age. There was a statistically significant diffe-
rence in mean urinary g-microglobulin concentrations between Hosogoe and control
people aged from 20s to 80s. The people with longer residence in Hosogoe area tended
to show higher urinary g-microglohulin concentrations.

This high level of urinary 8-microglobulin in Hosogoe residents was concluded to
be an early sign of proximal renal tubular dysfunction induced by environmental
cadmium pollution.

1. 2wz

BUEAEHRCRBE L@ b T 241 X A%, 11, oK Cadmium (LUF, Cd
ERTIREBFRAED LA b, Cd EoFERBERCOVTHEL ORELATHR T2,
EFC2EEmO CAREHFRMEC -, AR I ABEFEC SV TOREATHR T
B,

B4 32 2 CABREHIO —oTH LA R/ MU i X £ RO BBEAE LT, ik
RoSFGEN RAEEE (FREO—)BRERLTWA 2 &, ILKCAREHRORRBE
AL ICREROAS REFRECER L, HBEMBEROME L KO L THET 00 BE
ThHHZ EXHBMT LI,

CORESREL D, On ¥ YA LEERSRERBRERE SR AT R E CORELER
OHA (A FIv a2 I 5REHFRGENRER BAUMEIA I BENEEEREHERRA
@) »oEEE GEUFATES) oFE&YREL I LTEEARCHE I BRSLE
5 10 BfTRG3ESE 57, 58 5, BEFT LERER R, - OF Lo FREE « AR TfF -
fehEdE s R ARIChDTH D,

COREFEESFARENBLUEOHEEYMNBL LT, 4 v A BEVEBROFERX A2 ) —=v
LT, TR VTF=2vr )77V A, BFFEvr 2R FET) "BERNE R7 1
. JBEAHT, MBAAGWITEOREXITISLOTHY, AFERELEOBRFEEMFRE TOKE
LFLBEDOVRBECRNB TR, COFRECKER, $EHTR T Cd LEFRMEER 3,428
AD 5 B 57T AORM RETREEALGRER Shic, —F, NBROEGRMIRER 3,092 ADehic
1 ALREBR o0, Z ORI TR 4 SKER DR CHICER L e T
Z3H0THN, ReOABENELVZ LETTERARBICTRCEFS LA TERAO—>Th- 12,

Lal, COFEHARBEOARY L2 REREMNARYLEL L, ThBEREC
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Lz 588 (AR, sidlai-BR #EMics) bHRL-TpS i, fladlsgscl
EfoBErfTVCEROBEEY Follow T2 W3 Z LBERN (B ow v v —, &8
whd, EREOCENLELEVH ML IEDHTEELE  X52H.,

W, ERFREEERIETO—2 & L TR &-microglobulin (LLF, g-mg LBET) ORIEH
HHEIRLZ LI -tc, AWERSTFREN 11,800 DEFTES V22 THH, TOIDARE
EEBEYBEBCEAL, @%E CILE KA T 99.99% 0 BRI AL S hRPHeo1 T (i
(KE pg/d) THHY, EERETEEHCIFTRRECE T L ) RpfFeonlmTs o &
BEIBRDL L5 bTHE, LI LR -mg B> ORE LN RMEHEORE L0
Ml X ATeBE 25 5 0 E BRI SR TR LT, ¥ g-mg BiE O RAEHRFEL oW T
LERSGBRTH D,

FHRL, Cd BHEFRBERE MR E L TR gmg LERTHAT &2 5 FEHOTA R M
EBERE L OBERREIL, KT CdREFHROBBREE YR 6mg L\ ) B—ORETH
B ENTEENPRET b Thhr,

2. ¥RRUFZE

Cd B8 /5 il A R B R MRET s e (DT, MR L BE3) TH h, 1976
EEOEMI5E,L 1976 FICRE L 0L EOER 153 B(BE 705, TH8IH, #
WFD 63.5%)ORRM G, ¥l 197T EBOELT 1975 05 1977 FCBEL 1o 3R EOE
R215% (B8 4A, otk 1174, BMEED 79.6%) OFER,LERDI,

BB Cd BRIE BRI\ K B3[BT R, (& NoXRER AR E, RO R
R EARE, BESOBREECHRREOCRVELAFHERRE-_HRZRRE, BUTERA
BB AL 2544 (B 1234, 131K THH, RECHMIMBHEEREFL T
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SEHORHTEBREYERL, St VU AT A CRBEELL, RS 1 EMLAC
RamghI ot A{ a7 A8 (Pharmacia, >4 / &, g-<17eFAr) Ly, R7
V7 ¥ = vidJaffé e L h AT L, BFUR, BRI LR gmg OXBYHRALT, HE
DHEYT iR L7 F = v 1 g Bl v 0 g-me(ug/g creatinine) ¥, Zh iR g-mg
#IFfE (corrected urinary &-mg concentration) & L 7o,

LlEoFge X b 1975 55 1977 SR TR g-mg AIE %17 - i@ K E RO Ichd b,
7 f-mg WEMENHEE L ARED 06, BbTHED & 0 F CRIEEIC 25 Ll LT 1978
FRHZRERED 2 BERIR (6.00-8.00 am) DRI &~ ) VM T -, RERFCRENE,
R vz (Axy ) F o ), REEE (FA757 - 7)) #7v, TogRcRIE(Lr
bUYARIE, MKEOESIELT, WEEL4TCE-20CTED 2RFACRTFLI, 4TR
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OEB BT RR UM o REE (uricase &), &4+ 7 A (Corning #: autoanalyzer), ¥ ¥
E: (Fiske-SubbaRow ) &, Ri#a7 : /8% (TNBS &), R7 A7 1 v (—mRBih#E,
~F A L), Y mEEE (glucose-oxidase #) ¥ 1 A LAICEE L2 ZhboRE Ay
T, 7v7F=vs V735 A K {-mg @MIEE RETY v BRERNE(% tubular reabsorption
of phosphate, LAT%TRP LB§4), Bifr k7 v v 244 h 0B 7 V 7 5 ~ A (uric acid clearance/
creatinine cleérance, BATF Cua/ Cor £ 883, R albumin/g,-mg H, YUK/ v7F=v1g
Lieb 0BT I CEXRBRYREH L,

3. EIRMEEREERE OV EREY
3.1 REE ) vBRBBRRE (% TRP)
BOLIFH R E Lz, M IEEHE L85~ ThhH I L XECHLIC L,

3.2 Cua/Cor
0,19 E#REE Ui, —BICBEEI10.05~0.15 &S 5 - L H ~ R LML
T %,

3.3 RAEHs v 27K ,

AR Y F AR LLET, & 5K albumin/ g-mg A 13 LR 2B L Lz,
el —EO BT OVTIL 1975~1977 T fT - cR 2 v 2 2 BRBKBEF R EEE L THE L,

3.4 FHER ‘

FAF—FECEB(DLET, FolomBEEIEE (100 me/d BT 062 BEERE &
EHJ%LTCQ

3.5 RP&E7 1 /EX
B HABEL -BEE 32 FloFigE EXREETThTR 14,2, 5.0 mmol/g creatinine T
B ot T Mean+2SD, T/t 24.3 mmol/g creatinine LI E X EHBEeoR & Uiz,

4. B &

4.1 R g-mg MIEME & FEI RAATERERIERS & 0Bk
MR 25 B ott, EMRUORERSTE 1CRLT,
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Table 1 Laboratory findings on 25 residents in Hosogoe area
Case Sex Age (.*' A-microglobulin g-microglobulin Corrected*? % TRP* (Gu/*™  Urinary U-Alb/*s Tubular®® Urinary FBS*  U-totai*
clearance  (plasma) {urine) U-gmg Cer protein  g-mg  protein  sugar  (mg/dl} (":1:“:11:1-;:/
(ml/min) (% Cer) (/1) (ug/l)  (up/g cr) uria g cr)
1 M 52 93.9 0.03 1,500 4 33 77.8 9.19 ) (—J (=) 10.2
2 F 50 78S 0.05 2,500 26 122 82.6 0.16 (=2 (=) = 29.6
3 F &9 96.3 0.06 2,100 46 122 69.3 0.21 (+)  1,467.4 (=2 (=) 19.4
4 F 53 63.7 0.11 1.500 i8 162 82.9 0.17 (=) (=) (=) 21.5
5 M 77 55.5 ¢.08 2,800 60 166 7.3 0.10 (=) (=) (=) 13.5
6 F 71 70.2 0.09 1. 700 48 169 81.7 0.24 (- [Ged] (+) 85.0 28.0
7 F 48 44.7 0.16 1,600 42 269 76.5 0.31 - (=) 32.7
8 M 54 87.% 0.17 2,200 98 295 7.5 0.11 (=2 (=3 (=2 14.2
9 F 67 40.0 0.11 3,300 180 297 90.6 (=) (=) (=) 11.3
10 F 46 70.0 .26 1,550 72 355 7.1 Q.26 (=) (- (=) 7.2
11 M 45 732 0.13 4,400 680 409 71.5 0.16 {=2 (=2 (-) 17.4
12 M 60 65.2 0.19 2,700 240 441 76.4 0.14 (=) (=) (=) 16.0
13 M 5 1I1.9 0.47 1,800 760 718 71.8 0.14 (+) < 36.8 (=) () 67.5 13.5
14 F 64 80.4 0.65 2,400 1,160 1.433 77.0 0.20 (+) 101.3 (= (€] 83.0 35.4
15 M 58 108.1 1.07 3,200 3,200 2,846 61.6 0.18 (+) < 8.8 (+) (= 19.9
16 M 40 96.6 2.47 1,900 980 3,406 46.0 0.34 (1) <28.6 (+2 (€] 87.8 21.5
17 M 86 45,3 4.43 2.800 - 4,300 8,743 75.2 0.22 (=) (=) (=) 20.3
2 F 67 38.2 7.73 2,600 7.250 13,539 90.1 0.20 () < 3.9 +2 {3 14.1
1 M 64 65.8 12.87 3,100 9,000 26,072 69.6 0.20 (+ 10.3 {(+> (1) 92.3 43.3
20 F B4 23.8 8.58 6.400 11,200 33,473 74.9 0.16 (%) 8.5 (=) (=) 15.5
21 F 77 244 13.21 6.200 22,500 44,493 70.2 0.37 (+) 6.3 +) + 89.5 25.2
2 M 75 430 15.64 6,600 15000 45,468 58.0 0.22 (+) < 19 +) (=2 12.4
23 M 70 63.2 12.23 6.600 34,000 46.916 53.6 0.31 (+) 3.4 +> (+3 92.3 18.3
24 F 86 56.7 15.68 5.000 21,000 76,010 67.8 0.48 {+ 2.0 +> H 93.0 76.5
2% F 84 15.6 75.47 6,800 68,000 200,472 33.8 6.48  (++) 0.9 (+) (++) 76.5 78.7
*1. creatinine clarance. °®2. corrected urinary g-microglobulin concentration, (xg/g creatinine).
*3. % of renal tubular rebsorption of phosphate. *4. uric acid clearance per creatinine clearance.
*5. urinary albumin concentration per urinary g-microglobulin concentration.
*6. analyzed by polyacrylamide gel electropharesis. *7. fasting blood sugar.
*8. urinary total amino nitrogen per | g of urinary creatinine.
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R 1 R g-microglobulin \BE(Z 7%= & 2 R g-microglobulin ¥ (7 v 7+ =

YHIEE & RAEE ) v EBERIE YEIEE) LRBs VT 5 A LD
TRP) & o>f8BE B9

Fig. 1 Relationship between corrected urinary Fig. 2 Relationship between corrected urinary
A-microglobulin concentration and % p—microglobulin concencration and
tubular reabsorption of phosphate (% uric acid clearance
TRP).

D R p-mg @IEMEEFATKs v <2 REOBFK (F3)

X Xkt EE R X 0 25 Bih 10 #) (Case 15, 16, 18~25) ¥ RA@EH 2 v 7 REBH &
L7-. Case 13, 16 (2% albumin BEAPMRHBR R T (2.8 mg/dl LITF)TH - fo iz, K albumin/
ﬁz—mg HidFhEh 36 8 LUF, 28.6 LT LA h HIEVREETH -1, 20 2 TV -Tid 19751976
B FotFs v 2 BERBTRATES v 7 RO 5 — v &RLI Case 16 02 7% K Y
Ul FEBEL Lt £ 1, B305bBoAE 5 RS V7 RIZR g-mg MIEMHE
BEYTTHCORRD bhiz, Aty ) FABEC LSS v 7 ROBERYRIE(-), HIF
(1), B~ ELTR LITRL TS, K g-mg BEEARECAR KON TE Vs
7 RAMT AHEESRED b,
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4) Reh g,-mg FIEME - BHER L 0BR (M 4)

FAF— THECEE MER(E) L EoBEEY 2 L9 Sl R0 mEE#Eyv-Thd 100 mg/dl
LTOERBECH - -0 CHUER OEER & 2BFRoy, BoRE L 5 REBMLEAY
5) FHTE L, COBHERAOHEEEIR - mg BEBIrSECTIZREERETH), B
Brc ¥ - REORE LR 8- mg MIEAESSREC I oh THAT2HEHEAED Hhis,

* Renal
Hr * Tubolar A e Slutosurip
Pratemarg

Uringey  Suger

Urinory Prolein

10 w0 w! [ 0* L 10 ' 0 0 162 0%

Correcled U- By mg lugfg-crl Corrected U-B, mg [pg/gcrl

K 3 R a-microglobulin BE (7 73 = K 4 R g-microglobulinBE (s v 7+ =

YHIEE) FRE Vs (REEM CHIENE) & RE (BHER) Lo
vy R) O : B4

Fig. 3 Ralationship between corrected urinary Fig. 4 Relationship between corrected urinary
Be-microglobulin concentration and uri- A—microglobulin concentration and uri-
nary protein (tubular proteinuria) nary sugar (renal glucosuria)

5) R pmg WiEE L RPB7 i 7 EFL08E (W5
RBHE7 1 /8FIR a-mg HEMAIBEC/L 2 on T ERTAEAYRL, BEORBITIL
BREOEQOHBAED LR,

6) R srmg HIEME & BE LR LA RATRESERIN L 0K (B6, 7

25 FICo\ TR B-mg HIE & LR 5 BN A RIS EERE CRE R LA IPRAR LD
BRI ~T, R S-mg BEMISEOFIZE LY £ OBERET TREEYRL. 6L E
Bmg WIEEA T REREREEORE L BELHBEY R T Z L 2AHLITH S,

75, 1975 0 5 1977 F T T R EERE DO g-mg ¥ RREL & IS EOER 215 £
FHEED 79.6%ICHY) D3L8BHAELEY (R amg EOHE 32ALRM) b
oA RAEEREREYT-> T\ 5, %@&ﬁ%ﬂ7kvhtoﬁmnmﬁmﬁmﬁﬁﬁﬂﬁ
BEORRERUVEEORE L BELEEY L2 ARSI iz,
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B 5 R pg-microglobulinB®E (7 1v7F= K 6 K g microglobulin B (7 v7F =

vHRIEE LRPE7 I s EHRLOH VHIEME) LAt REEERERERA
BS VAT

Fig. 5 Relationship between corrected urinary 1978 4B 25 0 BB
B-microglobulin concentration and uri-  Fig. 6 Relationship between corrected urinary
nary total amino nitrogen S-microglobulin concgntration of each’

resident and the total number of proxi-
mal renal tubular function tests in
which abnormal results were found (25
cases examined in 1978}
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Fig. 7 Relationship between corrected urinary g-microglobulin concentration of
each resident and the total number of proximal renal tubular function tests in
which abnormal results were found (58 cases examined in 1975-1977)
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# 2 BREBRETHEER (0 F v 4 2EFRR) EERUNBROR
&-microglobulin #E (log Mg/g creatinine)

Table 2 Mean and standard error of common logarithm of corrected urinary -
microglobulin concentration (ug/g creatinine) in each age group

Residents in Hosogoe area Control
Age
1976 1977

total total males females total males females

3-9 N — 23 11 12 26 13 13
Mean — 220 216 228 219 217 2.2
S.E. — 0.05  0.07 0.08 0.04 007  0.04

10—19 N 21 28 14 14 48 28 30
Mean 2.27 2.13 2.10 2.17 1.93 2.09 1.78
S E. 0.06 0.07 0.11 0.09 0.04 0.05 0.05

20—29 N 13 21 8 13 23 12 11
Mean 1.93 2.03 2.00 2.05 1.81 1.75 1.87
S. E 0.07 0.05 0.09 0.06 0.03 0.04 0.05

30—39 N 22 29 14 15 23 11 12
Mean 2.34 2.31 2.24 2.38 1.97 1.91 2.03
S E (.08 0.07 0.12 0.08 0.07 0.10 0.09

40—49 N 31 36 15 21 23 8 15
Mean 2.58 2.54 2.69 2.44 1.96 1.93 1.97
S.E. 0.07 0.06 0.11 0.07 0.06 0.09 (.08

50—59 N 30 37 17 20 20 9 11
Mean 2.60 2.53 2.45 2.60 2.04 2.00 2.08
S.E 0.08 0.07 0.10 0.10 0.08 0.14 0.10

60—69 N 21 22 11 11 20 11 9
Mean 3.04 3.04 2.87 3.21 2.24 2.30 2.16
5. E. .13 0.12 0.20 0.13 0.08 0.11 0.12

70—79 N 8 10 5 5 30 27 23
Mean 3.42 3.35 2.98 3.71 2.48 2.51 2.44
S5 E. 0.30 0.24 0.23 0.38 (.05 0.08 0.07

80— N 7 9 3 6 11 4 7
Mean 3.84 3.57 3.51 3.61 2.65 2.93 2.48
S.E. 0.25 0.26 0.34 0.38 0.17 0.31 0.18

4.2 MEBREERDR 4-mg WA

D #RADHE (F2, H8)

HEH (BEF) OR g-mg MEM 20 AP BRSEL, 20 X1 ORI B -TE
A4 HERYRE L, SRBEKER (BLas) b 1976 8, 1977 €8 & b B & [ UER
ZRLICH, WTFhoMR T RIHHEEHRBE L O &<, B EoZRFERE b (BE
FHEOWINE L) I LR TAEEHED S, RARECHT A EEER 96 EE T
20 ACKER < TN TR, £ 10 1977 FE T 20 R % &1 10 R EOT T
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\Ur

IR} p=0M EE F=00l
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S TS S T
SRS EEEE e 3 0 W 0 G 0 T
years 19 29 3 49 53 B3 79 yeers 9 19 29 1| 49 B 6y T

Mean years Mean years
K 1 1 A yéal
of rasidence L T of residence ° 12 1T B 3B ¥ 2 & W

B 8 #»VFivisitBERRuEERERUNREHEOCR g-microglobulin BE (7 v
TF = YHIEE) DEBRFOLE

Fig. 8 The averabe value of corrected urinary & microglobulin concentration in
each age group in Hosogoe area and control

Bhht, ThHEARBEOED LALBRIAEE & & T-TABKE 30 5 PREEFES
15 o TH > 7o PHEESEEY B FREHEOHRORE - mg HEEIIRELHED
Eofed iz,

A ERo SO HEETH LR gmg BIEHED T5HE L oMoV EoEE(r=
0.97, P<0.001) @b bl

2) BaHloE (®9)

® f-mg WL E T AEER O Fi - BB L ClET 5 &, REE B o R HHE
T RTORTHERY LAY, AEERBRREFH~TOERCEADLAL, THETLH
BoER RD LR, SEEXI0EARNLEOTRToRKETEDGR, Bl b L u@BEFLOE
BERATH -1,

5. ¥ ¥

EfRAERERE L LTELEBRORD LA 5 5 BEHORE - RIE g-microglobulin
BENEYRAMBC 25 E0 ¥ v o HEFRMBERCT » 7o, 0 25 Rl RAEHRED
ERDOLOILEECEEIR TV L0 TIEEETH 125, K f-microglobulin BLEE X
R FATREEEOERRUEEOEER & BEcHEAH b, R g-microglobulin @ 0 & T
Tt RAEBEORRYERT A L EE L SR (B6, 7).

R RAESEEEIRERREO ST RV TIRLTHE 2 —F ~RELIZV- 2T, K
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B 9 »V:vatERRuiERR CWBEOR 4-microglobulin BE (7 v
7F = vHIEE DO R

Fig. 9 Comparison of the average values of corrected urinary g:—microglobulin
concentration between Hosogoe residents and control people

FEFRL S A BOERRER T TS &y, & & AL R A B EE O TR L
AN~ S BOREDTRT RS LERS S,

HY 1y AOREREEEORINRLELIGRLEBCSBOBEREYT ) 2 LABKCH
B, BECERETHS, LEB-TIRETERAY ) —=v /52 b THRICRELEbh
HERYE 77 5 7L TT-0ThH35, REIEREZECS 2288 (FEOKMHER, &
PR ER V2 ARTAREBAE 2E, 3B EREYTV 7+ —T5 2 L3 EHETH-
o

BAPZ R LERER SR Lt SIZRBRYERL g-microglobulin % QEF 57211
TEAD VA THEAD VA THAMKMTEEYTD 2 LN E L -1,

AN REATRERECLADRE LRV ERDR g-microglobulin 1,000 kg/g creatinine L
Tehot, —H, BEOAE (4~58 HEEOHE BERMCISELIMKATRER
‘HHE, Multiple proximal renal tubular dysfunction & ¥ z) 2464 1,000 zg/g creatinine
A Ev# -7z, R g-microglobulin & 4EHE L 1,000 g/g creatinine DRi#EICE 2 T Ly
EBbhn,

Z DR g-microglobulin % X R/ NMEET Mo £ ER TRE LR L LELIL 22,
R 15 FUEREEL TV 2HERIFFROMNBR L) b ETOSELYRLIL S6ILER,
HEORK g-miroglobulin i(NEEFREPR LDz Y RERRL I,

A BOREIIR 45 10 EOFER 2 TRHEROERIGI L RATRERE L TVH O
Lzl L e~ L o,

THLLREBROBRELITAV I v 20RFHBORRILCLORE T THML Z L HialEE
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Kitothb3Tthb,

BFIVARLLBA, B0 KBAIOESR WEBE ahlmy ERXX
HBRLELEEEYST S, IV FRcE 2N REYEC I 2L EBREEOR LSO
, TR, HEBROETH 5. BEEOATS I RMEREE TS %5, R g-microglobulin
BB S F 1 aildihd T BoRRERYECEREOL D b0V TL, BRERBOFR
B|EDLLDCEDTHEGRFE LT TH D, ;

ST AR OB S0V TE 21E, HEROE &-microglobulin 230 BRI B L TEL <
BETHL, chd I oERCEMRHEEREENAMEBL WA L RE%T 5, CORBELT
ERK, HEEX, HBERERIRSEGIIOBENEA FIvALEZLRD, Ll
BEHEdbths, OB TEH Vv aioBEEYHC L SBFEEY DFLTD
AT HE TR FEET R,

51 B X ™

1) Saito, H., R. Shioji, Y. Hurukawa, K. Nagai, T. Arikawa, T. Saito, Y. Sasaki, T. Furuyama and
K. Yoshinaga (1977): Cadmium-induced proximal tubular dysfunction in a cadmium-polluted
area. Contr. Nephrol,, 6, 1-12. ’

2) EHB OB-EREG.ENERE-E)) £ -HEER-EXF- kL REEEHWU l&%‘fﬂ( -
(1975) : # Vi o s EE S E-3<@ME» F 1 v ahBORR.  FPES443E 64, 1371-1383.

3) AFAAAARBIORED ¥ v AhBCBT SRAFRBA979) | 2 F 3 v s X HRESH
Mg REFEEREEREOBT R I USSR BXARTEHS.

4) FEE B -H = Q978 BEFFEHRNEOER. HAEEWE 27, 1237-1242,

5) # E=-F#E E-FHEBE-®BL B-SORb-cEELR-sU Eodk E-FHN R
KHHk— (1981 © » ¥ 3 ¥ A BEFREHERORYF g-microglobulin—ttH {45, #RlOKE,
O UOR RAAERERSE & o ke, AEFEFYSHE 23, 45-62. .
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EuvAHFHRHHERE H6785 (R6778D
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No.67, 1984.

M-2. HFI7LZFEEDRK B-microglobulin
FEEOBMOBFOME

Renal Handling of s-microglobulin in
Cadmium-Exposed People

i B e hBF B
Hiroshi SAITO!, Kozo SHITOMI' and Atsuhiro NAKANQ!

E B

1978 4F 6 AR R AMRET BRI (7 F ¢ » A LERBE IR © 25 R0 BHERK2
T g-microglobulin  clearance, R#% &-microglobulin FRILE, K+ B-micro-
globulin BEt-o>B % 3 U o, FIHIKIC 125 BELL O ER2200 £ b, BAD 10FEED
BEAZCIV2BOBHESHB LT3, Zokrr bR RE (IR OERaY
BT ADRFEOLRVLD, BEREOHZIO, BERKYRTLOX 25 BEUH
LTxig s L, B gmicroglobulin i oB OBy A ERGEHFALIBERE, &
RERR7c X O RABEBERE LA L T B ERAITRRME 5 -microglobulin
FRES 99.90%L Exm L icows L, R0t il B RINEL 95% ~80%~25%
FEWURET2RL I, K g-microglobulin ¥ -2 & (ug/min) & R #¥F & micro-
globulin 7 ¥ 7 7 ¥ A0 EELIEOHEM (Y =093 X —0.21, »=0.99, »=25)
ABHLHI b, BB LML ¢ 5 g-microglobulin B E & ORic4e < HBMO o o
kb, BV iy aLEERMKERCEG 2R 5 F S-microglobulin Bie-o1imit
R cRI2B8RREECI 0 LRI R,

Abstract

In June, 1978, estimation of g-microglobulin (8-mg) clearance and of urinary
excretion rate of S.—mg was done on 25 residents aged from 40-86, living in a cadmium
-polluted area for a long time (Kosaka town, Akita Pref. Japan).

Plasma £,-mg concentrations were under 4 mg/1, namely under the renal thresh.
old of £-mg, in most of residents. There was no correlation between plasma 8-mg
concentration and urinary excretion rate of 8&-mg. From this fact overflow type
S—microglobulinuria was completely denied.

There was a statistically significant correlation between urinary g-mg excretion

1. ENIAFHWEFREFRT T 305 FREFENE MEET/ ) 16-2
Environmental Health Sciences Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan
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rate and &-mg clearance { ¥ =0.93x+0.21, »=0.99, n:25).‘ Residents with higher
excretion rate showed lower renal tubular reabsorption of &mg (% TRz-mg).
Here it must be remembered that % TRgmg = (1~ g,-mg clearance) X 100.

All of residents with abnormally increased %-mg excretion rate had some indi-
cations of renal tubular dysfunctions, such as renal glucosuria, tubular proteinuria, and
generalized aminoaciduria.

From these results we concluded that increased urinary B-mg excretion origi-
nated in defective renal tubular reabsorption of 8-mg and meant the presence of renal
tubular dysfunction induced by environmental cadmium.

1. Brsic
BEES VI 7 ARE, YAV VRN EOVWbW A RN RATBRERTECKRBNTR
D—2EDF & v~ 2 K (low molecular weight proteinuria) @35 2 AL L HBLR T
b

B E R T, light-chain, retinol binding protein, g-microglobulin 7¢ ¥ D3 FE&4 1
~BHEOML » HEFFE VA2 XBEECTHL @ 5 25 ARGEER (DEFs *Ed]
SHETITHRATECKSG, BFH, Na K, 7a3—A, 731 7Bl LiiclBTLs (5B
EhTLB), LA LRATECRIEN0%E BRAT LRI L P BRI EB{Ly 51517
BHEFADBOII 4 2B LD TH S, albumin, y—globulin e EOFEG T2 22 (5FE40,000
B ics U Tk ER G R ER 233584 7s barrier & 7¢ 5> TV 3D TRF~AD I M HDEFF 4
vAseob I HMBTH D,

BEEORTCIBF v~/ BE T 10me/dl #2252 L, Bke>8% 1 B 100~150 mg
ChuvEBEEL LR TV A, .

BFR, x7 e —ER S TRORD & V47 RITRERGIEEEE O barrier & L TOBEIYET
Liciedic Rpic albumin #* & ETHML x 5BF T 5 v~ 27 BBHLEBETH Y, RETE
BERBCEDbRL & v 7 RIARGEEE L BB L cml x 5EFF# w47 (ABEh
LEIREELIEDLLLV) PREE LEARVEEY S T A 00 HER « BE2hTER
FICHTER L LILE D, DX VA2 RTCRYUROZ LRV LEFF & v s kLS,

ChETHRE Eug~Bmg/) DEZFX V2 2WUETELHEN DT, 2D
YA FOZETBESEKBRC L > T3 TE 4, L L o okBHRE k 28T 1T
b oThh, FLFHTEESADLIBECLEEATLRUAEBREYRT oD, FA
BEEOAY V-2V X EDTHEHYRFETS ), RECBEYMS o0 FHE, i
bHEERE L L TOMEE - A,

L BREECTE -, EBRFH V12 ©O—D>TH % g -microglobulin (LT g&-mg & B+ o
radioimmunoassaylE 2B I T, RHATEEAIL L SHAMEEOCR L mg (10~300,g/1)
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# Y v A REREORS microglobulin i ->ino B Ot

HEETED LSt

LT oRESRASRERED— L LIRS bR A @Er > T2 12,
Bk Ttoicl s, FamgDs 7+ = VHlE (ug/g creatinine) (LT
R Smg MIEME &L 20 F 3 v ARBBEORVRMTERIEREORE (HIEE) ORI\ -3
BErhar bR CRUBDTEH LD, Fiodfcs ¥ v o tBEFERHoREHALTT
AREXBATLL LRI, » VYA L RREEYRE i, Lird I FHOR
BETRAZKH TR A LE2LE 3 HFTOHRBBORE CHRIEL 1Y,

AR LR ~D g-mg Bieo 0l (o & meg B, Renal handling of 8-mg) #8 L
BIELT, VI AoRREBORPZKRE L TOR grmg OFHAM BT 510 Th
iz,

2. HBRBRUAFE

1978 £ 6 F i Bk H IR/ MERT MR (7 ¥ 3 7 A LERBERIR) © 25 LoERico>\W T R
fERED 2 BSRIR (6.00-8.00am) *HHEIL, FERHC~ty VBT -1,

EXDR 972 FLORRABKOLER (J200 %) OBEAEY R TR ), HERoFRE
DOEBCER L TE I, ZOHER 2002001 LAMEMERECLAODRE D0, BE
REODHID, FELEEREYTRTEREY BAZCRLTHRELLLDOTH 5, 4, I
HELORLA L I, BHE 124, 40~70 8, Tt 13 4, 46~86 ROWETH - 1o, ok,
ZOBEADFWESHHMY VT IRLOBRERE LR g BEOAROHEAS B 2 LTo\
TS LA,

BREHBCREYEEL, -t 0o aeM2T4CEREELE, ML % (4 CHRAE) BT
ROz vrs=v (Jaffe ), mg(FF A L7 F7 v A, wd/Feg-<A7aFAL)
ZEBERIE 1 AR R BE L,

FVTF=vRUBmMmg s VT 7Y A (Ca, Comg) IATOTEHELDFEL

x BWEXor Y735~ (ml/min)
x BB X oFPBRE (mg/mD
SV 1Mo RE (ml/mind
Px 8 X OmMBEE (mg/ml)
58, Chmglt Cal AT HERE, T7bb Coamg (%G ELTRLE,

BT s mgH R I E (Y%tubular reabsorption of 8- mg, % TRa-mg) 3 100- Coomy
(%Cr) ELTHRDBLRD,

R gmg WIEME (ug/mg creatinine) (3R -mg BE (pg/mD 2R 2 v7 F = v RE (mg/
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mD) CELME TihbbEIv7s=vieo]l mg %) DR g-mg OB SBETH D,

3.8 B
25 Bl frmg AT A YR 1 WWRL 1o, Rk >80 e VWERHIARETILTH 5,

3.1 p-mg clearance (%C.) ML : 5 g-mgBE L OBEK (F1, K1)

MU x5 B-mg A 1.5~4.4 mg/| DEFECH 5 19 FITi3 g-mg clearance(%Cerd, LT M5
Comg (%Cer) LB, 201FED DG, 1, BB IOLEOFEYRFTIOFTEEEE
THhH, ML 5 4-mgBEL Come(%Cr) L ORI o, ML + & g-mg 7 5.0
mg/1 DA EDERR LI 6 Bl TEEfd Camg(%C)?3 10 LA ETHH, ML £ 5 S-mgHi1.5~4.4
mg/l DFEO 191 L H $BETH - 1.

32 Ml % meBELR e mebke>BEOHB R1, B2)

MmL x5 g-mgdl.5~4.4mg/l DEEED 19 $ITIR g-mg BEe>Ei2 0.04~26.25 xg/min
O S D, MEORICHEEL o ML x5 G-mg £ 5.0mg/l LLED 6 BT, Vh
IR fmg BEe-0RI213.06 wg/min LLEYRL, 2ED 19F X b b RbPkoRNEETH -
oo

oML mgBELt R mgHie R L OBGRIL ;5 54 mEgBE L Come
(%Cer) EDBE (H1) LEEE—HL T,

3.3 R mg#eoBE CG-me (%C,) LM (F1, 3D
R a-mg OB FTNIEE B Coag (%C) XA ERBLID, WEORICERIIE
OHEATED bR (Y=0.93,X-0.21,2=25,r=0.99),

3.4 RGmgieoRk (ug/min) LR g mg WM (ug/mger) LoMBY (K1, E4)
% g-mg Pkeof (ug/min) LR f-mg MIEME (ug/ger) &ORICIBETIEOHEB G
Bdhhtc (Y=1.02X+0.11,2=25,r=0.99),

3.5 R g-mg®WiFl (ug/mgcr) & Ch-mg (%Ce) L0HEBI (E1, ®5)
I g-mg WIEE L Comg (%Cor) & OMICHEEICIEDHR (Y =0.91 X—0.31,7=0.99) #

%b LRtz

4, 2 %
HE X (RPce 23 h3HHLOETRTEYTREL) 027 V7 7 VAL, R
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AFI Y A%ﬁ%ﬂ)ﬁibg-microglobulin o no B OB

* 1 B,-microglobulin ® R pEfe->B RN V77 7/ A
PR SN ARSI R 25 45 0 U

Table 1 Urinary excretion and renal tubular reabsorption of 8-microglobulin in 25
Hosogoe residents

Clearance

Plasma Urine

Case Sex Age CRT* & —mg*? Ccr‘a C,a,—mg" %T&?,—-mg“ f—mg**  f—mg*’ &_mg“

mg/d] mg/l mimin (% Cp) ug/ml  ugfmg-cr  ug/min
1 M 5 1.2 1.5 94 0.03 59,97 0.004 0.033 0.04
2 F 53 1.0 1.5 64 g.11 99 .89 0.018 0.162 0.10
3 F 50 1.1 2.5 79 0.06 99 .94 0.026 0.122 0.11
4 F 71 1.0 1.7 70 0.09 99,91 0.048 0.169 0.11
5 F 48 1.0 1.6 45 (.16 99,84 0.042 0.269 0.12
6 F 59 1.1 2.1 96 (.06 95 .94 0.046 0.122 0.13
7 M 77 1.4 2.8 56 0,08 99.52 0.060 0.166 0.13
8 F 67 1.2 3.3 40 0.11 99.89 0.180 0.297 0.15
9 M 45 1.4 4.4 73 0.13 99 87 0.680 0.409 0.25
1w F 46 1.1 1.6 70 0.26 99.74 0.072 0.355 0.28
11 M 5 1.3 2.2 88 0.17 99,83 0.098 0.295 0.33
12 M 60 1.2 2,7 69 0.19 99 81 0.240 0.441 0.33
13 M 55 1.2 1.8 112 0.47 99 .53 0.760 (4.718 0.99
14 F 64 1.1 2.4 80 0.65 99.35 1.160 1.433 1.26
15 M 58 1.2 3.2 108 1.07 98.93 3.200 2.846 3.69 .
16 M 40 1.4 1.9 .97 2.47 97.53 0.980 3.406 4.54
17 M 2 1.4 2.8 45 4.43 95.57 4.300 8.743 5.59
18 F 67 1.5 2.6 39 7.73 92,27 7.275 13.539 7.88
19 F 84 1.6 6.4 24 8.58 91,42 11.200 33.473 13.06
20 F 77 1.9 6.4 24 13.21 86.79 22.500 44,493 20.63
21 M &4 1.5 3.1 66 12.87 87.13 9.000  26.072 26.25
2 M 7 2.3 6.6 43 15.64 84.36 15.000 45468 44.38
23 F 8 1.2 5.0 57 15.68 84.32 21.000 67.010 44 45
24 M W 1.7 6.6 63 12.23 87.77 34.000 46.916 51.00
25 F 8 2.6 6.8 16 75.47 24 .53 68.000  200.472 80.07

« 1 creatinine, +2 &—microglobulin, +3 creatinine clearance, 4 B —microglobulin clearance (%Cer) .
+5 %tubular reabsorption of g —microglobulin, <6 &—microglobulin concentration in urine,

« 7 corrected ; —microglobulin concentration (g/g. creatinine} , 8 urinary excretion of & —microglobulin (ug/
min}

A1 awBET?2) ArRdefe23niHBE X 0f (Ux-V) 2X0ROMmL » 5F
OB X OBE (Px) TRLAELDTHD, 2v7F=v V75 ARKRATHELLND,

Ucr' V

Co= P

(1)
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7 VT F = v BB TR HARGEER (M%) »&CROTECOERAOES
BELINARAIRT DML r HWCHFET D2 V75 = v IRAEECERINS 5@ 5 107,
BETHIIARERLABEALENFO R 22 s L W5 BENS D,

Co Thbbs v7F=vo 1| FHORPHERSB*ML 57 v 7F = VvBETHRLELLD
i, ABREHL 1IFECLBEIRZML @ SECELT LIV, '

ComgdKETE L bR B,

Cp-mg (% Cor) =Cﬁé——‘"‘g X100

— Ug,-mg -V x
Pg,-mg . Ccr 100
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Paomg® CortZBHIRERT (147D WARBHLLBEIND £ mg DB%, Usmg VIIE>ET
SIS RFBER OB TH Do LI T Carmg{ % Cer) 1R R 5 b RAIEREZ A8 X Rtz B-mg
D5 HLOMBHERTCHR D IR EFREHL T35, BTk T5 5-mg BRNEEEES
HF TN Comg (%Cr) R TDHE LTl s,

% TRs-mg (RAEE g-mg BRIE)

=(P,s,‘mg . Ccr)— (U,e,-mg . V)
(PE[,&‘mg . CEIcr)

Uﬁ,-mg - V
= (1—-+F——— )X
(1 P ) X100

(1—%’:’3)><100

:IOD_Cﬂ,-mg (%Ccr) ‘ (4)

% 100 (3

% TRy mgt Came(%C) LHEBTH » C, VT h b ARE,:SFATECAHBIhT: 3 mg
DRAEBFRNOBELETHETH 5.

2T, KAR/NMRETHBEBER D 25 50K g-mg e >R %45 & 0.04 4g/min ¥ B/ L
LT, 0.33, 0.99, 5.59, 26.25, 51.00 & KRB\ L, 80.07 xg/min BBRATH-7(F 1),

—BICREEDOR g-mg B0/ 0.35 yg/min (500 pg/d) BT & TRT5Y, MR
WEOERD B 124 (Case 13~25) wEB oM B bhteo LD,
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# ¥ iy A BBEORL microglobulin Sk Ino @A O F 5

Smg ORMEBERREIREE T1299.9%LE, Comg (%Cr) T2 0. 1%L TEER
Tu5%, figo 25 ZOERO TR gmg e >BrE BB L E 2 65 12 B (case 1
~12) ©5H 90 1R E D Coomg (%Cer) TR LK. —F, KRG mgBie->MACiXCsmg
(% Corntin, TbbREAE g mg BRNEOETAEHCchIe 53 LR gmg B>
BrAEMLT-A Lz, H3mmLicbBhThs,

A F 3y A BRE CMETER) KRS bR g-mg S8t RMEFRIIEDOE T
LhHEEEREND,

¥ Comg (%Ce) RUR g-mg g oBO@MA ML 1 % g-mg BE L ERAGRL VS HE
(EDOHBCEETDH S, pmgh¥n¥, 71 /B, /13—, REREOAREND
HBINLOLRMECHRRY 5 T HEHIRHETEREEOE T ORI, ABRED LR
BE~DUBYEOHBRNARD L ZCLREROBFARBICHEITI1LTH S,

FHEEHLOMBEHERN (BEZ 5RICE S - TR b, 5 active transport) i 1AE
HOBRR (HRINES, Hi¢-o\ 2{f, renal tubular threshold) 23k b, “h% EELZENE
M2 L RAETRECEE 2 THLBRELEA S - ARAZ T 0T T RPCHAL,
BELLTEHESBMEP T, 0% 14 7Ot overflow & ifh T3,

ERROBRESCORNCAL BEMEC-DEREE s/ v 2 - 2ABRNEE Y 2 25/ v2 —
ANHBETHLOTRENHRAT S it d, :

Mg CEWTIL MU : 5BE 1~ 4 mg/IEREEOML ; 5BE—FT5)Tid overflow
BRILITVWEIRTWS,

1, H26lbhkliwmml x5 g-mg PEBROEHEHED Y 250 Camg (%) B
B pmg Be-om S BAGETE 0 10 £ 5 100 fFLl hic b Rs#nyrigEnbhi, fdBEEo
R g-mg Bk -ofmA overflow i L 5 D¢/, RATERNEEC LS &8, - DR
HLLBER IR LTS, .

ML x5 &-mgd s mg/l Lk (BREEEY - 2 BE) » RLAERS 6 BHFELL, =
no 6 GOFBECHFMINICHRE L, RHTBREREI ERL, KRECAREGEEELE
L7zt g-mg O MpF @ (retention) ¥ /- L7z L BB L7129, 2 HO W CIIREE 4-mg
BREEOETIZINL T, overflow it X 25k >N ERTEEELLNS,

R fmg MIEME (pg/mg cr) HF g-mg Bido& (ug/min) *@ELEOHBYHEL TV
2 (B4, Y=102X+0.11, »=0.99, »n=25),

Usmglug/ml) _ Up-mg* V
Uz (mg/ml) UV

(ORIVR pmg/ R7 V7 F=vBRELIBUBRAO, v 7+ = v HRDORE g-meg B
BOFEDHICFE L,

FUTF=2vid] B 24HH 1440 2B C—E0RE CHr LRI OIS, AT

(ug/mg cr) (52
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HE OR-¥ ¥==.0HES

1 oEEESR L mg TH D,

BANE g-mg WIEME LA (5D V7 F= w2 1 mg M4 b D g-mg BEeE>E
CEDTEBEV LTc D THADEHN L V75 = vikd- Bl 1l mg/min THDHZ L,
ZOERR & mg O 15O B LT I ENTE 5, Z OHEEMENEIE & & ALBR
EHELPRFARRLEEEITHY 1 | 1 ONEIED LR,

REGTHEDEOLGERORRBECRPLUZHE OB sBOX/ N2 AH - LIXRIED
IetE®R S, LLAERLCBEEORBE L TS AR & s LTRMEE (KnidoRiic
ERTEGORVERI N BB IR R) YBT3 - LR i, FBERER (0
H¥5AEy PR HED, HRLTHEEYBOREOSEYHEOBEO A/ MNCBER 2L
EDfThbh T,

FEREORBCRELIKGERE, &8, BT, BEALIIFII0RTIYAZLER
BRI, YEHWEDORFBEDOANLHRORD AN Y, FEENBE»ZHN TS S
LR T EAE,
EAoRBIERREYBV T 7 v 7 F = v 2RBIETS 22121 Y g-mg ORFHeo#
REFCHD A EXTTLELDOTHY, 2V Iv20RREBOFMELYCEART L
ANEBHTLKEVEFELD,

¥, COFKIR S mg i T, @20Mml & H BEROTNTOEDH IOV THY
TREZLDOTHY, REFTIBEOLERBORROBBCTRIROAELES ),

50 B X M
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HAHFAPTHREE 675 (R-67-84
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No67, 1984.

-3. B-microglobulin 2 J 7 7 AR UK B-microglobulin
e >ENBREHOHE

Diurnal Variations in g-microglobulin Clearance (% () and

Urinary Excretion of g-microglobulin

wE R eTEF BE-ZE s
2¥ EF EL TF
Hiroshi SAITO', Atsuhiro NAKANQO', Yuko MITANE' and
Naoko SUGIHIRA' and Chiharu TOHYAMA!

B2 B

KGRI (7 F ¢ v & 2EGRE) © e ZINOER29 A, RUFZhERASF
ORI BB (FIRIBAEAT A 21 AT, FRI6R BB HIE 6 R ¥ T 24 B5fH
R 6B LRl L, RERCHED L TR g-microglobulin k2 -o& (pg/min), K
I g-microglobulin FRINE (% TRy -mg) OEBAEE, ANEE¥RITL,

Frhdeg->8i3 6.00 am-12,00 am 24T, LIERRE & £ b L, 0.00 am-6.00 am
2R/ diurnal rhythm 230 BH TR b, e 2BEOEEER I 0.100 xg/min
LIF, RAEERNEOEIIT9 . 90%HUEEE 2 Bhiz,

HBER D 50% L) EAR B O 10~100 5 LofkeoRoRim & HFRIEEMET 2R
L., diurnal rhythm %% LTV -7, S-microglobulin B> %R Lo BB
HFE, BRERE &) vBRREOLALHOENFATEEREOMBLAL Tk,

& B-microglobulin/creatinine I (ug/mg creatinine) (3% g,-micrglobulin #t-¢-2&
(eg/min) &i3iF1  10HEBEEH LA (V=0.81,X40.03, r=0.94, n=50); = NE
OV L b, FENRE 2 8BRT R, $#l1L 7 < T g-microglobulin #i¢2B %K
BIMs e, FtorbARaTREEEOTRY IR T L&
AMEEE & fr -7,

Abstract

Diurnal variations in urinary excretion of B-microglobulin {&-mg) and renal
tubular reabsorption of g-mg (% THs; g} were estimated in 29 residents in a cad-
mium-polluted area (Kosakatown, Akita pref. ) and 21 control people (Tsukuba town,
Ibaraki pref. ) aged from 58-74 in 1980.

1. EirAEmarmBERes T 305 SRRk ES Bmer /i 16-2
Environmental Health Sciences Division, the Nationa) Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan

- 177 —



FE B RISH - SEET - BEET - ITE

In control people, urinary excretion rate of Z,-mg (ug/min) was the highest in the
morning (6.00-12.00am). [t decreased with time, and became the lowest in the
midnight period (0.00-6.00am). The excretion rate was less than 0.1004g/min, and %
TR3-mg was mere than 99.90. Kosaka people showed much higher excretion rate of
G&-mg and much lower %4 TR& mg. All Kosaka people with increased 5&—mg excre-
tion rate had some indications of renal tubular dysfunctions, such as renal glucosuria,
tubular proteinuria, and hyperuricosuria.

There was a very close relationship between urine g-mg/creatinine ratio (ug/mg.
creatinine) and urinary excretion rate of g-mg (pg/min), (¥ =0.81x+0.03,»=0.99,
#=25). From a character of creatinine excretion urine £-mg/creatininine ratio can
be considered to be an amount of g-mg excreted in urine in one minute. So this
excellent correlation is quite reasconable.

Our study made it possible to know urinary excretion of g—mg accurately and to
detect people with renal tubular dysfunctions induced by environmental cadmium in an
early stage, only using spentaneouly voided urine, not collecting timed urine and blood
samples.

1. L

AGDEE A ¥ ¢ v ARBBBLET D, MMrOARGRER (DT »ETROE
B ABRINAERE, VB, WAV U A, Fan—A, EFTFEVS7 R EOREOENE
AT 517 5 TR & M~ R0 Bl pESE 3 1 C, 5 R RAEIIER HE Multiple
proximal renal tubular dysfunction) rEHTh ZRBOBETHZ &2 ¥ ¢ v s BBIFRE,
» 3o A HEERREROBEBCI VWL EA T B,

ERR, 3 vR #4v 9 AORFEACE SRMIT ¥ -V X, §) VBN, Erry
AMAFET S E, LELEFRLEOAHTS S LB EDOATL B,

VBB A XA 4 5 4L RO RETEECES C BFRETRETRLEX AT,

LI AT, SREOEMREEREEODR I 24 BRE, 2812 KR, Bkbx S oM%Y
AVTORER S SHOBE LT (REE) BERESALETH), ARLTTbhb00 %R
ThHb, BE~BFACHR T HERED TEREL ACRUTREORE YT 5 LR
BETH-i.

A P CBRETEOHR, FrBREFLEEI T3 S 0REORETHELYETS
# ¥ v A LRGRIIRER 65 RIS OV ESF 5 V7 D—2ThH% f-microglobulin (M.
W.11, 800) > ReFgk-#of & 5 H A O RMTRERERS £ ¥ ERH L1z, £ L TREROR
DORMOBEHMEM RETREREOREE L B (EELHBEYA TS L, ¥z ok
&-microglobulin k¢ >EOBINIFME 31T 5 g-microglobulin (LI'F g-mg LBET.D D
FRNBEOETICIALDTHE I LWL LM,

XL RHROR g-mgR2 V7 F = VIRE . (ug/mg creativine) 7R g-mg BrgoB (ug/

— 178 —




&mz 75y ARCRS-m e80T OWE

min) & 11 OWEOHHZ L (V=1.02X+0.11, »=0.99, n=25) %WLic L, Ti
bbb, ML o RRTHNIRNRMAIC ) ORELHPDELTY, 2v79=vE fmgh
REFTIE L meg e B Y ERCHD 5 Db THS,

FREGERAE £ mg BRRROEBHER (W H@LEEBE & AREBHOFEYHEL,
1t b enifTbnts,

BRI R K X 7o HANEEB (circadian rhythm, diurnal rhythm) i, B8R a0 ©
<, 180 LOMROR (WhwhA%y PR PRAGTLANRATEEYRRAZKTY
BT, B ¥y ARREBCET RSN ERENCENL, BELTE BATFREL BT
H5,

2. HRRUFE

1980 % 6 A W RKEE/MRET MR (7 F 1 9 5 SBERR) © 59~60 BOoER 3040 24
REEIR Y 6.0 am ;15 6 R Z L 4 FEL TR 2 ERL A R B0 24 B0 £FRoWT
L HRE ML e ot BREETH (B 6.00—8.00 am OB CEM¥ T - .

AR 59~69 MOERIEBTHHTH 1o, BEOLHARTD 14, KELoMhCeR
BO4AE, GHSAIBETCER) T, TR THD,

1980 4F 12 FCRIBURAMET/INE ( ¥ ¢ 9 L3EBRHE) © 63~T74 ROER 21 ZoV-T4
CRAROHRTEM, BREXT -, OWBRABE B 63~74 ZoERDOLR Tk
TRV AR TR A ERIULY — 2 v D— D2 THLELRECBNEYHRLLILLOTH S,
SENERBRREV-I T ETIRS, BRE3 A, BRFEI A, BEFER GHREORY) 1
ADEF 5 ADBBRIMEENF TR TV-5, R, hE, FRIVME TEOEETI B3
TERRLI~ARRLIERDTH S,

RENEH, FE—-rHRY VB2 77— (PHE.2 02M) ¥R 3Imlic2fEo8lscing
T-20CIHEFELL, L 54 -20C 8T L1, Bl 2 5 RURD 7 L7 %= v (Jaffe &),
Bmg(FUr 4 asTodlk, vF /& g2y aFAL) ¥EREDRE 1 » A LARCRER
TLt,

7 VT F =y U7 T v A{creatinine clearance,Cor), Bmg 7 Y 7 7 ¥ A(g-mg clearance,
Comg) HBEBDERVEANLRDI, BE Cymght Cali T HBLRCEHA L,

Ccr:Qc;_Jc'_l/ (1)
Carmeg (%Ccr)=Uj;,:_'i va 01: X 100 (2>
%T&mzfﬁﬂ_ns'_@.cr__—gg.ﬂ‘_"xmo (3)

B Bmg * Ver
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wWH O PEEE - SHERT - BTET RNTHE

— Uﬂrmg' V 1

(1 Pae X o ) %100
= (1—%%“3)“00 (4)
=100 _Cﬂ,—mg (% Cr,r) (5 )

ER(D~GIRD PR U AMET3HHEO MM, RTRE (1 mY72h), V URE
(ml/min) T&5,

CaldZ? V7 F = L WSHBEDZ V75 v ATHBD, 20 Cor (ml/min) 3 8%HE O MRS
EEE*ECRATHECHABEMAMBEC—RT S, LtdioT Px-CuilHE X © 1 FHD
HRBRENODLARY, Uy V 1 PHcEBCR oS hic By +5,

3. B &8

FRH RN RAT I (S 30 &, TRIRIH P E IR 21 £ OBHR(0.00 am~6.00 a.m.
ORFIYE1I~4, W1~ 2R L7,6.00am12.00 a.m, 0.00 p.m—6.00 p.m, 6.00 p.m-12.00
pm DI 1 ~ 4 & L THELFR B,

3.1 Camg (%6Co) DEEMHEE (EREHE)

0.00 am-6.00 am DREEE A 5D &, Cgomg (%6Cor) VLR BRE (AWETERE, 2 ¥ 1 v AFRFHR
M) O BT 11 FI0 LM 0.01~0.10 ORBEICS - 7o HELEFBO E ZAHT(5)RLTT
Lizd Y, % TRy mg=100-Cs mg= (%C) i h, HEBBUORMAE - mg BREFE
99.90% L E &5 & Lite D, WEBBOTH T Chme(%Cor) ¢t 10 Fih 9 F1230.01~0.10 D
FEEEREIG W% B rhotc, B 1H IR I dbTFrrkT W0 0.14(F
T 99.86%) TH -1z, MHBHBLHNOTEHE (BT FHE (215844 0.05, ik 0.05 THH
CeENM oo, (FEL, £2)

ASERT I AR T Comg (% Cr) 010 LT O 0 BH 11 Ak 6 A (54%), =i 18
A6 A (33%) &Y, BEKOEESHEEO L ~I0fEoEEYTF LR, (F3, i)

3.2 Ca-mg (%Ca) DBREH

1A% 6.00amAisic 6 BRI i 4 HE LB Corme(BC) TR 1, (R 1~ 4
KRLUY, .

WRETEIBLE D Comg(%C) DERFEHEILG6.00am-12.00 amPBdIRKEL, TOb
LB L E b (e b, 0.00am-6.00 am TR/NE Kot BHEETI20.15 (6.00-12.00
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Table 1

in control people (0°.00 am-6".00 am urine)

A-microglobulin @ R epd-a-0 8 K U M8 B RINER
SR (B 487 0 BE~4-81 6 B[R

Urinary excretion rate and renal tubular reabsorption of 2-microglobulin

Plasma Clearance Urine
Case Sex Age DL CRT" 2—ma Gt e -
(em) (kg) £ —mg Gor Co-mg  %TRg_mg p-—mg* f-mg* g—mg
(mg/dD)  (mg/D  (ml/min) (%Cer) (ug/ml)  (ugfmg-ct) (ug/min)
1 Male 67 158 67 1.0 0.9 84 .03 99.497 ¢.035 0.022 0.019
2 ” 74 156 63 1.2 4.1 53 0.01 99.99 0.029 0.039 0.025
3 ” 65 172 83 1.0 0.4 106 0.08 99.92 0.024 0.035 0.036
4 ” 63 161 65 1.0 1.3 90 0.04 99.96 0.049 0.046 0.042
5 ” 73 158 62 1.3 1.1 55 0.07 99,93 0.051 0.061 0.043
6 # 67 158 65 1.0 1.2 76 0.06 99.94 0.049 0.068 0.050
7 4 68 154 59 1.2 1.3 85 0.06 99.94 ¢.051 0.063 0.068
8 # 65 157 42 1.0 1.1 98 0.06 99.94 0.046 0.069 0.068
9 4 68 164 56 1.1 1.2 9 0.08 99.92 0.046 0.088 0.088
10 ” 66 162 54 1.1 1.0 94 0.09 95.91 0.047 0.086 0.089
11 # 69 164 59 1.1 1.0 96 0.10 99 .90 0.045 0.050 0.094
Mean 68 160 61 1.1 1.3 85 0.05*" 0.042*  0.056*"  0.050*"
+5. D 3 5 1o 0.1 1.0 17
+« 1 body lenth, + 2 body weight, * 3 creatinine, + 4 g —microglobulin, s 5 creatinine clearance,

+ 6 B —microglobulin clearance (%) ,

-7

+ 8 urine g —microglobulin concentration,

+ 1 urinary excretion rate of & —microglobulin,

9% tubular reabsorption of & —microglobulin,
+ 9 urine g —microglobulin,/creatinine ratio,
« 11 geometrical mean

UHOHEENHOTCRPBU-IHOTr ~ £ L 6 ¢ WY
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* 2 p-microglobulin o K hBke -8 K U RS HRIRE
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Table 2 Urinary excretion rate and renal tubular reabsorption of g-microglobulin
in control people (0°.00 am-6".00 am urine)

Plasma Clearance Urine
BL*' BW*? —uw————
Case Sex Age (cm) (kg) CRT* p—mg* Cu** Ca—me %TRa—mg B-mg" f—mg*® B-—mg™®
(mg/dl) (mg/l) (ml/min) (%C.) (ug/ml) (pg/mgeer) Cug/min)
1 Female 66 148 62 0.8 1.3 39 0.01 99.99 0.009 0.014 0.004
2 # 67 148 58 0.9 1.5 57 8.02 99.98 0.026 0.037 0.019
3 # 70 140 46 1.0 1.0 46 0.07 99.93 0.028 0.065 0.030
4 # 63 161 ™ 1.1 2.6 47 0.03 99.97 0.063 0.963 0.032
5 " 68 146 43 6.9 0.9 47 4.07 99.93 0.08% (.087 0.036
6 # 71 149 50 0.9 1.7 53 0.04 99.96 0.082 0.078 0.039
7 ” 70 142 53 1.1 1.3 46 0.07 99.93 0.052 0.083 0.042
8 t 66 133 49 0.8 0.9 63 0.10 99.90 0.066 0.106 0.055
9 » 65 153 65 6.9 0.8 70 0.14 99.86 0.036 0.123 0.076
10 k4 67 158 45 0.8 2.7 67 0.07 99.93 0.187 0.211 0.119
Mean 68 147 53 0.9 1.5 54 0.05*" 0.048"" 0.071*"  0.034*"
+5. D 2 7 7 0.1 0.7 10

+ 1 body length, +« 2 body weight, » 3 creatinine, + 4 g —microglobulin, + 5 creatinine clearance,
* 6 A—microglobulin clearance (%{_>} , + 7 $%tubular reabsorption of & —microglobulin,

= § urine & —microglobulin concentration, + 9 urine 8 —microglobulin /creatinine ratio,

+ 10 urinary excretion rate of & —microgiobulin, + 11 geometrical mean

SR - g

cLHB= .

FLITE - L HAH



—£81 —

= 3  p-microglobulin O R >@ B U RAEFRNE
MERTHREMESEE R (0 ¥ 2 v nRERERD, BT 0~ 6 BRR
Table 3 Urinary excretion rate and renal tublar reabsorption of g-microglobulin in

Hosogoe residents (0°.00 am-6°.00 am)

Plasma Clearance Urine

Case Sex Age BL® BW** s o oo *5 +8 . S u10
tem) (kg) CRT* g—mg™ G Ga-mg %TRy _mg B—mg* f-—mg* g-mg

(mg/dly  (mg/ly (mimin) (%Co) (ug/ml) (pg/mgeer) (pg/min)

1 Male 60 174 75 1.5 2.6 64 0.01 99.99 0.027 0.016 0.015
2~ 63 156 50 1.1 0.8 37 .13 99.87 0.032  0.090 0.037
3 ~# 6 165 55 1.2 2.4 19 0.09 99.91 0.049  0.164 0.038
4 » 68 161 4 1.1 1.9 45 0.07 99,93 0.053  0.128 0.061
5 » 60 156 53 1.1 2.3 68 0.05 95 .95 0.076  0.097 0.073
A 1.0 1.5 9 0.09 99,91 0.066  0.084 0.083
7 » 61 165 55 1.2 2.5 60 0.07 59.93 0.083  0.146 0.107
8 «~ 68 158 58 1.6 3.0 45 0.19 9981 0.387  0.359 0.252
9 ~» 61 155 50 1.2 2.4 55 0.43 99_57 .931 0.883 0.569
10~ 66 1.4 2.6 62 4.32 95.68 3.352 7.832 7.008
11 o~ 59 162 63 2.0 8.7 84 6.37 93.63  13.384  6.850 46.492
Mean 63 1.3 2.8 58 0.17 0.195  0.272 0.213

+8.D 3 0.3 2.1 21

+ 1 body length, +« 2 body weight, « 3 creatinine, + 4 g —microglobulin, <« 5 creatinine clearance
+ 6§ G—microglobulin clearance (%) , + 7 %tubular reabsorption of g —microglobulin,

= 8 urine B, —microglobulin concentration, + 9 urine g —microglobulin creatinine ratio,

+ 10 urinary excretion rate of g,—microglobulin, » 11 peometrical mean
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* 4  g-microglobulin ® B o R U FAETRINR
PIRETRIESMRAR (2 F 3 o A BERRER), S0 R~ 6 BR

Table 4 Urinary excretion rate and renal tubular reabsorption of g-microglobulin
in Hosogoe residnets {{°.00 am-6°.00 am)

YL -H By

HAME - LHAA - L HB

Plasma Clearance Urine
Case Sex Age BL* Bw** CRT™ A —ma* s . +s .lo
(cm) (kg) CRT* g—mg* Gy Co—mg %THy_mg g—mg™ B-mg* A-mg
(mg/dD)  (mg/D) (mljmin} (%Cy) {pgiml) (ugimg-ct) (ug/min)
1 PFemale 64 149 56 1.1 1.8 18 0.05 9995 0.037 0.069 0.014
2 ” 63 145 44 1.2 1.4 18 0.16 9934 0.047 0.177 0.039
3 ” 63 1.0 1.8 57 (.04 99.56 G.096 0.106 0.043
4 ” 61 1.1 1.2 57 0.07 99.93 0.043 0.085 0.050
5 ” 53 1456 46 1.0 2.1 46 0.05 99.95 0.042 0.118 0.053
6 4 60 147 62 1.2 1.9 48 .06 99.94 0.046 ¢.099 0.055
I 7 ” 60 141 &0 1.0 1.6 59 0.07 99.93 0.044 0.104 0.062
E 8 ” 69 149 52 1.2 1.5 44 0.21 99.79 0.100 0.264 0,138
I g # 66 148 66 1.0 1.3 45 0.34 99 .66 0.133 0.436 0.194
10 ” 63 140 45 1.0 1.3 51 0.4% 99.51 0.127 0.631 0.324
11 ” 61 139 50 1.0 1.9 47 0.43 99.57 0.192 0._883 0.378
12 # 65 1.0 2.7 46 06.31 99.69 0.352 0.871 0.389
13 ” 68 138 50 1.0 2.2 33 0.41 99.59 0.492 (.968 0.478
14 4 64 142.5 45 1.2 2.5 27 (.86 89 14 1.005 1.754 0.572
15 ” 61 143 38 1.0 1.7 38 0.97 99.03 0.791 1.823 0.623
16 4 66 142 45 1.0 1.7 70 3.61 96.39 2.326 6.252 4.315
17 ” 69 1.3 2.3 44 4,74 95.26 8.314 8.733 4.791
18 ” 66 154 52 1.5 4.4 41 14.37 85.63 26.842 41.043 26.116
Mean 64 1.1 2.0 45 0.33*Y 0.249*" 0.579*™" 0.257*"
S.D 3 - 0.1 4.2 13

» 1 bodylength, + 2 body weight, « 3 creatinine, « 4 g—microglobulin, + 5 creatinine clearance,
+ 6 A—microglobulin clearance (%C.) , + 7 %tubular reabsorption of 4, —microglobulin,

= 8 urine & —microglobulin concentration, « 9 urine G —microglobulin ~creatinine ratio,

+ 10 urinary excretion rate of 4 —microglobulin, + 11 geometrical mean
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Fig. 1 Diurnal variations in g-microglobulin clearance (% Ce) in control people and

residents in cadmium-polluted area
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% RT & & H T circadian rhythm AHEL Tk, T B EFCELEDRIHBELIDL B
BEY R LI BME TR 0R D BB’ X 0 RET g-mg BRNROET AU TH >
R 30 AVcfT -7 115 ED 7 V7 5 v AD 5 LD 95% % 4 A TH% 0.19 LITid 66
m (57%) ot ¥, B A0%LILEDEES0.20 kD Comg (%Cr) D LR, TichbRMAE
Be-mg BERITE 99 80% LA T DEBEER L 2,
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Camg (%Cer) BN 21HE (RABF 4-mg BRNENMETTHE[) 0HDC
EXR XS, 4 B2 AR R L TR &-mg BER-53 55 0,119 gg/min ¥ #8 2 720Dl 63
EOFED S B 5E (HE0.148~0.282 pg/min) T X eh -1,

Zhicat LT, $IER® 51%24 0,119 pg/min LLEDOHE2%, ¥ oW BEOHFEAMED 0.282
ug/min X8B3 HR 0% BUOERIEL L, BBEREOS { XHEHO 10~100 5, 3L
ERL EDEE oMo R L - ERE 2R L,
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Fig. 2 Relationship between urinary excretion of g-microglobulin and g;-micro-
globulin clearance (% Cer)

3.4 Famngde Bl Come (%0, FUVWR gmg/7 V7 F = EOHEBE (K2,
3
R a-mgHeoBEE Comg (%G LOMCEERECHE (Y=0.83X-0.11, »=0.95,
n=50 BEDdLII, (F2)
¥1:, R g-mgH¢oF (ug/min) LR g-mg/ 7 V7 F = vt (ug/g creatinine) & DRI
LB TFOHEB (V=081 X+0.03, »=0.94, n=50) »H@EHLhT,
CRBEO I EFR6RLED 6B LRIV THEAUTH 70, ((TER1~4),
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Fig. 3 Relationship between urinary excretion of &-microglobulin and urine -
microglobulin/creatinine ratio
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(% TRa-mg> 13.99.81~99 99%0BHICH D Z LB bkt F1~2, #F1~2),

—H, AV 7 AL BERBBEOREROER T1L Comg (%BCr) DEARKAZEEL, Lo
b FEGE  DHEREA0.20 L LoRMA (REE 8-mg BRINE 99.80% L T) ThH-7 (K1, K
2)e ENThBD Comg (%G ERA, BETHIREY 5-mg BENEETHCRE g-mg
B oDEWLMMOS 5 LRF 2R L LR TH B, '

ORME g mg BRNEROETIHRERORFEC LD » ¥ i v 2 RERE G oiRE
HEFROBRED w3 R RMESEREORN L Z50M8FYTH LD,

0.00a.m-6.00 a.m @ F g-mg Bf-oF (pg/min), B Coomg (%Ce) 1R omg/ 7 V7 F
=/ EBEEOHB (YV=0.81 X+0.03, r=0.94, »=50: Y =0.96X—0.18, r=0.95,
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1 R B-microglobulin BFe¢->&, F .-microglohulin BEE, K F-micro-
globulin/creatinine K& O¢ &-microglobulin 7 ¥ 7 3 v A
*fEREE, Bt (63~745) 6°.00 am~12".00 pm &K,

Appendix 1  Urinary excretion rate and renal tubular reabsorption of g;-micro-

globulin in control people (0°.00 pm-6°.00 am urine}

600 a. m. —12.00 a. m.

0.00 p. m. m, —6.00 p. m,

6.00 p. m. —12.00 p. m.

Case Sex Age B —microglobulin Ca—mg™ B —microglobulin Ca g B, —microglobulin Cormg™
Cug/mb*" (pgimgeen)*? Cugmin)*? (B0a)  (ugimb*t (gmpee)* (ugiminy*t (BCerd  (ug/mD*™ (ugimgeer)” (ugimin)*® (%G
I M &9 0.120 0.121 0.133 0.13 0.069 0.087 0.098 0.10 0.020 0.041 0.048 0.04
2 M 68 0.437 0.923 0.885 0.84 0.122 0.234 0.222 0.21 0.052 0.094 0.063 0.09
3 M 65 0.021 0.036 0.047 0.09 0.038 0.041 0,055 D.10 D.DD5 0.024 0.030 0.06
4 M 67 0.032 0.116 0.117 0.13 0.047 ¢.105 0.101 0.12 0.037 0.062 0.096 0.07
5 M 63 0.209 0.392 0.346 0.30 0.035 0.066 0.053 0.05 0.027 0.030 (.026 0.02
6 M 68 0.074 0.135 0.112 012 0.046 0.063 0. 049 .06 0,036 0.054 0.045 0.05
T M 73 .044 G.053 (3.048 G.06 0.019 3.030 (¢.025 0.03 ¢.013 0,018 0.015 0.02
8 M 67 0.056 0.073 0.059 0.06 0.022 0.063 0.049 0.05 0.038 0.053 0.042 0.04
9 M 66 0.023 0.072 0.043 0.08 0.084 0.141 ¢.112 0.16 ¢.010 0.031 0.012 0.03
10 M 74 0.107 0.378 0.278 0.11 0.195 0.416 0.297 0.12 0.028 0.054 0.039 0.02
11 M 65 0.024 0.160 0.065 0.09 0.023 0.156 0.088 .14 0.025 0.091 0.011 0.08
Mean*s 0.065 0.135 0.117 0.129 0.049 (.098 (.083 $.091 0.022 0.059 0.032 0.43

*1 wurine g—microglobulin concentration,

*3 urinary excretion rate of 8,—microglobulin,

*2 urine g —microglobulin,/creatinine ratio,
*4 @& —microglobulin clearance (%),

*5 geometrical mean
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H &

2 & f-microglobulin Hk¢2>8&, R g -microglobulin BE, R g-micro-

globulin/creatinine t.} U g-microglobulin 7 ¥ 77 » A

SEBRE, i (65~71 &%) 6°.00 am~12".00 pm K,
Appendix 2 Urinary excretion rate and renal tubular reabsorption of f-micro-

globulin in centrol people (0°.00 pm-6°.00 am)

6.00 2. m. —12.00 a. m.

0.00 p. m. —6.00 p. m.

6.00 p. m. —12.00 p. m,

Case Sex Age S—microglobulin Car—mg™ 5 —microglobulin Caremg™ 5 —microglobulin Comg™
(ugim)®" (ugimgee)®? (ug/min)”  (BCer)  (ugfmb)*t (ugimgeen)*® (ug/min)®> (%) (ugiml)*' (ugimgeer)*? (ug/min)**  (%6Cer)
1 F 6 0.181 0.384 0.281 0.16 0.062 0.119  0.083 0.05 0.074 0.070 0.066 0.03
2 F 6  0.031 0.114 0.051 0.07 0.046 0.074 0.048 0.05 0.029 0.045 0.028 0.03
3 F 67 0.442 0.421 0.282 0.13 0.294 0.409 0.273 0.13 0.106 0.239 0.148 0.08
4 F 71 o081 0.026 0.055 0.06 0.019 0.056 0.031 0.03 0.048 0.072 0.039 0.04
5 F 67 0.014 0.017 0.011 0.01 0.017 0.059 * 0.025 0.04 0.014 0.018 0.039 0.01
6 F 6 0.0 0.099 0.040 0.09 0.020 0.058 0.019 0.05 0.043 0.080 0.044 0.07
7 F 68 0079 0.076 0.048 0.07 0.058 0.104 0.066 0.10 0.113 0.131 0.155 0.13
8 F 70 0.043 0.114 0.069 0.12 0.060 0.094 0.057 0.09 0.028 0.060 0.040 0.06
9 F 70 0.05 0.078 0.044 0.07 0.023 0.059 0.035 0.05 0.048 0.075 0.037 0.06
100 F 65 0.108 0.180 0.110 0.19 0.167 0.187 0.118 0.21 0.094 0.164 0.110 0.18
Mean** 0.063 0.100 0.066 0.08 0.049 0.098 0.055 0.07 0.05 0.059 0.05

0.078

*1 urine g—microglobulin concentration, *2
* 3 wurinary excretion rate of g% —microglobulin,

urine & —microglobulin,~creatinine ratio,
*4 g—microglobulin clearance (% C..),

*5 geometrical mean
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ft %

3 K g-microglobulin #k#>&, IR g-microglobulin #8F, J§ 8,-micro-
globutin/creatinine H & O g-microglobulin # ) 7 % v &
DEETHRRUREER (0 V¥ 3 v A RESER), B G9~685) 6.00 am
~12°.00 pm %,

Appendix 3 Urinary excretion rate and renal tubular reabsorption of g-micro-

globulin in Hosogoe residents (0°.00 pm-6".00 am)

600 a. m. —I12.00 a. m.

0.00 p. m. m. —6.00 p. m.

6.00 p. m. —12.00 p. m.

Case Sex Age £.—microgiobulin Commg™ B —microglobulin Comg™ f—microglobulin Comg™*
Cug/mD* (ugimgeen)*? (ug/min)*®  (%6Cer)  (ug/mD*' (ug/mgeen)*? (ug/min)** (%6Cer)  (ug/m)*' (ugimgeer)*? (ug/min)*?  (%Cer)
1 M 66 0.158 0.120 0.079 0.08 0.086 {.138 0.083 0.09 0.065 0.166 0.100 0.12
2 M 59 2.975 1.440 0.534 0.34 14.249 18.037 18.567 4.25 15.663 27.821 16.550 6.56
3 M 66 8.006 18.072 13.121 10.00 8.505 15.324 11.931 B.48 8.213 9.495 7.476 5.26
4 M &1 0.070 0.115 0.063 0.05 0.078 0.231 0.177 0.11 0.129 0.199 0.193 0.10
5 M 88 0.240 0.367 0.271 0.19 0.465 0.797 0.615 0.41 0.138 0.422 0.216 0.22
6 M &8 0.174 0.220 0.195 0.12 0.121 0.148 0.099 0.08 0.071 0.229 0.101 0.13
7 M 63 0.053 0.121 0.060 0.17 0.041 0.068 0.033 0.10 0.029 0.041 0.041 0.06
8 M 61 0.771 2.057 2.207 1.00 0.403 1.149 0.689 0.56 0.094 0.336 0.322 0.16
9 M 66 0.149 0.084 0.068 0.04 0.048 0.145 0.081 0.07 0.075 0.162 0.082 0.08
10 M 60 0.096 0.116 0.104 0.06 0.057 0.124 0.082 0.06 0.051 0.113 0.053 0.05
1 M 60 0.056 0.081 0.058 0.05 0.062 0.129 0.103 0.07 0.029 ¢.101 0.029 0.06
Mean*® 0.263 (.339 (.288 0.18 0.24 0.467 0.316 0.251 0.17 0.38 0.229 0.20

*1 urine 8 —microglobulin concentration, *2 urine & —microgiobulin /creatinine ratio,
* 3 urinary excretion rate of g —microglobulin, *4 g,—microglobulin clearance (%C.). *5 geometrical mean
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4 R p-microglobulin B>, B g.-microglobulin 8, & 2.-micro-
globulin/creatinine ., KU &-microglobulin # ¥ 7 5 v A
MRETHISHIRER (F F 2 v 2B FEER), @ (59~69 8 6°.00 am
~12°.00 pm K.

.Appedix 4 Urinary excretion rate and renal tubular reabsorption of &-micro-

globulin in Hosogoe residents (0°.00 pm-6.00 am)

Case Sex Age

6.00 a. m. —12.00 a. m.

0.00 p. m. —6.00 p. m.

6.00 p. m, —12.04 p. m.

£ —microglobulin

Camg™* B, —microglobulin Camg**

% —microglobulin

*4
c,@,—mg

Cug/mD* (ugimgen)” Gugimin)™ BCed)  (ugimD*' (ughmgren® ugimin)®® HCer)  (ugimD)*! (ugfmgeen)*? (ug/min)*? (% Cer)

1 F & 0.304 0.709 0.349 0.25 0.256 0.666 0.384 0.24 — — — —

2 F 66 14.490 26.784 9.259 9.35 18.173 33.042 17.682 11.59 15. 480 28.404 14.190 9.95

3 F 59 0.083 0.084 0.044 0.04 0.098 0.055 0.026 0.03 ¢.032 0.028 0.019 0.01

4 F 64 1.975 4.659 1.839 2.29 3.799 §.576 2.617 4.22 1.850 4,129 2.189 2.03

5 F 63 0.042 0.144 d.041 G.13 0.094 (.143 0.663 0.13 0.035 0.104 0.032 0.09

6 F 68 0.205 0.659 0.292 0.28 0.386 0.672 0.326 0.29 0.264 0.393 0.191 0.17

7 F 69 8.428 11,804 7.140 6.42 2.445 9.518 4.349 5.16 3.105 7.983 4.615 4.34

8 F &3 0.266 0.310 0.152 0.24 0.318 0.490 0.247 0.38 0.059 0.107 0.059 0.08

g F &l 1.160 3.959 2.012 2.09 0.707 2.25% 1.089 1.19 0.440 1.254 0.699 0.66

10 F 66 2.228 3.671 1.349 2.12 2.5 5.21n 2.271 3.00 1.554 0.226 1.925 2.04
11 F 60 0.085 0.141 0.089 0.08 0.083 0.118 0.070 0.07 0.189 0.241 0.208 0.15
12 F 69 0.202 0.259 0.130 0.20 0.130 0.164 0.105 0.13 0.106 0.249 0.158 0.19
i3 F 60 0.063 0.105 0.051 0.07 0.056 0.108 0.051 0.07 0.025 0.179 0.026 0.11
14 F 64 b.044 0.135 0.046 0.08 0.088 0.107 0.130 0.07 0.043 0.050 0.023 0.03
15 F 61 0.435 1.259 0.537 0.61 0.329 1.025 0.405 0.49 0.156 0.839 0.260 0.41
16 F 66 0.061 0.075 0.024 0.06 0.098 0.187 0.091 0.14 0.177 0.469 0.286 0.36
17 F 63 0.117 0.107 0.041 0.06 0.094 0.209 0.062 0.11 0.105 0.140 0.064 0.07
18 F 61 0.050 0.041 0.027 0.04 0.092 0.144 6.137 0.12 0.036 0.036 0.019 0.03
Mean** 0.295 0.398 0.234 0.270 0.468 0.589 0.302 0.34 0.214 0.708 0,209 0.257

*1 urine g —microglobulin concentratiori, * 2 urine 8 —microglobulin,/creatinine ratio,
*3 urinary excretion rate of g,—microglobulin, *4 8 —microglobulin clearance {%C), *5 geometrical mean
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M-4. RPEDBEEDI L 7F-rHBECOVLCTOEEY I
RebAh ¥ 24, 88, BR, B-microglobulin #Hi+ > o B ANZEH
2B ¥ 2R

Studies on Creatinine-Normalization of Urinary Constituents’
Concentration and Diurnal Variation

of Urinary Excretion of Cadmium, Copper, Zinec and 2-microgloblin

=& #7-+F B -wE A
Yuko MITANE', Atsuhiro NAKANO! and Hiroshi SAITO!

E B

BEP OB OEERAENIEE L LT, A8y FRORPEEN L {EHbhbA, =
NIBERORESCROBROESC L ~TEBYEIR v, TOLBBEEI VT F =
VEEN ThRSL, IOHRREANLLBI, AV Ya (Cd) BRHISER (B 1B,
L1748 LEFEREEERE (B A L1 R) 2H$LELT, UBERY6HEI LI
4B FTERRL, RPEF(G-~ 127 =27 =7 Y v (g-mg), Cd, #(Cu), E#H(Zn))
DREEOCT, v 7 FovBER LS LTV A OO HRER R I LT, Cd
RO RS Cd S EEORF In i, 7 v 7 F = VHTFBEOHNERREM N Z s
FoCu oW TR E D EA B ol E s VT F = VEELEEPCA R InE
BaFHroBELY, | BOBSt R EOAMMAEN 1, Chih 7 v 7+ =8
EC X - CTROBHEOESC L IRNFRE~OBE P HENCHEIND I EHTHRIN
1o

Wi R s odk¢ o1 A BB STFET 51BN IC oW THRE Lo Zn ou T ik F
B bFRIH T THE > ELT o HERALABE S R, —HRF Cd & p-mg Breoi
BE—ET, chbiEzowvTl, BREBEYMbLTY, 7vrs=vBTEYR-T1 88
BOBDEZELEBL L HEH LB,

Abstract

Concentrations of urinary constituents, such as g-microgloblin, cadmium, copper
and zinc, of spot urine specimens are often used as biological indices for assessing the
extent of environmental toxicant exposure. However they are observed to fluctuate
widely during a day depending on concentration of the urine. To minimize this

1. BErREWAMREEET T 305 RRENLES mEEET ) 16-2
Environmental Health Sciences Division, the National Institute For Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan
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dilution factor, they are usually normalized by excreted amounts of creatinine, which
is known to be excreted at a constant rate throughout a day.

In this study we evaluate effectiveness of this normalization comparing diurnal
variation of creatinine-corrected concentrations of constituents with that of non
—corrected ones. For this purpose healthy volunteers (11 men and 17 women from a
cadmium-polluted area and 11 men and 11 women from a non—polluted area} were
requested to provid entire volume of excreted urine every 6 hrs throughout 24 hrs.  As
to urinary cadmium in a cadmium-polluted area and zinc in both areas, diurnal
variation of creatinine—corrected concentrations was smaller than that of non-correc-
ted ones. It was also observed that cadmium and zinc concentrations normalized by
creatinine excreted reflected total amounts of daily excretion better than non-correc-
ted ones. These results suggested that this normalization was practically effective to
correct the fluctuation of urinary concentration derived from variation of urinary
volume.

Further it was examined whether the circadian rhythm was present or not in the
urinary excretion of the above constituents. The creatinine-based concentrations of
A-—microgloblin and cadmium varied little throughout a day but that of zinc showed a
tendancy to decrease from morning to evening. Therefore it may be suggested that
total amounts of g-microgloblin and cadmium excreated throughout a day can be
estimated from creatinine-based concentrations of these constituents of urine obtained
at any time during a day.

1. @iewic
REF(EHEOEGRER L 5BHEEYET 28R L LT, A3y tRORPBREYA
WA NS, Ll 1 BOBEe-sBRELLCTh, REHORBL LT, Thbb
BRUERRCHLORBRTHDI 0L T, RPREIR—ATA2RVERHTH LS
nRTWA, CORDBROESICL 2 RHIBECERYBET5FH L L TEEMAG-LASOH
FvTFE=VHETHD, THRFHEFORDBREY, 1 BC—EOEHGTHE SR VT
FoyBEMEYCRELTETLOTAL LT v 7T F=YBIEOHREZ B DI,
Cd iR - EHRMBERY NS & LT, CARBOKELIWD g 1rusyad )y
(Bmg), Cd DRFBERVRERS Cy, InBECOWT, 7v7F=vHEZT -0 LR
ED & DD BAERO B ZALT,

X Na®P KDLkt vflict » TRPHDIHA Y X A 0FET ARG
Tit, BRFHMC L > TRERFELTFL0T, LRG> TRPHE2QCEAN Y X4
BEETLZIEPEVTHEHF L,

2. MNBRUKGE
FXEE/MEET Cd FHB BT 5 60 IR0 5 114, K178 E, KHRRKEETOHECAH
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RhBHD 2 v 7 F = vHEECBrgbe>0 A NER

RRCRET S 0RAOB 118, w1l axH@REFLLI,

BIR AL, 1 B% 06 Fy~128F, 12 F5~18 &, 18 Ri~24 B, 00 Rp~06 Brod> 4 Wi 3 iy, %
hZhoRBEH I BRI, £RYERLL, £#FHEORIL, L BE REXRAEL,
—Mit pmg MERCEREL, BO EBRBEL L TSR TREL ..

7 VT F= v OPER Jaffe DR > TiT» 1o E@BORE R, R¥BBRTBRAKLL,
APDC-7 r ek s R CTHH L CICP EFREFXREC LI VAEL . S mg BEILT 24 1 &
/Ty AR L hERDE,

fods, EEBRAECHE T, CAFRMROT 17TE£D 5L 2RREHOTLDERAL, HNEEY
158 & L1,

6RMBER LI ROBMSOBREYHEL T 6 R THOBEMBE L, Thc 6 MREORE
PRUCO6RHMEYN OO RE LT, 7 V7 F = vEEERERES O 6 BEEHOREM
LT F2VvBETRLUTER LA, 6BHYc ) 0BE, HeoR, 7 v 7+=VYHEHED
EBHFREEEANCHEL, BHERY A1,

I &% R
HBHBRERD 6 FX 7 h ORBOEBHRCRP 7 v7F = v BREML 7 V7 F = VgD
BEORREBHYRL EH2RLIS #1.awil, FoHABCSWTEANCERGRYHE
L, 30OFPY & SR YR L, 6N ODRBEBAT, ¥HL T A%EEOTHH
Bty FRRNTZ7 7 F=VvBES W0%L<EBLI. LALEL bIORT LS, KEL7
V7 F = vREORICADHBSALY, RESASFVRII VT F=vREREL, 2v7F=
vERORO BNERIINE oz, SHIEREHOI VT F = vEROROFHEY, W
ﬂ?‘ﬁ}_. Cd Bt RSV TETNCHEL, M3erm LTz, ﬁ?ﬁﬁhﬁb%w—iﬁ“‘f; 18:

mligh
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urina volume
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6:00- 12:00- 18:00- 0:00-
% 000 24000 .00

M 1 RE0CBAEE
MERBER (B S K118 06 BENE Y ORBOEBFBEANCTT.
Fig. 1 Dijurnal variation of urinary volume
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tinine

Diurnal variation of urinary concentration and excreted amounts of crea-

£ la RERUVZ v7¥=vRE 7v75=vHeoBOHMES

Table la Diurnal variation of urinary volume, urinary concentration of creatinine

and excreted amounts of creatinine

B B 2 UTIF = RE 2 VT F = sHEEoR
*f F IR 36.5% 36.9% 17.8%
n=22 (12.2% - 75.4%) [13.0% - 80.3%) [3.1% - 62.0%)
Cd 5%nhik 39.0% 41.1% 27.0%
n=29" (15.6% - 74.0%) [ 7.4% - 97.2%] [ 4.1% - 64.6%)

% 1b RELI/V7H=VvRBERV7Vv7F=vEeoRBLOoMR
Table 1b Correlation of urinary volume with urinary concentration and excreted

amounts of creatinine

JVvTF=VRE

FvTF=vikeoR

B ik RE r=—0.640 r=0.335
Cd b R r=—10.549 r=0.504
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Fig. 3 Circadian rhythm of urinary excretion of creatinine
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Fig. 4 Diurnal variation of urinary non-corrected concentration, excreted amounts
and creatintne-based concentration of cadmium
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In B L THEBEMOEHICH~, He->BRU 7 v 7 F = VYHITFEOERH N Eh o 12.Cu i
SLTIL, BEoR, BE, /U7 vBEECTAVEBRA TS 1, TLE2 . DETHET
I, M b Cd & Zn o Repe-oR & RE L MBI X<, RECEFERC Cd & Zn
RO X R ABR SRS bhiost, Rk Cutbe > & R & oM, xRS T B
protc (r=0.459),

#* 2.2 WHCdZnCuBEl e BRI v+ =VvBELLREEDH
HEB

Table 2.a Diurnal variation of non-corrected concentration, excreted amounts and
creatinine-based concentration of cadmium, zinc and copper

BEE Broh sVvTF = vHIEHE

) Bk Cd 42.0% ( 7.4- 67.3] 30.6% (14.9- 44.8) 26.9% [ 9.2- 52.93

Zn 41.7% [ 6.9- 97.6) 30.0% (16.0- 60.9] 24.2% (12.2- 44.6)

=22 Cu 67.9% (23.9-119.6) 73.2% (32.7-144.2) 66.1% (20.1-130.9]

Cd mgmis Cd 44.8% [18.3- 79.2) 27.6% [ 2.8 60.9) 23.19% [ 4.4- 77.8]

Zn 40.2% ( 4.9- 82.82 32.0% [ 6.5- 73.5) 30.9% [ 1.7- 93.0)

n=26 Cu 42.8% (11.7- 73.2] 45.5% (13.0-101.0] 41.4% € 7.5-107.8]

* 2b FREEFF CAZInCu ko & 0fE

Table 2b Correlation of urinary volume with excreted amounts of cadmium, zinc

and copper

R &

o R Hh IR Cd #¢of r=0.133

Zn r=0.182

Cu r=0.459

Cdm#ipik  Cd ge-& r=0.199

Zn r=0.275

Cu r=0.266

AKy FROFPBELD I VT F = vBELLRES Y ORE | A BOAEL
hiBLHE~D BT, 6REFEHORBC InRERVEThLD2 VT F = VvEIELIES,
Cd, Zn » 1 Qe oR & OHBGERYRD, RI WKL, i CdFERBROERIZE T,
06~ 12BOMORP CARERVZ V7 F=vHiEHEE Cd 1 B -2 L oHBRTR 51
Flic, Cd BRMBERO 2 L7+ = vHIEX Li: CARE, 1 BB E/VHEBYS -
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RGO 7 v 7 F = AL Rebdieon A 9ER

# 3 RPCAIno 1 BB ERPCd, ZInBERU 7 v 79 = vHIEL
po - 1A )

Table 3 Correlation with total amounts of cadmium and zinc excreted throughout
a day with non-corrected and creatinine-based concentration of cadmium
and zinc

06 : 00— 12 106— 18:00—  00: 00—
12 100 18200 24200 06 : 00

o R W glaﬁﬁ"ﬁé r=040  r=0.76 r=0.002 r=0.51

CdlEske-8 &
yUTF = VHIEE

.Z“lagw')ﬁé r=0.65 r=0.61 r=0.78  7r=0.65

r=0.56 r=0.48 ¥=0.48 r=0.45

Inlageofr _ _ _
ST e mpE (=03 =009 r=0.77 =077

‘fé“”w"ﬁé r=0.66  r=0.68 r=0.46  r=0.65

CdiRgke -2 &
vt F = wHTEE

IntH&¥ o8& L _ _ _ _
& = r=0.71 r=0.58 ¥=0.71 r=0.71

r=0.84 r=0.84 r=0.79 r=0.73

Inl AR L
VT F = EIEE

5.0

tadgmium toncantration  {ng/m)
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FLiBE: 1 BkeoR s DM, ) KBEoCABEL 1 B8 L
ksl

Fig. 5 Correlation of total amounts of cadmium excreted throughout a day with non-

corrected concentration and creatinine-based concentration of cadmium
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Fig. 6 Circadian rhythm of urinary excretion of cadmium
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Studies on Urinary Cadmium of Residents in Cadmium Polluted Areas

hE RS -HE O R =8 OB
¥ BT ' E=
Atsuhiro NAKANO! Hiroshi SAITO' Yuko MITANE!'
Naokoe SUGIHIRA'® and Koze SHITOMI?

E B

HEF LY ALTERRMBERORE LAl sriT 2 AT, EEIYEREYE
BRL Cd#RE L.

RIS Cd L EE bl L LT, $SKER/MRET, TS/ AT, B EEEET Y, &
ToIEFR M & U TR IRFF)BT 2 A 72, FT L 1979 S0 5 1980 GEo0 2 SRS,
9 ZoWBREIHLEARPERL I, '

Kb Cd i3 Cd SRR S FRBERCH~EECE {, i - & b cERNIC
LR UL Cd BB EFH RO 50 oL ER TAR R4 Cd H-omaihthnt:,
¥R Cd T h Eholif cER & O EELEERRE AR L, COEMAL5 &
L PRETCOERTCLIVEE TS -1

Abstract

In order to estimate the exposure for cadmium on residents in cadmium polluted
areas, cadmium was determined in their early morning urine.

The examined areas were Kosaka town in Akita prefecture, Komatsu city in
Ishikawa prefecture and Izuhara town in Nagasaki prefecture as cadmium polluted
areas, and Ikawa town in Akita prefecture as cadmium nonpolluted area. The
examination was carried out in the course of two years from 1979 to 1980. Urine
specimens were collected from 901 persons in cadmium polluted and/or nonpolluted
areas.

The urinary cadmium concentration was significantly higher in residents in
cadmium polluted areas than in nonpolluted area, and increased on the straight with
the age. An extreme increment of urinary cadmium was observed in female residents

1. BAERRARERESD T 305 R KNS RS NEN 16-2
Environmental Health Sciences Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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aged 50-59 in high cadmium polluted areas.

There was a significantly linear regression between age and urinary cadmium
creatinine ratio in residents in each examined area. This relationship was remarkable
in persons aged from 5 to 49,

1. @dLwic

HRIEZZEOCHFEEENC LY A F v AT CA &884) +EBHR AT FR I LB EH
FELTWL, FLTINLOMBREETLSROABBEL, o ChESRIAPHE
EFHENTEFBLTCS, Cd BEXORHPELELBORBEI L INT, HR~OHD L5 1kE
BEZBI o BECL—RoFFERMEOERC i SEYNECCdE2ERF
BTwatontBibhs,

—HEPCHE XN D Cdig, TOHHNAMEREE L BT b CdREBE0 L &R L
AT, £2CAAONREN Cd HEFRMIBERD Cd EZ0BRYH LT 5 HEIT,
FhoOMBCEELTV-258r580RUEE Co2FRYHE L LTREP CdEAEL T,
oI A« PR - AP Z I B L

2. NRRUFE

AT Cd HEBFME L L T, S BERESI/ RIS, )R RS PR RS
Bl R R R Y B, BEE OB REE-1, THE, JEm, EEREKAEE-2 L L
foo FETHHMIR L,“Ckiﬁ(ﬂﬂ%@ﬁEEE#JIIM/J\%TERU‘TFMH@IZ%EAf:’c Zh 5 R
O 5L BFENEF ToLERYIRE L, #uEE, Bhl FRNOFEHRERIE 1CRL
THd, B ATH-f. ZOERERIREREERED 0% L LrHE L, Eloohb
DT 1979 F 6 1980 SO - 1o, _

TR LFHERBOEROFUMRAVERL, S L TREL7 v 752 v ECGdHBEL,
7 v F = VIR R Y 20 fEHRL T Jaffe O RS CRIE U, Cd (1E4EES 87 EE 10 f5 543 20 &5
FRLC7 v — 2 VARTFREECHE LI RF Cd D 7 v — 4 v ARFRES I 2B
RETRTLVOT, RERPTEHLLABEREZFABLC, chicEERTRmL TRER
FEFRL CABEYSHEL, RPCABEIEMERE (ug/) 6 Cd2vT7F=vH (ug/g 7
LT F=v) TRALL.

3. 08 £
BFCdoBERBIBMES, LERE, 7 v 75 = YHESHIAVCLRTWL5,
FEHIEE, FR5, BERORF CAd 0BMBESE I ERARL TS, BEODEOKRTE
IR LT - 7, Cd R BRE RV IEFBRIRE RN, Bl bi3EeEficihi»
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Table 1 Number of Subjects
aea TF5-9 0 1019 20-20 30-39  40-49 50-59 6069 70-  Total
Male
Kosaka 4 10 11 10 13 15 12 9 84
Komatsu 7 23 12 12 17 9 23 9 112
Izuhara-1 6 B 6 B 2 12 6 2 50
lzuhara-2 41 22 22 85
lkawa 10 15 5 11 17 16 6 7 87
Total 27 56 3 41 49 93 69 49 418
Female
Kosaka 7 14 1 13 22 16 14 11 108
Komatsu 6 11 20 14 16 20 18 12 117
Izuhara-1 3 1 9 3 7 15 5 6 49
[zuhara-2 : 48 32 31 111
Ikawa 9 12 12 11 16 18 12 8 98
Total 25 38 52 41 61 117 81 68 483

= 2 Cd HEmigfERORF 7 v 7 F = v BE
Table 2 Creatinine concentration in urine of residents in cadmium polluted and/or

nonpolluted areas

Ase 5-9 10-19 20-29 30-39 40-49 50-39 6069 70—

Male

Kosaka 0.562 1.330 1.453 1.320 1.399 1.087 0.845 0.638
0D.281  0.479 0.682 0.450 ©0.492 0.325 0.294 0.324

0.853 1.284 1.329 1.238 1.372 0.750 0.819 0.776
0.151 0.487 0.991 0.610 0.712 0.320 0.440 0.256

0.733 1.63¢ 1.590 1.610 1.435 1.116 1.071 0.530
6.334  0.504 0.52¢4 0.782 0.081 0.551 ©0.507 0.382

_ 1.250  1.062 0.946
fzuhara-2 0.509 0.495 0.489

0.969 1.891 1.939 1.38¢ 1.223 1.456 0.855 0.911

Area

Komatsu

[zuhara-1

Tkawa 0.418 0.766 0.456 0.537 0.510 0.619 0.185 0.414
| Female
| Kosaka 0.822 1.259 1.198 9.922 0.727 0.572 0.500 0.519
D.411 0.746 0.469 0.482 0.336 0.340 0.178 0.1%
0.805 1.425 1.005 0.863 0.771 0.546 0.544 0.517
Komatsu — p'220 0,705 0.600 0.480 0.335 0.414 0.375 0.277
. 1.196 0.921 1.200 0.960 1.270 0.534 0.527 0.457
lzubara-l ;"0 0.516 0.502 0.356 0.284 0.181 0.210
0.858 0.692 0.467
Izuhara-2 0.384 0273 0.243
lkawa 1.020 1.504 1.482 1.107 0.881 0.716 0.681 0.872
0.415 0.618 0716 0.308 0.340 0.425 0.217 0.538
Figures mean Mean (upper) and 5. D. (lower) unit : (g/b)
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Table 3 Cadmium concentration in urine of male residents in cadmium polluted

and/or nonpolluted areas

Age
Area 5-9  10-19 20-29 30-30 4049 50-5% 6069 70-
Arismetic mean {upper} and S. D. (lower)
0.74 212 4.07 7.5 1151 527 552 4.53
Kosaka 0.44 083 2.06 3.26 9.12 252 3.39 2.46
1.66 3.35 4.28 6.97 9.28 4.6 7.60 12.32
Komatsu 0.43  3.63 2.62 3.09 8.3 1793 6.18 7.65
- 1.40  2.27 6.64 9.87 6.95 9.73 11.51 5.4l
Tzuhara-1 0.55 0.76 0.71 6.13 3.97 7.40 572 0.85
_ 8.80 7.87 8.52
[zuhara-2 613 68 583
lkawa 0.53 1.0 1.9 1.8 2.22 3.06 1.85 2.27
0.28 058 05 1.3¢ 168 249 059 1.63
Geometric mean (upper) and S. D * (lower)
(S. D. * : antilogarithm of 5. D. in the logarithmic scale)
0.64 1.95 353 7.00 8.8 471 464 3.93
Kosaka(B) 193 1.61 1.81 1.47 212 1.66 1.88 1.8
Komatsu(C) 161 25 334 338 6.14 435 58 9.95

1.34 2.00 2.2 1.5 275 1.44 214 2.10

1.32  2.16 6.61 859 6.3 815 10.16 538
1.47 1.41 1.12 1.71 1.83 176 1.76 1.17

7.14 553 6.73
1.94 2.34 2.06

0.46 0.97 1.90 1.54 1.74 2.24 1.75 1.85

Izuhara-1(D)

Izuhara-2(E)

Tkawa(A) 1.8 163 1.32 1.80 2.05 2.32 151 2.0
p-value

Avs B NS  0.002 0.045 0.000 0.000 0.006 0.004 0.035
Avs C ¢.006 0.000 0.060 0.000 0.000 0.014 0.000 0.000
Avs D 0.002 0.000 0.000 0.000 0.026 0.000 0.000 0.079
Avs E 0.000  0.003  0.000
Bvs C 0.009 NS NS NS NS NS NS 0.010
B vs. D 0.055 NS 0.006 NS NS 0.014 0.015 NS
Bvs. E 0.031 NS  0.057
Cvs. D NS NS 0.020 NS NS 0.013 0.089 NS
Cvs. E : 0.045 NS NS
Dvs. E NS 0.096 NS

NS : not significant unit : Cug/1)

TEREHWEYRLI.

¥t Cd o BHEE 2R, FRA, BLcRRLAc ORI E@2THD, cRIZLD
EAEEO WEARETHREL LT CARER LAY, FoRECH - CdoEkRE
BB LEBARRBYREL TV 5,20 8008k L 3 LR T 52, BiEOBE 13 40 B
TE—sEEFELTOT T OERALE T CRERIVKR>TVW2, 2R L TR
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Table 4 Cadmium concentration in urine of female residents in cadmium polluted
and/or nonpolluted areas

A 5.9 10-19 2029 30-39 40-49 5059 60-69 70-

Area
Arithmetic mean (upper) and S. D. (lower)
1.54 163 577 6.86 7.62 5.8 7.08 7.2
Kosaka 0.98 0.9 542 3.72 4.24  3.02 4.08 4.62
1.71 271 6.83 7.50 9.0 11.68 6.98 6.5
Komatsu 1.18 3.03 9.5 7.10 6.67 11.96 3.61 2.8
_ 1.07 327 1001 7.8 12.65 11.70 9.67 6.70
lzuhara-1 0.54 028 11.5% 2.75 7.24 9.69 7.06 2.98
. 10.42  10.42  6.00
lzuhara-2 984 7.92 3.73
lkawa 062 0.8 1.76 1.58 2.3 2.09 216 3.00
040 038 093 073 1.33 1.13 0.8 2.62
Geometric mean (upper) and S. D. * (lower)
(S. D, * : antilogarithm of S, [). in the logarithmic scale)
1.29  1.37 4.3 579 649 514 5.8 5.88
Kosaka(B) 192 189 208 2.01  1.82 1.74 1989  2.07
. Komatsu(C) 148  1.90 3.85 5.3 7.26 7.82  6.19  5.94

1.77 229 277 2.33 1.99 2.46 1.65 1.58

B 0.97 3.27 556 7.48 10.97 9.12 750 6.14
[zuhara-1(D) 1.75  1.0% 3.22 1.4z 1.82 2.03 2.32 1.5

~ 7.55  8.19 4.9
[zuhara-2(E) 224 191 1.0
0.5 0.74 154 1.45 2.07 1.8 1.97 2.23
Tkawa(A) 199 171 L73 157 L7 171 1.64 2.28
p-value
Avs. B 0.016 0.014 0.001 0.000 0.000 0.000 0.00¢ 0.015
Avs. C 0.012 0.004 0.003 0.000 0.000 0.000 0.000 0.003
Avs. D NS  0.003 0.011 0.000 0.000 0.000 0.001 0.013
Avs. E 0.000 0.000 0.005
Bvs.C NS NS NS NS NS NS NS5 NS
Bvs. D NS 008 NS NS 0005 0018 NS NS
Bvs E 0.083 NS NS
Cvs D NS NS NS NS NS NS NS NS
Cvs. E NS NS NS \
Dvs E NS NS NS
NS : not significant unit : (ug/l)

20 FBRTO ERSABTHD LIPS EICELTVS, FOROERNLELARET
FRLTHRED A — v L EEHEEY R LTV, B A BEOBLEYTRT—HThEA S,

THEMIRD, ERY, B0 Cd s v 7 F=vEYES ERERTELTHD, COHDEDK
ESRNEERL TF - .Cd BRBHERE S FH AR L TE T L b 2FRichlc»T
HECEWHEYRLE, ¥4Cd 2 v 7 F = v P miEE, £R580, BLBERLLLOMAR3
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A [TUNARA- | a——a [ 7URARA- |
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CADMIUH CBHCENTRATIGN (k9 /L)
CADMIUM CONCENTRATIGN (v3 /L)

5.0
f

R 1 CAERBEOBHERORFCIRE B 2 CdBERuuoaERORS CdEE

Fig. 1 Cadmium concentration in urine of Fig. 2 Cadmium concentration in urine of
male residents in cadmium polluted and/ female residents in cadmium polluted
or nonpolluted areas and/or nonpolluted areas

ERATHB, CDCAd7 V7 F=vHOAZ2—veRLE, Btk 10EAST COLEERTIT
B LRRDL 20 BROBIDSVCBELIRERYD D, FhUBERS LSO THE
M ERL TS, BEGT0RALEE cCREEEN L LAEE 2 T2 LR TUERESE
DOFREI N2/ MEBE E -1 KO R TARL LR TELC 60 8B, 5 10 st
TETFLTVL,—~FTREB L AAPB0L OMECTHAH S ETFRINL /MK & BEE-2 X T
RHFROE -2 AROAT 0 FERNETLRERYRL T 0 BUETCETFT LTV 5. Tk
BIFEORADZDORR R, RPEHFROIND CAPVERRBEOEBIELE S 1X0nh T, B
BORBMIHRT oD Cd OFBA~OEEARBROBREC L - TV B L2 TWT 50 DTH
55,

¥FeCd 27 v7F=vHOFREHNTH A5 —vit, L RPIOBEL SORALEOEH IS -
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Table 5 Cadmium creatinine ratio in urine of male residents in cadmium polluted

and/or nonpolluted areas

Age

Area 5-9  10-19  20-290 30-39 4049 50-59 60-69 70-
Arithmetic mean (upper} and S. D. (lower)

128 1.71 2.9 6.02 7.98 496 6.50 7.64
Kosaka 0.42 084 1.33 271 566 1.70 2.8 4.04
2.04 259 428 6.10 6.97 7.23 10.64 14.87
Komatsu 0.7 2.37  1.97 187 4.57 4.27 T.24  6.63
) 2.0  1.42 463 6.23 4.77 8.8 10.96 13.01
lzuhare-1 0.42 0.3 169 1.90 250 400 5728 7.77
B 720 7.3 9.89
lzuhara-2 458 4.5  5.60
fkawa 0.5 0.66 1.05 1.32 1.79 1.90 2.17 2.28

0.33 0.43 0.30 0.64 0.97 0.95 0.71 0.61
Geometric mean {upper) and 8. D. *(lower)
(5. D. * ; antilogarithm of in the logarithmic scale)

1.22 153 2.69 553 6.78 4.58 5.77 6.8
Kosaka (B) 1.4 166 1.60 153 177 1.5 1.75 1.65

1.91 2.02 3.8 579 552 6.22 8.3 13.65
Komatsu (C) 151 1.83 1.69 1.42 211 1.8 211 1.56

B 198 1.39  4.3¢ 597 4.44  8.09 10.12 11.80
Jzuhara 1 (D) 492 156 151 137 173 155  1.51  1.89

e ® 1 o1m o

0.52 0.56 1.00 1.19 1.58 1.69 2.08 2.22
Tkawa (A) 173 180 1.45 1.62 1.67 1.65 1.38 1.29
p-value

Avs. B 0.016 0.000 0.001 0.000 0.000 0.000 0.000 0.000

Avs. C 0.000 0.000 0.000- 0.000 0.000 0.000 0.000 0.000

Avs D 0.000 0.000 0.000 0.000 0.016 0.000 0.000 0.000

Avs E 0.000 0.000 0.000

Bvs. C NS NS NS NS NS NS NS 0.007
Bvs. D 0.035 NS 0.054 NS NS  0.003 0.045 NS
Bvs E 0.071 NS NS
Cvs. D NS  0.031 NS NS NS NS NS NS

Cvs E NS NS 0.040
Dvs. E NS 0.088 NS
NS : not significant unit : Cd (ug)/g-creatinine

I LTh, FRCHGEGHBGRYFEI RS, T2 THER, BEHCFEBECd 7 v T =
Y HOBERERSF T -1 7)., LERTLABLERBREY R, 49X THRI VY
BREREETRL T 5, 2k Eh Fho Cd B S5 ssic s\ T, fERE£R» Cd
R LAR# L ORICHIBEROREST D - L v RRTL 0 TH D 5,
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Table 6 Cadmium creatinine ratio in urine of female residents in cadmium polluted

and/or nonpolluted areas

Age
Area 5-9  10-19  20-20 30-39 40-49 50-59 60-69 70~
Arithmetic mean (upper ) and S. D. (lower)
1.91  1.37 6.33 8.03 10.52 10.98 13.55 13.87
Kosaka 0.89 0.49 6.70 3.74 3.83 3.47 9.28 7.00
213  2.12  6.84 850 11.701 21.21 14.83 14.46
Komatsu 1.8 1.66 595 518 546 11.18 6.35 = 6.87
_ 0.8 333 691 9.12 9.62 26.24 17.85 16.36
lzuhara-1 0.35 5.71 2.88  3.81 28.82 11.15 9.47
_ 11.88 15.50 13.73
Izuhara-2 _ 7.81 12.40  6.79
0.62 057 1.27 144 272 3.25 3.23 3.00
lkawa 0.3 025 059 049 1.05 1.30 132 1.03
Geometric mean (upper) and S. D. *(lower)
(5. D. * : antilogarithm of S. D. in the logarithmic scale)
Kosaka (B) 1.74  1.29 395 7.3 9.93 10.45 11.75 12.08

1.59 1.4 2.7 1.7 1.40 1.41 168 1.79

1.63 1.63 4.69 7.11 10.40 18.28 13.61 12.82
2.24 215 257 1.8 1.71 1.18 1.4 1.72

0.8¢ 3.33 499 8.8 9.93 19.10 14.89 14.59
1.56 238 1.35 1.53 213 2.01 1.66

9.82 12.76 12.30
1.88 1.80 1.63

0.5¢ 053 116 1.36 252 3.02 301 293

Komatsu (C)
Izuhara-1 (D)

lzuhara-2 (E)

Tkawa (A) 1.77 154 1,59 148 153 148 1.47 1.44
p-value

Avs B ¢.001 0.000 (.003 0.000 0.000 0.000 0.000 0.000
Avs C 0.011 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Avs. D NS 0.002 0.000 0.000 0.000 0.000 0.000 0.000
Avs E 0.000 0.000 0.000
Buvs. C NS NS NS NS NS NS NS NS
Bvs D 0.051 0.027 NS NS NS 0.010 NS NS
Bvs E NS NS NS
Cvs. D NS NS NS NS NS NS NS NS
Cvs. E 0.000 NS NS
Dvs E 0.001 NS NS

NS : not significant unit : Cd (uq)/g-creatinine

4. £ B

Cd BAMOBBLHBS O BECHBCERL TV A2 L3HLATH D, TOEMERER
BIER TR 15~30 FEEE IR TV Y,

AR D Cd D8R, Friberg HOFREHREOBREB AT 2 HHYCREDHWRS
ZIBEUTOL 2> T2, 00 b AT i Cd 3B TR X HU P FREE B CRF B
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Fig. 3 Cadmium creatinine ratio in urine of Fig. 4 Cadmium creatinine ratio in urine of
male residents in cadmium polluted femnale residents in cadmium polluted
and/ or nonpolluted areas and/or nonpolluted areas

TR, o TESTFREVAIETHAAZeF+3 4 v YHELTIRERELTHC #4%
1w ELTEET L. 0 Cd #4414 v TR BN U T+~ REH L FRAECET
ha, FRESOBEXER CTHRIIMOES B2 v 7 BEARICERNENT, —ELRES
hfﬁtKQCd%%$4vmﬁ%méh,:hﬁ%ﬁm%ﬁfégiﬁﬁEﬁQMf5K%V.
HECEFRRYETIREMALERBECETLEE L LR TV 5,Cd DEEE L h BIRAT
OBFBRIBEIMET LT MPOFCAF 421 vid g3 77 e 7 ) vEDRSTX
VAL BRBERPCEEERL TS L b, BECERL TV Cd F 4 & 1 ik, R
BWOHEEE FIBGRT, FHAKOs v AR L TRP~ABBEL V5, RETOTERER
BETOBECIHE L EBEOMAEEE TS Cd 7424 vHiRPAFEOIR TS5 LE LS
hlvb, Rbcgieo23hsd Cdil, Ao+ 34 voRRBEYRBRL Tw550THY), Cd
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FAXA Y ORFIEGTFF v HELTOBELBROEBARB I VRBANI~ETH
5, CAFBBEIZROL LBEHCRVCTAFRATOER L bit, BEOER sz v/ —
A= L HHBERD Cd 21 Rpic o 2 h b, ARMOB S, BRIEHRETHIRS Cd
REBLTCVA0C, EFAREC L b BB S8R L Eh~Bre-oX 05 Cdit, BhCd@
B IRBLANATRL L ISHEELTC-230:E2 bR 5, B4ORETLEP Cd 1L,
10 &R ETOEEHCIMES 20 B LEBNC LT L TP 2EBE~0 CdERHORBLY IR
LTS3 D EEhhD,

FEOABNREBIA T EER L EALDERCH TON D, BLOBBIHEEOFHRIED
ETYE L b eBEROET b Hbh, 50 AANSL ) HLEERS LBESR T,

B2 OMET, SRESRMETHDH I EFEL LA H/EHK & BFE- 1 K DERD 50 #R
DETHERTCADFFHeonB LR T2010, BEERTORE IR E B L THEELHR
HHLRETHD, ALEROLHTCLEBTRIMEThECAEHE>028 LR AT, CAE
Bl 2BfFRORE L ERC I A BROABENREBOE(L L DBERIE TR IR,

¥R ERE Cd L oMGEic o, BHIEREEo TV —BAR KV, B CdEeo8
BEBRE LD LRL S50~60 B -2 L3018 it L BEIR T2,
B A ORETSRABEER SRR, FERMEERCsCTED Cd 2F#h e L bic EH LI
TR T~ B e -7 ET50 8 —vERRLTW 5,

CAdEBERCE TR, Cd7 v 79 =vRhTREBE, FHELLCEBNCERLTVS
B0 RARLED s WTERANREOR D, 2050 &R0 CdEg>0ERAIL, Cdick
HPERMEEEORFLZEGTFES V- /ETHLCd 2 # nF A2 1 vOFREEEDET
KEBLDTHAHS LETEND H LD Cd HEFREROES TR v 7 HTHD - ¢
7w rnd ) voRpEROCBT A HRBOBN A Ky TEL T3,

AHOREPCAD CdRBROEELLTORSRY, Rbg-17=7/n7 ) vrBiE LB
HHECES L TRE LT, BEET bbb RAEREOTEESC KW THRBEROHEEL LT
» Cd +EFREMIH~OBEERLIRP Cd 2 v 75 = v EORICIER I HEBIBE ST T
BH, BUEFECESCTRIOBEENRIILAVZ Ex#omiz LT, RPCAD Cd BEROHEE
FLTOBRITRGTOBREL MR THEIAL~NECHDEBRL VS, 205
FRAEREEERBEORT~0O Cd 0B >R, Bl HO AR Cd oRESLA#E S50
FHXCoBERAZ BRI/ ETINLELN S,

U LEElS & R Cd & 0Bk, £RFOFECBRMATERERZTOTFHE IS 50 ALK
COERIRSN A, ThXhoRBERR, BLilkoomEOCBMRL RS LIFFE i E
BEEERPTRL TR (FE6), 20 3 TATho Cd HEBERBBIC T, T t4iEL
TV HERE Cd DB T, CAdBERV AL 2EERSCB-DERSED Y, ThEpcs
HASLGDE FHEINS, ERBEFHC 2 VT F = Y EOBELERERER, ththolk
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* 7 Cd B Rkt Cd 7 v 75 = v I EES L OBEBEIE G
Table 7 Linear regression analysis between urinary cadmium-creatinine ratic and

age in residents in cadmium polluted and/or nonpolluted areas

Examined ~ COTTEIANON b o bility Reg;esingEq:agon Stgrrlrdfrr ¢
Area Coef(f:)c lent -Value e b of
(Slope) (Intercept) Estimate
Male Residents Aged 5-49
Kosaka (.5915 (.0000 0.1807 —0.7002 3.3669
Komatsu 0.5994 0.0000 0.1485 (.5605 2.7547
[zuhara-1 0.7362 0.0000 0.1527 0.2677 1.6419
Ikawa 0.6135 0.0000 0.0334 0.2435 0.6409
Female Residents Aged 5-49
Kosaka 0.6615 0.0000 0.2492 —0.7370 3.9835
Komatsu 0.5613 0.0000 0.2653 —0.2884 4.9337
[zuhara-1 0.5945 0.0028 0.2264 0.3510 4.1220
lkawa 0.7327 0. 0000 0.0565 —0.0860 0.7266
Male Residens Aged 50-
Kosaka 0.3944 0.0173 . 0.1337 —2.313% 2.7488
Komatsu (.3527 0.0276 0.3337 —1(.4600 6.5834
lzuhara-1 0.4564 0.0431 0.2354 —4.0946 4.2691
1zuhara-2 0.2246 . 0.0388 0.1064 1.3538 4.8250
Ikawa 0.1713 0,3742 (0.0133 1.2212 0.8252
Female Residents Aged 50~
Kosaka 0.2046 0.1995 0.1305 4.2522 6.7660
Komatsu —{.1365 0.3445 —0.1394 26.0880 9.1467
Izuhara-1 —{(.0787 0.7025 —0.1950 34.1070 23.3073
Izubara-2 0.1065 0.2680 0.0946 7.3927 9.1837
Ikawa —0.1493 0.3711 —0.0181 4.3263 1.2250
Male Residents, All Fge
Kosaka 0.4724 §.0000 0.0858 1.4821 3.3113
Komatsu 0.6350 0.0000 0.1720 —0.0776 4.5408
Izuhara-1 0.7781 0.0000 0.1699 —0.1507 2.9277
[zubhara-2 (.2246 (.0388 0.1064 1.3538 4.8275
ikawa 0.6394 (.0000 0.0270 (1.3966 0.7075
Female Residents, All Age
Kosaka 0.6152 0.0000 0.1898 (.7852 5.2183
Komatsu (. 5660 0. 0000 0.2489 0.8021 7.4254
[zuhara-1 0.3628 0.0104 0.3540 —1.0851 17,4678
Tzuhara-2 © 0.1065 0.2680 0.0946 7.3927 9.1837
Ikawa 0.6869 0.0000 0.0462 0.2554 1.0307

X : Age (years), Y : Urinary cadmium-creatinine ratio,
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I oE=.EE S-hHEE-SL B-EEEE GEER- S0 BoEk BRI =
AKHH—-Q08D) 1 A Vi v ABIEFHRIRE RO RS gmicroglobulin— LG, #EROHEFLS
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M-6. HFIVLEIBFLBEOERDFITLREII>WT

Cadmium Concentration of Rice Produced in a Cadmium-Polluted Area

BT BT -EE K- R
Naoko SUGIHIRA', Hiroshi SAITO! and Atsuhiro NAKANO!

B H

‘ AV iy s L EERE T b HIARPMRET MK BT AERSAMEL T2 T
~TOKE (30558 75, 1979~1981 EF D JEMIC T » TEREERL, » ¥ i v
ABEARE LI, EXA VI afEoawl, wThoFEek 1L, RBERT
MR ETE, SREBEELLLO0MIEERLTH -1,

AR L ES LR EED ¥ 3 v A BEOEHE, 0.14~0.20 pg/g DEMHY,
IREEFC L AFESEL L Bhbhi, LaL, 3EMchYE—0KBE»HHRERL
FEXROD Vi ABECHAEIAEHNRLh A D, KHOEXOAF ¢ v 48
ErbA Vi AERMISERO F 1 v s BEREVHETTBE&Y v 7441 it
BT 224 EOBDC Lrmb R, .

COMWROFHEKE LRETIESN 183EE L VI STFETH L, FHRE, 18
ETHEE (DY 17 AR2BEE AEREOBRC SO L 5 BEY L 6T OIS
HDERLEL S,

Abstract

Epidemiologic studies were carried out to clarify health effects of cadmium{(Cd)
in a Cd-polluted area, 1. e. Hosogoe area of the Kosaka town in the Akita prefecture,
every year since 1979 to 1981, As a part of these studies, rice crop specimens were
collected from all patches of the ricefields which belog to all families in this area. Cd
concentration in the rice was determined by atomic absorption spectrometry.

The frequency distribution of the Cd concentration of rice in each year showed
close proximity of log-normal distribution. On a whole, the cumulative frequency
curve of each year was very similar one another, although the geometric mean of the
Cd concentration varied between 0.14 and 0.20 pg/g in these years. This degree of
difference is, however, considered to be minimal in terms of Cd intake from the rice.

Cd concentrations of the rice specimens obtained from the same patch of ricefields
in the three different surveys showed large variation of the data, suggesting that it will

1. B AEHARREEET T 305 KRR EEERS 0B 16-2
Environmental Health Sciences Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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be appropriate to determine Cd in as many specimens as possible to evaluate the entire
spectrum of the Cd concentration in the rice crop.

A government-supported project dealing with the replacement of paddy seil in Cd
-contaminated ricefield with non-contaminated one is to be started in 1983. It is
expected that the completion of this project will lessen the Cd exposure level in the
people living in the contaminated area. Thus, the present investigation will provide
usefu! information evaluating the ricefield recovery project in terms of the health
effects in these people.

1. R

AP oA UTFCEDBRESROEGEEYELLLE, TOREREYTHELR D IERHE
A LB AL, RBOBES, AYYELTCORBEABRLEE TS, thTh, TATHD
k0 BERTACABYES Z E2EER LD, T2 T45ENL, Cd HFEHRMIRTH DRER/
AT DS HEL - T THIEL, FInboERYRAEL TELTToKM (305 %)
DLEXRFEERL, CABEAYRETAZ LT, £R1 A1 AD CAdEREYRET LD
DRI DICTDHZ EXFEIBN,

¥, KCABRERRA-HADERTD » THRNEFE (KRB LofFoB (L)L Y ERT
B LA FHRIALOT, 1979~1981 HEO IEMEECERXRLRIRL, FE I L0EK CdRE
OEB T T~

REEHIE T, 198346 S EETE T Cd HERTE OkH) O/RTEFELTLRI FETHY,
COBEAELTIE, EROD VIVARERY T LLM2FRITLCARDREZ LD,

2. WNRRUK®

Cd B RMIR T 5 B/ EET MK o 4 8 fFBR 38 HHORET 5T ~TDKEG05
) OEXYHEE L, KBRIRE, SHET RRENLE ofEhcEins Cdicl
b, BREICHR - CTEERRY I e E LR TV D, EXL, 1979~1981 FED 3 INEEE
ot b BKBOEPMEN S, 1 BT8R o, S LPoKESL, 1979 %5 276 3, 1980
S 239 4, 1981 4FHE 260 ETH - T,

EXGREL, BRL TXRORBCL, BREKC L {BEL 20D 100C T 3 REEELTI.0
g BR LY, Dhy R 40ml &BB{IEARE 10ml TBRKLL, BEATWOmlcLicbD¥ s
WL L, 2B CABEY, BEETRE/ 7 v — 2+ XXEH AA640-12 AT, 7
v AR FRAETD, T Y FOMECL Y WL, SEHEO CABELY, Tk GREATH
&, 100°C T3 RIS E) 1 g M) CABEX R L, B0l ug/g & LTELI, 2k,
MRET D 1979-198L SR S 1 D RBLB/ L KRR L1z
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I8 R
Rik, ThLh 197946, 198055, 1BIFEOEXCABELY LA 75 ATRLE, W
ThOFEES, ©—27i10.10~0.20 pg/g OBRERBCHEL, BULAESHEMY LTt

Cdinrice
( pgig )
]
- QA0 —
2o — KOSAKA 1979
= 370 o. n=27§
- fad.
- 080.
- 118
¢ 20 40 ] 80 100 120
Frequency
{a) 1979
Cd-in rice
(roig
- Q10 em———
- ' L]
- > ——
- -
- () e KOSAKA, 1980
- n =239
- ) -
= 2 -
= . -
S e
0 0 40 60 80 100 120
- Frequency
{b) .1980
N —
S
— KOSAKA, 1981
n = 260
20 40 60 80 100 120
Frequency
(c) 1981

K 1 MEETHSEEER CARBEOSfi— A LS T A
Fig. 1 Frequency distribution of Cd concentration of rice produced in the Hosogoe
area of the Kosaka town in
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LI, FEEOER CABRE ST, WREHEREFCREREL LTy FLEELD

BR2THD, BEEL D, HIIBEEBYTRLES E0b, BXCAdRBEOCS M NI TERS A
W eEL w25,

ha % e
l — 1
995!- 93 9991-
99) . 89 2 ogf
95 g5 95~
=4 I 90F 90r
5 50 50 .
Kosaka, 1979 . Kosaha 1380 Kosaka, 1381
10 n=276 10- n=239 10- . n=260
5 5 B
1 T -
o1 o1
T TR | L L 1
am Qo5 as1 2 10 O.[BO!J 0.‘5 1I 2 10 Q015 (ll\ OTS 1 IID
Cd in rice {ugig) Cd in rice ( pg/g ) Cdinrice (uglg)
(a) 1979 (b) 1980 £ & (c) 1981

B 2 JMEETRESEEX Cd BECS 1 —HRIEHEERR

Fig. 2 Cumulative frequency curve of Cd concentration of rice produced in the
Hosogoe area of the Kosaka town in

1K, BFECBTLEXCIRECEMNTHE BAME RNMBUCERYE D2,
1979~1981 SEfEid>te - TEX CA BREOFHEI2 0.14~0.20 pg/g DEBIH - 1,

1979 £/ & 1980 FEE DM X, FEHE =it iod o 7oAy, 1981 SR L F OREE R LT
AR EEOENTE D LR,

B LS HFECHET 5o R 2 ORBERRER(a), (b), (OF¥ERTERL
b ORI THD FEEORILIIE-HL, WThOFEEr B TLEX CIBEDSHOR
WA TR AR,

#£ 1 /NEEEEHKE K CdiRE

Table 1 Cd concentration of rice produced in the Hosogoe area of Kosaka town

HEE BwikB  RETHE BXHE BME wm B

1979 276 0.148 1.072 0.041 1.031
1980 239 0.147 1.210 0.032 1.178
1981 260 0.194 2.266 0.043 2.223
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.lﬂ

d |
2
99~ &
95~ a8
80r i
i
a0
Ou
L LR
50 . Kosaka
¢ o197, n=276
N 2880, n=238
10- “B81. n=260
5F
1- 8
]

1 1
ele] 0‘,1 0s 1 10
Cdinrice (ug/g)

B0 3 1979—1981 EE i kT HER CABESHO LI
Fig. 3 Comparison of cumulative frequency curves of Cd concentration of rice
produced in three concecutive vears

Bl 4 MEEFAIEBE I 3T A S IRBEEE O FE X Cd BE M 0 BB
Fig. 4 Correlation between cadmium concentrations of rice produced in three diffe-
rent years in the Hosogoe area of the Kosaka town

i, Br KB VTR EZ, REINLEXO CABEREFEC—ET 20081 %
BET h e, EX CdREC>CTAEEMOMBIBE LA~ (04), HBGRRY RS &,
VRO 2EERMC ST A EEORBER R hich o (P>0.05),

Lo, @—OKELrbRBEI R EXTOREFECL > TCARERRI->TWIEE

2%,

4, £ B

X BL/NEET O 3 i R FEEE T A NI 1861 SR R & h, 100 LI E S OB+ ¥
tH, WEROEL DY R E LT EOBE I X 5 BIFYFRESOHEENHEL Ty, /b
RET AR, ST OBER LS T\ e Cd it b, BEEEO T BERYZEF T 5
BTH BV, F OIS AMEOE X EOMBOBIEMCIHR Y E LERED Cd A h 15,
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i, BEALOUHENBRTHY, HREXRFRILTEL, Lr- TRBEKERDOKEE
b, BEBEL TEFECHI) Cd KEBRYET T LE L bh 5, AMEKEROBEAE
Tit, ERO%Z CCRAEREE R LY, FHTERNBREREOEETALE -7
e 7Y vRER, BEFEORVCERBE CBEYRL o BEFEHI Cd AREERD I\ 5
LEZORDSE, CAATHER L BEERE L OMCE - BEBE (Dose-Effect Relationship)
PEALT B EE LB TV A, 1978 4RI B 651, FshE B UEH B/ o Cd JEFHHuig o 50
WL EERC 2T Cd BIE R, Bl HERT 5 Cd 3584 - 3emRtrEsnn o &
EREL V5, 2O &, PRETHBCIBEATERE P b0 EH ¥, i
1B F 2EHREBF TCH I EFORLT o T B2k, LichioTid b A EOREED, KT-
E2bbAHA, L ELRARY NN AEEOREC A TEHE I A TL AT HE LTV 5,
Lictia €, CdoEREOANe, Cd LRESEOR - RMFE+BR T80, TR
LToX»6ERTS CdENACAAFROREL L TESTEECL~TL 5,

G, TRTCOKELD IEK bl » TIHRRL-EX CAdBEYH L, REEYR 5 &, 1979
FEIEFECHD, 1980, 1981 EEE IS EDLDEEIED 60~T0UDRETH -7 (FE2).
IOL S ERIC KX RS - 100, FHEX CABEL0.148, 0.147, 0.194 ug/g & HE
X —BUREYRLR, ¥, BHREOBEE I 3RIEAOEBLMIRO LK Cd BE
(n=25, ¥#50.04ppm, &K 0.09pm, B/ 0.02ppm) L CHSMCEBETH - 7. Y
B 1981 FEEXRTFH CABRES 1979, 1980 FEH LEBOBHELZRL LM, B3R LE
Y EXCABEOCHMIIEMTIL—HLTH Y, HIEE REL T2 Ko Cd L »
TEHIRERB Lo bEZTI VAV 2L,

*® 2 /MEET IR R KR

Table 2 The rice crop in the Hosogoe area of the Kosaka town

EEE ton %
1979 151 100
1980 77 60
1981 104 69

Lo, KA cEETH &, B—oKELrbREI R XTH, CABERET TR
Tote (l4), oz &b, —HOKAPLOEXD CARBEYHEL B4, MBS
REAELLFHET 2 Z LB LV-Z Edbhb,

SEoHRE, —2o0 Cd HRsEAOERME ~ D Cd RBR XML LHO0HEEERLE £ 5,
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B F oA LEBRMIROERK S ¥ v ABECOWT

B H  BRXNEETRRES

EE A 4 5 6 7 8 9 10
A HEBRIC) 62 123 179 215 233  18.0 137
AT HRE%) 6.4 736 8.3 79.0 782  80.4 825
Y9 o @ gmmmy 220 68 346 215 315 252 138
. H ERESE (3R 121 126 75 143 162 137 129
A¥EHRR(TC) 7.0 14.3 20.2 20.6 20.1 17.5 11.3
AEHBEC%) 73.3 72.6 74.3 80.3 78.7 82.2 83.4
98w & Bmm) 151 135 151 211 157 120 203
B H B R ) 142 139 155 116 100 136 170
F3EH&RC) 6.8 i1.6 16.8 23.3 22.3 16.3 10.6
AESBE%) 73.0 76.0 79.3 81.6 81.3 81.1 82.3
98l o & mimm) 78 131 228 297 365 141 183
£ B BRI 141 132 106 120 115 139 138

FHE T, EROBRAELRMCHL > TEEPTH 2, SEOBEYENODIZL, ~h
EHPRTERB« ORPRE, ROBRT CABRESH XTS5 Licky, BHR1A1ADCd
BETEHL, BREELOMELTHLMICL TV, £ LTRRIICE, REMZOL -
CARMORLHREA KDL LA TCELLIEL D,
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3)

4)

5)

6)

7)

5l B X #®

AW OB AREL - hEECRIR (1977) | BE B NRIT BT SE 0 E S B E . AR B, 3
21-27. :

EEZR-FREM-FHE T UBEX (1976) - KERBRBE. BEEEL £— 1, 26 114-123
Saito, H., R. Shioji, Y. Hurukawa, T. Arikawa, T. Saito, K. Nagai, T. Furuyama and K.
Yoshinaga (1977} : Chronic cadmium poisoning induced by environmental cadmium pollution.
Renal lesions (Multiple proximal tubular dysfunctions) identified in residents of cadmium
~polluted Hosogoe, Kosaka town, Akita prefecture, Japan. Jpn. J. Med,, 16 : 2-13. ‘
AL kHFEE— B - TR - RIS - SIREAED . Il BB bk (1977) :
BV I ARBEFRMBERDCR g-microglobulin BE —H F : ABEEED Dose-Effect Rela-
tionship w2V T.  ERH0H$4, 100, 350-352,

HE OREH =AM R RWEGHH w0 OBeEA B (9T A Y o AESE R
ERD K g-microglobulin T — X BEE L OEM PO LB, B0 5@%, 102, 751-753.
TER=-EREE (1978)  Bk@ G/ B =R o Cd B 5 distE R o Cd SRegHEED
RERCERME.  BUSHELV A, 4, 86-115.

BHKERHLBIED (1976 | "BRALLEOBRTRENET L 5 HROBCBET 2 HE B
R, 92, 39-47
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Population Change in Kosaka, Akita Prefecture

NEFOBER) - FEE OE - A R
W — B
Masaji ONQ’, Hiroshi SAITO?, Shiro ADACHI
and Ichiro WAKISAKA'

E 8

HEE|MERT T, BER (P F v a) BSHEROACBECRETREYEL
9T, BcoREAEYERL TN,

FETW, ThoOBEREEORBER & LT, HitgnK o ECMNIE oI -
Rl R, AkPiitccbioa ADED, AoHGo®dl, Aol EXES) oo
WCTRE R T o,

Abstract

We have been investigating the health effects of envirionmental pollution of
Cadmium from Copper smelter in KOSAKA, AKITA prefecture.

This report contains the outline of cbject, those are geographical and historical
background, population change, vital statistics and industry of KOSAKA.

1. @Lsic

NEET A EB O, EAfZtoRIbRCHEL, TREFYIIATEREEETS (X
1) AMHLSEGRLET & LT L, ¥t TAEHELCS HEE-TV5Y, BERES
O 4 1L GEHREWL, DREL, EEEREW, SHIUEID €, REESUYINZ S & 3010
Yz 52 SILORERIMACER Y Lo b L, £ REILREBEORER X ERBsLCHR
THREDBEELLR, —HeRwTREEOWEYS 25, EREBCK I ERYE
Dt Tiuis,

B - KE2LRROTMCH TR Y ES hC FRBENFOEL BRAIRE, HE,

1. B AERRHREREDS T 300 RIERARNS oIerhFN 162
Environmental Health Sciences Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan
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B 1 RETEEE
Fig. 1 Outline map of KOSAKA

EFRFICHTLEETH -V, BR46F, JHRAEEE,CRBEDO N F I ¥ o BYKIRE
Shicl ot EROBICEREFICHTIALHEE-TE L, Jhr s, BRTELS
HETHERE, TKER, RA¥EE-_NHHE/ v -7 2EREZNERE R, FES
k) REO—MHEE s TMENESR (P F i va) hERISEEENEDLRE DL
HEH IR, '

FHECTNEET OB EIART 5 & L b, KBV TMIETOEF 50 Eflic o B TR
B> T DGR BRET 55,

2. ADOER

ANEBTD A DB D b KERIRIC O TEL <HEI L7z, 1888 4 (B 21 4E) @ 4,863 Are
5 1903 4 (B 36 4F) 12 10,499 A LfEHE U 1o, oo &M 2 8tit 1917 48 (KIE 6 %) i@ 24,597
ALRITORES®EE L LOLBESLHAICE U, 19205 (KIE %) 0F | nIEH AR
DARR17,007 ATH o 1o TOERBEEYERDEL DB, 1960 £ LHE T TR T T
B, 1980 S0 AHE 10,526 AT 190348 (8% 36 ) & @ERMTH 5.,
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dim LA D AR LD L, 18884 (WAL 21 4R) iCi2 4.77 ATH -1, 1903 5 (BH7 36
E) ~1905 4 (BI¥5 384E) 126 ABTH 7oA, 1906 5F (BIE39%E) w4.24 A K2 {HA
Lice COFEDADMMIZ1,020 ATHDO0 LT, HHFHHEMLI, 156 & AnfEmz Lk
@ Ttz FOE—HLAh A DT 1917 FECKE 6 B0t 5.76 Ak fo-7fo, 1920
F(KIEIFE) 5 1950 F ¥ CHBAE I E LoD, 1955 £ LEIEF THA 2FTTE D 1980
FEVT 3.3 ALRAR 1004 4 (BIR37TH) 6.72 ADFIEHTH %,

il (B/4) #25E, 19184 (KRIE 74 AL 1.1~1.2 £ BAg® BB - Tz,
1920 4F (CKIE 94F) LARROEBRE T2 5 L HME TR T, 19254 (KIE 144) %
B Bao AnsWEEL, 1980 Ficiz 0.89 EREYEELE (FE1, R2),

3. EBEKIAD

1950 LA EFHE -3 < MRBTOM B « ERPER A D, ADEIg+E2, B3 KRL
T B4 i 8 LA T AR OFRELEERO LR L 12,1990 FI0i 0 - 4 A D £ 13.9%
TRI3ZL, ®ROCT5-9%11.7%, 10-14 5 12.0%, 15-19 & 10.9% L OB 1" 5 & v
FRY #RLTwv2, LA L1930FEOKHE (0-45K15.9%, 5-9 K 13.8%, 10—14 &
1.7%- ) EH~T, 0-45&, 5-98 10-4E:EThFhBRPoEEH vk, ¥
o EERE (W0~50 RV DEIGHLRE W LR EHBRE - TV 5, TORI-4EADIIK
B (BEROE L PRE) L, 22EhT5-148, 15-24FBbBALTv5, T4 25-29
B, 30-39 B FhFh 1960 4, 19654 T EMML o b EL 5, —F, 40-64
BB ictEing, 65-798%, S0 ML L : b in KEMERLTV5, ZORKR, AP
BEPEDO Ty PR LRECHEE 2 1980 F1I0L 0- 43 5-9&%, L 20724 %%, 25729
BRI CEEYTRL T2, ¥ HR L ORETH 0-4 5, 5- 9 & 20-24 &%, 25-29
BreEFRLRL:, ERERIAQIEYBE BT LedE LTREN I - lEX LT
VAL, TEBFERBEOLHESIAERTH T, ‘

wizZ kg 2 k- O E LT Ta S &, 1931-35 £ H AR (1950 F245F 15-19 &)
& 1926-30 FFH AR (1950 FUEE 2024 &) A RS TH Y, ThIEOHARFIHEBTHE LT
Wh, R, BEREBTOMA(BRRH S oEic g 2 A — F & D 15-19 H(20.1~38.8%),
20-24 i (17.1~51.3%) TAEB 2l (HEF) AR ok i, —F, 1980 Fik 25-29 & T 19.1%
OEMAREIRI, ThEBELTHETL L, RERBTOHIRIBOHHKRE, 20-24 5
TOBRIRLBOHIPKEL OB LBRBEIRI, —H, 2529 TOEMEBL 1975 F
LEE DO IHVBERTH S,

#F3, H5ADEE (Fh AN, EFAREY, EEADEH EFLERD O0FKE
bR Lo A DEEIL 1930 A% 78.0 TH - 725 1950 F12i1 64.3 Ll h L O L BA
AR T &40 1980 45142 29.2 & i » oo —7, EEA DT 1930 (6.4 25 1950 4:(6.5)
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* 1 Ap, #HREOFEXREAL
Table ! Change of population and household

. A o amu
LA BHEH —g 7 T ornAn (B0

1888 (BAE21) 1020 4863 4.77

1903( 36) 1732 5570 4929 10499 6.06 1.130

1904¢ 37 1802 6367 5741 12108 6.72 1.1G9

1805( ki) 2091 6829 5918 12747 6.10 1.154

1906 39 3247 7460 6307 13767 4.24 1.183

1907¢ 407 3643 8558 7226 15784 4.33 1.184

1908( 41 4003 9789 8160 17549 4_48 1.200

1909¢ 42

1910( 43

1911¢ 44)

1912KIE0LD 3786 11114 9326 20350 5.38 1.203

1913(¢ 02> 3886 12076 9989 22065 5.68 1.209

1914C 03 3984 12274 10064 22338 5.61 :1.220

1915¢ 04

1916C  05) 4288 13165 10973 24138 5.

1917C  06) 4269 13395 11202 24597 5.76 1.196
1918¢ 07 4212 12183 10961 23144 5.

1919C  08)

1920 0P* 3533 8595 8502 17097 4.84 1.
1925( 14)* 2997 7806 7597 - 15401 5.14 1.028
1930 (REF105) 3046 8118 8273 16391 5.38 0.
1935( 100" 3165 8790 8955 17745 5.61 0.982

1940¢ 15)* 3123 8590 8655 17245 5.52 0.992
1947¢  22)* 3083 7804 8280 16084 5.22 0.943
1950  25)* 3002 7939 8345 16284 5.42 0.951
1955¢  3m* 3150 8072 8463 16535 5.25 0.954

1960( 353 3280 7744 7932 15676 4.78 0.976
1965¢  40)* 3455 7378 7902 15280 4.42 0.934
1970 45)* 3438 6505 7263 13768 4.00 0.896
1975C  303* 3205 5638 6240 11878 3.711 0.904
1980(  35)* 3l 4973 5503 10526 3.38 0.896

«EHREAD :
fbirEEAMBHESFCL S CMEETFE L H)

24,000
A

20,000

16,000

12,000

8,000

4,000

1900 1910 1920 1930 (940 1950 1950 1970 1980%F

M 2 AnOEREL
Fig. 2 Change of population

— 230 —



HHER/METC 386 2 Aoy & AnEEoFElL

F 2 B - FHERMNA D OTHRHR

Table 2 Population by sex, age and year

R 1980 4 19754 1970 7 1965 ¢
Tl i B x - 5 i &% A * G

o
ﬂ!
b

0—4 &% 289 275 564 356 357 713 503 560 1063 704 744 1448

5—9 & 337 320 657 452 492 944 647 679 1326 756 650 1446
10—14 % 407 459 866 558 596 1154 692 628 1320 841 795 1636
15—19 &% 374 410 784 459 396 855 506 496 1002 670 623 1293
2024 % 224 217 441 238 250 488 348 460 808 381 526 907
20—29 &% 300 281 581 354 373 767 385 513 898 603 6566 1259
J0—34 &% 367 330 6497 351 419 770 260 583 1143 689 719 1408
3—398% 298 400 698 466 508 974 603 634 1237 670 635 1305
W—44 5% 417 473 890 525 968 1093 575 562 1137 483 536 1019
45—49 &% 481 522 1003 521 509 1030 432 511 943 368 417 785
50—54 &% 457 443 900 370 433 803 334 373 707 In 400 771
55—50 &% 284 365 649 253 342 595 289 344 633 281 289 570
60— 64 &% 219 297 516 249 328 o578 250 251 507 227 202 519
65—69 &% 219 296 515 203 242 445 174 258 433 148 236 384
0—74 & 169 195 364 136 190 326 112 193 305 121 179 300
B—T95 88 146 234 72 127 199 64 129 193 43 100 143
80 RELL L 43 124 167 35 109 144 31 82 113 22 65 87

o &t 4973 55503 10526 5638 6240 11878 6505 7263 13768 7378 7902 15280

R 1960 4 1955 4 1950 5
FEw % 5 - & 5 T & 5 T &

t—4 & 760 W9 1469 865 917 1782 1132 1138 2270

5—9 &% 812 820 1632 1069 1093 2162 980 929 1909
10— 14 &% 1004 995 1999 956 895 1851 971 979 1950
15—19 & 680 565 1245 798 760 1558 920 857 1777
20— 24 % 657 634 1291 736 724 1460 669 734 1403
2529 730 719 1449 716 700 1416 550 626 1176
30—34 % 673 661 1324 526 592 1117 416 523 935
35—39 % 490 548 1038 418 206 924 463 504 967
40—44 & 382 441 823 452 492 944 412 390 802
45— 49 &2 417 433 850 387 367 754 369 381 750
50—54 &% 343 37 660 344 354 698 293 358 651
55—59 & 281 301 582 259 33 59 288 307 595
60—64 5% 204 284 488 253 267 520 233 239 472
65—69 5% 167 204 n 155 195 350 106 158 265

T0—74 & 87 150 237 7 131 208 K 127 204
H—798&% 39 90 129 37 80 117 46 66 112
80 RLl E 18 71 89 25 59 84 14 28 42

& 7744 7932 15676 8072 8463 16535 7939 8345 16284
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* TIRERIKRECH - 7025, 1960 £ 5 LR &4 1970 Hi42 11,6, 1980 Fii2 17.9 &g -7
RBALD (EPAD+EEAD) 1L ELARBEROBIAEFTADEROHEN Y LB T
$9, 19300 84.4 75 19804FI3 47.0 T TET LT3, ¥ oBFER 1930 F0 8.2
i 1980 24012 61.3 LRI ER LT\ B, & hbo& Sy BL BT 5L, FHADHE
I BEAE L, EFEANEBE, BEABRILIE, EBEA DHERE 1950 FLGETFEH, 1960
LRI RICIKHE & DHB G, TOEFADER, EEBAOHKE, EFICIERL
NEET TR EWERPR bR,

— 232 —




PERMRITI B0 5 AR A & A Dok

* 3 EER - ERAACEE
Table 3 Change of population index by age

By

# 19804F 19704 19604F 19504 19404F 19304

30,2 43.0  53.0  66.8 81.5
FEPAOER & 2.2 394 516 61.9 74.7
s 292 411 52.3 64.3 78.0
B2 152 8.9 6.4 5.3 6.0
EEAOEE & 204 140 10.5 7.7 6.8
B} 179 116 8.5 6.5 6.4
B 454 519 594 721 87.5
WEACDHE® & 486 535 62.1  69.6 81.4
i 470 52,7 608  70.8 84.4
B o502 207 12.1 7.9 7.3
EEAIEH & 722 355 204 125 9.0
FO61.3 281 162 10.2 8.2

®om R
e I980F 1970 19604 19504F 10404 19304
B 326 387 6.5 68.2 77.5 76.1
FAADEE & 287 332 522 635 737 73.1
Hiy 30.6 3.8 56.1 65.8 75.6 74.6
5 133 9.6 6.8 4.8 5.4 4.9
EEAOER & 172 117 8.2 6.7 7.5 6.5
5t 153 10.7 7.5 5.8 6.5 5.7
5 46.0 48.2 67.3 730 8.9 8.0
EADGE 4 459 449 604 70.2 812 796
5 459 4655 637 716 82.1  80.3
B O409 247 11.2 7.1 7.0 6.4
EEEH & 5.9 352 158 105 10.2 8.9
5t 50.2 299 134 8.8 8.6 7.6

FLADER  EPAD (0 -4/ ERERAND (15—64 ) X100
EEACHEHR EEAD (65 FLLE) 7 EEERA D X100
REANGEE  EAD CEPAD+EEAD),/HBEEBA D X100
£ F gl EBEA QD AT XI0

4. ERJIAD

R ANEE OEREPA D DEXRE Y, F5IMRET & KEEOEZIA DBEOEREL
EHZHNCR LA, METOE—OBRREZEA N KD BEEHAEZ L Th D, 1950 FD
19.3%55 1960 FITiz 9.3% L ET Lfcid (BEREOSBIENLAALAS), 19701 E
U'31.0%E TEE L 1980 fFi b 22. 8% % b T3, fr ks, BRI TARS & 1970 5EiciL 45.5%,
1980 i3 34. 1% TH D, BEADDEIS 1 1950 45112 37 4% T » 1085, KECETL 1980
Fii210.9% Th B, EORHE - IHE, +— CARTALEAOHMAR L, WEKo
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Fig. 4 Change of population ratio (1950 =1) by age
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Fig. 5 Change of population indexes

APE(AOEA)A 1955 F & 1060 FIBFTHEVELR L T 1 (1950 4 842 A— 1955 4F 1836
A— 1960 £F 1789 A— 1965 4 245 A), —F CRIKHAOEEA nic Kig e {EF AR Hh (1950 4
1255 A— 1955 4E 359 A— 1960 5E 631 A—+ 1965 4 2176 A), B OSBRI E 2 bh b &
HEE TS L, PMRETREFACDORHERREACDLE L, BEAD, A - PpEEARDS

P,
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% 4 BB ERTANOFKES
Table 4 Population by sex, industry and year

£iR 1980 4 1975 F 1970 5 1965 &
E# 3 A T fat 5% i &t ] & &8 | A
B B3 183 35 534 267 566 833 375 83 1158 442 813 1255
E2) #* 53 16 69 54 21 75 47 28 75 58 12 100
A E 17 1 18 14 0 14 16 1 17 21 4 25
€ #1029 88 1117 1283 103 1386 1792 169 1961 2001 175 2176
B O® OE 551 162 713 599 120 719 599 249 843 632 250 882
B O& ¥ 244 356 600 234 242 476 151 101 252 171 74 245
i N 251 353 604 243 334 577 255 393 648 242 361 603

Grfe PRI 16 31 47 16 26 42 21 27 48 20 12 32
A -AEE 222 63 285 227 69 296 245 72 317 277 82 359
- AE 343 417 760 356 443 799 349 538 887 285 408 693

N % 105 57 162 121 79 200 90 26 116 104 30 134
2R N 0 0 0 4 5 9 2 3 5 1 1 2
& B 3014 1895 4909 3418 2008 5426 3942 2390 6332 4254 2252 6506
£k 1960 %= 1955 4 1950 ¢ 1947 4
E¥ #* 5 * At B T AF 5 T &t 5 &5t
%3 E 552 979 1531 977 1309 2286 1114 1321 2435 963 1179 2142
£ E S 98 b 155 119 32 151 162 41 203 87 14 101
# ¥ 18 9 27 14 5 19 2 0 2 8 0 8
. E 568 63 631 309 50 350 1024 231 1255 1100 279 1379
B OFE ¥ 668 296 964 501 154 655 530 101 631 344 89 433
B O& ¥ 1630 159 1789 1493 343 1836 204 338 842 429 141 37¢
icl

T 232 277 509 221 275 496 194 196 390 87 86 173
b REE 13 8 21 10 10 20 6 5 11 5 4 9
He-mEHE 267 58 325 231 47 278 220 36 256 178 33 21
- AR 308 402 710 275 269 544 163 188 351 28 32 60

N ¥ 67 27 94 188 110 298 96 38 134 85 47 132

o8 T IE ¢ 0 0 0 0 0 2 1 3 103 116 219

7 H 4421 2335 6756 4338 2604 6942 4017 2496 6513 3417 2020 5437
5. AOBNKE

%6, 61932405 1979 4 % TO/MRETDO A DB (i, BT, FUBFET, Hi4E
) AUt WARIL1935 0 30.0 (1933405 1937 £ 1 TS EROERADOHERE,
FOhRE 1935 FORBAEAN L ) BH) 15 1947 Ficik33.8 LRBLERL, B 19605
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# 5 thHl - EFEIADEG OERHER

Table 5 Change of percentage of population for industry by sex and area

bR B
K 1980 4 1970 ¢ 1960 % 1950 4
B B B w4 B & oed B & oad Bk A
= * 61 185 10.9 9.5 32.8 183 12.5 419 227 27.7 5.9 37.4
# * 1.8 0.8 1.4 1.2 1.2 1.2 2.2 2.4 2.3 4.9 1.6 3.1
# ¥ 06 0.1 0.4 0.4 0.0 0.3 0.4 0.4 0.4 0.0 0.0 0.0
# E TN 4.6 228 455 7.1 31.0 12.8 2.7 9.3 255 9.3 19.3
B OB ¥ 183 85 145 152 104 13.4 151 12,7 14.3 13.2 4.0 9.7
oS ¥ 8.1 18.8 12.2 3.8 4.2 4.0 36.9 6.8 26,5 125 13.5 12.9
H . 5T 2 8.3 18.6 12.3 6.5 16.4 10.2 52 11.9 7.5 4.8 7.9 6.0

SRi-REEE 0.5 1.6 1.4 G.5 1.1 G.8 0.3 6.3 0.3 6.1 0.2 0.2
g oRiEH 7.4 3.3 5.8 6.2 3.0 5.0 6.0 2.5 4.8 5.5 1.4 3.9
+-vAFE 114 220 155 8.9 22,5 M.0 7.0 17.2  10.5 4.1 7.5 5.4

N B 3.5 3.0 3.3 2.3 1.1 1.8 1.5 1.2 1.4 2.4 1.5 2.1
FEFE 0.0 0.0 0.0 0.1 0.1 0.1 0.0 ¢.0 0.0 0.0 0.0 0.0
=) E100% 1009 100% 100% 100% 100% 100% 100% 100% 1009% 100% 100%
oA R

F& 1980 & 1970 % 1960 % 1950 4
E¥ A T HE B & & 5 & &t 5 T Bt

i
¥ 192 250 216 323 49.0 396 41.7 65.3 51.9 53.0 758 621
E 2.3 0.6 1.6 2.5 0.6 1.7 4.0 1.3 2.8 3.2 0.8 2.2
E 0.7 0.1 0.5 0.9 0.1 0.5 1.1 0.3 0.7 1.7 0.1 1.1
* 1.2 0.2 0.8 2.2 0.3 1.4 3.0 0.4 1.9 3.3 0.7 2.2
® 177 3.9 12,1 125 2.1 8.0 9.1 1.5 5.8 6.8 0.9 4.4
& ¥ 121 1B.7 148 0.6 10.0 104 10.2 4.7 7.8 9.1 3.3 6.8
/% 170 237 197 13.2 175 151 103 12.2 1.1 6.9 8.1 7.4
PR R 2.2 2.4 2.3 1.5 1.3 1.5 1.2 0.6 0.9 0.6 0.4 0.5
EEEER 8.7 1.6 5.8 8.7 1.8 5.7 7.1 1.4 4.7 6.2 1.0 4.1
+-¥AFE 139 2.6 17.0 11.1 157 13.1 8.3 11.3 9.6 5.7 7.8 6.5

ER2aEE e

& B 5.0 2.0 3.8 4.5 1.4 3.1 4.0 0.8 2.7 3.7 1.0 2.6
TET®E 0.0 0.1 0.0 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
& B O100%  100%  100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

$ 324 LB o L 1955 FiTit 22,0 E B AET YR, $0#ELHFIPF>ET A8
1975 Fiit 17.4 TH A, 7, BEE (HERLRABCER) 1219354 (13.1) — 19404E
(16.2) — 1947 4F (19.9) Lt oDb, 1950 F1C 11.2 ¥ CETF L, £ 1965 i
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Table 6 Change of population dynamics

£ % A R W4 & U () CHIRET (R FAERRT 8

1932 % - 534 181 66 26
1933—374F 17745 2665¢30.0) 1161(13.1 332(124.6) 144(54.0)
1938—42% 17245 2603(30.2) 1394(16.2) 296(113.7> 130{49.9)
1943—44 - 936 658 103 42
1945—49F 16084 2721(33.8) 1596(19.9) 258¢ 94.8) 103(37.9)
1M8—524F 16284 2636(32.4) 912(11.2> 180 68.3) 86(32.6)
1953—57F 16535 1820(22.0) T18( 8.7 75( 41.2) 32(17.6)
1958—624F 15676 1586(20.2) 685( 8.7) 52( 32.8) 2717.0)
1963—67 & 15280 1502(19%.7) 585( 7.7 320 21.3) 21(14.0)
1968—72 4 13768 1295(18.8) 642C 9.3 270 20.9 1914.7)
973—77% 11878 1032(17.4) 591(10.0) 25¢ 24.2) 2019.4>
1978— 79 4F - 356 232 3 3

Anghiin (E%RE) ¥RV HAER T ADTHHAR

M B EBADCESL FLE D AOTHECK

AR U HETHARATHR
FRERFECR | BETHHERECH

150 |

1ARCE

109 ¢

50

30

20

10

5 1940 is50 1960 1970

B 6 ALBECFREL
Fig. 6 Change of population dynamics

7.7 ERBEYTIHFLLOLBELERL TS, FLRATR, Fid B CRGE b FHlO HAER R
THARFCE, FEERCROZE)ITE S 1965 FF TERCETLTE D, TOBRERIL
BRETROFINAE, LAL 90 ECREEE S ERARGRI,
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1) DEMESHHEIAERSE (1975) | DRETE,

2) EWESEHAHER Q978 #ILAM (BEF53 D,

3) BE4AEREHFLRAER Q970 S0 -BEFELQmES ¥ 2 7 AREDRAE (BEBAB 8
OFRLEBCoWT, BEFR V-1, 1, 66-81.

4) ZAEE < EBRRENS - WIBCKEE - )| - BT« XM EE A KEE - SILE -
BT L A V3 Y SRR b LS BlEY ¥ 1 Y AahBoWR, BER/RET MBS
BeSHRE Lo F I v ol aBEE (EREIMEMTRIERTEIE) o1, HEWRFAE,
64, 1371-1383.

5) KEFEGEHE (1981 [ RIS HFEEHAZHEE, B 2505 (KER) 4.

60 FAEEMAEE (1915) | BAAE#HHE b,
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Res. Rep. Natl. Inst. Environ. Stud., Jpn,, No.67, 1984.

M-8, FHEEIRETIZH T AFETHENSIT

An Analysis of Causes of Death in Kosaka, Akita Prefecture

NEF OHER] - HEE OB -RE R
Bl —ER!
Masaji ONQ!, Hiroshi SAITO!, Shiro ADACHI!
and Ichiro WAKISAKA'

E B

BE&E (D Five) BEFROAORBE~OEEYHL BN T, KERNREIZK
TRBEEEIC I ATREEOF R 2, DToGERE LR, '

. FECH, FECRR M- F v e — 7 CEAEASE bh b2, ETRORP AR
11965 ETHEFE L T 5,

i, ERBICAD &, 08, 1-44&, 59, 10-19 RO CEEMH L, B> - T 60-69
B, 70-79 0%, 80 RELLLOTETEISABML TV 5,

ifi. FERDOETEE T, BEEHEE, B8 RBEENES L, EEFRLS O
K, BOEREBI EML T3, FRKERE LRI TRIFREER, EFO
Hapkd{, MNERER ESEFEDHOHESGIPI L,

iv. BETEEYLET5 L, SEFRFCRTROEYR, FRELREOFECEGH
EL,

Abstract
After obtainig information from the Death Certificate, we analyzed the causes of

death to investigate the health effects of environmental pollution of Cadmium in

KOSAKA, AKITA prefecture. The results were as follows.

1. Number of death and death rate were decreasing after 1945-49,

2 . Relative frequency of death by age were decreasing in 0, 1-4, 5-9 and 10-18 years
old, but were increasing in 60-69, 70-79 and 80 years old and over.

3. Digestive disease, tuberculosis and respiratory disease were decreasing, but
malignant neoplasma, heart disease and cerebrovascular disease were increasing.
Relative frequency of repiratory disease and senility were higher in KOSAKA than
in AKITA prefecture.

1. B AEMEMREERT T 305 RREAHIEE D HEy ) 16-2
Environmental Health Sciences Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuha, Ibaraki 305, Japan
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4 . Injury and respiratory disease were higher in mining worker.

1. @BLawc

B (I-7) ThRETOBE oW THRE L. BT, » V31 v 2BEERc X 5BRE
BT L L EHME LT, PMEETOTRCHE Y S L,

NRETCLE LIS ERILET & LT ez T i, SHEESR (A Vi v a) RGHERCL 5
REESRYbh, BEEELC X B ¥ v ahiic L RS (SR RMAEEE
AFEPEEEIRTV3Y, ZhETH P ABERR I ABBEE ST, BILRaE
B A # 4 4 2 A BRRERE LI U, BEE, KER, KBRS THRS 0BG
EhTw5, LnlEhbo&E B MRERY R L LCBEREE BREE, REE, 7
Vi — AR TH O, HRHEICE T ERCECEYR R BRI, BB
BHECNEB 2210, BRE, BUE, EBRO» Vi v aREFREYET S0 (HHRMR)
ERBEIRT VT, AE 20~30 FROEREXGHL, 7 Vv 2(EFERC I BRU~OEE
TRUTHBY,

FWE TR, DMEETEE T 5AKEME (BRI 7 F~EMod ) o ELIHIL, 7 F:
v AREBRC I AREEE GLY) DFEYRHL, bbby TARKCKTHBEREOLD
DEBERYBLZ EXEBE L,

2. BRAE%

2.1 MNFHIRROHRE

KE BB AR/ AT (B30 £40HLH0 REERN &) nEXBEYE T 252 ¥RANS
ELT, Thibbh, PNEETHECEEL T T AFEO LLHira @y bbbk, PMEETA B
LT THEREIINEBTIC S B EIHRIEEEND,

ok, APWRTINMERET (V37 AGRMED b SRR GRS (Rt
T, #E KEREGLOREYT -1,

2.2 X
BT E~BMo4F

23 B H

D AR 193 %L D 1975 F ¥ CORBREEA D Z AV,

2) U HESFEBRAMEERE MR RBCREIR TR ECZEHEYNEEL,
FamEvED L. O%5, QHETRE, @F%E OHRERN, OBX ORUEAR, @n
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CBE, @REE, ORR, OREE

3 A IFECEERCHERY AR, RARBXOER, O, OHEERR, OBE
MCHbe

4 APERE KHEOA BB OVTI, AREBEH, ABMSE ") LEEROD
PER » EIBERDIFEC . OB - FENBIFETE, GOMB - H4BHFLRFRTH AR,

2.4 ERSHE

FER e TR - BEROTEEMG I ERE) (BRME?) cESWTRERY®RD, 157%EH
CHESELE(ETER), s, ADEBMES X b B EE T4 algERR b L3 15
FERCESEL .

2.5 FECHEIE GExEE)

AFETR, ANCBERRBEAOY, FUEBCREEADRAG:, MAORSTFLL 1M
licisT s dotitiov o, BHANE LUREREReY, Frglsds HuHEE) 2T
S L1, '

3.8 B
3.1 H4EH

F 1 19324F L 1979 5F F TOHAR X EBI-BRER IR Uiz, SRR 1939 %
BT 500 AS TIRIE—RTH » 1o, 1945 4, 1946 5 L A LoD b 1947~49 o K i
L, #0HBIBRET CREAEZRT TS,

& 2/ NEBT A CO AR RRKTR A, R, A EICG3UR Ui MRETPITO H 4353 1948-52
EF T 60 W% %, 195357 b 196367 EF TIZ TOU L Tk, L1 1968-72 525
ETL, 1973-7T7TF252.2% Th o fee —H, MBARTTCOMEEZ XD 5 BBETH - 0h,
Bl R b b, R, R TOHAESRXSED 20%HIH TH - BRI 30% %8
2T 5, ¥, AR TOHAZITEALHVBRICEP L TV BERIZ bTrTH S,

3.2 BLH

FIC 19N FEL D 1979F F CORTE X451 BEMIICT LI BUHSE TR 194 £@G71
A, 1945 45(573 A), 1946 FE (345 AT K B 7c e’ — 7 A E bR, DEEA 28T T\ 5, 1944~46
FEOE— i MNEITADOBCHTHECH -1, FRFETEDNEEL (B &) 13L& T1.306 & BH
£ <, BMRETA T 1.561 LEBTH -0 (NMEETA 1.196),

RACPRIATORCEYRERA, R, ABECHTURLE, MW TORTCER,
EMEE LB LTAD LR TELED 66.4% TH - oo T HEFERINCHD L 194347 FH L
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# 1 BERTH - 50 - FRFHER
Table 1 Number of birth by dwelling, sex and year
, A HoEr + D f & F
N S A D T
1932 176 160 336 99 99 198 275 259 534
1933 193 157 350 86 84 170 279 241 520
1934 192 164 356 82 83 165 274 247 521
1935 200 177 377 80 99 179 280 276 556
1936 186 176 362 84 93 177 270 269 539
1937 181 176 357 86 86 172 267 262 529
1938 169 178 347 85 68 153 254 246 500
1939 165 153 318 70 89 159 235 242 477
1940 180 168 348 97 90 189 279 258 537
1941 185 166 351 9 85 179 279 251 530
1942 170 179 349 109 101 210 279 280 559
1643* 110 118 228 72 60 132 182 178 360
1944 183 189 377 99 100 199 287 289 576
1945 116 112 228 5 58 133 191 170 361
1946 143 134 277 78 62 140 221 196 417
1947 230 214 444 114 87 201 344 301 645
1948 196 197 393 115 113 228 31 310 621
1949 249 214 463 118 96 214 367 310 677
1950 ig6 196 382 77 (5 152 263 271 534
1951 116 131 247 61 72 123 177 193 370
1952 158 152 310 61 63 124 219 215 434
1953 136 163 299 74 57 127 206 220 426
1954 117 145 262 55 41 96 172 186 358
1955 151 130 281 61 47 108 212 177 389
1956 131 116 247 47 49 96 178 165 343
1957 128 110 238 40 26 66 168 136 304
1958 138 116 254 43 34 77 181 150 331
1959 119 105 224 40 41 81 159 146 305
1960 119 113 232 39 37 76 158 150 308
1961 118 142 260 3 40 7 153 182 335
1962 105 121 226 34 47 81 139 168 307
1963 122 109 231 49 41 90 171 150 321
1964 116 124 240 43 40 83 159 164 323
1965 121 102 223 54 49 103 175 151 326
1966 84 85 169 37 38 75 121 123 244
1967 102 112 214 35 39 7 137 151 288
1968 92 98 190 52 44 96 144 142 286
1969 78 100 178 54 29 83 132 129 261
1570 85 85 174 50 48 98 i35 137 272
1971 60 70 130 50 35 105 110 125 235
1972 76 65 141 54 46 100 130 111 241
1973 61 65 126 58 31 114 120 116 236
1974 60 53 113 45 63 108 105 116 221
1975 6%} 51 106 42 45 87 97 96 193
1976 52 45 97 54 48 102 106 93 199
1977 45 52 97 41 45 86 86 97 183
1978 55 45 100 41 34 It 96 79 175
1979 57 52 109 29 43 72 86 95 181
—EAABY
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* 2 BIERAIHARDFEREL
Table 2 Change of number and percentage of birth for dwelling

PR B/NMERTIC B AR O 45T

B ok EEr BKEE M B A &
1932 4F 336 18 132 18 534
1802 153 607 103 2665

8-37% e GO @8 (39 %
_ 1713 138 630 122 2603
V8B—2%F ooy (5.3 @D (4D 100%)
_ 1554 171 535 99 2259
BB—TE ey (7 @D (4D Q0%
_ 1795 197 643 1 2636
I8=52F e ) (7.5 24.4) (00 Go0%)
_ 1327 132 361 0 1820
1853=5T%  (pgy (7.3 aos) (0 ) (%
_ 1196 a7 293 0 1586
19586=62%F 26y (6.1) W8® (0 ) W%
_ 1077 72 352 1 1502
63674 (11 7y Ca®) 240 (0D (0%
B 813 98 384 0 1295
1968=T2% o8y (7.6 20D (0 3 Q0%
B 539 11 380 T 1082
WB=TT% (o (8.0 Gre (0.3 0%
1978—79 & 209 30 1_16 1 356
& =t 12361 1247 4433 347 18388
A G (6.8 (@D (1.9 %
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Table 3 Number of death by dwelling, sex and year

- A | R o0 f & 3
C] I it ] i & E 4 st
1932 48 64 112 27 42 69 75 106 181
1933 46 68 114 41 36 77 87 104 191
1934 81 66 147 11 30 71 122 9% 218
1935 78 60 138 36 33 69 1u4 93 207
1936 [ 114 204 51 2 77 141 140 281
1937 99 74 173 48 43 91 147 117 264
1938 111 95 206 56 35 91 167 130 297
1939 99 77 176 52 36 88 151 113 264
1940 121 85 206 64 36 100 185 121 306
1941 92 65 157 56 29 85 148 94 242
1942 103 87 190 60 35 9 163 122 285
1943* 108 71 179 78 30 108 186 101 237
1944 97 84 181 152 38 190 249 122 371
1945 155 12 267 2 64 306 397 176 573
1946 113 86 199 88 58 146 201 144 345
1947 91 86 177 46 32 78 137 118 255
1948 79 74 153 37 28 65 116 102 218
1949 78 64 142 32 31 63 110 95 205
1950 60 % 136 35 20 55 95 96 19
1951 47 49 9% 23 13 36 70 62 132
1952 68 52 120 27 18 45 96" 70 166+
1953 69 62 13 17 15 32 87 7 164
1954 65 11 106 27 10 37 92 51 143
1655 66 44 110 19 21 40 85 65 150
1956 61 44 105 18 15 33 79 59 133
1957 57 35 92 16 15 3l 73 56 123
1958 4l 40 81 20 15 35 51 55 116
1959 61 37 o8 20 21 41 81 58 139
1960 63 38 103 29 15 44 94 53 147
1961 56 3 89 20 15 35 7 48 124
1962 50 51 121 21 17 38 81 78 159
1963 51 41 92 15 13 28 66 54 120
1964 39 32 71 15 15 30 54 47 101
1965 48 48 96 24 14 38 72 62 134
1966 L7 36 70 19 22 41 53 58 111
1967 45 40 85 17 17 LY 62 57 119
1968 3 37 80 24 17 4l 67 54 121
1969 19 45 94 21 19 40 70 54 134
1970 52 30 82 18 19 37 70 49 119
1971 37 51 88 25 20 45 62 71 133
1972 57 41 98 17 20 37 74 61 135
1973 55 40 95 16 18 34 71 58 129
1974 41 43 84 20 19 39 61 62 123
1475 42 40 82 20 15 35 62 55 117
1976 41 36 77 19 16 35 60 52 112
1977 41 31 72 16 22 18 57 53 110
1978 48 37 85 17 18 35 65 55 i20
1979 43 3t 74 24 14 38 67 45 112
* —BxAlBY YOBEARA#HA Y
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Table 4 Change of number and percentage of death for dwelling

& % AEE maR @ R 4 B 4 &

1932 112 16 I 8 st
193337 4 (ﬁﬁng ( 5_?)i (21??)) ( 5.?? (133‘%
w-e® (8 F wn cen  amm
L i S s e Rt ey
8-2F o D aen cos aw
W-TE o8 ep asD (o)
W-RF '8 (5w @B (oD o
e R S B S
wes-® 'S N e s oo
WTE ol asn 0 am)
1978—79 & 159 28 45 0 232

s w93 665 179 53w 8932

6.4 (7.4 (@0 (6.0  100%)
* REFRTHELD

[ <, T 1948-52 4E~1963-67 EN BB TH - 1o, AR T COFLTEIL 1958-62 F LI LT
TED5.8~T7.7% L 1313—FTH » 7o b, 196367 F LI 2 85 197377 T2 12.0% TH
%, MECORTERBLEALDFERELVERTED 0%FHETH D, —4, AETOETHIT
1943—47 4F ($51 1944 47, 1045 ) wRIBraimE R Uicss, 194852 FLRDFECE R T
b Tths,

3.3 SRR

F5 (1~3) /NEETARCEOEREREIFTTUR- TS OFRELY BLFICRL 2,
0 ROFELFIT 1935 (193337 Fo S EMOETE, UTHE L TEL£ED 30.5%,
1940 4E~1950 £ 12 22:7~18.4% TH - 7o', 1955 E LR A L 1975 Fi2i2 4.4%TH %, 1
~ 4 BOFETE S R, 1935 F£~1945FD 12.8~11.7% 2 b A F L M4 L1975 FwidbTo
1.5% Th Ao 5~ 9K, 10~19 O E|S 1T 1960 4 LI B 2 B Hi D, 20~29 1, 30~39
BOFCES 111950 FoB A YRR Lo b KEL TV 5, —7, 1950 LT 0% B TH -
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Table 5 Change of number and relative frequency of death for age

(1) B8
Male
£ o

0 1—4 5—9 10— 20— 30— 40— 50— 60— 70— 8&O— & Et

F K
1932 4 26 12 1 3 i} 0 3 1 ] 1 1 48
1o33-ar e 117 53 9 14 23 16 23 46 37 39 16 393
7 (29.8) (13.%) .3 @& G99 @1 G99 a1 040 0.9 .1 100%)
1938-42 % 105 58 11 29 25 22 40 75 77 66 17 525
(z0.0> 1.00 (2.1) .5 4.8) 4.2 7.6 (4.3 (4.7 (12.6) (3.2 (100%
1943-47 % 98 68 17 33 46 38 31 68 31 66 17 563
(17.4 Q2. @G0 G9 &2 6.7 G5 2.1 Q4.4 arn Gy (100%
1948-52 % 74 23 6 11 25 28 23 40 57 39 6 332
22.3 6.9 1.8 3.3 (7.3 @4 6.9 a0 a7.2) d1.7 4.8 Q0%
1953-57 % 35 10 5 5 18 15 17 41 36 57 18 318
(ar.e 310 a4 & 6.7 @ (8.8 2.9 @7 (7.9 G700 (100%
1958-62 4 19 7 4 4 9 15 17 42 75 67 24 283
6.7 @5 G4 A4 G2 6.3 6.00 (4.8 @26.5 @3.7 @.50 {100%)
1963-67 % 11 6 1 6 g 3 22 34 44 61 15 217
5.1 @8 05 @8 G.D @g.on a0 457 (0.3 28.1 6.9 (100%)
1968-72 % & 3 1 4 3 12 21 29 61 69 27 236
5 .3 0o Q4.7 A3 G G99 (12.3 (5.8 @92 Gl4  1009%
1973-77 4 9 2 1 1 3 - 14 20 25 64 48 32 219
@1 0o w0 w0y A4 649 O.D q1.49 @9.2) 219 Ud4.6 Q0%
1978-79 4 1 0 0 1 3 3 11 13 18 23 16 89
& 501 242 56 111 164 171 239 414 660 536 189 3223
B oEl (5.5 (1.8 . G4 G 6. 7.4 (d2.9 (8.6 (16.6) (5.9)  (100%)
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(2) &
Female
E &

0 1—4 5—9 10— 20— 30— 40— 50— 60— 70— 80— & &t

.
1932 5 21 11 2 1 2 6 3 4 4 7 3 64
1933-37 4 119 46 5 13 21 17 19 27 44 47 24 382
Gl 2.0 4.3 GO G5 @5 G0 @D AL ) 6.3 (100%)
1938-42 4 107 51 11 24 28 19 23 27 47 45 27 409
(26.2) {12.50 (2.7 (5.9 (6.8) (4.6 (5.6) (6.6) {(11.5} 1.0y 6.6y  (100%)
1943-47 & 86 54 11 24 33 21 21 43 56 65 25 439
(19.6) (12.3) (2.5) (5.5} (7.50 4.8 (4.8) (9.8 2.8 (14.8 .7 (100%>
1948-52 %€ %! 30 2 12 37 20 14 37 47 46 16 315
7.1 8.5 0.6 3.8 a1.7 6.3 ) (4.4) (1.7 (14.9) (14.6) (5.1 (1009
\osas7 4 .. 2 12 7 6 11 7 1119 49 47 0 226
Me 63 GD @D @) G @9 6.0 @D 0.8 (33 100%
15 5 3 1 11 9 12 13 33 48 53 200
WER2E ;) g (L) 05 G @ G @D (58 3.0 @0 100
1963-67 % 10 2 1 0 0 3 12 22 31 64 51 196
G.D a0 0.5 ()] w 1.5 6.0 412 (15.8 (2.7 (26.0) (100%>
1968-72 % ] 2 0 4 5 6 17 18 33 60 49 203
GH W0 @ Q0 @5 G0 84 6.9 (63D @96 @40 100%)
1973-77 % 9 4 0 0 1 6 7 g 25 71 57 189
s @b @ O 058 (D 6D 48 3.2 G168 G 100%)
1978-79 4 0 0 0 0 0 1 1 h 14 19 27 67
& 3 457 217 42 85 145 115 140 230. 383 519 362 2699
B o. (16.9) @g.0p Q.6 @G.D (5.5) .3 (5.2) (8.5 (14.2) (19.2) (3.9 (100%)

FRCRE ST B kR
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(3} & &t
Total

g4 .
0 1—4 5-—9 10— 20— 30— 40— 50— 60— 70— 8-~ & Gt

£ &
1932 4 47 23 3 4 2 6 6 5 4 8 1 112
\933-37 4 ,, 236 99 14 27 44 33 42 73 81 86 40 775
€30.5) (12.8) (1.8 (3.5 G.7 &3 G4 0.4 205 d1.10  G.2)  (100%)
1938-42 7 . 212 109 22 53 53 41 63 102 124 111 44 934
2.7 1.7 Q48 G G @4 6.7 (0.9 (13.3) a1.9) &7 (100%)
194347 5 184 122 28 57 79 59 52 111 137 131 42 1002
8.4 (12.2> (2.8 .70 (7.9 G99 (5.2 d1.© J43.7 d43.0 @2 (100%)
\oag-50 7 . 128 53 3 23 62 48 37 77 104 85 22 647
(19.8) (8.2 (1.20 (.6 3.6 (7.4 G0 a1.9 a6 (13.1) 3.4 (100%)
1953-57 62 22 12 11 29 22 39 60 135 104 48 544
1.4 4.0 @2 @0 6.3 do 7.2 (11.00 (4.8 19.13 @&.8) 100%)
1968-62 % 3 12 7 5 20 24 29 61 108 115 77 492
(6.9) (2.4 (1.4 Q.00 @D @ (G (12.4 (2.0 (23.4 (157 (100%)
1963-67 & 2 8 2 6 9 11 34 56 75 125 66 113
G (1.9 05 .5 2.2 @7 @2 q3.6 182 (30.3 16.0} (100%)
196872 & 15 5 1 8 8 18 38 47 94 = 129 6 439
3.4 QA @2 Q8 a.8 @1 @D q0.D (2L.4 (29.49 (7.3 (100%)
1979-77 % i8 6 1 1 4 20 27 34 89 119 89 408
4.9 1.5 ©.22 0.2 Q.0 9 6.6 @3 @1.8) (29.2) (21.8 (106%)
1978-79 ¢ 1 0 0 1 3 4 12 18 32 42 43 156
& 958 459 98 196 313 286 379 644 983 1055 551 5922
2R (1.2 (7.8 (.7 (3.3 (5.3 (4.8) (6.4 (10.9) (16.6) (17.8) (9.3} (100%>
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BRI MEETC 351 5 T BB O 28T

2 60~69 EOFETEIG 12 1955 4ELIRE 20% G~ 1800 L 220 70~79 B0 FECEI& (X 1950 SELIFTD
11.1~13.1%5* 5 1955 ZE LI 19.1%- 23.4% (1960 4F) — 30.3% (1965 4£) & #MAnE bRt
1950 4E LA 3.4~5.2% TH - 7= 80 LI EDFETEIA (BN L 1975 Eimid 21 8% TH 5,
40~49 &%, 50~59 MO WME LB L TAERF IR bhikh T, Z RHLOE(L
ERLTHETSE (H1), BB L > T35 30~39 b5 60~69 o FET-%|
HRHAREL, T0~T98, 80 LU LSO EE L/ B, Bic 80 L L OFET-EE11 1960 &
s 2 ~3ERTH S,

10 1 30-39

30

20~

* 20 o

40-49

10

10 m
) TR e i <o

1940 ) 60 70 1940 'sq ) 0

B 1 8- ERERT - e DEREL
Fig. 1 Change of relative frequency of death for age by sex
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wiz, FET (BTPR, BTHV) & RKEROERERIIECEHEoEREL YR 21T, MR (B]
M) LHEROEEREE S L oS OFREL TR I IRL L, ET/MRBIRETEID
WCLBE, 19FECIRI~IFECE IO -2 (2WTED H0%)%, 60~69m, 70~79 5
CEB20NEy — 7 (EAThERTED 10.5%, 11.1%) ¥F 2@t oS HeR L Tvis,
FORI~IBOTMCEEIBLYRT, KB 1oy -2 b3 {fTt, —H, H2
DE =7 FRFEKEL D Q975 FEiid 60 Rl LOTECEIE 12 72.8%), E 12 1960 FLURE
BRETERS T0~TIELe>Tw 5, ChE AR LHET 5 L FFERE SFHBELEL 5 —
YERLT VA, LOL—HTENR LR, 1945 5~1960 0 058, 1965 £~1970 F£ D 60~69
RIS KER TE <, 1955 4~1970 E0 80 R LTSI AV NRET ClEd o o, — 7,
NEET (B4 ORTEOEBRBEINATEEG D& — Vil/MIETA, KEHE L EAX R
TVWAHOED 0-9ROE 1 oY — 7 b L AR ED S Bloy— 711 20~29 %
wRbRt, Lk, 1955 LR 20~29 O v — 7 2B 2, BT 60~69 %, 70~T79 Hic
v—2 RN, MEETAFRCE LS L oot 2 — v EFRL TGy

3.4 HIEZELT

6 i/ MRETNFETZ I OWT, ARBIFLIRIET, AR ER, FaRFETRY R L, R
Ui oo 55 4 B FE Co® AL, 1960 FELLRTE 40~50% TH - 753, 1965 FE LI 1975
Fr77.8%THDH, —H, 1-22H0, 3500, 6 AL EORIIEL L, 1955 FLABROFLE
HEBBEOBAICI Y, BEATRKEE-ATyFHRLALDY, &L LTREIERCD 5,
ABFER, FAERFEURLGERETLTELY, 9B ECbIMCE/ABR bR, ¥
fo, BKHIE & o BT 1965 SELIRTALRIETR, Hih R TRE d/MRRTAME S, 1970 FLARE
I & SHRER D 5T,

R4/ ERT E ERO HBHA R CEGOERELE R LIS, FFREGEN L o2
F—wERLTwh,

3.5 FERNFIFET

% 7 IO NRETRETZB 0T, FERBIFETH « BT ESOFRBEE R L, FRb ik
NERT E KRR AR L O THAEOERE LY, F 8 3/MIET & KEROFERIER OF
wELETRLI,

ANREYPIFELE T2, 1935 FEICIHEBREIC LB CEI R L B FECELHED 15.7%, K
WCHEBREER 15.1%, BMERIER12.6%: L -Twb, ¥0b L BER, AXER REH
OF, K, ER LDEBARBNEL 5~6%TH -7, TOH 1940 D5 1950 FiTdl)
THERBER, B, EMESORMI A bRl 1935 £~1950 E i FRBES, HLBEE,
BED IERTRTELED 0% 2 EDT VI, LirL, 1955 FHH 6 EEREBHEP b,
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Fig. 2 Relative frequency of death for age by area and year
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20 50-39

T T T T T T T - T T ™ T
1940 ‘50 60 ‘70 1zan '50 ‘60 "70

® 3 #EA - FEEEER . ECESOEREL
Fig. 3 Change of relative frequency of death for age by area

T TS AL, LEBE, BOBERERARMML T X/, 1960 FLB, MOTFES Bl
gy, LES BEMECAEBRTRUELEOBYE LY LD T\ 5, EFIL 1955 £~1965 i
T ESED 11.4~13. 4% Z THEML 22, 1970 F»5F AL TVv5, £oied, BTKE,
EFKEE - REMoRT cREIER S, BERCTROFHK CANMERLRLh, ohb
ATROE LS VKM L K8+ 5 &, FRBEE, ERALMMLEL TIMRITAE, B
M REBTKEESE Y, T Aok 1945 0 1955 e TMRBI AR {, BMEHAY
V1960 “ELARE, EREX « REROEC I 1955 ELFC T h 2 RIKHROED -1,
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Table 6 Change of number and percentage of infant mortality for age

s VPR 3mA EmA 1R L L R B FER
X B K B £ B K B ECE® BT K
1932 4 20 13 5 9 47
1933374 (mﬁ? @L% (w§§ Qrg Om§§ i%ﬁ ®-0
1938424 (45_§§ (1§.§§ (12.?5 (21.§§ (1003%% e -
BE-ATE 00 e asp @b awd o o
- o S o e s e W -
U515 o F b ae PUY aww  me om0
BSRE are e  06 AWk 65 192
BSEE 5 oo 9.0 ® Qo 234 Y
M-2E oD asm @ @ awsk e 105
WESTE g e ©®  wen  an T e
1978—79 4% 1 0 0 0 ! o gon
& s 851 204 115 188 958

7.1 (21.3) (12.0) (19.6) - (100%)

ARECR: HEFHARES
FLRECR | METHRERARC

K TRRMES TH B &, ANREI T 1950 E AT MR EE, FREER, S8y L2 LD
TutoAt, 1955 ELiREEE T CRNERESSF 1 kdClh, BEFEY, CEEMSE
L T B, F0Em 1960 ELEREBOEZA S~ 6 TH B, X HITiL, 1960 ELIEE,
ERELBENE L 6 RBOIRMITRETH S (F 1 BMERES, LUTEEREY, LKE,
HREER, TROER, MUBES), ChrBER KBTS L0220 3808005,
¥, TRUOFERTREY, EROMEMIVINEET A R CH 5, FIT/NIBI T, 19455
CIEEEAE LA GREEBCR 3D, 19564F, 1960 S ERH RIUE RER R TH 242
(REETIR 36 L 560) Thot, —H, 1955 FLHIOETEH - REMOIEC, 1950 FLAG;
OMME REBOFET DR A L TH o1, UL, ERYBRIRBTAL X, 1960 F LI
16005 6 60 F CEFZOMEMIAE,LOFE—TH 51965 4, 1970 FOTHOFH & FRBE
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Fig. 4 Percentage of infant morality for age by area and vear
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Table 7 Change of number and relative frequency of death for cause

HEE FEO

\ E £ B R JH{bE EE p =5 =

£ ok HRE B OB Famy GERE % B E=gulas w B E & BEE Ha B # W i T £ H o & 3
1932 4 13 9 1 6 11 0 14 28 . 2 4 0 0 1 4 19 112
1933-37 4 33 49 24 43 98 0 117 122 51 51 5 1 21 44 117 776
4.3 6. G 65 a6 (0 _(15.1) €15.7)  (6.6) (6.6 (0.6) 0.1) 2.7 G 51D {100%)
1938-42 % 48 72 27 51 134 0 175 135 3 38 2 0 33 67 119 935
5.0 (7.7 (2.9 (5.5 4B (0 8 144 G G4 02 (0 3.5 (.2 Q2.7 (100%)>
1943-47 £F 7 146 29 51 113 1 117 126 52 51 8 1 29 99 105 1003
(7.5 (14.6) (2.9 G.1 (1.3 @0 arn aze 62 6.1 0.8 0.1 @9 99 005 a00%
1948-52 4F 25 85 33 41 83 3 73 108 25 48 10 3 15 47 48 647
(.9 (3.0 G.1 6.3 a2 .5 1.3 167 6.9 T4 a5 O.» 2.3 7.8 J.4 {1002
1953-57 2 18 43 49 40 122 4 59 35 6 26 5 0 26 73 38 544
3.3 .9 0.0 (7.4 (@4 0.9 108 G4 1D 48 09 (0 @8 3.4 @0 Q0%
195862 %€ ¢ 19 49 47 144 15 30 20 8 18 11 4 22 64 32 492
1.8 3.9 108 @& @3 Gn G 4L a6 Gn e 0y 4.5 3.00 (6.5 (100%>
1963-67 4F 4 7 51 45 142 7 25 19 6 12 6 6 19 47 18 414
a.0 Q.0 gz 0.9 (4.3 4D G ¢ G4 29 o 4.9 4.6 1.4 @3 06%)
1968-72 4F 1 12 68 54 131 6 33 19 5 11 18 11 17 32 24 442
.2 @D 454 2.2 @e @& 7.5 @ 1. 25 D Q5 3.8 (7.2) (5.4 (100%>
1973-77 & 3 12 73 37 110 9 36 i6 6 15 9 6 20 22 36 410
.77 (2.9 7.8 G.0 6.8 @2 68 ¢G99 O G¢»n e 4.9 (4.9 (G.4 (8.8 (1002%)
1978-79 4 0 3 37 24 32 5 10 6 2 1 6 3 7 16 7 159
& = 229 457 441 439 1120 50 689 634 197 275 80 35 210 515 563 5934
"o (3.9 (7.0 (7.4 .4 (8.9 0.8 dale 1D 3.3 4.6 A4 0.6) (3.5 @7 (9.5 Q0%

* AEMORCEEC

) I B

-
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Fig. 5 Change of relative frequency of death for cause by area
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Table 8 Change of order of death for cause

¥ ¥ VB e 3 4ft Btz efr  7fr st 9fr 10
SEET P SRR MOET BRALE-R & B £ B OLER O ERE 2 4

1935 4 15.7 15.1 12.6 6.6 6.6 6.3 5.7 5.5 4.3 3.5
SEE MR BOE PRE £-R & & OKNME ¥ H FEE M L KB

17.3 14 .4 11.9 11.7 6.8 6.0 5.7 5.2 3.2 3.1

JMERT EEREE B{EER BME K % £ B OLEE REBE %R OWER ¥ &

1940 % - 18.7 14 .4 14.3 7.7 7.2 5.5 h.1 4.1 3.6 3.3
BEEL M MOE O PER K-E & B ¥ B ORME BRE OR824

16.1 15.9 13.4 9.3 7.4 6.9 - 5.3 5.3 3.4 2.9

ANEET K B MmO WERB O RBmE ¥ B ORRME BEB £ R&EUEE F &

1945 % 14.6 12.6 11.7 11.3 9.9 7.5 5.2 5.1 5.1 3.0
HAE BB RmE B % MRE £-R 2 R OUKE BEERE ERME A A

14.9 13.3 10.4 9.4 8.4 6.0 4.2 4.0 3.7 3.3

SMRET  WEE & B BT RN -8 % HOLEE 2 A RIE & HEHR

1950 4 16.7 13.1 12.8 11.3 7.4 7.3 6.3 5.1 3.9 3.9
HEE O RmE WE & B %% SRR OLEE £ OB 8 A S WEE

13.8 12.9 12.1 10.7 6.7 5.7 5.3 5.1 3.8 3.6

SR RME £ W OWERE O A & % KR HLE & B&F & BN

’ 1955 4 22.4 13.4 10.8 9.0 7.9 7.4 6.4 4.8 4.8 3.3
SEE BOE 2 A £ B2 &-R MR KR SRE K B & & BB

24.3 9.4 8.0 7.8 6.9 6.6 5.5 5.1 4.9 2.8

B BB O WA A KB TFRE W & O MAE OB K %-® EE

1960 & 29.3 13.0 1.0 5 6.1 5.3 4.1 3.9 3.7 3.0
HEE RmE 5 A LESR MRE ¥ ¥ OF & HEE £-R O£ & B B

30.1 13.3 9.8 5.9 5.3 5.1 5.0 4.7 3.2 2.5

JEE ORME M A £ N ONES WHRB&W K MLE %R A0EE ¥

1965 4 34.3 12.3 11.4 10.9 6.0 6.0 4.6 2.9 1.7 1.7
SEE ROE S A LEER ¥ oM E R OEBE mB &R K K E0FE

34.2 15.3 10.0 5.0 4.9 4.8 3.8 3.5 2.3 2.3

JMEET RmME 2 A LES WEBE ¥ R OF & MEE A B OB K £-R

1970 % 29.6 15.4 12.2 7.5 7.2 6.3 4.3 4.1 2.7 2.5
HEE BOE 2 A OEE F K RE £ H MLE A B £-8 RME

3.2 18.1 11.4 6.1 5.7 3.9 3.7 2.6 2.1 2.1

SRET B A A DR FRE % B O£ B ONESE %R & B B&E

1975 & 26.8 17.8 9.0 5.8 6.4 5.4 3.9 3.7 2.9 2.2
KEE RmE £ A KR WEE B % MkE 8 B £ E BME %R

30.7 20.9 12.6 6.0 4.6 3.8 3.3 3.0 2.3 1.8
4R ERRE, REfORT

&  EIMARL
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MR Wl W - KB - B
BEE<),

3.6 kg - ERFFET

F YA OERMBERC S T COIRRERIAR, FETEE OFEAB L1949 5 LLFT, 1950 —67 4, 1968
FELREI R L, B2 0-4 B, 5-14 3, 15-39 A KIE/aEA, 40-59 A Ed, 6018
LEGBETHDL, TT 04> TAh5E, 2ffd L TRM{ESBRE, TRBER, &K
RE-REMOREC, ERESCLIHELE, FREELD L HBES (26.9>15.4—
2.2%), BEHE(9.3— 12.1- 2.2%) 0 L, HEREE-BEMHOLT04.5— 32.0— 57.8%),
TREOFH (1.6—5.7—13.3%) OEMHBR L5, 5-14 BT, 1950—67 0K
P37 Eddeuds, LB ES, FRBEE, BBORED LTMOEROMMAR bR, 15-39
BT 1949 FLEN 2 @8R A DT A KIBICE A L{(45.7— 28.6 > 6.1%), B
TAEOEH (6.2 21.7—28.7%), EMtF4EH 3.1-53>15.2%), HE 1.4—3.2—
12.1%), LESE (6.2— 7.9 10.6%) AHEMLT\v5, 40-59 BT/ PREEE (14.6 5.3
— 4.5%), ##(12.8—+8.2—6.8%), BEH(T.7-2.6—2.3%)»EI L, EXEFHEME.5
—17.1—29.0%>, TROFH(G.7—5.0»11.4%) H ML T 5, B 60 LA Limow
THD5E, WThOFERBNEREEY 0B X BLTEILTH D, ToEMERQ5.1—
22.1—9.7%), BER 9.0—-2.4—1.1%) oFL L BETEY (3.9 9.3 16.2%), [
B (5.0-10.812.4%) oMmrRLRS,

3.7 BRER - ERBIFET

#1012 15-39 B%, 40-59 &%, 60 WLl Lo 3BT ST, 1932-49 48 & 105067 E DB RO
BIRRZ, FECBIG R R L, BEARRUBZOBETH Y, BE, E¥ Toft ORB, &K
BWDIGHE LI, EEADO TG LHEERE, ¥ 1968 ELIECOVT L ORI
DG H LRV, £ 1539 RIEDOVWTAD &, 1932-49 i SR L b ISENAE LT
HHERFR27.3% (BF), 44.6% EF), 60.0% (F0fl) TH5, KWTEETITED
BRA 2 TI80% LD, MO2ELIVEERTHS, 195067 FITR I L LBRIEI L,
Eb-> TTREOFRSHIML T3, BIEETRT70.6% A7HH126) 2 5DT5, K
40-59 IOV T A D &, 1932-49 4, 1950-67 FE L b 1M TN TRNEREBTH D, K-
T 193249 FFIVIFRBIRE, &%, UIRE, MLBEES, 1950-67 i LEM T4 2 iy
v, FREETRMD 2HCHEXNTTBOBHFECEbhL, BEC OB LEOVWTRS
E, B¥ TOMTIR1932-495F, 1950-67 F & b 167, 2 MMERER, ERTHD, —F,
FETRFETE T 7oA, 1932-49 FXRRBEE, B ERER, 1950-67 51BN T RIEE,
HEEFEEDHTHH, D 2HChETHOEREREOEEAPI{, FREEZOEHLHE

Ly

— 258 —



BRI 36 1 B EC A DB

* 9 JERIEM OFREL FERERTD
Table 9 Change of order of death for cause by age

¥ ® 1 fr 2 fr 3 6L 4 fir 5 fiz 6 fir 7 fr 8 fr
1932—49 MHEE FR®E 0 E£-R 0 BN O ER B % HESE & B
(1125) 26.9 22.0 14.5 5.3 3.4 1.6 1.0 0.6
0—43 1950—-67  E-R O ORAR LB BME & & LEE N A&EE &
(247 32.0 23.5 15.4 12.1 5.7 2.4 1.5 1.6
1968—79 ERE  EHE ¥ A _ _ _
( 45) 57.8 15.6 13.3 4.4
1932—49  RREME  M{E pEm B B B @ RSB & FER N A
¢ 112) 20.5 17.0 15.2 12.5 8.0 6.3 6.3 1.8
145 195067 WHE B o (ks B BE&Y A& YHERE  ES -
(37 18.9 16.2 13.5 8.1 8.1 8.1 5.4
1968—79 _ _ _ _ . _ _ _
«C®»
1932—49 £ B 9S5HH  Hes OESR & F 8 HMPEE A A BiER
( 486) 45.7 7.8 6.6 6.2 6.2 5.8 3.1 2.3
l5-39g  1950—67 & B F & UEE BOoA & HERE TEE & A B RODE
( 189) 28.6 21.7 7.9 5.3 5.3 3.2 3.2 2.6
1968—79 £ #H H A A B LEE WER ELYT £ B
( 66) 28.7 15.2 12.1 10.6 9.1 7.6 6.1
1932—49 B 0% 3 & #* LHEE Hik »nA A B &
( 507 20.9 14.6 12.8 9.5 8.9 8.5 7.7 5.7
j0-505%  1990—67 BmE A A HHE OB B O LEE WEE ¥ oW o8 B
( 340) 33.2 17.1 9.4 8.2 7.9 5.3 5.0 3.2
1968—79 # A MMM ¥ #% OEE & B OB B 0 HE%E NS
{176 29.0 21.0 11.4 10.2 6.8 5.7 4.5 4.0
1932—49  BEmE R OMEmEE  HER HAEE O KR X A & K
{ 888) 30.4 25.1 9.7 9.0 7.1 5.0 3.9 1.2
GogaLly 199067 B i B ®OLEE ¥ A PEE O BB BOE  HER
( 988) 34.2 22.1 10.8 9.3 6.3 4.7 2.5 2.4
1968—79 BME A A LEE B E 0 O9BE 0 HWEE BaE ¥ %
T2 3.9 16.2 12 .4 9.7 7.7 4.5 2.5 2.4
() ARRECH

EREOTRORFIREROHRE LR (%)
— 1 hE0E EMLL
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Table 10 Change of order of death for cause by age and industry (Male)

(15—39 5
|: 1 26 I 4z 5 i 6 fir 76 8z
B B BE 9REE P A& LEE & ¥ & R4 & Bs —
{ 44> 27.3 13.6 11.4 11.4 11.4 9.1 9.1
1932 R £ 8 % % WHEE 9EE O LEE RME & BnY -
—49 4 { 65) 44.6 18.5 10.8 7.7 4.6 3.1 3.1
ot & % 0 BYE O ERE ¥ &% LEA MrE HER L& H B
(150) 60.0 7.3 5.3 4.6 4.0 3.3 1.3 1.3
B ¥ OF & & & LEE B - - - -
(22 22.7 18.2 13.6 9.1
1950 o OE B OB = - - - - — -
—67 4 (17 70.6 11.8
Zoff W = B & LB & MOT & M R & FEHEER -
{73 30.1 27.4 5.5 5.5 5.5 2.7 2.7
(40—59 1)
B % 141 2fi 3 467 5L 6 fr 7z 8 fir
8 % B4 1t LYl b o B LEEE AL L E WK »oA
{ 99 21.2 19.2 14.1 11.1 9.1 8.1 5.1 3.0
1932 B O¥ k=g % 55 22 OB &HE & oA LR HER
—49 % (102) 17.6 16.7 12.7 1.8 11.8 9.8 7.8 3.9
%) Jd i) B 05 2 WO DS HikE & FESE RIE & F K
(113) 20.4 15.9 1.5 10.6 8.0 8.0 5.3 5.3
BOE O OEAE O A WER B B O OMEE T & LER&H B
(63 38.1 14,3 1.1 9.5 6.3 4.8 3.2 3.2
1950 % EBOE B ¥ B BE&H A&LER&ESE # Hls -
—67 4 (29 27.6 13.8 10.3 10.3 10.3 10.3 6.9
Foft  BR@OE  H A OER MR &E % OB B 0 wSRE  BEE
(128) 37.5 11.7 9.4 7.8 7.8 6.3 3.9 3.1
(60 BELL LD
B 16z 261 36 448 5B 6fr 7 8 fr
g ¥ i E H g 2% FiEE R L% B noA
(196) 35.2 23.0 10.7 8.7 6.6 6.1 2.0 1.5
1932 £ OE mAE BHO¥EF 0 MHE®R & BEE & E H - — -
—49 4 (18 33.3 16.7 11.1 11.1 11.1
O 14 1 B ¥ = I 1 2% BES HiL3E noA LR B #
(289) 25.1 24.3 12.6 10.0 5.9 4.6 3.8 2.9
Bk RBOLE £ F A A LEER OB & HLE ©SRE  BER
(157) 39.5 13.4 10.8 8.9 5.1 5.1 3.8 2.5
1950 F 3 BhmE & %S - - - - — -
7 4 (). 22.2 22.2
roft BOE # B OLESR MY A& HHRB O MEE BOHE BES
(348) 36.8 17.5 9.5 9.2 9.2 4.3 3.2 2.9
BROTHRORFILFROETH
EROTEROEFREEROBR TR

— SEEAOEK, HELL
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4. B &

4.1 FRAOQLBEEAD

ARG TIERE LTMERIOAEA DR 3 ELE - RUZEE YAV, —HCEBHRE
ARx v, AR, ESERERIMRLE LToMRIc I s EROBREEYHEL -
EXEIOBME LTS, 2O%bicid, EERHE L/ MIETICEECBE L1 A« A i %
BT~XEThd, LL, MERICEETIAL EEF) BB egiE L b0 kE
HehhadlFEHIBLRTWB L L, REPMASEREIEV-C L2 LERYRER, ©
BRCERFShCEABADCESCRUR - ECREHE QOEMER) #HVHI LA, £
ORER, MU EELYF OB OV THERERWET L L Lo ohl, —H /MR g
H LI LEBENMOHRIRICS 2 FREARROMBLBEIND Z L Lot

iz, ERECEBC OV TR Ih A LrDRECIREIREBEE LHABESC T THH
TAHLENSDH, CRCQECRBCERIRCTBEROER (o BER) ARMEEDL
iz, L, —HERCECTRBRERATERINTE LT, TOBHGTRECHFLE -
RS2, COERDWTRE N CHAER ERTEFOMBELR LI, BEFREETH
FIHBRIE < —HL T3, PMRETPICEE L A SHER TR, MRS ToRTE
o RohD@iidinn), o Lrb, BERMSATEOZBCO T, HTRHY L - THE
BB 2B A REEEO AT A BEE L R InGisbkirhd Z EpE L LR
%o

B2 CABAQNTREEXETN « IFAHCS T ORLICH, T OEREEFFECHE D& — it
METELL B -Twv5, 3R RELENR LN, FREHRANFE IR, 455
TR IhBEOENSD ERELLAT, TOBERE LD Anod « ERER A X oilE
HHLLDEELXERS, oI bird LRI NERIABEE A c ERER TS 2BE
DR EF-LEFATHLTREE O TETE L,

LD SAER L BT, hlnokBIECED 5 b/ NMIBT T SR S S DT 0%
A LhIRBLTWHEEZLRBI b, IMIETARRCE DL SHANRE Ui, /s
FEE, —RCEBRECE S FRERIAD YAV THCHEOFTERXT > o, 2084
CRHBLTHt+ohE@ALEEEBbNS,

4.2 Xk

FEN R S U CEAZMREET, BRI 0@Il RERSEILYED 5 & 30 i1 5) &
Fb, BEERBEHRC I AREEES MEL - TV 2HIBETH D, FAHECIFEEOEHD
HUNMEED (BRI et AR GEERMR) SRy, AETHERLSA L OB
T ol ¥f, BT, BAIRECHE T, HHRERE L FRHRER L DL, H5V3EIL
EFELMEORER L OMTESBEROEEYRF L, SUEHEC VWTHEERES
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x 11 BERR - RUBHIRCR GECHHoBER)
Table 11 Number of death by dwelling and place of death

DB %
B MER @R & R A4 B & 3
(FETHT 3696 264 921 o0 4971 A

D B

FEI-BEY B

- SERT BER R A4 E 8
g BET 767 302 83 0 1152
% | R 8 192 1 0 214
fitt [ 2 3 492 0 497
bas 0 1 38 39
R Ch | 583 34 62 8 687
& it 1360 531 652 46 2583 A
3 ot

g 0 NMEHT KER M R & 3t
A~ 4§ Y 131 47 26 3 207
AR 64 8 2 77
fit 23 0 202 2 209
&t E9| 0 0 0 45 45
A | 296 76 110 350 834 *
& Zt 435 187 346 402 1372 A
D&

g 0T UMD PR R & 8
s~ BT 4594 349 169 3 5055
®eR 11 520 22 2 555
i B’ 7 3 1615 2z 1627
# 0 0 1 173 174
T ] 879 110 172 358 1521
& 5t 5491 982 1919 538 8932 A

*RCHHTH 2 A

(REBR+BRRER) oRERRTLIERVB ORI, HRER, FHRERCOVTR,
MMEET &b 5B REREE TR Cwic D &, FoEi s ShAREOTRTRA
D) PIFCALL, AOBEARETHLRELLTHIREBESATE LD 1,
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4.3 PMRENZ T B RETEEOHR

MEET DM BRI O EEG T, BUEDIVRIFRELMENR IR (1), L
ml, ThALBOEAREEROATBROEEY KR I TV5LELLbRE, F2T, 1950
EOBLESHOERBRANADSEEAD L LTEERC I VITERCIFTV%BHL-(E6),
AOEFHOKEN -7 0-4 8, OB LB XS AELAEbht, $F0-4RIBrLd
1970 £ TRTEAMET L TW35, 1975 FR 3 AIBmfmL Tv-5%, $heFRELZDRE
THIA A < T o T By — i, 30-39 B2 B 50-50 B F THIECSIA TR b A B4 (B> 1)
RiEALREbh{tol, ELII-T9BRTRONIHLE (X>H) /&L ->TEY,
—RBTRPEOHEANR OIS, ¥ BB EORTEE0BMMEM I RIECH - Tk, X
SHADESOEMC YLD EEbRS,

BRI, 1950 EOKBEOET - FRIERIA N LERAD L UTEBEC L0, A8 L5
AR OERBERIFTEFRCTE S 2 RD (B 7). 197540 0- 4 5 & 1965 FELIEED 60-69 BB
W, R E ASERR SR, B, -4 BECEEOHES L 70-79 R, 0L E
TECEIE OHMOBIE K & b ICBEIICTE » Tl B,

i, MNEORENFECHE L P, EFROMARADLEREE L TERFETERCES
ROFEOKHBEOHFNNFE S L HEL (K8, F12), FWITERL L b, BRI DET
ElErHEMLI @ L A BRI R LR, AL L UMIRTTRFREER, ERX5SL,
B SRR, BFES b ERLAR LR, ok, NNEETATEEEOL ST, HEE
ANPEELTEOFEAFE 2D E, BERTLEEAN ST 2 LE&HET, BOER
BB QI FEI o ThD L 27.4% 22.4%, LITHAR) LER G.9%—3.1%) ORCHE
PMETF L, £REE-REMHORKL (2.9%— 11.9%), FEOEHR (6.1%—9.5%) OIECEE
BERLTWS, loEB Ttk B TAbRIch -1,
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Fig. 6 Change of relative frequency of age-adjusted death for age by sex
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Fig. 7 Change of relative frequency of age-adjusted death for age by area
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Table 12 Change of order of death for cause by area

12

FERNER DA K EAL

EH 16 26 36 48 54 6t 7H 8 iz 9fz 0%
AMEET MRS BN B R FRB ¥ ¥ %R LEB 2 A SEm B
1950 % 16.3 13.9 12.2 11.2 8.5 6.8 6.5 5.2 4.1 35
HER BOE HEE & % A£-R OERE OEE ¥ OB 2 A BENE BES
13.8 12.9 12.1 10.7 6.7 5.7 5.3 5.1 35 3.6
AMERT BT % W OFER o A & B OUESR MR % & &R R
1055 4 22.8 17.1 10.0 8.9 7.4 7.3 6.1 4.3 8 2.8
HER BROE 2 A ¥ F E£-R O BER OEER SRS B B % % BES
24.3 0.4 8.0 7.8 6.9 6.6 5.5 5.1 4.9 2.8
MERT BME O E R OWKEE 2 A WRE R % MAE B ¥ %R BOE
1960 4 28.5 15.7 10.1 9.2 6.1 5.1 3.9 3.6 4 3.0
MEE B@% A A LEE 9BRE ¥ H O® & A3 %£-8 B B B 2
30.1 13.3 9.8 5.9 5.3 5.1 5.0 4.7 3.2 2.6
AgE BN # B AN A KR WEB&E & MBE £-R ShE K &
1965 % 33.8 12.4 11.8 10.9 6.0 6.0 4.5 3.3 1.8 1.5
HEE BOE 2 A LER B % £ H®E OHBE L8R & & SN0E
34.2 15.3 16.0 5.0 4.9 4.8 3.8 .5 2.3 2.3
AMEET BEE 2 A LR £ % BMESE ¥ & MEE B8 B 4£-2E OB B
1970 & 29.1 14.7 12 .4 8.4 7.0 6.3 4.1 4.1 2.7 2.6
®mE  BaE DR R O BB O£ B ONEE A B %£-R oL
33.2 18.1 11.4 6.1 5.7 3.9 3.7 2.5 2.1 2.1
AMEBT BT A A LEEBE WRE & M £ ¥ OMEE 4 -R&E & BOE
1975 48 27.4 17.8 8.9 8.4 5.1 5.9 3.7 2.9 2.9 2.3
HER BmE 2 A KR TRE W M BB B B £ ¥ ANE %£-2
30.7 20.9 12.6 6.0 4. 3.8 3.3 3.0 2.3 1.8
%- B EFERE, BEWOES
& EIERE
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A Basic Epidemislogical Study for the Evaluation of Effect of
Various Metals on Human Body in Mine and the Districts



Outline

VN ERLTCEREER L L0 A% 5 7 PLULLORMGOALBOSBEO L AL EYIRE
BROBALMBTH - BETRIALOBRIEN UTH L WITERMEEE AR T LRI
%, SHIOI STz L EBARy, L L, HRPVGLEAMCES THEE EIIVAF
L, & CEHPORCHCEBECERTA A V7 20460 2BUBBLVLELEL
SOEBMOMEERAEFEEEAMLCE, T2 CHRARRETPRIESEOCBE YL,
CT3 LA GrNTIEELYHLAT T AN THRYT - T a1, TORBRLKD
IP=s0o{ariilZhBERs MLz,

1. )k & Bk he B o MISEE

2. Kk, vy HME, RPEBEOBEEE

3. ARERORTEE, 12V 2 AMPRUA~AM VYurxr 7o) vigh 2 %8

— 27—



B AEWRAHESE $675 (R-67-80
Res. Rep. Natl, Inst. Environ. Stud., Jpn., No.67, 1984

IV-1. ANkKRUKEkhEEEEOMEES

Regional Variation of Metals in Stream Water and Drinking Water

BTH FIEY - ZE $H - BR
Kazuhiko MACHIDA, Shiro ADACHI" and Ichiro WAKISAKA!

g 5

FALER OBETN LB N BERSEE L B R o8y E~ 5 A eEACA
®5ﬂﬁmﬁmﬂwm&w8ﬂﬁmm$bthJﬁMimP&ﬁ?&%hlbﬁﬁﬁ&d
Zn, Cu, Mn, Fe, AD LIEBEBOGH M T,
BEBACHERIENOEBEFROKXE KRR L-> Tk b, FFAX TR >0 Eib
Mo KBERICRAL, HHRYEI LA, Rl criBE8v S inh -1, I
MO EEAKBERKGREE L LT, BB TG L ZnThy, FFHSEB T K, Mg
BUPTHot, —HANakCaBERT o — LHIBTE, T,

FHETA L DHERAKNUFTOBERTH - L ARE KPS BRI L& T{ED - 1,
L LBRERSPRO L5 I XRBEREE YT T 2§tk EERER
LEM T,

Abstract

Sixty six stream water samples and 198 drinking water samples from five districts
in Tohoku Province were collected to examine the effects of pollution by waste water
and smoke from metal mines and smelters. All samples were analyzed for heavy
metals (Cd, Zn, Cu, Mn, Fe, Al} and non heavy metals (Na, K, Mg, Ca, Sr, P) using an
inductively coupled plasma spectroscopy {ICP) and an atomic absorption spectromet-
ry.

Reservoir water in sedimentation basins was a major cause for river contami-
nation of metals and in present survey, the water from the two sedimentation basins
flowed into and pdlluted each tributary stream, but had not effects upon these main
streams. The important water contaminants of metal in mine areas were Cd and Zn
in heavy metals, K, Mg and P in non heavy metals. On the other hand, the concen-
trations of Na and Ca were higher in control area.

In present study, many drinking water were spring water in mountains and

1. BUSERRHREERN T 305 FHRFHEEE B Fer g 16-2
Environmental Health Sciences Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.

2. B  KHERAFE T 871955 AGRASEHEETE A 17T H 1506 %
Present address ;: Medical College of Oita : Hazama, Qita-gun, OQita 879-55, Japan.
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therefore these metal concentrations were very low. But the heavy metal concen-
trations in drinking water in mine areas using the large in scale smelters like Osari-
zawa and Kosaka were higher.

1. BERBEOBBLATAZE

H1EFRoOPET, 20RMCIEHE O~ v v (MDEIUAFEL TR D, MK ~3
DEMSE, A-BREBELALTOEBETILSL LBbhd, *0EMREPNLEZOZHTHD, &
DT i34  FAR B ioy BIELH (Control #IX) & LTHAN, BHEMK T A~
D YHWE T, GHEIBEIOFLEEFATO M- ThbliRtd s, B2 ETFREBHE
AT, KE (He) g1, € (Aw) iU, # -8 (Cu-Fe) SILEOEILAD - BT TH
L0 BEAWCThIBREYPIEL T3, ATHIK L A~D D 43K T, Hg@IUdFhLEL T
FSRIC g/ AR A F0THO B#IX, Augiillo CHR, Cu-FefZillo DR 6
H, WTFhb)IciB > T TaR N Th D, K3 EKERNEET 2 HEATICE /R 2O
ELHETH L, CORBRIBRESERELES T2 iR LY 1 #8 ERD, MRl
(B2 AL, Mg E3a s 6 iobrER) RURots, ERaomkEs G
5 & EHDSOTILNEBER T D 100 AL LOBILAKEL TV 59, BEBKD A~D &\
T/ IREZOERYETH L., N4 IHEREATRERBEE CHRAFEROHEIL &
L TAKRBCHEREL T ioh, AERAOEETIAILL T, ABKREINFESOETH,
B #IX 1 FaES, C K I ARE TH 5. K5 MEERRUTEEABIOEEL Ly PG 2 L
T TH B, BELRLEETHLE UTEH <A LEEAET LR T op BER A 1 F§HcEAL
LEBURTH S, AHKEPLEEMEL 28N, BHXiE3 b 5 OFJIIC B hic BFH
TB-15 oo, B-2113 oW |0 YRRl Tw5, CHERREAFTILOEEY
FHTORVGEBLRZEHMETH D, REEHD S BLEFREKMELY, TA7 7~y bid
AEME (EHE7~108) 2RL, WEJIESRBC L Y BORRERLL, TLTELS
BEFEILDOMBEYRL I,

RET 1977 11 A H 1980 FF 5 HEER I o B Eie 11~12 A fT - o, K E
LCRAREAYRER LTI 5 bEILEBEED D 238 & v SR UEILEAD BB A D
KEwH v Fd Lic, SEKEWUHOREALOMERBEKREY 1 7RIS b o Hv
Lh, 0o TRHFEK (— B CKERKPMERIA T LA FTOBGIFFRKOH %
H A E L) BRI, LYy FARIAIK 66 £, K 198 HTh o1,

TN, SRR & iy~ 703 250 ml DA Y €Y 200 mlERABATIKZA~f 2= b T,
FRAKRED I VEERIUESCAESESTHHERY 1 ml imL, FHL thEE, FRs
HTR—E vt THREER LA BEERETHE 10ml © 0.1 NHNO, iz © v NOREY -
B X/eAi b ZEHEL LRAERER 1 i  oBEY 77 A<RE5 X4 UCAP) B
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Fig. 1 Map of Ninohe Gun showing topographic state included water sampling
points and the sections for this survey
Each of the marks in map expresses the following.
Thick lines: rivers, Thin lines: contour lines, &: mountains, Numbers: water sampl-
ing points, Alphabets: sections for this survey, Elements: mines

K 2 fASERETHE 2T EEH Ao R

Fig. 2 Map of Tone City and districts showing topographic state included water
sampling points and the sections for this survey
Each of the marks in map expresses the following.
Thick lins: rivers, Thin lines: contour lines, A: mountaines, Numbers: water sampl-
ing points, Alphabets: sections for this survey, Elements: mines
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Fig. 3 Map of Kosaka river and districts showing topographic state included water
sampling points and the sections for this survey
Each of the marks in map expresses the following,
Thick lines: rivers, Thin lines: contour lines, A mountains, Numbers: water sampl-
ing points, Alphabets: sections for this survey, Elements

M 4 SiHias#AERE PR TREROBFN

Fig. 4 Map of Osarizawa showing topographic state included water sampling points
and the sections for this survey
Each of the marks in map expresses the following.
Thick lines: rivers, Thin lines: contour lines, &: mountains, Numbers: water sampl-
ing points, Alphabets: sections for this survey, Elements: mines. point 1, 2, 3 are
sedimentation basin.
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Fig. 5 Map of Takatama mine and districts in Bandaiatami showing topographic
state included water sampling points and the sections for this survey
Each of the marks in map expresses the following. Thick lines: rivers, Thin lines:
contour lines, A: mountains, Numbers : water sampling points, Alphabets: sections
for this survey, Elements: mins. Point 2 is sedimentation basin,

CEFREBEY Y IABE LT, Cd & Cud Bz 7 v — a2 Vv ARTEY (HES +— AT v
vz EFWKEERE AA-855)C, Mg, Mn, Zn, Fe, Al, Na, P, Sr, K 4% i ICAP(Z v —
LATevall73 =7 anvy) R TUHH L,

2. R

2.1 HHENA)|hEEERERECRE (K1, 2)
(a) ZPFERRIME | ZotEOoREMCEES S Mn Sl TR IENFBE 10 ARTERD /)
BECD OTH D, MM & LB L Mn BE S &V EEIED bRV, HRORELRS 1~ 3
DEHED S L 2 A TRMEPMEE D 3 EREORBBEY T LI, LiL, £OROREIL=
Vb e — LR & A LB A o Fo AR DRt o fiEh b T, i E BB L T
LEVESBOEYRLI, '
(b) BEMMELHE - Heg, Au, Cu, Fe L% of@OEIAD », UFHTeh OFERH G
izt SEOHETALRIESE, FESBEXMbTVTh b il KB LEMBZRL I,
L2, ZOMBNTL HFELUEXGKIh T Ih 589150 Cd, Zn, Cu¥olt
BB DM & 8T 5 LEMETH-TH, SOMEATIHCEELRLL, $liotiie
Fe, Al, K&oRE,»LAMLHR (D) THEMNCRE > LW 2HANIRS I,
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Table 1 Variations of heavy metals concentration in the water samples with the

geological points of each river

Cd - Zn Cu Mn Fe Al
ppb prb ppb ppb ppb pprb
1 0.012 9.6 1.6 7.5 50 58
2 0.012 1.7 3.3 70 27 156
3 0.012 2.5 2.2 25 152 154
z 4 0.012 2.6 1.8 8.1 159 150
g 5 0.007 3.4 1.3 11 125 93
5 s 0.016 2.2 0.8 2 240 209
o 7 0.016 2.7 1.1 24 246 156
S 8 0.014 1.9 0.4 4 236 260
9 0.005 2.0 0.5 9.4 138 142
10 0.012 1.6 2.6 2 180 151
11 0.012 1.5 1.8 16 45 150
1 0.006 0.47 1.2 3.6 23 35
2 0.012 0.67 1.8 0.9 7.9 17
3 0.016 0.68 1.6 36 49 43
2 4 0.006 0.2 1.4 1.4 17 24
Z 5 0.006 0.67 1.9 3.6 34 36
a 6 0.008 0.2 1.1 1.7 26 3
E 7 0.006 0.58 2.4 0.3 39 25
8 0.006 0.46 1.3 0.04 0.6 4.2
9 0.024 479 12.2 4.9 20 8.6
10 0.004 1.33 1.8 0.18 2.3 7.7
1 0.13 35 4.0 30 286 195
2 4.2 617 72 883 806 347
3 2.1 1 74 269 541 261
4 2.1 646 6.2 53 216 113
5 0.15 16 4.0 3% 513 629
] 10.8 390 82 628 695 436
g 7 0.14 12 3.9 28 353 388
8 8.8 294 37 451 272 177
9 4.4 212 28 292 665 513
1 1.5 477 1.8x1¢° 17 280 7. 7X10°
Q 2 40.4 10.5%10°  11.6X10°  15.3x10° 1034 41 5%10°
= 3 40.4 7.9% 10 B.1X10°  11.4%10° 759 27.0%10°
5 1 39.1 8.4%10 2.2%10* 9.9%10° 342 11.3X10°
; 5 6.4 988 282 903 189 879
> 6 0.16 62 7.3 48 30 274
7 0.16 7 8.0 68 65 1.0%10°
1 0.018 0.31 1.4 19 65 53
2 2.5 198 8.1 354 489 248
Eig 3 0.008 36 2.0 168 65 242
EE 4 0.048 5.1 1.6 1.4 32 34
5 0.072 19 2.4 3.2 166 53
6 0.020 5.2 1.4 36 72 100
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Table 2 Variations of non heavy metals concentration in water samples with the
geographical points of each river

Na K Mg Ca Sr P
ppm ppm ppm ppm ppb ppb

1 5.1 1.4 1.08 T 38 37.6 8.7

2 6.0 2.1 1.62 6.3 61.6 21

3 6.2 2.4 16 6.5 73.2 50

Z 4 7.8 1.4 3.08 3.4 52.8 57
S 5 3.9 1.4 1.95 2.9 46.8 27
5 s 7.9 1.7 2.55 3.0 37.2 4
o 7 5.4 1.9 2.34 1.4 50.4 27
g 8 12.5 0.8 2.67 3.8 47.4 46
9 7.7 0.5 1.92 2.9 8.4 1

10 6.8 2.0 1.84 7.9 6.6 24

1 5.4 1.1 1.27 5.1 35.6 12
1 2.9 0.37 0.97 4.2 9.8 7.9
2 2.9 0.54 0.89 13.2 74.4 6.8
3 2.7 .47 0.89 4.1 244 7.8
3 4 1.5 0.60 0.87 9.1 53.6 6.0
Z 5 3.8 0.58 0.68 2.6 31.2 7.3
. 6 3.5 0.82 1.54 2.4 28.4 7.5
:j 7 2.6 .80 0.48 4.7 8.4 5.8
8 3.2 1.3 0.72 4.2 60.8 28
g 15 1.7 0.59 7.8 4.0 5.6
10 3.1 1.1 0.77 5.6 62.0 5.6

1 1.6 .28 4.3 3.5 53.1 2%

2 11.0 1.6 11.3 19.7 43.0 86

3 8.2 1.2 6.8 17.9 196 66

4 4.6 0.46 4.3 2.4 43.9 42

5 5.0 1.2 2.3 2.1 2.7 45

& 6 11.1 4.7 7.5 20,2 231 99
5 7 4.8 1.1 2.3 2.2 31.5 42
8 9.2 4.5 6.4 15.8 206 73

9 9.1 2.7 5.0 14.9 141 92

1 4.2 1.7 4.0 8.7 9.3 280

2 8.8 34 103 1.8 192 1034

3 5.6 19 82 1.9 162 759

4 5.4 1 40 25 175 342

% 5 8.9 4 8.3 8.5 75.6 189
> 6 1.2 1.1 1.0 3.7 30.0 30
7 5.1 1.2 2.6 3.9 0.0 65

1 6.2 .97 0.73 4.0 12.8 11

2 1.2 0.98 1.6 15.2 48.0 21

32 3 6.7 0.78 1.3 10.8 29.6- 1
Ea 4 6.5 0.91 0.77 4.3 15.2 10
5 6.9 0.97 1.3 11.6 31.2 1

6 6.0 0.79 0.84 5.3 18.0 12
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(c) /PMENBMEHE; . - OS2 H 4  BRICHEE L TV B LBHC, ohid b LK
L7:B& D Efifio L 5 7 CEE T EROR B 2 kv R EE L BEVASER
BEERLI, LELBIMALE2A0 L KREEOCHUOHEAS A L B A1)l & i
BLTh:, BI1MSOBRAEL <A (Cd:0.12ppb, Zn: 35ppb, Cu: 4 ppb, Mn: 30
ppb) DL, H 2SI EL < & (Cd: 4.2 ppb, Zn:@ 617 ppb, Cu: 72ppb, Mn : 883
pp) &S LS E R EIIR D, FRELRCEUOROREVEAMAT, Cd s InR
BEEERRLTVv5(Cd: 2.1ppb, Zn: 646 pp DL, —oniiity L% 5,
ETHAIThbEDTEMXRL(Cd: 0.16, 0.14ppb, Zn : 16, 12 ppb), R)ILHE
LAabE, THOES, FE, BIMAOBEMOTHNOFAK L H HHET L, Cd, Cu, Zn,
MnEOHREREDOHE IMSTOBREIF 6 AOIT2F70 1 BECET L,

(d) BEREEK  —o#BROEERS 2EmcAlL s vz, —FERAEBRKEV-bhk
MR Th Y, KEELRBLY I AR bhic, E1BAREUEAYEELLLED
hAKUWBRIETH D0, BEXEEFBELHKIA T iihot, KOBIEBTE -,
B2, B3MARENREE T, WMELSRRA, EELARETH S EobEEE
OFEKORBAEFRELL D LEbNhE, ChALORBUAOCESBEENGRELO YR
THLH, FICE?, H3MANE I BScE~NERETHS, B3 AOK (BE) BAEOE
bR TE2HMADK GFERA) CRHABY L TLTOoBRECEREYHE -t Bbhhid, %
NEYREM N (Cd D RE, Zn, Cu, Mn, Fe' #30%M8) 20 b, FoKIEREEOCFEL
ETFOoTRSL0)ICHN GE4HE) 3hTw-5Z LRk, FDAE SISO HENK
gnomilicicErErbotBbhi, LirL, $6, HETHAOESBEEOELTA
ARY, KRIND L5 AREOBELKNENTIHFERLALEDbhich ot (6
= :Cd0.16 ppb, Zn62 ppb, Cu7.3pph, ¥ 7T#.A : Cd0.16 ppb, Zn 77 ppb, Cu8.0 ppb), =
DUBMNBE L RRNOBE»SEURKOKBLZLBRICLD &, B K EV-DHC, Zn,
Cu, Mn G, Thd 100~1000 EOBEEN LA LR, K\ TFe, AlDESLEBLK, Mg, P
FEEES W~HOEOREET, ¥ Sr b SEBRECHE D, Na & CaitFnENBEAY
bRt

(e) EBABRIGE . #2HI08ELILOWEL (PRE KEE) T, okgths
Cd & Zn PR BER R LI, - ONELOXIEREC, B3I AT Byiiins/llci
ATHEVER, TOALTHROE 3 ST CdBE o 10 S LofErRLi, Ll
FORELMOMI L AHLICEATREL Abhih o, A—HKTLEUOBEL)
KUCEBbh T 4adBcBUHEESRBE ¥R L, BERRBSRIEARE & it =
B ORI HEY BRI TS &, WNRERUEEC X 5%05, HAKIR
ERIVEBETH -, HEEETED, Cd, Zn, Mn TS & KEHLBR, Cu, Fe,
Al Sr, PR THENALIL, LrL, Na K, Mg CaBTRIBEALEQBDOAE, -
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2.2 BHEIFHAKFERESEREORHK

FIRUVER A IEHEFIFER K PEBBELRL 50, FPAHMES (0000) LK
U DFEHME ] o DBERY, RAE2(00000) il ¢2b32e%, 752 (000000)
122 gL EDBEYRL TS, #A=" (000) 3FHMLL—1/2 6 DBRE (7272 L Zn,
Cu, Fe, AL Kit—1/40) %, A= (00) 1—-1/2¢46—1 ¢ (LELBiI—1/4b—
1/2) ofEY, H—> (0) 31— 1 o AT (LEEB-12LT) oBEYRL W5, &k
RAME, RMEOHKI*ETRL, TOEEEDOTROEINOOMEOFHLEEREL LS
el N O _
BEE&R6ED 5, Cd, Zn, CuDEBREIIAEDNRERNEILTD B/ NTHHT KM MK & HEi L
BEAYRL, HICEBEHEIL» BN FEETRAMY R L, —HRU REHEINTDH -
TeRERGEILOHE L b XN OBELYZ T\ 5 2 Bbh b B (C) BTk b
BT5E Mn, Fe, AlZBENFCEL, 3, ZnMEVv 23, INEE S BRhE 2 -V
LT, MK ERS R BEE, AIXTESRBEOE, -~ F#X T, CdxisnéL
T Mn (A~CH#iX), Fe (F~H#P0O FOoREFRBRERCEBTIBOEHELZRLEC LT
5, BEREBO A KRR Al EREY R LA, —ic AR E LToF L ¥ - W
HERT IV HERK CREYTRTEE AL LR, REHRAIMBRELB TN T &K & 4
EBEXRL, FEIKEAELERSAZLRE, (ED
FELEOETHMUMHTRBEALDSEBTEERXT L. —FERAREEOCABBAD
7Y FB A, —FEORLCHV G, H OFE il & h~NT Ca #B< T XTOE&RT
BiEY R L MMRERERZE & b REMTILTHIRMCLAEL TV 3 a0bbT K
¢ Ca GRERVEBRCEV-BEY R LI, EFRIAL0HEATY Ca & Sr #BXBELRT
BREBEYRL. FO,

3. % B

gt o v e T A BB 2 AREREFBNIKEBB I RLAE kb0 TH D,
HEHOBED > e BEOBROERI VI v AL LA 41 s A FR e HEC L LBHPE (£8A
B, #ragURED By b 3hi, T0X 5 kPEERYTTREORBESRE tuh
b, TEHMUOBEC L VREFEMVMBE L IR EEMIAEERFTHI I B0, Bz Cd i
BESBRCHI0OIEEHHEICOCTOHKERE LB L AEIEH AR, MFEBRCRETTHE
N EYAOLE A AABRAENEETICL 2 EREREY B L REH 88 D5 & Cd
BRI BHEC Ly, ROELB I VBRCAETH -(Pb 1, Cr 2, #He 00, FAME
BRI 3\~ CHRHT 47~ 48 SEi fToh e 17 s D EBEA R UT KO BIE TH 4 S TR~ 19 &
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Table 3 Variations of heavy metals concentration in drinking waters with the
geological points of each districts

Elements
Districts Cd Zn Cu Mn Fe Al
1 A [sNeNoXeNs) oNeNe! oo 0O00O0 co COo00Q0D
2 B COO0O 00CO0 0000 0C00 coo oXe}
E 3 C [eXe¥e} o *0 000000 0000 o
% 4 D [sXeNeXNe! o) o) o] 00 o] o}
E-:j 5 E 000 000 o] 000 o o]
] 6 F co 000 00 o0 00CO [eNeYoXe
% 7 G [eXsNo] [oX o) [eXe] [N eNe] [eXeNeXe} [eXe]
8 H [oNeNoXoTo) 00COo [eXeXaXe) oQCOo CQOQ00 00000
9 I [ols) o o eYeXe] o0 oC
10 A o) o] o 00 o] o)
cd 1 B o o o *o o o
jg 12 C *o e o 00 o 0o
13 D o} o] o] o] o} o0
= 4 A [sReNeNeXo) [sReXeNs] 0000 o o} O
8 15 B cooC 0000 0000 000 co o)
Z 16 C '0C000CO0 *00000C0 0QGOQ 00000 oO000O0 o
§ 17 D [eNeNeNs] o000 [eRoNoNe] [eJoRe] 0000 [oXe]
MO 18 A 00000 o0 000 *OCOO00 *O0OCOO0 Q0000
2% 19 B eXoNoRe} 0CO *O00OC0OC 0000 0000 (e eRe!
=2 2w C 0o o] .00 0oo0 o) o
nw 21 A o0 oo sRelole] c0o Q000 *000C00
»—1:'2’: 22 B-1 o©cooo0o [sReXo] [eRoNeNe] o0 0 o)
é’c 23 B-2 oo co o 0000O 00C 00
"'E 24 C [oNe} o} o0 0000 o] [eXeRoRolN
ppt ppm ppb ppb pph ppb
maximum 15075 1.1410.67 45+13 8.90x+1.17 282+50 2831234
average 62142 0.15%0.23 18+18 2.98+2.27 56162 56+77
minimum 4.8+40.7 0.01£0.00 2.4+1.8 0.364+0.18 6.7t1.6 6.4x5.0

Asterisks { +) express the maximum and minimum concentration.

Circles {0) express the degrees of metals concentration, © :under - l¢ (K : under -4a) ,

00 —la——Ys (K: —Yo——¥%o), 000 : —Yg—average (K: --Yeo—average) , 0000 : average—1lg,
00000 :le—2¢, 000 OOO : above Zg.

bt hBIERELE L CARBEYTRL, LS L 9Bt sEEER LI, £ 2 TEED
IR AT O Cd el & LCREEHRA I, KO BIEEE D LB O T5 2 &%
BEyL L, BEYT, EEUBEOSEAHORRE, HEBSMEHESEST L OB
WTEBVRALN
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Table 4 Variations of non heavy metals concentration in drinking waters with the

geological points of each districts

Elements

Districts Na K Mg Ca Sr P

1 A 000 00 ole} (o e] o0 [sXeNoXo]

2 B [sX o] coC 000 leXe} o o0
Z 3 ¢ o000 00 0cooo oc oo oooCo
% 4 D [sNe] o o0 o] o} [s}s¥eXe
i 5 E 00 oC siexe QCcoO0 sReXeRe] ee)
(%) 6 F [sXsNe) 00 jeReXeNe] Q000 [eXeReRe] [sXeJeXeXNo]
% 7 G *oQOOCO 000000 *OQQO0O0O0 0000 *COO000C0 *COQ0O00

8§ H CQOQOO0 [eJoRoXeXe! 00000 joNe] [sXeReNeXol [oNsNoRe]

9 1 oC C o0 o o} oC

0 A e} Q o [eNoNoXoNe) [oXeReXel o0
Sa n B o e o 0o 000 o
<Z 12 C o oo coo co 00 oo

13 D o o] o OO0 000 o0
= 14 A .o0QO0 o] [eRoReX [eReNeNel 00 00000
8 15 B [eNeNeNe} *O000OCO 00000 *O00C00 [sXeRoReN el [sXoNeNel
Z 1 C oooo0 oo 0000 00C00 0000 0000
» 17 D [eNsXeNeYs} 0000 0000 00C00 o000 00QO0
r;o 18 A 00 o [eXeNoXe! 00 o0 [eNeNs}
ég 19 B [eXeRone) 0 [eReRoNeNe] o) e} sheleNel ocQ
=2 20 C ‘o o o o} ‘o ‘o
= 21 A [oXeXoNeNe] O0000 o000 [eXsRoXe] [eXoXe] [eXe]
5% 22 B-1 0000 000 occo 00000 6000 co
EU 23 B-2 0000 o000 o0 Qo000 oY eXe] cO
=2 24 C 000 o o0 oCo [eXeReXe] co

ppm ppm ppm ppm ppb ppb

maximum 18.4%3.7 9.5+1.9 6.2%1.5 16.4£3.0 163127 8011
average 7.5+3.9 2.5+2.4 2.2+1.4 7.5+£4.5 62134 30+18
minimum 1.9+0.3 0.4x0.1 0.610.0 1.4%0.5 11+12 <10

Asterisk ( +) express the maximum and minimum concentration.

Circles (0) express the degrees of metals concentration, © : under—){¢ (Cd and Md : under—1¢3 ,

00 —Yg——¥a (Cdand Mn : —le——Yg) , 000 . —Yo—average (Cd and Mn : —}{o—average) ,
0000 average—lg, 0000Q0C :ls—25, 0COOOCO : above 20.

3.1 EEEBRE ALLMROKE
ANADESBELCR OIS L 750 RBILBADAETS v, LORCEHLTHBMY
o TU B, o CESLRRERRUBEREILCHBIASRIE & & OHEDR )| K+
BRE®HE~ L5, MEUOEEOMEE TR ERELD Y, BB\ K EELT
DIECHEAERTD LM, BILCd L ZadE Lo, LbmELE bAERROFFE~ 1
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FRcILSh, BERCERLFOBBIBP LTV D EBbhb i LEYFEL DL, §ick
BEROUWEM LT 5 KBOKSHEAXE LB ELY S 2 Tv52 E, BREHON
B AR DN A L, SR THROKPCABECHEEY S 2 T2 L SoHL RS
nId, LoHLmEUOBhoBBRE RO —HolliCEEBHRY b L,
FHECEBEYE 2L e oo —HMRIOBERERSE L, 1)L E0
F2h, ToW¥AKRETEAAOERCEED CAERYLALL, 20, BEFAHEED
BERYSLOLES LA LMEOBELEILEOBEBETLL L onnfER1 A b5, T,
o PRCH—REOFI R F > T T LOBEKAEOBFEFTCL 0 it 2 0 ~0BENR
B ET, B, H2HEDCH, Cuy, InS0BEEERELR -2 H LEERLLAL, 2O
fEFM L Kano FOETE—R L fo, AN 2E5BR I ATV 2 bbb b ik
A FH2H5, BTHADESBEREIBHETH - . NNEIIOR S BHROEE foip ALl ME
FIEEFTOCLTH T, BELLIOHELI D CuT10E, Cd T4 LOBBETHD, X0
THAMOTNAEH T2 L X D BEARRENET LT B, FhThH ot <&
DTEHBE TH T, ETIHEMNC Hg L, Aufill, Cufillg s DglrEEok, o
Ly OFERPTFHI RS Thol S b MR <BH TEBTCH -, LR LI THEH
S s Cu LKA R I T2 L BHR AT CHiOHED 10 234 Zn, Cu2MEH S
e, FRRICTF b % < 0PI ES BB MEM TH - 7225, Mn Ll o 1 #5 ¢ Mn 85
DU DRIEEL-BE TR bHhi,

3.2 &¢EREOHHE

TR OBRRE L2 FH R L BFRBOLFEREBE Y IET A L L VBT 2 BN
TIMREEBOSERBE Y HEIT5 & Cd 38215, Zn 1 553£%, Cu 135 Mn 5615, Fe!622
& AL 1568 LA, 205 b Fe L AlRZ 0 2 IS CHET 5 L REDENL LIS A IEHIL
W THE - FAMIE ThE EOENTVABRER L AT VBV- L5 CBbhl, ZTOBR
PLBEREBE LT ZIn & CdEEEhi, TN BERSD Cu il il Zn &8I
EHINZ I L L, Znofiil T eV s T e Cd 23T 5 et L Bbh 5, FEER
DRFENESBR I 0ERRLNAY, “F - @ FORNOBEBO VIR L MEO X D
KELLDOBBOM IR & T 2 &, B MROBTLRBIEY RT A DEIVTho&EBT
LHERETH -1, SHLBLVBEVESBEREY RLARAROTBMAN :E—F, HFS0OK
BERKE BTS2 K Mg, PCRRAERESALRIA, Nalk Ca Tidiz: A KEILD
nichoic,

3.3 FINKEE & SEKRE
FEEMEOSE A THAEREAIUACE -fco 2 d DD, BEASHBUPDOEKY <4 7T
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FFRECHEKL THWTWRN, BRERELRERTEHPK (B0 2#iKa—8tLa8
PMEAZIh TGRS, BERRRACEEORCHPKEY v 74 L LI )ESBREBERAIIA
BERB ML - BERD LS kFIIBH tHL, EFIRSTEELZRLE, LaL/MIEEE
Fui&Be t b BRECEEARLD, §iFLCA & Zn, #FBiXMn, Fe, AlENBERL 1,
IESRIBLEREZ SENOBBRIALAT, SIUOEBDORLALZLA V- T FOhR
BevThoeBRiGEYRLCoRL, BERTIK Ca, Sr&EicEE LY RLi, th
LOSEEOMIIKEIROKEEENLZ D LYBERD Fe PRl R LAMoEES BT
TARTEBEOR W0 GO IUTORETH > CNBDOEOFHEL 7 » YV 7 &RE 100 Fil
OAEPEBLBOPRIEOL HET S & Cu TRBOHH 2 S EEY R LIS, Al & Feidiz
EERL, Mn & SriEEx R L, Fof@Fom et Cd BERREST0.15ppb LK
BThars, BEODAERTIHENKFCARBE 60ppb b EZT ARG MEIN T30, ¥
KB HXBECERT2L0THY, BETH - THEESErERL TV -1 BE Atk HE
THLHEEY DD, TORTEEDOY Y 7T & A EIUbOEREER L - ALBRAERE
ThHot iS5, — O EKED L 3 FNALERLEBEC3BEbREBIE D
BEia 0 HueflloBEoMES OS5 KEX TR KCERTABSIEEL2ETL LR
bhs,

4. & W

FAcHe i 3 8 5 #k oMK 66 £, #RFIK 198 #hESEE (Cd, Zn, Cu, Mn, Fe, AD
BUKESLE (Na, K, Mg, Ca, Sr, P)O&EFH T, Fgilis ORBFE T E~
&Ko Ly lekm v B,

1) LB KOEEB TRIMEL L0 HBbCEL b e BRECHR IR
KeHb, PALED Lk hEIHRK I —TZMCHERE L O L T ch, Ao 2FT
TOFRCETIHELYF LT eh ok,

2) PMENDE SR s MELUPBED D, LAEHEL T TWHE)I Tt oRFLakr
HREd Lo b LT, '

3 FEHFOLSKPIUASHED - Th, BIESRLBELESELTOhTVRVATILEEA L
BEREs Lo,

) FHRERELTHEEZRZDIICd L Zn, ®KVTCu s MnThoto, FEELETITK,
Mg, P b L% C&EV-2 Na & Ca 12 TOEAEED Lhieh -1

5 FRAFROKEAKZUFOBERLES b RICED TEMBLRRLLS, ML BEROX
5 feghiLsh# T3 Cd, Zn, Mn, Fe, Al 2\ HBELX TR LI, Lo LEESE CXEILRN L 0%
HBEFVED LRI 1,
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Regional Variation of Metals in Rice, Potato and Urine

BTE  FE? e TE OB - BR —B
Kazuhiko MACHIDA'?, Shiro ADACHI" and Ichiro WAKISAKA'

B2 g

TR D HUR R 4 T~ B AT D 5 1l 24 K25 158 DX, I3 D v #
1€, 762 DREHED, K&+ H 1 2R ICP EFFRETEREC, Zn, Cu, Mn, Fe,
AD LFESRB (Na, K, Mg, Ca, P, S0 gFank,

CORER, K TREFOBREAT)IPEBRE L EELBESLLRIN, S M ET
BEEOBRABRL Tt REY » # M thFHESBRETII Mg & P Sl T
B, NakSiitavbe— AHIRCRE -,

RECARBERR, &+ 54 +BEDESBRIENNNE L D ED -1 BERTBABEY TR
Lz, & OHERHREOMOBEOREROSZIC LS LBbhi,

Abstract

One hundred fifty eight rice, 153 potato and 762 urine samples from 24 sections at
5 districts in Tohoku Province were collected to examine the regional property on
mine areas. Rice and potato samples were analyzed for heavy metals (Cd, Zn, Cu, Mn,
Fe, Al} and non heavy metals (Na, K, Mg, Ca, P, Si) using an inductively coupled
Argon plasma spectroscopy (ICP) and an atomic absorption spectrometry. Urine
samples were analyzed for Cd, Cu and Zn.

The results showed that, with rice, the concentration had the closed interaction
with the river contamination of metals, but with potato, with the property of scil. In
non heavy metal in rice and potato, Mg and P indicated high values in mine areas, and
Na and Si, in control areas.

Urinary Cd concentration showed the highest value in Osarizawa which the
concentration of heavy metals in rice and potato were lower than Kosaka. We
pointed out that this discrep'ancy resulted from the difference of past exposure contents
between these two districts.

1. BsrAEWeiRERRE T 305 HREMLE 0T8T/ 16-2
Environmental Health Sciences Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.

2. BEERT | AGEEAY: T 879-55 AL RADEHMETEX » &1 T H 1506 %
Present address : Medical College of Qita : Hazama, Oita-gun, Oita 879-55, Japan.
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1. BEARE

AR OEE L BEFEOFMC SV TRERE 1 B R0 TERT 5, XRFC v ¥
1t ARECREL TEDL, TOLDBEERERD A, BHE3BF ThvoT, AHE5 Tl
Shic, UOMKILRENBR THL DRI ARGRIN, X6, v+ ¥4 11Kk
VTR, RER, BFEELL, KIARSC LY FHTETH - 1,
KIERTERTOHBD b D LD, TRTHEEAKRTH T, K YrH M LbichfE
ERERB Lo, K3 g%, vy A1 2B mmxX0mmEBE0EY Y CLTBER 7 ¢
YREFA-Fickbh, EKERKELFE & LTA- 500D #EFESRAMB - LVEOETIER AR
KFEAKGIFRFE) TRAKILL, 3 & A S RERERC - R CHFER 228 0.1 N HNO10
ml FEI (OB Ca oY ER X2 ABER 1 HAYRID L, RTREBETICP HY v 7
ALk LIcdy, FTRBERCHMTELOTSHR2ITLOFEFRLTCHG . oHYy v 7 $
Tk 1584, Uy H 1 2 1534 TC, Cd & CuBEOSHRZ v — 4 v ABEFHRX T, Mg, Mn, Zn,
Fe, Al, Na, P, Si RU'K (Y + #4120 2) OKFBEOFINLICP K TT -1,
RIPHREESOH 1 KB, BBEHRMLERT L, o9 E 50 ml #BREBEE, k&
g CEERA L AHE, CdECuilk7 v —a v AET, Inik7? vV — 2B LB EFRES
FikfT-1t: (BEQRETRY ICPELcE1HLAR)., ROBRORTRILEFRMIETIT -

2. B M|

2.1 kP CdmE

#rh Cd BIE RIF RN EE) AR R {, BREMAOFEI#K (8.1+2.5pph), L B&EME
ONR-TEARE (LT MR &V 5, 309482 ppb) TIXEHT 38 5L DERRLE, ¥
— WK TOEEOR S K2 EEK I IERR CRIE 26 ppb 2+ 55 926 ppb DEXIRL 1o, l—i
BRTOEBIBHBEB TR KE L, fho 3#KAV-Fid 31421 ppb, 25£19pph, 24+11
ppb L EAFENL LR 2D IK L, B-IIHE O 4 209+132 ppb & 48 150 ppb L LT
e & B L EN L LRI, (A D

2.2 veHSrhCdBE

o W4 e CdBERXS Cd BREG S HBNERE P, REEOFEIMHK 18+ 6
ppb) :REED —FE C #K (174:+135 pph) TXEHT. THOERRLI, H—HEATO
FTEOR S K2 oK 1~ F 7 C XK CHR{E 36 ppb 2> LR E 496 ppb DEH IR L 2, B — MK A
COEE S TERLUA T D - lER TR U kb CAdBE &8 b B - fo dLz il —3ig A
TH Y AL EDH TRV P Cd B R U BBRAE B-2 XA, &+ 71 th CdBETIzEe L
oMK F T bl EAEE I RE (B2),
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2.3 X+PESEEE

¥, Vv 1L REESBRECRKIER b)) 2T T h0n, F1HoMEKE
BIEFRR AR TR AIE- o, THbbE o425, FPAMED (0000) i34
X 20%Erb+]1 g 0Eil%yw, AXH2(00000) R+laodb+20%, AR (00C0C0C
0C) HH2 o EoBESERYRL TS, WiZA=" (000) BFEHLL—1le¥ (7L
CdEtNait—-12¢), A=2 (0C) 1—1ahb—-2¢% (2L CdE Nail-12c6—
4oy %, A—2 (0) 320l TORE (7L CAdENail—-3/M4 s AT @AYRL T
Do TFBANM - R/AMEDCHK I *HITRL, TEREFEHEE LT bOMKDFES LR
BETRLE,

CdUADESBOREMBEREMBLYHE TS & Al 4,465, Fe:3.24%, Cu!2.5f, Mn:
235 Inl1.78Eh, wWThd CdO X5 kT hHEEIFED LA - i, F—HUEA
OHEFESENEEHOR S XXV OREBRRED Zn & Cu T, B2 IR A RBKIE~EL <
BRETHD, Lot DR L TORERBE TH -, ZF Lz Fe £ Al 25
MEEECd, Zn, Cu #d, BHEFULCA & Al A, BHEEE B-2 E 2BR 7284 Mn i sk &
HELTRBREYRLL, —HRFREOBSBE L EBEY R LM, Cd cRBEYTRLBER
D Zn, Mn, Fe EnBELBREVEBYTRLADSEE EN, (FED

2.4 kbHEESREE

¥khHESEBEORRME L REMYHE TS L, Na 4.5 Mg :3.21% Ca:1.5f% P!
25f, Sii3.2#Lnot, chOESEED B Na st Sin2&BE Mg b PO 2EREIE
Dg =/ BHOBEL R L, Thobb X ESE TV TR EER R LTI Mg &
PREMTHA2 Na & SiBEAREELTLI, ~HRTEEE TRV ThLEDTHVRE
xR LINE, BRR, BHHE B-2 X2 Na & SIBEME@LOwR L, Mg & PBEL
BEATRLEL, CABERRCRELISZLAIVREME & REMAOBIEDEL 1.46 fF LEH
ARt ENDHBELRES VWL Bbhd, R

25 vrH1EFESREE

vy A ThESEREOMKXIREMELE REEYHETHL,CA:9.615 Zn: 1.94% Cu:
3.86% Mn:2.11% Fe:!1.64% Al :5.1£5k7ch, XFAKRCd DMIEED A Z L2 DR A
foo LA LMK CARE® LD EXKERL Y, BRAE B 2HEFEKETH - OHLZF
BC DENBEBEYRLABCEBRE B2 K CdUATLTXTOESR TK & HE
L, EBETH-T, —FEDA B#K L C DXizy + 71 € Cd, Zn, Fe, Al O EBEE
HHLBMRD - 2 LIcHISELL LR, B, BECEARELEETH-. TOMD
Mk B, ThiBFRELRZIRBRERD In ¥B< &, MR, BERK D Cd, Zn,
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Table 1 Variations of heavy metals concentration in rices with the sections of each
districts
Elements
Districts Cd in Cu Mn Fe Al
1 A co 0000 0000 0000 Q00 X eXoXolo)
2 B [oXe] coo 000 0ooo feXo)e) cCOoo0
Z 3 ¢ oo 0000 scooo 000 50G00 oooo
% 4 D oo 00000 000 00000 00000 0000
Z 5 E ooo coo 0o 000 000 coo
[op! 6 F [sEeYe! [e}eRs} [sXeR s} SO0 [e]oYe! [sReReTe}
S 717 .6 oo 0ooo o0ce 0000 0C00G *0000GO
8 H co [eRoXo] [eXeXe] s¥eYel [eNeRe] [eNeYe)
9 I *o 000 ‘oc [eReXe] [eXoReNe! cCo0o
10 A [oX¢} 00 [eReXe] 000 o0 leXoRe]
C2 1 B coo coCo 000o 000 00 coo
2% 12 C oo 00 o0 000 co 0000
13 D Q00 loXe} o000 000 o0 *00
= 14 A [sNeNeXe) [eXoXeXoXe] 0000 joNeXel [e)oRe} [eNs}
8 15 B [eReXoReXo] [e)eXe] o000 [e¥e) c000 00
; 16 C *000C00 0000 0O00O 0ooCo 0000 oo
> 17 D 00060 0000O 00000 0000 ococooC 000
18 C 00000 000 0000 ‘00 000 COQ0O
P 19 A [oXe] 000 [eJeXeNo] [oXeNeNeNo] jsReXeXe] o000
=2 20 B-1 ©o c000 0000 *DO000O Q0O cooo
EU 21 B-2 ©Ccooo0o0O *OCO0CO0OQ *OCOOOC QOCQO0 *0O00C0O0 [eXoXe]
=% 99 C o0 000 000 laFoXeXo] 0000 fo¥o¥e]
ppb ppm ppm ppm ppm ppm
maximurn 309+82 9.4+1.6 1.3610.40 8.0x1.1 2.70x0.36 2.19+1.07
average 81+91 7.2£1.0 0.89+0.23 5.2+1.3 1.82+0.57 1.16£0.38
minimum 8.1+2.5 5.4+1.7 0.54+0.33 3.410.9 0.84+0.23 04.50+0.17

Astarisks ( +) express the maximum and minimum concentration.

Circles (0} express the degrees of metals concentration, © : under—2¢ (Cd : under— ¥a) ,

00 —26~-1¢ (Cd: —He——!40) . 000 : —lo—average (Cd : —4o—average) , 0000 :average—lg,
00000 le—2r, COOOCOO : above 2qg.

+ s OSARIZAWA

CuBEGMAK L h BELRL, HEF L KARLBICEBETS -7, (E3I)

2.6 v+ iALETESERE

vy ehFESBEREOHE JIREME S REMELIE TS5 Na 235, K 1.7, Mg !
1.76%, Ca:2.41% P:1.8f% Si:38f8Th-tc, “FEDA B E C, DHIR LY + 7
1 TFHEHEBEBE TR RENLLRLL, ERSBBRE TLENI L LA, B Ca, #E X Na,
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Table 2 Variations of non heavy metals concentration in rices with the sections of

each districts

Elements
Districts Na Mg Ca 13 Si
1 A [sNeYoNe! 000 ocoo 0o GOCOO0
2 B [s}s)eNe) o000 oQO0 000 0000
E 3 C [eXele} [ofoReXe] [sReoNeRe) oQO000 QOO0
% 4 D [s¥eNoXo] [eYeNoXo] oco *00000 o0
ﬁ 5 E D000 coocceC cooC 000 0000
o 6 F [sXeR e [oRoReXe) Q000 000 00
% 7 G [eNeXeo) Q0 loXeXs] Q00 00CO00
8 H o] 000 00O oCco coCo
9 I 000 oCO *0 QCOo [eReXoXe!
10 A *occoQoO *O 000 O *OO0OCO0O0
93 1 B ovooooo 000 0DoOCOG 00O ©Co000
2% 12 C ooo0c00O 00 000 oo 0000
13 D [e}eXe} 000 Q000 [oXe} [eXoXe]
= 14 A [eXs] [eNoXoNe! ol eXe] o000 peRe]
8 15 B O [eXeNoXeo] [e¥oXelo! [s¥oXe o) cooQ
2 16 C oo 0Ccoo 0o 00C00 00
E 17 D [eJoXe! *O00000 hleXeNeRoNe! [oFeNeRoXe: QOO
B8 C fo 0000 00000 0COO0 00O
i B 19 A co [eXeRoXoXe) cCooe [s¥oXe o) coOOo
=% 2 B-1 oco 0000 0o0O 0000G 000
'EE 21 B-2 o©cCoO [sReXeXeNe! 0000 [sXsXeXeNe OO
== 22 C o0 0000 [eReTe) coO0 oC
ppm bpm PPmM rpm ppm
maximum 59.6+13.7 205-+26 30,4123 80879 6.8t1.6
average 24.91t13.5 158134 25.9+2.3 620123 3.6+1.3
minimum 13.1+8.4 64+14 20.7+4.3 348+148 2.1+0.9

Asterisks ( ») express the maximun and minimum concentration.

Circles {O) express the degrees of metals concentration, O : under—2g (Na : —p),

00 —20——1g {Na: —¥%o——%0) . 000 . —lg—average (Na : —)4c—average) , 0CQ0O0 !
average—la,

00000 lg—2¢, ©OOCOO :above 2¢.

«s . OSARIZAWA

K, Mg, P, SiSCHBMESRLI, PMULKRAKS + 51 €T Mg L PORBE TS Na
BETR LAY » 1 2 CH PR EREF R, ML BER, BHRECIEELTRLA,
(&9

2.7 B+ Cd Cu, Zn BE
SREO S bR EAFGUOEEYSF i —FETRomX (C,D.G H D #17F, %
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Table 3 Variations of heavy metals concentration in potatoes with the sections of
each districts

Elements

Districts Cd Zn Cu Mn Fe Al

1 A o [oXeYe] o0 0000 [eXeXe) co

2 B 0 c0Qo oco coo ‘oo 0
= 3 € *00QO0O0QOCO 0000 [eXaXoNe) CO00 *Cogo0o QC00O0
% 4 D eReNeXoXe, 0QCOO0D [eXo¥e) 'OO0000O 00000 *OCc00C
% 5 E CoOOC Q00 o0 oo00 [ReRoN e sRe)e]
] 6 F [eXsNe] 000 sieYe) o000 00 0
% 7 G [sBeNeNeNe) [eNeXeXoNe] oNeXe} *O0 Q00O 00000

8 H 0000 [eXeRele! [sXeRuXo] 000 CO00O0 0000

g I *o 00O oo oo 0000 co0o

I A o0 ‘o0 Q00 [eReXoRe] [eNeNs] [eReXeNe!
o3 1 B ocoo oo oo 000 000 000
j% 12 C oo oD0 o0DO coo 00 [eReNo]

13 D o0 0000 (oleXe} [eXeYe} 00C 0C00
= 14 A [eNeRoNe) [oJeYeRoNe] oO00CQO 000 jsNeXe] o000
8 1% B [oXeReXe! [oXeXeXe] [sXeNoXeNo! [sXeYeXe! 000 o000
; 16 C 0000 CoO00O0 [sXeRoRoNel 00 [oXeNoNoXs] eXoRoNe
= 17 D 0000 MeRoReNeRo] 0CO0 oY eXe] oNeXe) [eYeXeXe]
v 18 C 00000 coo *ODOOCO CO0O ee) oo
a9 19 A o] o000 000 [sReXe] [sXeNo¥e} 0000
»—l; 20 B-1 © 000 0000 QOOoO0C0 000 0000
EO 2! B-2 © o000 o0 [sXelse] [eNoXe] 0000
=2 2 C [o%v DCCoO [sR el [sEeReReRe] 0000 [sReReRe)

ppb ppm ppb ppm ppm ppm

maximum 174135 5.86+1.28 931188 2.13+0.93 7.48+1.38 3.92+0.57
average 60t41 4.12+0.96 560 £170 1.35+0.27 5.8110.83 2.6410.87
minimum 1816 3.06+1.29 247+80 1.000.26 4.71£1.19 0.77+0.23

Asterisks (+) express the maximum and minimum concentration.

Circlet (O) express the degree of metals concentration, © :under—2¢ {Cd : under—¥%o) ,

00 —20——1¢ (Cd: ~¥%e——2%c), 000 —le—average (Cd: —4o—average) , OO0 O @ average—lo,
00CO0Q ! leg—2¢ 000000 abovela

» v+ OSARIZAWA

histoX (A, BEF) 2P 3oisi), R CdREOHBE YT, Fiilichics
5 Bri b v ThofBR Tt REBREER T -, Rb CARE Ik & & o8
ERETLL, 20RFBTIT R XS REI VS, 2039 R TRER M &EEY
AL, KOTA-SIETIMELEMELY, Bos0EH EozomKoET CABE X IO
“EOEVEE ot —F 0 EM EOTROBEIRERSABICE L, RWTMREZFA
ok, (B3
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Rk Cu BERB C/MEAFCEEY R L REF R EoERL bR, T3 Cd TEME
THol—F, BEAROWBEASEYRL, MUIIEHEREEY AL, IZnBELBR
&b Cultfy Li2iBR < F ~ v &RL, R /PMEARLEVEY R LS, ZFABLE bk
BETH-. (B4

3. £ &

AZA4E A% (45 PhPCAdict D RELATTERIEDTEV-L 2505, CdHd W
BERCBIE LI Zn, Pb S0 EES BB Lick it LT 2 AR PEEREORE 125 H¥9,
FROL S DB oW TR— A L b, B—HE G- 58 © Lnd¥E
BERLED I TEOK, U+ H 1 =P BECFHAR I REFAREERRH LR TV AVI H I
Bbhd, K Cd tFEEC L Hgllstigio £ EFEH T T 5 (42 #if 892 &4, &S
ke CARE 1 3.22ppm), LB L, B CABERREEEMBICISE Shic iR v KRy
Th 8 M RBEEREROXS CABE (0.527) "L h &kt Cd BEP# 2 otk (28
0.75ppm, KZM:0.72ppm) A L5 L, 1FEEREMAE (0,375 ppm) OHFRETL
FHIRE I SR S AEME R 3SR Edrich o Cd BFREEARVG-F 35, Lrvh A
—ROCREWEREOZ LVEE IR Ty 08, MEELEHBE S SHATEKEBRE T 200
DA HES 59 L Thh 2 BEIMIRILE 5 L TR0, & b MBRRELT b RS
YGRS LR A,

F#Eo KT Cd BE DR I/ME C K TF# 309482 ppb DE{E %R L Ao8%, — Ok BILEK
B L HREREBIPICAH LR B UNEAPRE COBIE L 3igAETH -1, KF CARE
oW AR THEEL V0 Cd Mt S BT E~RRCEEA K E V- &, R IRE
fll b BEMEDOELISEICL D, EOEES 1.4~4 5 SOMKE L2 bhiv o s BT
BHolee IDT ELHEELYOAIIKDERERH Cd S EILIEOBFRo B HE LB &
Bl b, FBRHAE B- 2K Cd0a it bT Al YBRMOBESBETEL {&EYTRLL,
ChSEIRTR~mS, HEhLE VBB RERAIIKOEE I 0L Bbhb,
kb Cu BERA# TR 1.3610.40, BIE 0.54+0.33 ppm T, ZHITEE S DR N HA
HEFHCuBRMOBRLFBE TS5, “hid Cu DKRBLRS Dic 2 L &2TTH, BiHOE
BbHd Co HHRBEKIKD Cu BE BV Cd HTRESEME T3Eh X bk b gL Cu %R
LTwbZ &b, XFCuBERCAFERE AT VvALBRERGEIRTS, FREBE LT
OEBERI VLD EBR S,

vy # 4 2k Cd BRI Cd BELT FOMIBE R A b vieh o 1025, K BIREE & RIEME
TIL9.6fEnEND Y, MEBO.58~5.095) X W KELENBH ORI, Y A1 2R Cd &
¥rh Cd OHIRE TR D, B B2 3Kk Cd AR ic B L B CEBTH -
DOrRtL, v+ #1 2h Cd 3K EEb bl o7, ZHEBERS/NMEASARBULEEC X
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Table 4 Variations of non heavy metals concentration in potatoes with the sections
of each districts

Elements
Districts Na K Mg Ca P Si

1 A 000 oooC 00 Q0000 QOO0 (o¥e)

2 B cCOO00 000 oo *OOOOCO 000 COo0
Z 3 C *O00CQOCOQ *OCQO00 0QCOOC [oXoXe) 0000 00CO
% 4 D Q0CQ aQQQo [e}aReNe] [sXaRoNs! [sXeReXNe) C0O000
% 5 E cCoQQO oo ooco o000 oo coo
) 6 F [eXeloXe] [sNeRe] joXoXe] 0O00Q0CO 000 [eXe]

S 7 G ooco cooo 0000 coo 000 00CO

8 H [oRoXoRel 00000 [sXeXole} [eXeRe! [oXeReNe] [eXoReNe]

9 I cCoo OCO0 0CO0O0 00 cCoOOo coo0

0 A O0COO0 Q0 [oXeXeXo cooC [oReNe) ooC
o4 1 B ocooo o000 oo 000 coo co
2% 12 C 0000 000 0000 coo 000 o¥eXe!

13 D [sXelele} *oo0 O [sXeoRoXe] 000 000
=14 A Q00 2000 CO000 c000 *O00CQC0O00 0OCO0OC
8 15 B [eXoXe; [sXeXeXo] 00000 [sNeRo) 000CO (e ¥eXolo]
?;; % C oo COO0O *CDOO0O 00C00 0OC0O 0000
» 17 D Q00 0000 000C oo O0C0O [eXeXoXe]

. 18 C oo 0000 000 00 Co0Oo *o0

=2 19 A coo COo0 cOo0O0 000 o0QC 000

=2 20 B-1 co cown 000 000 000 0000

EE 21 B-2 *oo 000 Q00 COQO0 [oFe]e] *00000C
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ppm 10°ppm ppm ppm ppm ppm

maximun 38.2+9.3 6.53x1.59 220+60 84421 97214259 10,71+4.2

average 25.326.0 4.90+0.70 179122 55+14 701+126 5.8+1.8

minimum 16.5+3.5 3.78+1.18 132£36 35113 5341274 2.81+0.8

Asterisks («) express the maximum and minimum concentration.

Circles (0) express the degree of metals concentration, ©  under—2g, 00 : —20——1lg
000 ! —~log—average, OC OO :average—ls, 00000 :1lo—20, 00O O OO : above 25.
«+ OSARIZAWA

h AR Cd OF I RO LEHEROBE, %, U+ 71 =RWHCEErEL DR-DIEXL, B
BRBOBT B HRE L Cd A )IA R B LR, k02 Cd oEaRELEREL
bichEhifcicdh b Bbhd, 2y b e A CtHLFO C DHKIzED Cd BE ML
EERLAM, vy 71 2 CdREMHE CREBEYR LI ZOL 5 KkPCdRERS -
XHERNIKOBERRAC L 2oL, v+ ¥ 1 2h CABERTBEFOLOP, BHESKIASK
A Cd o +tBUFORBELZI TV 530 LBbh %,
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#rhIEE & BOMKI G A CHENcogI LK Mg & P BREAE <, Na & Si pMEER >
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MR onsnl I AN TR,

ThLRSTESBASER HEREREOBGR Y2 D AR THIEFIR S Cd, Cu, Zn BFeoh¥
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ORIE L RENPBREABRADLOEOIHL, ReEeoBIBL0EROBRICL LR
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N E DEVEEIT - T 5T Ll Ed b BEROFAVNEL 0 BHEK 10 5EMO Cd 0B
BOELE oI EMRY 225, Tsuchiya 52, FHE L I—REEAOFERPIRS Cd B E
DILO~B0 T — 7 It L 60 RUBET T 2 L2 IERLTVW58 RA0EETIHOBS
CE—FUAT T 60 R BT T ~THML, B ERENTH 5 MEEBRERTHE L
foo L LB A DR TLETl/ME BERTY 60 B LoBmiRs Bﬁ'cu‘tcb‘l Ehb
COERIIEELE L bRD LBl 2050 EiE T Cd BEANRA T AHART R e
FOFEBECABRE T HLOBRTRINTVL 598, - b #H#8 L 7= Friberg & & £ D FEHIL
HECHLVEL, BEERUANOFROERIR LI+ Fih -1,

Cu b Zn OMBHHRHFC L CUBESHLRLAAC L3e{ BT Thbb
BOIn FEERTOCHEMY TR L 0B o Cu, £0 Zn W Fh b /ME BERIX TR 74—
7T, AV e - A CALFRFENEVAYR LI, COXHEK, Ter4E, K
BAouThd RESNERED MO Cu & In BENMEEY R TRAGKRILBERARTH S
Cd L ATETH S Cu, Zn DERTORBIELD B0, Cd,Cu,ZnDE - ZH5ERZL %
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Oy, BEVIFEIHBIOEFEIC L SO0 T E, EISCAB R EROC, Cu, Zn
o TRS E PO HEA~, Cd sk & By, Zn b EEFEL S » THELFRLL
P Cu it S HEARER D ook LTV B, Fioked CABER(0.4 ppm B E & LUFIESF Cd,
Cu,Zn L DHEBA%R A 5 L Cd & Cu ik CAd BE WG LB LR R Lich Zn ihe  #BRThH -
Fro CHLDERLLEZD L, BIEHRHHLELTOZIn i Cd £-45 L LTk ThERA
BUCTLASRE LTERAREAX 2202 Cd & Rt 0BBY R L, pic VM EFHODH 2@
EXLTVBEDERLRL  LNLEELOCuDBHENEIL LR - TV ABEHIFRHTS
Bo

4. B %

HAbH S 3R S eI 24 MUK DK 158 F, v #1153 R ESE (Cd, Zn, Cu, Mn, Fe, AD
BRUFESERE (Na, K, Mg, Ca, P, Si) &G & T\, Efidl & 0BGk THRE L ifl~&
D X5 bR B,

1D kFE&BOH S Cd R mREINLE L REREHRKIREREMXD B B bEL,
MEED 1.4~4 552 L BB LERHTH o1, Vv 74 TFEBOMHTH Cd 3R b R E
WIRENBD BRI (0.6 25, KEH~MEE (1.58~5.09%) LOZF)Iot,
D kPeRBEEIOBREBELEFYRLICY, ver M thSRREIRECID

KEBRLELHEE D b OOREE L HELHEETH -1,

3 FESEOMBEIHO L Mg b PRERFUBE CEBEYFLAOKL, Na & Si
Bt Laifc Bl RIEmIE, vy M elitabhl,

4) CdoRTHE O IIRERTROEMBELF LS, CLAEOBREEC L b0 LEbR
o ¥ ICFEIRA S T 60 L E T Ie s WINER 2R LA Tl IMER 2R S e e,
' 5) B Cu, Zn o ORI L  Bcm iR L o s, Cd o RbEER0 L ige (o
AR —VEFRLE,
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IV-3. REBZERORFHEDIEA5%

Effect of Some Factors on the Changes of Metals, Cyclic AMP,
and Hydroxyprine in Urine

BrE OFE e T A - Bk —8
Kazuhiko MACHIDA'?, Shiro ADACHI' and Ichiro WAKISAKA'

E B

74—V — S LB E RO { o0 s BT L BETESROE
EAL L AN THEESOTUMBER BED = v b v — L BEOER 762 HOERNED L
hic, shbowy 7 iRP4E (Cd, Cu, Zn, Ca, P1 (E#EY »)), Cyclic AMP RTF
Hydroxyproline D4 i 5T iz,

Reb Cad BEKP CABECE U THML 22, Cu DBERCAORREEHETH -
foo BAR Cd RSk, ILBIMRER U 6 ML EIBE L o R CE L o, P Cu & Zn
CLEL LB R TR - T,

B Cd B & S wEeh Cu, Zn, Ca £ 87- & 5 el A L SO &R Y v Tilrw
Thithot, BURH CABEY L MO 7 A — 73EV- R Cyclic AMP v <% 7R
Lice B Cd £~ A Freo P el v oldERat By - T—EoEmY BV Ao
b A

Abstract

Seven hundred sixty two urine samples from the inhabitants in mines and the
control areas in Tohoku provinces were collected to examine the effects of heavy
metal on some physiological changes of inhabitants in mine areas by field survey.
These samples were analyzed for urinary metals (Cd, Cu, Zn, Ca, Pi), cyclic AMP and
Hydroxyproline.

Cadmium concentration in urine increased with one in rice, but the case of Cu was
completely contrary to the result of Cd. Urinary Cd concentration were higher in
farmers, mine interests and multiparals delivered over six times, but urinary Cu and Zn
concentration were low in mine interests.

Cadmium in urine showed a similar tendency with Cu, Zn and Ca in urine both

1. B AEWRARERES T 305 HEEANRS B /NEFII 16-2
Environmental Health Sciences Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.

2. BUEFT D KAERAY T 879-55 KSR KSHBMETE A » 51 TH 1506 %
Present address : Medical College of Oita : Hazama, Oita-gun, Qita 879-55, Japan.
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male and female, but not with Pi in female. .

Female group with high Cd concentration in urine showed high urinary cyclic
AMP level. The results did not show that there were a tendency between urinary Cd
and Hydroxyproline except on old women group.

L. BWRFIE

1.1 RAEMEL BTN RE

B1H, B2 THEMTETR LT &<, FAt o 5 (Mn 8010 & FEB R & U TEA
PPEFRIFPEAM, Fe,Cu Heg, AuFog Uil L CBAXEFREREL, KHELE
W(CWREIK & U TEA ZEKE IR/ MIET B O BEAT, Aufiil & U CEA LR ERBSRIEBIT R
AOAE 4 R ERFHEX L L, AENRERSHEAD 7T~101FoRESLREHR L L,
62 R TH -1,

1.2 FREEH
BB 1977 5 11 AH 5 1980 47 5 A OB LEOEMC Tl

1.3 H#REVAHHHE

BRIRE B RSB E 4 ) BRYETL, MEFICEREE 1 ROPEEAHREL T Hu.,
FROEFRMFEEEE~~ I Y CAT 4 v 7 A(TA ARSI TpH, 8B, #v-4p, B
%, BTt (72 2) WCHELXHEL:, KQ=402h, ~HIFI 1714 2ATHRE, —AKC
REEEBS T AHBRYERML BETAEWRITNCREL, BN ETol. BRELRKiLHE
WL, R Ca, ##Y v, Hydroxyproline X ¥ Cyclic AMP o4 %17 » 1=, Ca 2 OCPC &
(¥ revCalWERE %, By v (PR 777 A-EHEE (FEEd) - AERHAIE
CTHERFT » 7. Hydroxyproline DHIEL 1 ml DRiCEBEOBRIERE (¥, BH) ¥ mi®E
BLERBRES 1000CICRELA— 72 v —FhT 15 BfMA SR L i+~ F A% Prockop ¥
OEIEOTENTTIT » 12, Cyclic AMPD RE IZE % 10002 %W L, Radioimmuso assayk
(~F AL e vy Cyclic AMP Kit 125) mTHIZ LT, BBRPENLFIEESE AW
(FE) CBFIEAERILAE (BB, #&Bo= v 2 i 3EESCEARERIEER) Tl
EFEALE, XS 0. INHNO, BB (xoBAESBERERY 1 #iHm L CETRLHNE R
B e LicoZn DAFE7 U — AT, Cd £ CuD L7 U — & L AECEFELAH( +» -
VAT v 2 AA-855, D7 VvV IHIE) R fTolc, RERERRIEER LABEORRBK T
Aute, thoDORERRIET-%—, HERMEL, 7v7F=vBECTBLLY, BERCHRESL
5L, FRETCHIREHESRLZYUTHI L L ELh AT A THERLEC I 2RE YRR
&L (REE  FHHIEHRY),
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1.4 REAOBEHE

BRbK, K, UM THEESERBEOY Y 7Y v RUAERE 1 HEH 2BICTHECE
Lz, HMERE, BERZO7 V& - BEIEREIML, TerioXRraRic L TEHE,
M & DI THERKICTAR, BHELHETERCT T3 XI5 LR EEIT
Lot

2, B ##&

2.1 X+ CdRESIRSP Cd, Cu, Zn BRE

HBEOZEAFKEXR Y CARENC3SH L L EOEREHL) OXh Cd 8 11.15.3£8.5
ppb, FEEH (M) Ti166.2+27.1ppb, EHEBER (H) Ti1198.7+61.7ppb TH o7z, R
CABERBLELCKHICABREL <7 L ALBEERYRLE (L HE . B 20-39% P<0.02,
40-59 % P <0.01, 60 @l P<0.05 % 20-39% P<0.02, 40-59 % P<0.001, M & Hfd:
£ 40-59 7% P<0.0D), L LRF CulBEER Cd L £ B Y, W ThoBThkd CABEE X
BOBMEYTRLAQ & HEE B 20 &R P<0.05 60 M5 L P<0.01, & 60 &L\ & P<0.01,
L:MM: Z60&HEP<0.05),—FHRFINBEZ60FLETER L b Cu kR ERN
YEL, kP CABELAOHMEI RN E R CFEER L) FMIDER T —BDEALAR
WEEhithet, (M1, B2

2.2 #REK, X Cr T A ERLREINRCREY P CAERRT CA, Cu, Zn BE

EIMCHRK E2HTKRES v+ VM 2P CARBELUEL TS5, KA D factor 230
BL 7 CdERE &L RS Bi & OMBEEZ 22 BEC, i 7o — A RBATISLH0 1 AL
- b o CAERB YRS, BB IOEHCIBERZEE0REAAL A1 B ogRE
BRELLT, %234.5g 3861 9g(FEAERREREL H)DMEEKEAKLALR 1500 ml
ELMERY AV, cb0fEE CAd SHfE2 LB b RHELLHRE LA L B o Cd#E
PR», ThEfAHPCdRELL, TOKAYP CAdBEEZXRABCIFFILRER, BECAE
(L)1 5.0+2.3 ugCd/d, HEBF(M)I120.4+5.8 4gCd/d, & CdE#H1251.615.1 4gCd/
dThot, ZOLEZOUNERFIFEF CAREXZ S &, T Titks CABEOBS LInER
K7 dose-response BAF AR LohS, B TI1E 40 L) BT dose-response BAGRAREA b 1 Hicie-
7o (L & H8: B 20-39 8% P<0.01, 60 %Ll L P<0.02, % 20 AH P <0.05 20-39m P <
0.01, 40-59%% P<0.001, L & MR @ % 40-59 8% P<0.0), Rh CuBE L OMGRIALL L
0 R ERBRE L 2 MEOENKPREDES LY £{lk-oTWHH L L HETRE (O
TEEENBDLRI(L & HE B 20 Sk# P <0.02, 20-39 5 P <0.05, 60 &L L P <0.05,
20 BEAR P <0.05, 40-59 & P <0.02, 60 #tLlE P <0.01), BF Zn RE & OBRIKPEEE
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Table 1

PEMBEROKR, FH, Rbh ¥ o 2@ERNRS C Cu, Zn
REOEL

Variations of Cd, Cu and Zn Concentration in Urine from the Residents by

Sex and Age Groups with Urinary Cadmium Concentration

Groups  No. of subject Cadmium Copper Zinc
by Cd
content male female male female male female male female
Age N N X S.E X 5. E. X S E. X S E X S E X S E.
<20 L 60 43 1.6 0.2 1.4 0.1 5.6 04 5.5 0.4 155 12 158 12
JJ M 14 2 3.7 0.3 3.6 D3 81 1.0 6.9 0.5 281 39 197 26
3 H 5 9 21,7 6.8 140 1.7 14.4 9.9 83 1.2 135 12 132 33
|
20—39 L 21 28 1.9 0.2 3.4 0.4 4.7 0.6 .7.1 0.7 132 18 80 12
M 22 29 4.2 0.3 4.8 0.3 7.6 08 55 0.5 153 20 99 9
H 11 15 12.6 1.5 12.9 1.7 5.2 0.4 6.8 0.5 209 23 142 30
40-58 L 19 30 2.5 0.3 3.1 0.3 4.9 0.7 5.6 0.6 104 14 99 10
M 40 46 5.6 0.4 6.6 0.4 7.6 0.8 6.1 0.5 168 15 102 10
H 3 44 145 1.8 16.0 1.1 7.0 05 6.7 0.4 190 18 113 10
60= L 18 23 2.0 0.3 2.7 0.2 4,2 0.6 6.1 0.9 149 28 123 13
M 26 26 5.7 0.4 6.7 0.5 7.7 0.7 9.7 1.9 157 17 134 13
H 29 28 16.7 1.5 17.2 1.5 §.2 0.6 7.9 0.7 243 29 158 21

L : Law Cd Caontents,
N : Tested Numbers,

M : Medium €d Contents,

X : Average, 5. E. : Standard Error,

H : high Cd Contents.
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HEECHBEYZD (B:20-39&0 L & MO P<0.02, 40-495D M + H P<0.05,
608l Lo M & H o] P<0.05, & 20 REHERMOIVNOL L HoM+~<T P
0.01); = Pi TRBOBE 0 BREYER L -Thi M L HOMTCd L EQCBFRARDS
122039 5% & 40-49 ol P<0.05, 60 LI E P<0.01), T T2 40-49FP» M & H OfT
Rkt A EBD b s (P<0.05), fioBETRED LRI -T2, (ED)

£ 2 ARMEEROWE, FKF, Rbr ¥ v ABERART Ca, PBRE
Y S|4

Table 2 Variations of Ca and P Cencentration in Urine from the Residents by Sex
and Age Groups with Urinary Cadmium Concentration

Groups  No. of suaject Calcium Phosphorus
of Cd
content male female male female male female
Age N N X S E. X 5. E. X S. E X S. E.
<20 L 60 43 2.2 0.2 3.0 0.4 157 1.0 150 1.0
M 14 24 3.3 0.5 4.0 0.6 19.6 2.9 19.9 1.6
H 5 9 2.9 1.4 3.5 0.8 68 0.8 145 21
20—39 L 21 28 3.2 04 26 04 171 1.7 13.0 0.9
M 22 29 4.8 0.5 3.7 0.5 17.0 1.3 17.5 1.3
H 11 15 4.3 0.6 50 06 21,8 2.1 146 1.4
40—-5% L 19 30 4.1 0.6 3.1 03 110 ts 11,2 0.7
M 40 46 3.7 0.3 4.2 0.5 11.9 0.8 11.2 0.7
H k1] 44 5.4 0.7 4.9 0.5 14.8 1.2 14.3 0.9
60= L 18 23 2.8 0.5 2.6 0.4 10.3 1.2 11.5 1.5
M 20 26 4.2 0.8 3.7 05 10.2 1.3 8.7 0.9
H 29 28 5.3 0.7 5.9 0.8 14.7 0.9 115 1.0

L : Low Cd Contemts, M : Medium Cd Contents, H : High Cd Contents.
N : Tested Numbers, X : Average, S. E.: Standard Error.

R Cd LR Cyclic AMP & OBIfRL I T 20 iR & B 2 £ F B TIEORFLL LR
(40-59 D L & HOM P<0.01, 60 LA ED L & H DR P <0.05) 2353 Tk 40-59 B D A Rk
DOBFEAED bR W-9EDPL L H M:HoOMTEAFRP<0.0D), RFCd L RF
Hydroxyproline & ©B{Ri3 Hydroxyproline 73 20 5 L0 T TR Ii ERZELSH SO T 20 &I
ECHETS L, BT 608U ED L XEHELFR LM SERHEOFTO CdREC L 22
2L BDLRED 5l —HELTIL20-30 A RSP Cd S DBARE, 40-59 B2 < &BIK, 60
WL ECRIEDBERL L HOM P <00 EFRICEL DL BigoTotF — v RRLIE, (R3)
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* 3 WAEmBaEROER, £®BE, Kby V2 2 BENHIRS Cyclic
AMP, Hydroxyproline BEEOFAL

Table 3 Variations of Cyclic AMP and Hydroxproline in Urine from the Residents
by Sex and Age Groups with Urinary Cadmium Concentration

GTfOESS No. ofsubject Cyclic AMP Hydroxyproline
o
content male female male female male female
Age N N X SE X SE X SE X SE
<20 L 60 43 0.65 0.04 0.82 0.07 359 20 248 3.0
M 14 24 064 0.09 0.76 0.09 374 47 310 3.8
H 5 9 048 0.13 057 0.05 21.4 4.8 185 4.8
20-39 L 21 28 070 0.07 0.64 0.07 9.2 1.2 93 1.7
M 22 28 0.63 0.05 061 0.05 10.9 1.0 7.9 0.6
H 11 15 053 0.08 0.76 0.14 97 1.2 6.1 0.7
40—59 L 19 30 0.42 0.04 0.42 0.03 7.2 0.6 7.2 0.7
M 40 46 0.50 005 051 0.03 7.0 0.4 7.3 0.7
H 31 4 071 006 059 004 7.1 0.5 7.6 0.4
60= L 18 23 0.6 0.07 0.44 0.65 M.9 5.7 6.2 1.0
M 20 26 0.40 0.04 050 0.05 6.8 0.7 7.3 1.2
H 29 23 0.64 006 0.61 D05 7.3 0.4 9.1 0.6

L : Low Cd Contents, M : Medium Cd Contents, H : High Cd Contents.
N : Tested Numbers, X : Average, S.E. : Standard Error.

1. 0% %

FERFESZHETLCIEBRC LD URFHERARLR VL IND A, EHO L 5 RIUNT
DEBFD7 4 =L V¥R TERTHCRE L FETIOBORECLH{ OBHITAKy
FROGHCGOR, B2 V7S = vEELRERENTbh b, SEOAE CHIBEAMNORKE
F1IRYACLARS, B8 HRNEBHSOBEIENHINSS, REOENHIFECAXLRE
OWBELABER -7z, T TC—BICHAGCBR TS v 7 F = VEIE L BEHEOR S OFIE
o THRE LT,

v 7 F=VvRUCBBEC I AHECOWCTZEYIEMER YT, HEMIE BRI,
V7 F=vn ks RAE CEMY SO EoRF AT RTR L REORBBIC KV TR
Bl RO E0HEBEIRIT 210, RECYUBROPHRILT S Sk W ISR
hicobkEzohdy, EREGMENTRER YT o821, BT XaFEEssc
BEBYETLE LA, —FH 2 VT F = YEIECGERNC L 2F#HYY, SHEHY, Bxe £
#VEE L OEBHBERVEH/ AT, TLEEVCIBLEPCAOBETI 7 v 7+ =vH
FEREERATVECSHELDS, ChicH L TAEBSHIRHBFRMSOEREDO RISV T
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BEOEMYRORILS CdREETRC L7 v 7= vORCHBENEH DL D Lok,
SREERMEOROBERLEC R/ v7F = vEESERTHHE L, LrLEESRMS
DEDEDEFRETIET — DL, 2 VT F 2 VvHBEOR EF— s L7 v 7+ =V
E LRSS 9% oM, B AIEDE L Cd IADRPYBEIC oW TR~ S BT E ORESH
BEBTHLEHDT — s kW BEAMGET -2, MERMEZ V75 = v HIED
IEFHTL T BT,

CHLOBEXYRE L TAREOBEIC SV TELTAD L, BADONBECIAFELR:T
BOGRE Cd 2BERR LT, ULLHERERBE LS ST TV 2. RER 1 RESHTL T
WAHRERER, EH, HAEBHOBEI i, HRECAF - BROKESIFED T v (F
RAAT, UREY - B), FRBICERE, BESLESATRESTIATV- 2SS
ERTHLHBEHEVR-OBECIROBAL T B EFE L bR, TXTOFFILER
FTCfr-t,

KPCABELRPCARE L OBFEHL DT 20 ZRBEYERERRINTATLEE
DETEDdoseresponse FR A A b i, —oXkdCdr RhCdoifniEd SO0 R A D
BRTLRIRTVL2, FEORTHE {HBIISED bbb -1, EbEES OBEH o6 T
ARPREEAS 0.5ppm ECXRPCABE L T HBIL A, FhL EEBEDOXF Cd R+ Cd
THLBEPRET LT A BD bhte, R4 OREREIAEBREF T 0.198+0.061 ppm TH
LIEEREZDBEINOORKRIBS —FT 5, Kb Cd P Thlik v+H1 %, KBARM
27 CAENE &R Cd BE Y HE LT Xk o 2 0F RS EO dose-response BIER A A4
Lhdoh, Fhbhivd b, BT doserespose BMELRREL b h, LML b Zhyv
7z dose-response BIRA R L, KDZDBETREADLNIAL -1 0 FXEH TLHEE 7 dose-
responseBIR 20D bhtz, ZOPELDOEESCTIREEDS KBCABE & RhCARE oY
FBrALI D BoFTlGEEIED bR E LTWAZ ik, ZOEND Lol EE
REOEC L 5 ESEIHER SR,

% Cd & Rk Cu X OBBHRZ 20 BRAKHE b &, L ThoB Y T hy 72D dose-response Bk
@B LRI DRP Cu L FEA Cd D L 7-BARi1E 2 §oIRII RS Cd &£ R Cu of
THRDONAI, LIL, K, v F4E, fREkEes Cd BRE &R Cu oBER 4.2 &,
Ebbdbvd LKepCd LR Cu THENIEN\LAD dose-response BIE % 5 BT
D0 REL LB HL OB TRD LR, CORRRFCA LMD 5 — v L 5Rt Cunf
BRECRPCA B IR TWA I LA M2 i E0ER-SFTHB LV kP Cd 2 Frh Zn
ORRIREF Cd CRP Cu 0BG E R0, 60 B OB { &£ < dose-response BAFEATE
BHRI T, TORMECKOMITY » 5 1 £, SEDK % Itk Lo Cd BIRENC T % & fx B3R
BoTh, 60U LOBETLRMAD Cd LoBIGEHEH Lhicd ot TALDI LIl
HEFORBHOBRER L LTh I 18X %71 Cd, Cu, Zn 0 3 BOLBIEERCA -
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TREZ D L2 JoBBY R EATRINT,

FEBEL CACuIn 0 -BBETOEREROR TR OR L OBRRLE VEANLART
Wit s, FRCRRP Cd PEILEFE CTREY R Lo L, Re Cu, Zn TG LA
EETHESE L IBRPRIRS, ZOBRFRIBEE P CdELEOBEE LTS, TOfE
BEERAZLELT, BRANC Cy,Zn D ThARKSWChORMERRLEC &€, BE, 18
ZEORAR L HERATEDLRL,

ARHEERERCERTHZ L0, BIREH L Kb Cd, Cu, Zn L DEJRFH~IE DA,
Feh Cd 12 6 L EDIERFE T2 mT SR AR Bivic, B Cu iz 6 BLL Lo CE
FTEuRL, Znii—EOBREFRWIIT o bt hhois,

BREFCd »d RENBBROBROEEYRIRL T3 L Bbhichd, KP CdEE &
MR -BEFNC 3 7 - FCHTCEERAEME L OB kD, R Cd & R Cu DBk
3 IR CABRES CAERB LRI CuBED L5 TADCKGRLRLD, BOBLALED Y -
FCEOHBEY TR LT, ¥ Zn &2 20 AR ABRVC-TIEOMHEBRE% R LI, LA LTl Cu, Zn
Eb By ahciHERFREED Shith - L B SPIEREFB RREBAER O R +C, Cu,
Zn DHEAGRYHE~, 0.4 ppm L ED Cd KL BRI ERE GG & Cu 2RBZEED G-
7o250.4ppm LT Cd (5 BERTHHERTIRCA &L Cu DA EEEY b - TRDH LN, Th
In L OBRIGETH o b L L LEZOHB T RBEOHRKE TR CRERYERET
LFBFETIICACu, CdZn, CuZn DV TR TR RAFTEL S - TEOHBIBR LD L
HBELTVS, IRHFEALCL 2 —HHEYHRELRPCAECut OBRTLIBL L LA
EERYHEL TV, B40WREVThB IBREHRETIVCCERERTLLEIRD
DEERIT—H| L,

FepCd & Cu & DBRIIBEL & 12 20 ABYHR R EOBGREYR LI KRFCd & P LBk
BBTRDBAKELSRY CdPERE CdAREFOMTEORFNREN ST TR —EDHE
BAED bhichoT, 1HBEOCatPORBEHDIZHOVTORELY, I 60N
LAk e, KEMEY LB, Ca TILHEREER LB RMUEROMCAEENEZDOLNADD
cxfl, PCREBERRDONRCERTH -7, CORFLR«DRERIHERXDE, CAE
PEREERIFERCaBimT 52, PilCa @ VEELHMA RISV EXTRBTHLE
bhb,

Merali 52529 & Singhal 52712 % » + & B TCA# 5 1c X % Cyclic AMPR B D KIGIC DL
TEBREFTV, CAD Cyclic AMP 757 = — A% 4 7 V- A AT 2T H - L %RL, $1c
BIE 5203 3 EOBEZE Y & oCARE YA L v 1FE 7 » &2l & EDRFCyclic AMP
B AR S S CREANPE (0.3ppm) L ERESEF (30 ppm) OMTEREMNE R
Tl eBEBl, ThHOERRERDO 7 4 -4 FH— 410k % CdBEL Cyclic AMP fE &
ORI {—HL, 0FNLTIXCdDER L+ icEP Cyclic AMP o#insgg - 5 2 200
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THE i,

Hydroxy proline (24 &ENTREHE S v 20X R HDL 25 -y v kBIZGth, 1/
DERAL E DBHFIC 3V TER SRT X081 5101 HRERUBEEEOVThIc kLT
4,3 v o — LR E B LEH e Hydroxy proline D#in% 2T, Hydroxy proline #& 7 & /
BO5HL TR CAhHRIERNLT i /BTHH L LEER L. LLLERADERTIILHD
60 Bl B TR Cd & Hydroxy proline 752 7 VA B BE AR LIS EBTENTED
bhighofo, it O X 5 BB E 7 Cd £8%E T2 Cd © Hydroxy proline io 3+ 2 #H
VSRV AERRRIED Cd BB Titd T v BE v 0h, UL 60 BLU EoTi BHICHEERTED
LAORO EL B EBbRa,

4. B B

gLl A R & Uk o b i« 24 X ¢, 1#HK 7 ~10 2 BFLORELSBEY
MEEL (GFH7624), 7vy— K, RPEE (Cd, Cu Zn, Ca, Pi) KU Cyclic AMP,
Hydroxy proline D53 #1 %7\, TR LORFPHGSBE L X R TR EDHED T Cd & & 0B
R, B L oBR, HEMKEOBE, Kb CdRELOBEFREYE~KO L5 imEBl,

D kb CAEELRFCIBEIECRFRETRL, kP Cdofiins & HicKe CdBEH
MUtc, ¥k, vrra %, AP SEE 3R Cd 1| HERE & R CdRERkH CA B
ELRABERERYR LSBT ofEAEE TRt T,

2 KpCGABE L RPCUBESAOBREYRL, XhCdoBE &bkt CuBEE
Tl ERP InBERE, &b i0BREFTIRIO—ENHHIED bRl
3 BEELEPC Cu, Zn FBE L OBGTE, CdABERCEILREAGRE CRBETL,
ERBTEBREYTLLOCHL, Co s Znii 8%, B¥, AL TEEEYRL, HUBEGRET

EEEZRLI,

4 HEBKERFC Cu Zn BE L OMFETE, Cd2éEIL LoSERTRCRV-HAL
IREINTAIECu, Zn & HICERBECETOEMIIE L -7,

5 RPCd&ERb Cu ZInBE LOBRIIBL LI EALOFRTE CIEORKIGED LA,
R Cd oifns & bR Cu, Zn ML Ao

6) FBHPCAdELRPCaBEOMRIBERE LI 20RU ETEQCMERA LRI, Pi LILE
OFERE CAE TRV PIREAZSbhLIE TR —BOARAL i 21,

7 BhCd &R Cyclic AMP b oMt oE#RE Cd BcEL - Cyclic AMP a4 b
fro L ALK Hgdroxy proline & 360 8L For B T —EOHEANED LR -7,
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Bz aeXich, @B, HBELECLSIBzp#EE, BEMTRS GERAFEY
MEPFEHE), ERELEE (KABEREEBLR-TEEYHE) BT L LK, REC
Wi ) SAAWEFN LR FREFRABHEEF LI LD, _FREHF, ~FEES, B
HEERE TR, EAWEN, EFRRTOSREN, RUERAEESHIRBIHNFLEDOER
HieFELHlEL EFES,
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V. REPEEYOREBTCMT »HE

Transfer of Enviromental Pollutants from Mother to New-born Baby
through Placenta and Milk



# 3

QOutline

BFRERERLLEYE, L¥EHERE L TEEO I DBRICHEH I TR 18, 1972 £LIREE
FICERENEOM PCB (R Ve 7 = = — A0 S, HRERSLEZIRTEL, ThLI B
g PCB ¥ 0BBAREER L T2 oh, RIRHERI| & 62, A ORMAMC - 2 FM70H
ETHIOILBEEIRT V5, SEOHR TS, BEHMmMICR.SE THNTL < PCB £8AGR
BLogHEEhTw5,

PCB, PCDF(F Vo <v v 7 5 VOFHEREBERATHEL L TALhD » %  MIERLER 16
FEFEAL, MEBEOHOERIEREL 2o 5—7F, PCB £ L AR AL OHELBYE
RTTREINTED, ALKECTLPAZORARO Y A7 B ERT LN 5, BAF@AL
BHAED LR TGS ERELLIADLY, MERBEOHTOHMLERAE L BRAELEZICT
Vv, MHEREOHOSEDOBBERC AN L TR LEVDLEE 2R, ZOZ LR, B8
iE (19794F) OHOBEERIC L > THLERZ L EEbh3,

¥R RREE £ LT L RS PCB, PCDF oRBBEITC X MR, ~r o 4 OW3ER)
BARILL S PCOD (£ 0oy vy F4d2vy) BROLSTXREZIZATVAAHIBHE
OEME, REPEEFER{ILGYORRE~DBRETIEN & TR, SBEERCHRT<E
RELEZbRD, ZOWRTLMNLH, HCB(~*¥ 7 ra~v¥ ) PCDD SEOHERD
HERVWECERTVARE, TOERERT-IIREBRORNALE L IND, ZOld,
IR A B3| XE LTS PCB £ HCB *BEHEH0» 2 FBILAYH 0 € F 1 {L¥HH
ELTEL R, ZhBEEHOREBTOBRBREUOLDOEREN LT 50 —BHORELT -
o

— 319 -



Eir MERRRHeEs H67E (R-67-8D
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No 67, 1984.

v-l. AR r:ESOGto PCB (RUE{LE7z=—01) &
HRL2 AT P ZTRUTRRARS b IV

Gas Chromatographic and Mass Spectrometric Analysis of PCBs
(polychlorinated biphenyls) in Human placenta and Cord Blood

D MewBE EB'-HR AR
Mitsuru ANDO?!, Hiroshi SAITQ! and Ichiro WAKISAKA'!

E E

kg, fHEm, BEEHm, SHPoAVEIEE7 2= - (PCB) E~FH 2 maAvd
v (HCB) o3 ¥i%x, #AZr< 777 4 PERGFHELE-TT -1,

Eber v ==—n, PRk 7 == -4, AEEET == -, REHKE7z=—1
MewAZe= P ALsARARS bAGFHCL VRATEI R PCBO&R ORI Y~
it, ECDff&EorAse=t 7570 CRESAL,

le#+ PCBBE s BAT PCBBEOBERIL, PCBORRES LR, PCB &R
olERaE N T s oh, IHYEERBEAREVWEEIRE,

BEMmA® PCB OB CHEHO~DOBITRE, & PCB RGOSR LY, &
35,

FRCBUREAGBRBT ATy, BREO HCB ARV a3 i, HCB L ¥ 1o, AR,
BHYEL TERENLHBE~BTTAZ LABIEI LT,

ChbOERI D, BEIBEFMBRSESMEOAGANELYENL, BEBTEY
HETAHLOIEEREEERE L LT ha T,

Abstract

Gas chromatographic and mass spectrometric analysis of polychlorinated bipheny-
Is (PCB,) and hexachlorobenzene (HCB) in placenta, maternal blood, cord blood, and
milk was carried out.

Trichlerobiphenyl, tetrachlorobiphenyl, pentachlorobiphenyls and hexachlorobip-
henyls were identified by the mass chromatogram and the mass spectra. Some minor
peaks of PCB, were identified by gas chromatography (ECD-GC).

The relationship between the PCB, concentration in placenta and that in milk is
different in each PCB component. The higher the chlorine content of the PCB isomer,

1. EXAERRFRIESESE T 305 HIRE KIS SET/ 5 16-2
Environmental Health Sciences Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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the more significant a correlation exists.

The transfer rate of PCB in maternal blood through placenta to cord blood varies
dependent upon the chemical nature of each PCB isomer.

A high concentration of HCB was also detected in all human sampies. It is
obvious that HCB is also transferable from mother to fetus through placenta and milk.

The results show that the placenta and cord blood are useful human samples to
analyze the body burden of pollutans and te estimate their transfer from mother to
fetus.

1. RLsic
REFEERYHAOEREBBITYHREL, TORRBHENE, MEHScoOLWTRETAZ i, &
ERANOEELYHEEL TP LT, BEETHS, BeBEIRTV5L 51, PCB & PCDF i &
SEARME CBufibeA”) 19, 72 ) pEHOKBERARMIC LS+ 40 PCDD BY%4H
BERAC L SRE~OBEIRE SR TS, 1968 FOH + § IO, R4 LoHLRh
fEiy, PCB ® PCDF i5H I hic KB L cfBEL b, BRBBTIC I W RIEL 129,
1979 i3 BB B\ THEES A L7 2 U ot 5 PBB B, 1 5 V 7tk PCDD
AYHMETh TV ARE, AT 2EMBBBTCOWT L D EMAHEILEL XhE,
BB TR 6 B LRI E CREFE DD > TR T HEXBRCcH Y, A LKIEDOM OB
FIRBRT 5% B, £, BROAF oA FAELERT L LCHEETHLW, BIEOES
BEIREEV 1o, MR, REERMECHTIREZHL—ECE, Thdx, KT PCB
SEDHERNE L, BREBTECOVLCTORNSNEL IR,
LITRECABBOSN A s v = T 7 —< AR P A(GC-MS)GHTORER L, BEm,
BE, RUHHLOMO PCB oREREORMBRICOVTRE LA,

2. HEHRUFZE

AGFERORE, RFCEL TR, ABWABRARZ AV L5 B+ 4RR L 1=, PCB
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Sape=} I 7 -k, 2V —viy Sk, BHEABEL LT n—F Y Vv RU4Y%
IFANE—TFAEHE p~F Y, F200ml AL BHLUCERI, BU2 -FAr—af =y
v HARBREE CEME LI, £40g OB 2 - P RRBRICARL, 8 2,000g OR
Bz onwT, fhitler V—vF s P Ll n~F PV RBAGB=F AT EE n-—~F YtV %H
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Table 1 The correlation coefficients between the concentration of PCB isomers in

placenta and that in maternal blood, milk and cord blood

peak
aumber No. 4 No. 8§ No. 15 No. 16 No. 17
regression . ~ penta-CB _ _
coafficient tri-CB tetra-CB hexa-CB hexa-CB hexa-CB
a 0.00265 0.189 (.845 1.28 1.34
b 0.146 0.451 —0.0997 —0.212 —0.279
T 0.219 0.164 0.606%* 0.919** 0.909*"
P >0.05 >0.05 <0.01 <0.01 <0.01

4, £ &

PCB *&E%nBIEFR N BORENORIELSILE~OBT, AREE ERBET L
WE AR TS 5. B PCB, SR CBH A8 U TRIEBIT5 & L 5 Hh Tl 512,
B R0 & 5L R CRE S R E i 2T B RS B b, EREBTE L ERABTRK
T OREE b F R TV 525, RO BREAEC & 5 BB K O BERE & REHRET
DT, R OBEYE L TP LTS EHHMBRRYRE L LT 5, ERERTICX
B AL E ORI O, # ) ¥4 FR#, 4 A KERIC T 5 BS B KRR,
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£ 2 ZHfkEv==—nrNod), HELE7==-21MN8), HEE7 =
== (Noll) BUAELY Y ==—2A (Nol6, 17, 19) DAEHEINLEL b
BB~ O BITRE

Table 2 The transfer rate of each PCB isomer

peak transfer rate* coefficients

aumber %) of V?g/:)ltlon
No. 4 108+61.0 56
No. 8 160+142 89
No. 11 117116 99
No. 16 30.3138.6 127
No. 17 22.8423.7 104
No. 18 20.7+18.9 91

«( (PCB in cord blood) / (PCB in
maternal blood) ) x 100 (%)

PCB & PCDF i X 2#4 RMAE B L 2 A", < b o 2 ORER 2.4.5-T vho> PCDD 1§
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WL BBRBHC OV TOHBYFL TP LEMND D,

BEieigali U7 & 5 PCB & PCDF (ERAAGEMRIC L 0 4 RMIEL 3 2 2 T, PCB 04
BRIz T, AR S XHEThR TV 52190 RENOSBEY#HETS LD, &
fald & BB TITb R PRI . SEOPRC X - T ARSI, fFo PCB BHw
TehFRCRBL T2 2 SR L, S b RMEFOBTIIPCB ORI D EL{RE
L EBRBLICE T, Tiheib, Wl PCB BE &+ PCB BE 0K, PCB D&/
G L hRirh, PCBROOERESEXB %@L, #HBMRRI v EELbOILD, 20
FHEiz, PCBoERSDEHECECESTWELEZLND,

BEvc@ELIc L 5, ASPicRWi2a3h 5 PCB % DDE £0REMLa%hil, LoiEoE
BRARERC L b REGeOIND, GRBEE (Q) OFBIZ, KROX5M2avA—t
AvirEFLTRSRD (M1, 1288) 59, |

=1—-Q =Ae "2+ 4,e ¥
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bl ER b, b L D RDONE HESEOEL PCB OF 41, — BRI IREE AT 50,
A > A kTeh, REEELABREBRELRTI 305, HESREOE LV PCB B4 &4
(2vei—t Ay P)SBEECEERGY, T0X5 L THONE EE L b GEMIT Ando®
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V-2. RUEB{EZz=—I (PCB) OB&H» SHER~D
Zh%E - 2EIBST

Transfer of PCB; from Mother to New-born Baby
through Placenta and Milk

Tk e mE B
Mitsuru ANDQ! and Hiroshi SAITQ?

B B

Bhimg, BEF, BBSPRUESmMEO PCB HFHREBE Y GC-MS BV ECD-GC T X
b WTE L 1o, Bafrh PCB B & B+ R ORISR oM, HE /L EFNBIEL
#HT %5, PCBB&ME&DOERSE BT 2ok, KBEY PCB BE & & mhE G
PRENMGIERLLS, ThoDERL Y, BT PCBER G, &R0 PCBAKE
YHET LD REEETH 5,

BHEmH PCB O RBHITER, PCB OSSR AOLFHEHICL YELTE, 2o
B&it, PCB o+ 280N 2R+ 5,

COWFEE LY, BRIOBHFLOIE -« oRBERRDOIN L, ThOOREGIEA
ORERMBTYHEL TELS LoERI=2 ) v 7 HEB E RS L L1,

Abstract

The amcunt of the contamination of PCB;s in maternal blood, milk, placenta, and
cord blood was investigated using a GC-MS and ECD-GC system. A significant linear
correlation exists between the concentration of PCBs in placenta and that in maternal
blood and milk. The higher the chlorine contents of PCB components, the more
significant a correlation was observed between PCB concentration in placenta and that
in maternal blood and milk. The results show that the concentration of PCBs in
placenta is very valuable for estimating the body burden of PCBs in the pregnant
womern.

The transfer rate of PCB in maternal blood through placenta to cord blood varies
dependent upon the chemical nature of each PCB isomer. This phenomenon can be
explained by the selectivity of the placenta to PCB;.

The results demostrate that the placenta and cord blood may be the valuable

1. HIAEWMANRERREE T 305 KBRS O/ NFI 16-2
Environmental Health Sciences Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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human samples to analyze the various environmental pollutants and to estimate their
transfer from mother to fetus through placenta.

1. Gewe

PCB (# VL€' 7 = = —A) HCB (~¥ 47 v i~y ¥y) SORFBERRMLAHI, BE
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PCBilF 7 » — 4 P-450 D& TREYHEMCHERL, A7 e 1 FOEHEMABFET LA
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BREZRREH~ORECEEREYRARE L ORRCIRETZLEND B2, T bic, #
BBTOBRE L L VCTREAOS  HREFLAYOMKEF BT SV TR HFFMIHALR
SICREEr EhD,

CoTi, el BB, RUBHLY—#EE LU TREL, §AGEMD PCB kR
YEZRGRORNLH PCB OFREEARFCH T TER L 1o, £36+ PCB BEDBRY, PCB
DERGF T LiCHEHL, BELI,

L X bk, KR, BWmEo AGEMIBRAAEN O S{LFENEC L S REOFRKEDIE &
BRBACLAkERAOEEBYHETIRET =4 v/ ORHOAGHARL LY 5 20K
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2. BRRBRURE

BELERY, HR7AACERKZEICL W BE L, SEFICOWT, BEEL, IR
BRIV TEAD L oRBREZAIERL /2,

B ERE 7 2B iR L7, BB, BEmEEEESCREL A, A543, BEE—-E0
BB L, L ERlBRERERCHEREL, 2ET-200C THRFL,

fairZREATERYEL, HEL, BOBKLL, FEL, EERLBRAL, REMRBAI
LI, BB FI e vk 2y A ¥ -2 TKRKETTHREY+1 AL,

FEEE, m#, B, BELeCx— b 05EGEEANS Folch 520 FEYAVT, 728+
Aa-AF =2 1) THELSH L, BBt x— bid, 105°C T 12ERE®RL, &
BRERAIEL L,

Bk, 37, K, B PCB oL TO X 5icfiofc, FHCBLBAOKER I
FHBETH LV BRECRBBESTIRERGOREY AV E46 g% 1 10
7IZAaRHBEEEbIARK, 045N O KOHS0ml &k, 77 22, BiAEmEEE
7V evRBRAHB2@E b~ L, FAHLAED,

Ml s mlo p-~F2 v, 752a%w v e —2 - FRCTHRALYL, MEAR
i, M¥vx 18509, Bafd, RFLL2RRT -7 MBE v~ 72 v 2R LY, 25H1220ml
D a-~F ¥ YERGCTHEEBORE YT oo B Lt n~F 2 v E p-~Fyr iy, 7 -7
AF e H=y v 2 RABBREE T4 mlicBM L.

BELI o~ 72 12 130C 2RRERIL L7 r Yy OB Fas2r< bS5 74— by
V—Ver oy LI, BHABR L LT, n~F v v i 4 B=Fr=—F 1, g—~FH (4.
96) & 4100 cc Av iz, BHEIhAEK Y, ARCEBL, ECDEy A e~ 57 4 —(ECD
-GC) I v,

BRI oME IR PCBILECDGC, LHx A2 m—=1 75 7-HESWHERE (GC-MS) T5%
BT L7 ECD-GC D4, a v v 2 — 2 FBEOEE GC-7 AG TfT - 1. ECD-GC #8131 2%
OV-17T%2—F 4 Y7 LIcH A2 v — 2 Q(R0/100 # » ¥ 2) ¥FETALI2 mX 3 mmDH 7
AH 7 LTz, Jensen & Sundstrom (1974) O L 712 2 %Apiezon LD 5 mX 3 mm ©
HZAAZ AL, mOOV-1702 v+ 5 ) -4 7 A RABCAGL, EAD, #7548, &
HBOBE L, & 4250°, 220°, 250°C THhH5H, MBRV A (AEME, 7r17F+1 7, MEX
B) & 50 ml/min = LTHH L1,

GC-MSo4#it, 2 v a—# —fROAFEF JMS-DX 300 ¥ AV TiTofz, GC-MS T
i, 2%0V-1T%=2—5 4 v L7, Uniport HP (80/100 # » > 2) @2 mX 2 mm DH 7
ANF AR, F+rES V274 OVI0L, 12.5m) dREECAHV. TEAD, &0
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£ - DREL250°C, » 7 AFEOEEL2°C/min T200° % 9 280°C 2 CRE L1, {4 v{LEE
IL70eV, MEEER IOV, 14 VLBRIX 300 gA T o, A%+ v 3B 1 E3297 -
oo M~V ¥ AF AOWEIL 20 ml/min THHT L1z, |

AMMESFEFD PCB B, K PCB#idh, #4727 = ~aA 500, 8K U CEELEYR
FE LY, HilE PCBOESY, »42 v —aA300, 400, 500, 600(1 : 1 :1:1)%MAEKKE
fi\oTeo PCB O &85 D2, Ugawa 52, KU Nakamura & Kashimoto® o Jjk# AL
T, PCB OEHF OV THAKERE LI, ~F 47 ra~<v¥y (HCB) & p, pDDE O
E—7 bEiS PCBRSIEE, PCBREERY—7 No.8LBO Y~ 720 THELR. -
Dt FAv-Eo PCB DEIRE, 7 5 v 2 e 2w THRABE A~ L S CREHKRETES
bOTH %

3. & R

B 1 ST LA AOHE, MM, ROW#MA PCB © ECD-GC KI5 2 2~ k7
7 2 kAT R LBHEM BALRED QHHD 7 =~ b7 s BRLTV5, B2, FAE
R d & 7 =300, 400, 500, 600 (1:1:1:1) Lp pDDE¥<A2e~t77
ARIDGHLAAOTHD, =HEM L o AEBILETH, OV-17T 27 2Tl h LS MR
RTVBEDBSMND, ppDDE O ¥ — 7 RAE({MO ¥ ~ 7 O—HE BB,

CHEMPOE -, YA AL ST ALDFE - s ARRZ P AGHICIDEAEL
Fro BAAY F AL, BYKBOER 1 ~23 5T, T S AES E T, —HE— v —
sl 5 PCBEGSAEIRT-3, 3T+ 5K, HCBo v — 71, PCB @ #5{th o
BOIOE--7 LERD, CORDEBETEY -7 ¥ERCAVABCEERSLETH D,

B 4 1289t PCB LB ic f i # 22 7 — A 500 © ECD-GC 0 7 7 = b 7 5 A%,
% L™ BTV B L5, €—2 No. 8 LEBDY —7 %Al 5Eici, AstEo PCB
DRI LTV B 513, ERESBORKS PCB RGORETRCA 8 4 2 7 — 1 300,
400, 500, 600C1 : 1 : 11 1DDECDGC D7 =7 +7 5 &%ird. ARFHOMED PCB
DRAE-EREDOIDI, ECDGC D7 v = b 77 2L GC-MSDwARXYy P ARHOT — 5 =
RV,

B 6 = PCB OB hEiE b 34 mHRE & OBV R L. BEOMCI AR TEHERYE
HETLZENT S,

7 icf@ kit PCB 5 & AL PRE L oBEY R LTV, MEOMICIL, HRAAHEGRG
DEET B,

B 8 ¢, Bakteh PCB 5 & R PREOCBEYERL I, MEDM L ¥, BREICHKEEE
DEET S, ChHORRE, Kt PCBRESERO PCB ANEYHET 2 L CAERAL
MNERFBTCHD Z EHRLTV S,
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PCBOR BT

PLACENTA

s
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FT

MATERNAL BLOGD

I

L. 19,

19, At

.23

153,22

CORD B8L000

B 1 FE—AoAlE (a),
Lhra<wtFsa

&l (b), RUERM+ PCB (C) © ECD-GC

Fig. 1 The chromatogram (ECD-GC) of PCB in human placenta (a}, maternal
bloed (b), and cord blood (¢}
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Fig. 2 The mass-chromatogram of KC-300, 400, 500, 600 (1:1:1:1) and p, p' DDE

START
(j’_d_d-F 2.47
sroe
L-R1A
SMPL # ap
FILE * 1
REPT & 3741

METHOD 1044

# NARE TIHE CONC MK HEIGHT
1 PrE1 .47 15,39 7628
TATHAI 14,39

Bl 3 5pgHCB @ ECD-GC (29 OV-17, 2mXx3mm)D 7 e v + 75 &
Fig. 3 The chromatogram (ECD-GC) of 5pg HCB
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mxX3mm®bns et X7 i _
Fig. 4 The chromatogram (ECD-GC) of PCB in maternal milk and 400pg KC-500

LN LN

STRRT 10,

B 5 400pgo k27 =, 300, 400, 500, 600(1:1:1: 10 ECD-GC D2
LA A N :
Fig. 5 The chromatogram (ECD-GC) of 400pg KC-300, 400, 500, 600 (1:1:1: 1)

— 335 —




Tk WeHE R

PCB in maternal bleod (ng/ml)

4 2 12 16 a0 2

FCB in placenta {ng/g dry weight)

B 6 ABR#+PCBEEL:A{Em+ PCBEEDBRR
Fig. 6 The relationship between the PCB concentration in placenta and that in
maternal blood

az
28
24

20

PCE in milk (ng/ml)}

PCB in maternal blood (ng/ml)

R 7 fkfh PCB#E & 88+ PCBREORR
Fig. 7 The relationship between the concentration of PCB in maternal blood and
that in milk
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7 feny

FCP in milk

4 ] 12 16 20 2 " dw
PCE in placenta

X 8 Haf PCBRE £ 8%+ PCB BEOMGR

Fig. 8 The relationship between the concentration of PCB in placenta and that in
milk

rd blood (ng/ml)

in co!

PCB

PCB in placenta (ng/g ary waight)

X 9 %% PCB#E LEMMm+ PCB EE OB
Fig. 9 The relationship between the concentration of PCB in placenta and that in
cord blood

AMERFRL TS PCBIL, £ DR L0 ->Tuw 5, s BADED PCB DRENE
T, FRSOEECKELELTS, Thdx, GC-MS ZH(2%0V-1Dick b, RAE2 L
7z PCB & Ma o T, MEOBEHBTIC OV THRN LI, B10ki, —flELT, RiE
fbe7 = =—n (¥—7 No.17) DB-hifs L B FlE L DBRY R L. PCB ORRED
LEoBf (R8BR) i, Lo AELERBIRITET D LA 2. L HHMCHNT
IR R, _

%1l 2%O0V-17 7 3 Atk b SBE IR PCB O&RS 2 Lo, WS, 8EmP, B3

\
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hexachlorobiphenyl in milk (ng/ml}

X 08 1.2 1.6 ¢

naxAchlorobipnenyl in placenta [pgfg ory weight}

10 BEPAEIY7 <= - (- 2817 ORBE L +OBAPERE DMK
Fig. 10 The relationship between the concentration of hexachlorobiphenyl (peak No
17) in placenta and that in milk

F, RUBHERBEOHMOEERE YR T,0V-17 #» 7 s T4 B+ 5 PCB G0 pTRERMD
BUVCESREVERSENEMT 23 ), —BNc, BRPBE L B&mBBE MR UKD
BE L RAPBRECHEOMBBIFIE - & 23005, OBEI-OWTRFRCHRET 5,

% 12 Mo PCB BE & B8 M REDMBIRN L RS & LICRL Ty 5, B RIB
BRI PCB ¥ Fi o TH B bty (BTRCOVTRIBEBR),

£ 1 =Y z=2-n (€—2sNed), AELE 7 ==—n (€—27N08),
AEbEY 7 == —n (= 2Nal5), REMAE 7 = = -4 (& — 7 Nol§,
17 ORBPRE & SAPRE OBM&

Table 1 The correlation coefficients between the concentration of trichlorcbiphenyl
(peak Nod), tetrachlorobipheny] (peak No8), pentachlorobiphenyl (peak
Nol5), and hexachlorobiphenyls (peaks Nos. 16,17) in placenta and those in

milk

peak 4 peak 11 peak 16 peak 17 peak 19

mother 0.219 0.32 2 - *
milk . .321 0.919 0.909 0.500

mother . TS 'Y
blood 0.026 0.174 0.363 0.768 0.856

umbilical ~0.181 ~0.272 ~0.28 -

COrd blood . . . 2 0.167 _0051

» Significant level of correlation coefficient (P <0.05).
» » Significant level of correlation coefficient (P <(.01).

— 342 -



PCBORIEBTT

BE:BAPREORMOMBIBIFI - = L2330 5, ZOBAICOWTILIE R T 52,
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tifEe PCB BE* WET 5 &, PCB O&& X Y R~ORBEBITOWRE Y H5T 2 L
T, BEETHS, OWRKC LD, K PCBEE L B40PRE, RU, BEGREBE L BAS
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RME ORISR T 5w, 840 PCB AROREYRIERCKMTHEEL RS, BRI
BEL A VCHREHFEYHOAGANRYHE T2 AGEE LT, EEcERTHS,

—7, BB PCB BRE » WA Mo B OMIc ik, EEMAMIED Lo —F, Rtk
BIRCENDS1®, PCB OEBCH L CHMEILERE YR - L 2R T 5 L Ak, KA
OPCBRBELYHET S LT, BRMAEBELAGRK & 7eb 2 L &2RT, 1Bl - B#in s —#
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FEPCB(ZHELY 7 = = — ) 2%, WBPCRBECRV- 3 i, p, pDDE & b HRHR R
o\ PCB B4 4%, HUBREBECHRBICTET S LML L, #hd i, PCBDAK
HREYHEL T LT, PCBERG ZEBRL TN Z EWRBTH 5,

Z D& T Ugawa 5291 Nakamura & Kashimoto®® o #{E{LEE 2 BT, PCB &84 = Lo
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Btk b PCBOARMACIOBLLERZZ LAHMESRTHEDYT, toahb S PCB £5
FIEOPEVLELELLRD,

PCB £l oSBT L EREBTCRELVWEXAbNR S, 2O CHLMMI - X
5w, BaM+ PCB BE é:ﬁ?L&Uﬂ¢M¢ﬁ£®Paﬁ@ﬁB@ii%m%C IR D BEESROR
VW PCB B, Thill), MEOCHBERIEETH D, MR LEH TP PCBRECHB IS,
PCB D E&REG TERNBD B Z LAWTFINNPCB ORENBRTLEBRBRTOAEG T LOER
‘3, PCB &#RGOEHESIEET D EE LR S,

CORERT, BRLY, BERED HCB 2t &hi, HCBi1, AXTREARLLTAVLA
Tusisu Ay, BRI AMERRIFEEEF 06 S RFLPOR LBV X hBE S h TV 5, ZOWET,
HCB 1, W&, 840, #%, RUBEHLo2EA»LRVE3Ri, Thw i, HCB &k
BBTTL L0905,

Bl#E T~ i, HEBREPCNB(Rv A sre=tnvEy) RIFPCP(=v 27
ae 7z —n) it HCB OB ARG E s, HCB o, BEEARV D o Enl
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V-3. ~FH#szoiXr+r (HCB) fEhr 5
HER~DORIBE - EBIBT

Transfer of HCB{(hexachlorobenzene) from Mother to
New-born Baby through Placenta and Milk

THE M- PEPHRER - A RS
Mitsuru ANDQ?!, Seishiro HIRANO" and Hiroyasu ITOH?

E 8§

ARt fthm, B9, BEmoLy+ vy 7 HCB A X hic, HCB it ks
MR EREBTL, HCB OB PRE - B MFRE & O G HEERSAS -
o

AR PCNB £ PCP i3 HCB 735 0.7 RUF 0. 4% T\ i,

PCNB % & -8, HCB ¥RE O LB, il E L (B85,
fibF, PCNB B, #Fastz—Fafkt A (A Frdd)=—FAE~B &R,
SEEITHEAL TV,

AR 55— AD HCB X 1 B%E D —>i%, PCNB # PCP DBECHFT5T
HHH,

Abstract

HCB was detected in all preparations of human placenta, maternal blood, milk,
and cord blood. It was confirmed that HCB transfered from mother to fetus through
the placenta. Significant correlation was observed between the HCB concentration in
placenta and that in cord blood.

It was decided that the commercial pesticides, PCNB and PCP, contained HCB at
a concentration of (.7 and 0.4% of pesticides, respectively.

The animals which cosumed PCNB remarkably accumulated HCB in lipid rich
tissues especially in adipose tissue, On the other hand, PCNB was metabolized to
methylthiopentachlorobenzene and bis(methylthio)tetrachlorobenzene.

One of the main sources of HCB contamination in the general population in Japan

. BEYAEHRFREARE T 305 wHRBAW IS = ey B 16-2
Environmental Health Sciences Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.

2. BYLEWREFGNETS T 305 KBRAEE Ee e 16-2
Chemistry and Physics Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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may derived from the pesticides, PCNB and PCP.

1. Bl

AVEEE Y = =4 (PCB), DDT, X bhic~%47 p A~y (HCB) £0HEERR
L&, BEREBRTCLD, BELLRBREABT TS, hbOREHRYERLHRE
FlERZLTwAmie, R, HEREYEDHEHOAN, ThobEhoEREFEBEIL T
B,

CHhOBESLME L BA04EERYRL, FOEMNERICL Y, BRTFEERTE
350,

HCB I#EF s LTI AL L2 LA 5, BE, AFXTRERIAT, toBE~DEA
&, T¥o0EIEHE LTHEE IR, 1955 FH 5 1960 Fioh T b a2k, 0% HCB
THBLEFEONERE L ARCRESEEM AL 7 4 U YiE (Porphyria cutanea tarda)
PERRE L,

CoWETR, BE, S840, 8%, RUEFnDGO HCB 0BEYRAIE L, HCB DEKR,
BN I 2BREBTCOVLTHRLL,

%7 HCB 0 AGEROBHB LT T s, HREOBE~O HCB 0BAOHRYAEL,
HCB @R AMEDR 2 -8 % PCNB # A @k~ HCB oEf > T L,

2. HRRUKE
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FHERNRGCHRL Y, Ml VA BELoMoRE R, REEEMEHREY V-
B BKPCNBE O'PCPE O HCBOH R 7 + + v R VT, B, BKE n-~*vv
CEERL, 7RV OARLAEAT A u b 5T s =tk b2V — v 7 ECD-GC, GC-MS
B ETT 5o

PCNB fo> HCB D4 e T 5125 14 BMoiED 7 » i PCNB 0, 200,
400 ppm OEEH 7 HISE 2, 1~ HCB 0B/ ¥ Bid Lo, ERAGIHE 24 Bl 3¢,
S L, DR, MRERPT, FEEROBL, 2ERo4BRIIERENKET
RESFA X LI, BB, £BRAREATHEELC, BRI T--20CkETFLE,
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