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Evaluation of Biological Effects of Environmental
Arsenic Contamination of Drinking Water
—— Analysis of Cumulative Survival Rates ——

Mikio KATAGIRI
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An epidemiologic episode of arsenic poisoning in well water from a King s Yellow
factory was incidentally induced in Nakajo Town, Niigata Prefecture, Japan in September,
1959. Totally 86 residents who drank arsenic contaminated well water were suffered from
symptoms of chronic arsenicism.

The aim of this study is to evaluate the biological effects of drinking water contaminated
by arsenic on life convalescence. Those with symptoms (case group) and 257 healthy
residents in the same area (control group) were recruited and followed up for 34 years
after the incident. The number of deaths and the all causes of deaths during this period
were investigated. By using Cutler-Ederer’ s method, a cumulative survival rate for the
case group was calculated and compared with that for the control group. In 216 months
(18 years) after the incident, that for the case group ; 0.826 was significantly lower than
that for the control group ; 0.922. Afterward, the discrepancy of those rates between
the groups was more expanded, and in 408 months (34 years) after the incident ; 0.628
and 0.784, respectively. On the condition that the effect of deaths from lung cancer was
excluded, however, the observed discrepancy almost disappeared.

In conclusion, the discrepancy of the cumulative survival rates between the case and
the control groups is considered to be caused mainly by deaths from lung cancer.
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1959 £ 9 B, FREAHPER I B TRETESREE
Liz. FRREAER (BERET) LFRAEEER
Ll ->TEES N BEREEXKOBERERVERE
BOKR, ZBEBER S =RIEMRLEET AR LS
OFEBAMTICRAEL, HPEKEFRLLZ EAERE
HBE LY., 4, BRREROBEZECISRE
454 AFF93A (Z2ED20.5%) CHEBRECEET
LEEZ LR REDI.

FREETHRBFEHX OER BB R EM, 1959 F
1H1H»H 19924128318 ¥ TA#BELNR & LT,
EFRRRIAEHEL2T 1. BohkFERLL L, &
O B 2 BENSEFAORBEFRE KD, &nD
MERBEHFBENREMORBEFRCE 2 2B >
VTR L.

HRREUVDHFE
1. #AZoR

AAET, HREFRMXERSEL IR T5BER
EHA AR, EEMFIHE 2% (historical cohort
study) TH 5.

2. AEONREFESE

1959 4R O RIGRHX T H - T IHEARTHIX D
ERAEENGE L. ik, BENSEL, 1960 F
DOEBRECEREAEC L - THA LK.

1959 10/ 1 HEF SO RERIT 421 A, TOHR
i, MEFHEOMALETLE6A (LT, THER] &
Wa), EDFEIBARDEDMOER 257 ATH -1z
BoFIERAMEPETRELE LAV, FEBORE
HHEERR LTV AAEEAEE CERVLD, ©
OMDERD AL R & L. 7ok, UEEORFIE
05 H 7 NZIBERITHXOBEE T2 & DR
ENTWIDT, EPFgE, SR L.

3. FEUREOEHRUITEEOREZD

1959 4£10A 1 AL AFEI ST, 1988 F12831
ABETHREL, F0H% 19929128318 ¥ TEMF L.
SEEFEAR I MEE R A B LB LT, &
Sk TEWL CTEFOBBET- . FEHLLSVWTL
RIS, EBR» LBHEBEOFE LY L0 LEEEY
B2 Lioh, B CBBRRIERCTBE N H OB 2
DL OERLBE LD -1

ABERFEIERERSE (FoEBER) OffH
SECEH L. ERZESESEY (BRIEES8~

37) &, IEEMEFAY (28~3TLSY) L KB L s,
B oW, Al (28), B (29), HIB - BB SR
WEBTHEECITM (30), B (31), B (32), &% -
SEERUNE (33), THOILE (34), F=E (35), B
MR (36) RUFOMOFHE (37) 1w, HFLLER
(46, 51, 52, 54~56), MMIMEHEME (58, 59, 60) KO*
FOMOFEE S L.

BN AKC VT, FETEHMELCT TR, FE
R oV T L BIEEREE A L.

4. FBEFEOKRH

D FERFOERIECHOEH
LEOFEHEFIFETEERSE & L2 follow up life table %
R LT, BEBRRUSBEOBSITK (E) *EH
L, BB (O) L0l O/E %3HE L, Poisson
HRAERDI.

2) BREEFROHEH

19594 1 B 1 A6 1992 ££12A 318 £ TOHIR % 24
PABEITHRIZES Y, ThEholsic ks 288
MEEFAORBEFRYEN L. BREFROE I
i3, 4£&FEE (Cutler-Ederer #:2) #H\ 7.

3) FARAFET RBRELLCREEFROEH
EHHEETOFh TR LS VIR AT OBEA 5
i+ 2E08C, MAARTCOBELERIBVLBEOR
BEERLEH L. OB, WrAECELEOEE
O B A% E GEBFTEES) & LTV E-1.
1) BBREFEOHE
HERINBHEORBEFROREL >V T,
EOWBSEL Greenwood DHEDN L vfT- 1.

s R

1. FEWNREOFHELE
BENREOAR, Bk, 1959 4D FHE
W, FHBREPML ST OVWTOESYE 1 KR
HIERTIZBH30A, wiE4TA, E186A, WEEETIEz
nER114 A, 143 A, 51257 ATH -7z, 1950 4 40
OF B ER R REIEEN T 30.7+19.99 &,
it 30.3+20.16 5%, HBETERFR 25.2+18.53 1,
21 4+19.57T R TH T, HHRUBLHBcEEDESR
Rilch -t FHBESEMEE, FEHOBKET27.1
+10.084F, ZhT30.0+7.134, MBBETERFR3L.S
+6.96F, 31.54+6.61%F L, LRIV EEELADL,-
I
2. FEEMTRER
ERGHEREZE 2 Wt FEHOBMEIATIEIE
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FREYSHE R11148 H2%5 FHIFEZAH

® 1 BHENRBORMEILEK

HE *f ] 1959 SR FHER (B SRR ()Y
BHE % | TE (X% B # o B oH T #
HIEH 39 (45.3) 47 (54.7) | 30.7+19.99 | 30.3%+20.16 | 27.1+10.08 | 30.0+7.13
BB | 114 (44.4) 143 (55.6) | 25.2418.53 | 27.4+19.57 | 31.5+ 6.96 | 31.546.61
TV P EREE
£2 % BY # W
" E B R OB
5 # B9A) - YN 5 # (114 A) ¥ (143 A)
7 ECMOY| EY |O/E| PY |O| E |O/E|P|O| E |O/E|P|O| E |OE|P
& E B 16 [13.26| 1.21 - 15 (12.24|1.23 | — | 22 |26.85| 0.82 | — | 27 (29.38| 0.92 | —
%g%ﬁ?% (28~ 1 10| 4.55| 2.20(3.7x1072| 4| 2.36|1.70 | — | 4| 6.44| 0.62| — | 5| 6.37 0.79 | —
AE (28) 0] 0.12] 0 - 0] 0.05/0 -1 0] 0.33/0 — |1 0} 0.12/0 —
B (29) 0] 0.87| 0 - 0] 0.71]0 — 112211045 — | 3] 1.87|1.60| —
EB%E (30) 0] 0.09] 0 - 0] 0.10] 0 -1 0} 0.27|0 — | 1|0.27]3.65| —
(31 1] 1.25] 0.80 - 0] 0.17|0 — | 0] 0.82/0 — 1 01} 0.47|0 -
B (32) 0] 0.12/ 0 - 0] 0.10] 0 — | 1] 0.33/3.07|— | 0] 0.32]0 -
i (33) 71 0.64/11.01/9.6x107¢ 1| 0.19/5.3¢| — | 1| 1.08/0.92| — | 0] 0.53|0 -
FLE (34) 0 0| o0.12|0 -0 0] 0.37] 0 -
FE (35) - 1] 0.22/4.57| — | — 0] 0.60|0 -
B (36) 0] 0.06] 0 - 0] 0.05|0 —| 0] 0.18/0 —~ 1 010.17/0 -
O (37) 2| 0.64] 3.10 - 21 0.58/3.45|— | 1| 1.48/0.67|— | 1| 1.79/0.56 | —
SEREMESTEY 6| 8.03| 0.75 - 11 10.31]1.07 | — | 18 |22.44| 0.80 | — | 22 |24.66| 0.89 | —
'[’§§E§5§f556§1’ 2| 1.64| 1.22] - 0|1.82]0 |—| 3|4.34/069| —| 7|6.16/1.14 | —
M%ﬁ’%ﬁ 0| 1.84] 0 - 4] 4.15/0.96|— | 9| 7.43]1.21|— | 6] 8.94| 0.67] —
ZOf 4| 4.67| 0.86 - 7]6.16/1.14| — | 6/12.63/0.47 | — | 9/13.46|0.67 | —
B OV :ETZHBECLARROBESE
D MBESEES
D HERTH
O B FET

FEEHARARE LUOTECHOHEES OHH Licied, HAmERFIESRL LV,

5)

ADFELL, > bEUFEMNION, FEEMHAEDH 6
A (SRR 2, *ofhd) Thoto. BMFEHDOH L,
BB AT A 7 A& R¥ER Hble, AT A2\ T,
ISADSET L, EHHESIT4 A, FEEEFEYHSILA
(RIMEEB 4, TOMT7) THote. TR AT
BARTAT, Brid Wbtk -k
KEBEOBEM 114 AT, 22ANFET L, BEFEY
B4 A, FFEEEFEHNIBA (ERS3, MMEEE9,

: Poisson &R (MlRE T p<0.05 OLER)

FOME) THoto. ik 143 AT, FETA27
A D LEMFEYHN S A, FEEEFEHHN2A (LE
B7, BOTKRE6, £Ofh9) ThHok. MHRATE
HIACROhLOLTH . T 2 WRLELFERD
5HT, BRECHK (E) SEERCK (0) ot O/
EPEBCEL -0, BEREHCET LEMK
FEBROMBADEZTH -1 @FRC>WTR, &
fER, NBRELLE O/E CHEEZRROhEM ST
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3. FNAOFERALR

fEMATELED 5%, FEZEAHEE Lcb R, HiE
BTIS A (BT, fi1) h5 ALHBRO 1A
(5t) Th-1t. FEBHOESR FEHO1ATE
BEHRATHY, HEBHMBRELTREL TV WA
DFEEMAMA A 2 5 &, HER MRS A 3, X
ML A 1BITH -1 ik, DREEAD 1AL, F
it 5 FETIILTL, MR/ IMERIN A &R L
MADRRREIh., HBED 1 ARRFEEPATH -
1.

1. BREEFEOUER

BENS B coOBHORBREFROFMEE 3 &
OB 1 e, nBRF, SRESCRT L REERER
LI, £1.96x BEEEELE TR

0~23.9 7 H (245%H) ONBRERUFEROL
HFEH 1.000 & LizBE 168~191.9 # B (16EXKH) *
THEOMEZELRD M - h, 192~215.9 5 A
(185 &) THEBORBEFE (0.826) MATRE
(0.922) Lo HEET Lz (p<0.05). *0H%, &
B ETIMEERT O 384~407.9 7 A (4EERM) *
CifE . R, 360~383.9 h H (2fEXRM)
T3 BREEEROEN0.185 4710, BLEETH-1
(p<<0.001).

5. WBHAFCOEEERE LI-RBEFEDOL

®

£ 4, B2 coagRyRT. BRREEERIIA~47.9
HA (4R 2BVT, MEBECHSEEROET
EE AR, BELETIL 360~383.9 0 A (324
K DLTH -1 (p<0.05). #-T, AEOMT
BEREEROHEBI AL LTEENLVWIER L.
F—RITRRLTWEWE, BAAORL Y LENK
FEYOREYRE L CRABREFROHEBIZ DWW TR
Lk WrAAORELERKE, FEOMOFEEETS
CEHBRIEh T

% 2®

MEEOBRBOBEBEOWEL, 7+—LAKick
LY T3 &, SRBIKOMEE RO 2 pin 5.
Mo THRBACHERE IR 7 4+ — LAKDOBEE, FH
ENEEARARVLBIOZETHED, HLLOWRIR
(EEfIBRZE | DA T iy, BISHREAITIR, B9 -
D RUFEOMHE Y IR TofRC L AT K
BRAFLETHS. HETE TBHK] & LTEEOE
FWMENTHR T A, BEILO—FHRALI L -

RREGTEOLFIRALRT Wi, L LEETE
FEOMERE S ES TR e 5 EEAE BUT T e
WT, TR IRTELEGFE 2R, BFCLD
BB TH 0, EEREC BTS2~k — FRE
PR S EEbh S, FRBHRE TR - lE
R L BIEERGITH L5, £ OEBILEEMEL L
OB & ~BD TREN L OO TH B, i, ©
BrMEORNBEACHLZ L @ HFKOMET
BOFEHAHEL, BEbCREXELLRILD, BE
ik AAEBRBERUEAHELARI L. @ MECILE
MRERBEBBSC 8105, FMBREFER CEEER
BERELETHL EETHE. ZOX5L, FREPE&
HroRAe LcltRPEE, HANCE COEENR EAS
BERTH D, PETERLHSRE L5, EME
FETLEDBEEZT LS.

BEELY RhEENckd sMBFEATAS, WA
ADBREEZERL TV, (UELD L FEBROTR*H#
ALTWA.

EHICEEGM 1, 1955~50FKAOHERDORHE
BES 0.05ppm LLE&KMGO 2 Bwsyd, 1987 F¥
THBEDEGTELSTH LT 5. 0.05ppm L EOE
T, 184 AFR3TA (20.1%), SEMOBETIL 255 AH40
A (15.7%) HFET- L. 0.05ppm LI EOBEE, FHée
THSFHA N EBE LTV 5.

L L#E S Cox @ bichazard model?® DAL
e LT, BRUEBL ML TREEAOHGERFEY
Rl h D d EF, follow up life table method &
F o T I BT " RBEFRLEERD TRE Lcbd T
v, ZORSBRBEBHOEROAH L - TR, #
BUEBEIML I FANEEPEMMIMRIEDR Y T
v, FCAFE TR, 18T 0SgEERYEE
HELLLET, BREERCRETHAAOEEC >\
THHBET L.

Ehic, HEKOMERE CHENRLYDIIBE
FHBNACL-TES Z &b, EEOACRERY
RELVWEThIHEHEE2ZHR50T, YROMESR
MR (FCEMER) ORBOFRTBE 2 —k—
bERRE L.

ZOXH AW AERUREAE L THERTT - 1ok
BT 58, BELD ORELTHTILILOTH -
fo. SRR CHERBER AN 2B [BE#O—Fit: |
ERETAMRE VLS.

¥ to, HEBEIABHED O/E w211, £%RTEHE
BEMRLOhED -t b b bT, @RI Hx A
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%3 BMAFROHE CIRELAER)
e | SOAFH | BRRCR | SRR | R EE RO AR X
CA) | bt | o me | o RBE | ARERE | O IRRE | AAERE | ERE | Ainhe | B | faeke | 2D P

0~ 23.9| 257 86 0 0 0.000 | 0.000 | 1.000 | 1.000 | 1.000 | 1.000 0.000 —
24~ 47.9| 257 86 2 0 Q.008 | 0.000 | 0.992 | 1.000 | 0.992 | 1.000 | —0.008 -
48~ 71.9| 255 86 1 2 0.004 | 0.023 | 0.996 | 0.977 | 0.988 | 0.977 0.012 -
72~ 95.97 254 84 2 2 0.008 | 0.024 | 0.992 | 0.976 | 0.981 | 0.953 0.027 —
96~119.9| 252 82 3 2 0.012 | 0.024 | 0.988 | 0.976 | 0.969 | 0.930 0.039 —
120~143.9| 249 80 4 1 0.016 | 0.013 | 0.984 | 0.988 | 0.953 | 0.919 0.035 -
144~167.9| 245 79 4 3 0.016 | 0.038 | 0.984 | 0.962 | 0.938 | 0.884 0.054 -
168~191.9| 241 76 2 2 0.008 | 0.026 | 0.992 | 0.974 | 0.930 | 0.860 0.068 -
192~215.9| 239 74 2 3 0.008 | 0.041 | 0.992 | 0.959 | 0.922 | 0.826 0.097(2.9x 1072
216~239.9| 237 71 2 1 0.008 | 0.014 | 0.992 | 0.986 | 0.914 | 0.814 0.100|2.7x1072
240~263.91 235 70 1 3 0.004 | 0.043 | 0.996 | 0.957 | 0.911 | 0.779 0.131{0.6x 1072
264~287.9| 234 67 3 1 0.013 | 0.015 | 0.987 | 0.985 | 0.899 | 0.767 0.131{0.8%x1072
288~311.9| 231 66 3 0 0.013 | 0.000 | 0.987 | 1.000 | 0.887 | 0.767 0.12011.6x1072
312~335.9| 228 66 3 4 0.013 | 0.061 | 0.987 | 0.939 | 0.875 | 0.721 0.155]0.3%x1072
336~359.9| 225 62 4 3 0.018 | 0.048 | 0.982 | 0.952 | 0.860 | 0.686 0.17410.1x1072
360~383.9] 221 59 6 3 0.027 | 0.051 | 0.973 | 0.949 | 0.837 | 0.651 0.185[0.1x1072
384~407.9! 215 56 7 1 0.063 | 0.035 | 0.937 | 0.965 | 0.784 | 0.628 0.156|1.2x 1072
WOV KRB AR

2)

(%) 20 |
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Il i 1 i Il

(P ZO/EER (MBET p<0.05 OXERERTRIE)

“** p<0.001

** p<0.01

. 1

" p<0.05
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Ern | SRR | BRRECH | ERFEER | BMEEER R K kX

B) | ximet | AEe | ofRE | AR | W RE | AR | RE | AR | ABE | AER| 2D =

0~ 23.9] 257 86 0 0 0 0 1.000 | 1.000 | 1.000 | 1.000 0.000 -
24~ 47.9| 257 86 2 0 0 0 0.992 | 1.000 | 0.992 | 1.000 | —0.008 —
48~ 71.9| 255 86 1 2 0 0 0.996 | 0.977 | 0.988 | 0.977 0.012 —
72~ 95.9| 254 84 2 1 Q 1 0.992 | 0.988 | 0.981 | 0.965 0.015 -
96~119.9| 252 82 3 2 0 0 0.988 | 0.976 | 0.969 | 0.942 0.027 —
120~143.9| 249 80 4 1 0 0 0.984 | 0.988 | 0.953 | 0.930 0.024 —
144~167.9| 245 79 4 3 0 0 0.984 | 0.962 | 0.938 | 0.894 0.043 -
168~191.9| 241 76 2 2 0 0 0.992 | 0.974 | 0.930 | 0.871 0.059 —
192~215.9| 239 74 2 2 0 1 0.992 | 0.973 | 0.922 | 0.847 0.075 —
216~239.9| 237 71 2 0 0 1 0.992 | 1.000 | 0.914 | 0.847 0.067 —
240~263.9| 235 70 1 1 0 2 0.996 | 0.986 | 0.911 | 0.835 0.076 -
264~287.9| 234 67 3 0 0 1 0.987 | 1.000 | 0.899 | 0.835 0.064 -
288~311.9| 231 66 3 0 0 0 0.987 | 1.000 | 0.887 | 0.835 0.052 —
312~335.9] 228 66 3 3 0 1 0.987 | 0.954 | 0.875 | 0.797 0.079 -
336~359.9] 225 62 3 2 1 1 0.987 | 0.967 | 0.864 | 0.771 0.093 —
360~383.9| 221 59 6 3 0 0 0.973 | 0.949 | 0.840 | 0.732 0.109]4.5% 102
384~407.9] 215 56 7 1 0 0 0.937 | 0.965 | 0.787 | 0.706 0.081 -
EOD: xRE-AHER

P ZHHHER (HHRET p<0.05 O LIFHERTEK)

P +1.96SE
P (E7E)
P —1.968E8
50
x w0}
30}
(%) 20 F ST p<0.00l  ** p<0.01 " p<0.05
10F
T e

24 48

72 96 120 144 168

# o B M

(A)

192 216 240 264 288 312 336 360 384 408

B2 WMrARCoBBLYIOBRWLBEOEER L NBROEFERMR
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WAZ AT, HENLNBEROREEERCHES
MENRBRLZ &, T hE0ENMBAFETORE
BRAT AL I TR EAEHET L LN LR
s -7,

ik, HROBUHFELEGTROBRE»SSH LI
HFifcRED bR, —EOBEEES X LI
a7, GHZOFEOPROREBRSLETH S .
i, BEEEROBETEMPAEFESLTWSE
ERBLENE sl E b, SEBOSFIE, FERG
DR INZ A LBERSD EELD.

& #

MRERFFROKBI L AMEPEREEZOEGT
BB 1T -, 1950 UK, PEERYELLH
RE (FER) SALFHRMBER THROE, - 12
F 257 A (RHBE) % 408 h A (34%) MREBRRL 7. &£
WREC L5 REEFRSHEL, MO fT-1.
BiEpmtk 216 h A (18%) T, FENORBEHRR
10.826 &7, WBHD0.92 CH~THEECETL
fo. xOH, RREFEROMREIL S b s, BHERT
FEfoo 408 H A (34%) T, FhFh 0.628, 0.784
Lot L LERRA L AT o8 BRA LB
&, TOEIHEELE. 22T, BREEROE T
DBAFET I L 5 L0 & Ewm-S0 .

E =

MR 7 — 2 OB ZH I Vo BERE
DF 4, RBRAZHERUOFFEEADE, F—24
BrofEd sy oV OEREMB I EEE, HHEO
YERERURLZ 2V TEIEZ W I Wl UEER %
BreR#oBEs&LET.
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