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exposed non-exposed

subjects 10, 000A - 10, 000A

Cancer 1, 0004 100A

Relative risk

= (1000/10, 000) / (100/10, 000)= 10

Relative risk = risk ratio
Excess RR =RR-1

a5

=RR °

g e 2.5

==K

2

15

dose

RR is not proportional to radiation dose.
ERR is proportional to radiation dose.




ERR(%)/10mGy

Acute exposure (high dose rates) :
medium-high doses 3.1 (95%Cl=1.8, 4. 3)
low doses : 1.5 (95%ClI=-0.01, 3.1)

Atomic bomb survivors (Ozasa ef al. 2012)
Protracted exposure (low dose rates)
low-medium doses 1.9 (95%CI=<0, 8.5)

IARC 15-country study of nuclear workers, BMJ 2005
mean cumulative dose=19.4mSv

1.9 (95%CI=0.7,3.2)
A meta-analysis by Daniels & Schubauer-Berigan

0.9 (95%Cl=-1.7, 6.5)
pooled case-control study of US nuclear workers

In the case of acute exposure,
ERR at 1 Gy(%)/10mGy is known to be about 4.
—>A dose of 1Gy gives an ERR of 4.

In the ca e of protracted exposure,
EDD/O/.

b I\\ /U

'3
1
O
=

Then,

0.1Gy is expected to give an ERR of 0.2; and
0.1x 10 =1Gy, an ERR of 2.0,

which is half of that of acute exposure.

- Dose fractionation decreases risk per dose.




In low-medium doses, ERRs of leukemia per
dose after protracted/fractionated are similar
to those of exposure after acute exposure.

Kerala state is located in Kerala state
the southern end of

Karunagapally taluk.

Indian subcontinent. .
HBRA is located in KARNATAKA
CANNANOR
-

KERALA DISTRICTS

TAMIL NADU

S
KARUNAGAPPALLY 'E'
TALUK ]




Panchayats used Panchayats

in the present analysis to be included in analysis
| ‘ ﬁ
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The population size of Karunagappally : 385,103 in 12
panchayats )

- A cohort of residents in 6 coastal panchayats was
established in 1990: N=173,067

- After excluding those who diagnosed as cancer, died,
migrated into other areas before our base-line survey
conducted in1990-97, there were 69,958 subjects for statistical

analysis

1. Cancer cases were identified by cancer registry
2. Indoor and outdoor doses were measured at every house.
3 Information on potential confounder is available for all the

cohort members. 0




i) monthly routine visits to the Regional Cancer Centre (RCC)
in Trivandrum, which is the comprehensive cancer centre in
the state of Kerala, and more than half of cancer cases
registered in Karunagappallly cancer cancer registry were
those who sought medical treatment in RCC (unpublished
data);

ii) annual visits to Trivandrum Medical College Hospital in
Trivandrum;

iii) annual visits to major pathological laboratories in
Karunagappally taluk and its neighboring areas, and in

| Trivandrum;

iv) annual visits to all the hospitals and medical practitioners in
Karunagappally taluk;

v) 3-4 time visits to three primary health centers in the taluk,

which have cancer screening facilities;

Dosimetry
It is impossible to measure cumulative HBR

doses from birth.
~ dose estimation is necessary

used in the studies in China and India

hoa annrnar n

T h
B iiIs HPIUCAU A

is as follows:

Individual cumulative dose
=measured indoor dose x occupancy factor
+measured outdoor dose x (1-occupancy factor)

Indoor and outdoor gamma radiation doses
were measured at every house
(N=71764 in the entire Karunagapally taluk)
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P for trend = 0.288

Cumulative radiation dose (mGy)

All leukemia
0-
Case 5
RR 1
95%CI reference
0.42 —4.88

Leukemia excluding
chronic lymphocytic leukemia

Case 4
RR 1
95%ClI reference

0.36 —5.55

50- 100- 200+
6 13 6
0.80 1.60 1.43

0.24 -2.63 0.56-4.56

P for trend = 0.471

4 7 5
0.62 1.00 1.42
0.16 -2.52 0.29-3.48




Cumulative radiation dose (mGy) P for trend

0- 50- 100- 200- 500-

Mean dose (mGy) 36 74 141 283 628

SD 6 9 17 49 118
Total Case 282 371 463 211 22

RR* 1 0.97 1.02 0.93 0.95 >0.5
Male Case 149 196 254 135 13

RR 1 0.97 0.97 0.98 0.81 >0.5
Female Case 133 175 209 76 9

RR 1 0.98 1.08 0.86 1.25 >0.5
Cases with pathological diagnosis

Case 204 284 348 134 17

RR 1 1.07 1.16 0.93 1.21 >0.5
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Ka]-unagappal!y study
N Nair et a/, Health Phys 96, 55 (2009)
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Radiation dose (Gy)

In both studies, ERRs/Gy were estimated assuming a Linear-Non-Threshold model.
The ERR/Gy obtained from the Kerala study was significantly smaller than that from
the Atomic bomb survivor study.




Cases
All cancer excluding leukemia
all subjects 1349
60 <= attained age 784
Male 747
Female 602
Cases with pathological verification
987

Lung cancer, all subjects 189

Breast cancer, female 125

 ERRIGy, 1990

ERR/Gy 95%Cl

-0.13 -0.58 — 0.46
-0.19 -0.69 — 0.49
-0.16 -0.70 - 0.62
-0.09 -0.76 — 0.92

-0.03 -0.57 - 0.71
-0.07 ND - 1.94
-0.60 ND - 0.85

Assuming linear dose-response, the following model used:
H,(sex, attained age, follow-up interval, bidi smoking, education, occupation) [1 + B D]

ol

P value

>0.5
>0.5
>0.5
>0.5

>0.5

>0.5

>0.5

- ERR/Gy, 199

Cases
All cancer excluding leukemia
All subjects 2120
Male 1153
Female 967

ERR/Gy (95%Cl)

-0.08 (-0.44 - 0.38)
-0.27 (-0.64 — 0.26)

0.29 (-0.38 - 1.19)

Cases with pathological verification

1650
Oropharyngeal cancer 326
Digestive tract cancer 424
Lung cancer 267
Breast cancer (female) 188

-0.05 (-0.60 — 0.39)
0.17 (ND - 1.61)

-0.039 (ND - 0.53)
-0.073 (ND - 1.75)
-0.83 (-2.05 — 0.40)

aq ]

P value

>0.5

n 70
U.£790

0.463

>0.5
>0.5
>0.5
>0.5
>0.5




cancers excluding leukemia

. Riskofall

according to cumulative radiation dose, lagged by 10 years,
| - wmmogom.

Cumulative radiation dose (mGy)

0- 50- 100- 150- 200- 250- 500+
Case 485 585 432 267 136 187 28
RR* 1 096 098 1.03 095 1.00 0.91
95%Cl - 0.85 085 088 078 0.84  0.61
-1.08 412 121 -1.16 -1.20 -1.35

*RRs were obtained from the following model, using colon dose lagged by 10 years:
HO(sex, attained age, follow-up interval, radiation cohort or not, education, the
numbers of bidis smoked a day, tobacco chewing and alcohol drinking) [exp(R1D1+
R2D2+ R1D3+ R4D4)]. The estimates of 31, B2, B3, and R4 correspond to log RRs
for dose categories, 50-, 100-, 150-, 200-, 250- and 500+ mGy, respectively.

Solid cancer risk

ly study

1.5
r Aomic bomb survivors
:‘é - Preston et 2/, Radiat Res 188, 1 (2007)
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Kalunagappany study
i Nain et ai, Health Phys 96, 55 (2008)
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Radiation dose (Gy)

In both studies, ERRs/Gy were estimated assuming a Linear-Non-Threshold model.
The ERR/Gy obtained from the Kerala study was significantly smaller than that from
the Atomic bomb survivor study.




Estimated doses h

doses m

Individual cumulative dose
=Indoor dose x occupancy factor
+outdoor dose x (1-occupancy factor)

Luxell badge

,based on optically stimulated iuminescence

Correiation between OSLD & Scintiliometer in

o Individual Dose measurement from element of aluminum oxide, Al,0,:C
y=07169x + 2.2553
R2=0.6373 -
15

05LD mGyy)
2

20 25

.10 15 4
Scintillometer (MGy ¥~ )

LBl -

A luxell badge was carried by each
individual for 2 months. 29

' R? Linear =0.828
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Sampling K-40 Pb-212 TI-208
Points Sample (Th) (Th)
1460.7keV 238.6keV 583.2keV
Th?‘é‘;‘:‘;kara ! g?::ed 1269 + 092 | 1.80 = 0031 +  0.05]
Oachira(CA) |2 ?g:;f:f“i) 146 = 0077 | 0.192 =+ 0.0027 +  0.004
Oachira(CA) |3 Yam(Kachil) | 14.6 = 0.041 | 0.026 = 0.00096 | 00227 = 0.001:
Oachira(CA) |4 Tapioka 9.62 + 0.067 | 0114 = 00020 | 00814 = 0.003
Oachira(CA) |6 Elephant Yam | 19.9 = 0.064 | 0.102 =% 0.0017 | 00861 <= 0.003
Mean (CA) (%) * 371 x 503 | 045 = 076 036 = 061
Range (CA) 9.62 ~ 126.9 |0026 ~ 180 0023 ~ 1.44
Alappad |5 Coconut 12.7 =+ 0.063 | 0.421 = 0.0029 0.355 =+ 0.005
Chavara |7 Black Glam 1.95 = 0.023| 0.129 = 00015 | 0.104 =32 0,002




Cancer Rate Comparison
(cases per 100K)

Japan Karunagappally
Male Female Male Female
All Solid 271 169 116 80
Oral 6.2 2 - 20.4 8.8
Stomach | 61.8 23.8 6.1 2.6
Colon 31.2 18.5 2 2.1
Liver 23.5 7.5 3.9 0.8
Lung 37.6 11.8 21.3 2.3
Natural Background
China, Thyroid
High Background Control
Number examined 1,001 1,005
Thyroid dose (cGy) 14 5
Nodular disease 9.5% 9.3%
Single nodules 7.4% 6.6%
RR (95% Cl)

1.13 (0.8-1.6)




Natural Background
China Mortality

High Background Control

Number (1979-86) 80,640 32,651
Doses

Effective (mSv y) . 64 2.4

Radon (WLM y-1) 0.38 0.16
Deaths (1979-95)

Lung 62 32

Leukemia 33 11

All cancer 710 293
RR (95% ClI)

Lung 0.81 (0.53-1.24)

Leukemia 1.12 (0.56-2.22)

All 0.99 (0.87-1.14)

IGy for solid cancer

ERR / Gy
Atomic bomb survivors 0.47 (90%Cl: 0.40, 0.54)

Residents along Techa river 0.61 (95%C1:0.04,1.27)
Nuclear workers in 15 countries —pooled analysis

Gf gARC {ca«%eukenua mort Lamy; @.g? (ggofaﬁk 0.27, 1. 0)
Meta—analysns of nuclear workers in 4 countries
(ca mortality) 0.14 (95%Cl: -0.12, 0.41)

Residents in Karunagappally, India (ca-leukemia)
-0.13 (95%Cl: -0.58, 0.46)

Residents in ["3‘51, Chi@na (ca-leukemia mortality)

0.19 (95%Cl: 1.87, 3.04)
Residents in buildings with 89Co-contaminated rebars
in Taiwan (ca-leukemia) 0.2 (90%Cl: -0.5, 0.8)




In definition, high dose rate is the dose rate higher
than 6000 micro Gy/hr.

The dose rate in highly contaminated areas along
Techa rivers lower than was close to that value.
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High dose rates,
medium-high doses

ERR/Gy= 0.59 (95%CI=0.50, 0.70)
age ATB=30, attained age=60
< Atomic bomb survivors
“medium” dose rates |
low-medium doses ERR/Gy= 0.6 (Techa river)
Low-dose rates
low-medium doses ERR/Gy= 0.97 / ERR/Gy= 0.14
(nuclear workers) |
ERR/Gy= -0.08 (95%CI=-0.44, 0.38)
< Karunagapally residents

High dose rates,
medium-high doses

ERR/Gy= 0.38 (95%CI=0.28, 0.51)

male, age ATB=40, attained age=60
ERR/Gy= 0.61 (95%CI1=0.45, 0.79)

male, age ATB=30, attained age=50
<Atomic bomb survivors

Low-dose rates
low-medium doses ERR/Gy= 0.97
ERR/Gy= 0.14 (95%CI=-0.12, 0.41)
(nuclear workers) |




Solid cancer risk:
acute exposure > protracted exposure
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Radiation dose as low as 20mGy significantly increased the

frequencies of unstable type aberrations.
Note also that the dose response is linear.

lwasaki et al. RADIATION RESEARCH 175, 208-213 (2011)
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Animal experiments in Aomori:

Tumor incidence was increased at 21 mGy/day

—&~ Nonirradiated =& Nonirradiated
Male ——0).05 mGy day "' Female A\ | —8—0.08 mGy day™
% e 1 { mGy day™’ 25 "_ = 1.1 mGy day™’
’ a |=©—21mGy day™ _/ ’ == 21 mGy day™
20 ,E ‘&

Incidence (%)
Incidence (%)
&

;{/ \

4«9 S oS «»?“
N \
e N ’% \@‘5
Age at time of death Age at time of death

Temporal distribution of all neoplasms that caused in
B6C3F1 mice irradiated with very low dose rates of rays for
approximately 400 days. 48
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Temporal distribution of malignant Iymphomas that
caused death in B6C3F1 mice irradiated with very
low dose rates of rays for approximately 400 days.

49

B6C3F1 mice irradiated with very low dose rates of
rays for approximately 400 days.

average body weights

Body weight (g)

30 f
<3 A

= (.05 MGy day”’
20 e Lt mGyday H
o . o 21 MGy day ' : ¥
i | iati eri
« . lmradiation period | | . lmadiation period

8 20 32 44 36 68 RO 92 104 8 20 32 44 36 68 BO 92 104
Age (Weeks) Age (Weeks)

Tanaka et al 2007 Radiation Research




