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A
rsenic

K
ing of Poisons

Poison of K
ings

N
o odor 

N
o color

N
o taste
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A
rsenic in G

roundw
ater



A
rsenic and C

ancer

Lung
Liver
K

idney
B

ladder

Skin

“There is sufficient evidence that inorganic arsenic 
causes cancers of the urinary bladder, lung and skin. 
Positive associations w

ith cancer of kidney, liver, and 
prostate has been observed.”
(IA

R
C

, 2004) “G
roup1 C

arcinogen”

Prostate
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C
ity of A

ntofagasta in C
hile
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R
egion II (A

ntofagasta), C
hile

D
riest habitable place

on earth

M
ars

-
D

evelopm
ent of m

ining industry ►
Population grow

th 
►

D
rinking w

ater shortage ►
S

upplem
ent w

ith new
 

w
ater source (high arsenic level)



A
rsenic in D

rinking W
ater of A

ntofagasta
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Average arsenic level in 1958-1970
870 µg/L

C
urrent regulatory level: 10 µg/L

N
ew

 w
ater source

N
ew

 w
ater treatm

ent plant

U
nique Exposure Scenario

-D
istinct high exposure period:    

sudden m
ajor increase and drop  

(1958-1970)
-Lim

ited w
ater source: 

w
hole population drank sam

e     
m

unicipal w
ater in A

ntofagasta  
(> 125,000 people)

-G
ood exposure record

-A
dequate latency
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1. Is arsenic in drinking w
ater associated w

ith an increased 
cancer m

ortality up to the year 2010: 50 years after high 
exposures first began?

2. Is there an effect of age at first exposure on the association 
of arsenic in drinking w

ater and bladder cancer m
ortality?

Q
uestions
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Is arsenic in drinking w
ater associated w

ith an increased 
cancer m

ortality up to the year 2010: 40 years after high 
exposures stopped?

Q
uestion 1

S
m

ith et al. (2018). Lung, bladder, and kidney cancer m
ortality 40 years after arsenic exposure reduction. 

Journal of the N
ational C

ancer Institute, 110(3), 241-249.



A
rsenic and C

ancer M
ortality in A

ntofagasta (2001-2010)
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Standardized M
ortality R

atio in A
ntofagasta, com

pared to the rest of C
hile

Arsenic-related
cancer m

ortality due to arsenic exposure can have very long latencies, 
w

ith increased risks m
anifesting 50 years after first exposure.



H
igh

Exposure
M

ortality up to year 2000
H

igh
Exposure

L
atency of A

rsenic-R
elated C

ancers in A
ntofagasta

A
ge-adjusted rate ratios for cancer m

ortality for R
egion II (arsenic-exposed),

com
pared w

ith R
egion V (unexposed), C

hile (1950–2010)
Lung C

ancer
B

ladder C
ancer

H
igh

Exposure

K
idney C

ancer
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Q
uestion 2

Is there an effect of age at first exposure on the association 
of arsenic in drinking w

ater and bladder cancer m
ortality?

R
oh

et al. (2018). A
ge at exposure to arsenic in w

ater and m
ortality 30–40 years after exposure cessation.

A
m

erican journal of epidem
iology,187(11), 2297-2305.



E
arly-L

ife E
xposure to A
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ancer M

ortality
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Effect of A
ge at First Exposure to A

rsenic on C
ancer M

ortality

SMR

Age at First Exposure

B
ladder C

ancer
Laryngeal C

ancer
Lung C

ancer
K

idney C
ancer
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D
em

ographic, Lifestyle-R
elated, and M

edical R
isk Factors of A

ntofagasta 
and all of C

hile

D
em

ographic, L
ifestyle-R

elated, and M
edical R

isk Factors of A
ntofagasta 
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Sm
oking rate of A

ntofagasta and the rest of C
hile

B
ladder cancer-specific relative risk by 

sm
oking = 1.5 (C

um
berbatch et al., 2016)

D
em

ographic, L
ifestyle-R

elated, and M
edical R

isk Factors of A
ntofagasta 



C
onclusion
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•
A

rsenic-related
cancer m

ortality is still very high 

even 40 years after the high exposure stopped

•
M

ajor im
pacts on people w

ho probably experienced 

early life exposure
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