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A Study on the synergistic mteractions between arsenic and other elements
in well water on the development of various cancers among residents of
Lanyang Basin
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Abstract

In order to evaluate the various elements
exposure from dinking well water among
residents in Lanyang Basin located in the
northeastern arseniasis-endemic area iIn
Taiwan, a total of 1349 well water samples
were collected randomly from study area to
examine concentration of arsenic (As), zinc
(Zn), chromium (Cr), sodium (Na),
manganese (Mn), iron (Fe), beryllium (Be),
magnesium (Mg), calcium (Ca), strontium
(51), barnum (Ba), boron (B), copper (Cu),
and cadmium (Cd). Inductwely coupled



plasma-atomic emission spectrophotometry
(ICP-AES) was used to determine Zn, Cr, Na,
Mn, Fe, Be, Mg, Ca, 51, Ba, B, Cy, and Cd,;
As were examined by ICP-AES with hydride
generation. A total of 2253 residents whose
household well water was collected were
interviewed personally based on a structured
cuestionnaire. Information obtained from the
interview included duration and volume of
well water consumption. The cumulative
exposure level of each study subject to
various  elements was derived from
concentration of each element in well water of
the household, duration of drinking well
water and volume of well water consumption.
The mean * standard emor (ug/ll) of
concentration of these elements in well water
were 237.619.4, 99.3+11.0, 44359.041619.6,
1774084334 4, 247613 .5, 643.5137 3, 1242
15.1, 16538.7£7170.8, 473.5119.8, 2499151,
4324038, 32.040.7, 0.510.02, 3473441 for
As, Zn, Na, Cy, Fe, Mn, Mg, Cr, St, Ba, Cd,
Be, and B, respectvely. The concentrations
of these elements m well water, except
arsenic, were significantly different between
four study townships in Lanyang Basin. The
log transformed concentrations of Ca, Fe, Cr
and Ba were positively correlated with As
significantly, While, the signficantly negative
correlation were observed between Mn, Mg
and Be, and As. Compared with low Mn and
Cu exposed group, those who drank well
water contamned ligh concentration of Mn
and Cu had significant low risk of all cancer
sites combined after adjustment for age, sex,
cigarette smoking, and alcohol dnnking.
However, there wwere no synergistic
Interaction between exposure to Mn, Cu, and
As on the development of all cancer sites
combined.
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Z— BRI RKPARCEHRERLBHERARTREZEST »L (ngl)

Tk CPHE BEZE FAE  RARE W RME #i®% MCL* MCL*
ZAHtk

4 (Zn) 99.71 10.95 234 15210 ND? 29 500
49 (Na) 44359.00 161959 35030 1321000 3437
45 (Ca) 1774081 33438 12420 149000 348
47 (Cu) 247.55 345 2187 2199 ND 932 30
4K (Fe) 648.46 3732 2433 36150 ND 25 300
4% (Mn) 12420 513 86.28 4923 ND 69.2 50
4 (Mg) 165338.74 77083 11140 554400 173
# (Cr) 473.51 19.80 3113 23420 ND 846 50
8 (Sr) 249 94 510 195.1 4626 19.2
48 (Ba) 43.15 083 31.13 574 ND
4% (Cd) 3203 0.65 249 872 ND 134 10



8% (Be) 0.49 0.02 0 224 ND
i (B) 341.29 412 308.3 1415 ND
A (As) 231.57 9.42 39.01 3342.61 ND 44.4 50
a: ND- &% 8 &
b: MCL-5x K75 4% %
K= BBERAKT A FHHBIRE 2 A8 WA H
% Zn Na Ca Cu Fe Mn Mg Cr Sr Ba Cd Be B As
Zn 1
Na -024*1
Ca 0.15* -0.15*1
Cu 061* -032*0.19* 1
Fe 0.24* 0.07* 032* 0.34* 1
Mn 007* 0.34* 0.10* 007* 0.28* 1
Mg -0.006 0.49* 0.52* 0.07* 0.18* 0.49* 1
Cr 0.32* -034*033* 0.57* 0.47* -022*-0.14*1
Sr -0.09*0.40* 0.66* -0.05*0.22* 0.45* 0.82* -0.15*1
Ba 041* -022*028* 0.55* 0.47* -0.10*0.004 0.84* -007* 1
Cd 0.55* -0.18*0.05 0.89* 0.33* 0.16* 0.06* 0.81* -0.15*0.84* 1



Be -021*0.10

-008 0.02

-002 005

-002 0.17% -0.02 027* 0.87* 1
B 002 052* -014*025* 0.18* 0.19* 0.27* 0.20* 0.07* 0.24* 037* 0.30* 1
As -004 -002 0.10* -003 0.29* -0.16*-0.10*0.28* 003 0.14* -001 -024*008 1

* p<005
k= MRk BERIAFTOAMAGKIIMMOTEZDRE S SBARLAYARER I HEE M
%8 Ca Fe Mg Cr Ba Be Cu Mn

ES
FHm—R 1.1(10-11)+**
T F]

* 10 10 10 10 10 10 10 10

3 11(06-17) 10(06-17) 10(06-17) 10(06-17) 10(06-17) 10(06-17) 10(06-17) 1.1(07-18)
g

£ 10 10 10 10 10 10 10 10

A 13(08-21) 13(08-21) 13(08-21) 13(0821) 12(08-21) 13(0821) 12(08-21) 12(07-20)
8

£ 10 10 10 10 10 10 10 10

A 12(08-18) 12(08-18) 12(08-18) 12(08-18) 12(08-18) 12(08-18) 12(08-19) 11(07-17)



(ug/l)

F—=mM 10 10 10 10 10 10 10 10

Fo=mM 12(08-18) 09(06-14) 09(06-13) 14(09-23) 16(10-24)* 12(08-20) 08(05-14) 06(04-09)

F==mM  12(08-17) 08(05-12) 08(05-11) 12(07-19) 13(09-20) 09(06-14) 06(03-11F 05
(04-08)***

°0.05<p<0.1,%0.01<P<0.05 , *+0.001<P<0.01 , ***P<0.001

kW RGENERIFAKTE - AP DRE S HBEALZ R IR R 95%12 3 & R

Mn Cu
Model 1 Model 11 Model 1 Model I
%13 RR (95% C1) RR (95% C.1) RR (95% C1I) RR (95% C1)

P

S5 o — & 1.1 (1.0-1.1)*** 1.1 (1.0-1.1)*** 1.1 (1.0-1.1)*** 1.1(10-1.1
)***

M 3]

4 10 10 10 10

B 1.1(0.7-18) 1.1(0.7-18) 10(0.6-1.7 1.1(0.6-1.7
Fpd

& 10 10 10 10

% 12(0.7-20) 13(08-2.1) 13(08-2.1) 13(08-2.1)



A EEE (ugl
% — =5 10
= o 0.6 (0.4-09)*
= =5 0.5 (0.4-0.8)***
R Huat I % 2 (ugll-year)
I35 B (uglL)
<2000/ &
>2000/
<2000/ 1%
>2000/ 1%

ol

3

10
0.8(0.5-1.4)
1.6 (1.1-2.4y*
12(08-18)

10
08(0.5-1.4)
06(03-1.1)

10
08(0.6-1.1)
1.6(08-3.1)
1.0(0.4-2.4)

0.05<p<0.1, * 0.01<p<0.05, ** 0.001<p<0.01, *** p<0.001

10



