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A Study on the synergistic interactions 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 drinking well water among 

residents in Lanyang Basin located in the 

northeastern arseniasis-endemic area in 

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 

(Sr), barium (Ba), boron (B), copper (Cu), 

and cadmium (Cd). Inductively coupled 
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plasma-atomic emission spectrophotometry 

(ICP-AES) was used to determine Zn, Cr, Na, 

Mn, Fe, Be, Mg, Ca, Sr, Ba, B, Cu, 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 

questionnaire. 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 error (ug/L) of 

concentration of these elements in well water 

were 237.6�9.4, 99.8�11.0, 44359.0�1619.6, 

17740.8�334.4, 247.6�3.5, 648.5�37.3, 124.2

�5.1, 16538.7�770.8, 473.5�19.8, 249.9�5.7, 

43.2�0.8, 32.0�0.7, 0.5�0.02, 347.3�4.1 for 

As, Zn, Na, Cu, Fe, Mn, Mg, Cr, Sr, Ba, Cd, 

Be, and B, respectively. The concentrations 

of these elements in 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 significantly negative 

correlation were observed between Mn, Mg 

and Be, and As. Compared with low Mn and 

Cu exposed group, those who drank well 

water contained high concentration of Mn 

and Cu had significant low risk of all cancer 

sites combined after adjustment for age, sex, 

cigarette smoking, and alcohol drinking. 

However, there wwere no synergistic 

interaction between exposure to Mn, Cu, and 

As on the development of all cancer sites 

combined. 

 

key words :arsenic, element, cancer, 

Langyang. 
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!"  ����#�$���%&'()*+,-./0%123 (4g/L) 

23 ���  !"# #�$ r%� r&� 'ÙMCLa 

x(*) 

MCL* 

*iZnj 99.77 10.95 23.4 15210 NDb 2.9 500 

+iNaj 44359.00 1619.59 35030 1321000 3437   

,iCaj 17740.81 334.38 12420 149000 348   

�iCuj 247.55 3.45 218.7 2199 ND 93.2 30 

-iFej 648.46 37.32 243.3 36150 ND 42.5 300 

.iMnj 124.20 5.13 86.28 4923 ND 69.2 50 

/iMgj 16538.74 770.83 11140 554400 173   

0iCrj 473.51 19.80 311.3 23420 ND 84.6 50 

1iSrj 249.94 5.70 195.1 4626 19.2   

2iBaj 43.15 0.83 31.13 574 ND   

3iCdj 32.03 0.65 24.9 87.2 ND 73.4 10 
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4iBej 0.49 0.02 0 22.4 ND   

5iBj 347.29 4.12 308.3 1475 ND   

0iAsj 237.57 9.42 39.01 3842.61 ND 44.4 50 

a: ND-A�6û 

b: MCL-r%78 ! 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
!5  ����#�$��678&'�9:;6 

23 Zn Na Ca Cu Fe Mn Mg Cr Sr Ba Cd Be B As 

Zn 1              

Na -0.24* 1             

Ca 0.15* -0.15* 1            

Cu 0.61* -0.32* 0.19* 1           

Fe 0.24* 0.07* 0.32* 0.34* 1          

Mn 0.07* 0.34* 0.10* 0.07* 0.28* 1         

Mg -0.006 0.49* 0.52* 0.07* 0.18* 0.49* 1        

Cr 0.32* -0.34* 0.33* 0.57* 0.47* -0.22* -0.14* 1       

Sr -0.09* 0.40* 0.66* -0.05* 0.22* 0.45* 0.82* -0.15* 1      

Ba 0.41* -0.22* 0.28* 0.55* 0.47* -0.10* 0.004 0.84* -0.07* 1     

Cd 0.55* -0.18* 0.05 0.89* 0.33* 0.16* 0.06* 0.81* -0.15* 0.84* 1    
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Be -0.21* 0.10 -0.08 0.02 -0.02 0.05 -0.02 0.17* -0.02 0.27* 0.87* 1   

B 0.02 0.52* -0.14* 0.25* 0.18* 0.19* 0.27* 0.20* 0.07* 0.24* 0.37* 0.30* 1  

As -0.04 -0.02 0.10* -0.03 0.29* -0.16* -0.10* 0.28* 0.03 0.14* -0.01 -0.24* 0.08 1 

* p<0.05 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9h  6789øù:k#>0{;�Ô-@23x<45}=>?@ÔA¶·¸� 95%BCÓ	 

�� Ca Fe Mg Cr Ba Be Cu Mn 

�� 

����	 

 

1.1(1.0-1.1)***

       


� 

� 

 

 

1.0 

1.1(0.6-1.7) 

 

1.0 

1.0 (0.6-1.7) 

 

1.0 

1.0 (0.6-1.7) 

 

1.0 

1.0 (0.6-1.7) 

 

1.0 

1.0 (0.6-1.7) 

 

1.0 

1.0 (0.6-1.7) 

 

1.0 

1.0 (0.6-1.7) 

 

1.0 

1.1 (0.7-1.8) 

�� 

� 

� 

 

1.0 

1.3 (0.8-2.1) 

 

1.0 

1.3 (0.8-2.1) 

 

1.0 

1.3 (0.8-2.1) 

 

1.0 

1.3 (0.8-2.1) 

 

1.0 

1.2 (0.8-2.1) 

 

1.0 

1.3 (0.8-2.1) 

 

1.0 

1.2 (0.8-2.1) 

 

1.0 

1.2 (0.7-2.0) 

�� 

� 

� 

 

1.0 

1.2 (0.8-1.8) 

 

1.0 

1.2 (0.8-1.8) 

 

1.0 

1.2 (0.8-1.8) 

 

1.0 

1.2 (0.8-1.8) 

 

1.0 

1.2 (0.8-1.8) 

 

1.0 

1.2 (0.8-1.8) 

 

1.0 

1.2 (0.8-1.9) 

 

1.0 

1.1 (0.7-1.7) 
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����

(ug/L) 

����� 

�����

����� 

 

 

1.0 

1.2 (0.8-1.8) 

1.2 (0.8-1.7) 

 

 

1.0 

0.9 (0.6-1.4) 

0.8 (0.5-1.2) 

 

 

1.0 

0.9 (0.6-1.3) 

0.8 (0.5-1.1) 

 

 

1.0 

1.4 (0.9-2.3) 

1.2 (0.7-1.9) 

 

 

1.0 

1.6 (1.0-2.4)* 

1.3 (0.9-2.0) 

 

 

1.0 

1.2 (0.8-2.0) 

0.9 (0.6-1.4) 

 

 

1.0 

0.8 (0.5-1.4) 

0.6 (0.3-1.1)
�
 

 

 

1.0 

0.6 (0.4-0.9)* 

0.5 

(0.4-0.8)*** 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

!<  ������#�$=>?
	@��ABCDE�FG��( 95%HIJK   

�

Mn  Cu 

 ModelD  Model E  Model D  Model E 

=> RR (95% C.I.)  RR (95% C.I.)   RR (95% C.I.)  RR (95% C.I.) 


F 

G¹ºIH 

 

1.1 (1.0-1.1)*** 

  

1.1 (1.0-1.1)*** 

  

1.1 (1.0-1.1)*** 

  

1.1(1.0-1.1

)*** 

¸+ 

I 

J 

 

1.0 

1.1 (0.7-1.8) 

 

1.0 

1.1 (0.7-1.8) 

 

1.0 

1.0 (0.6-1.7) 

 

1.0 

1.1 (0.6-1.7) 

KL 

A 

{ 

 

1.0 

1.2 (0.7-2.0) 

 

1.0 

1.3 (0.8-2.1) 

 

1.0 

1.3 (0.8-2.1) 

 

1.0 

1.3 (0.8-2.1) 
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MN0��û (Og/L) 

PIh*� 

P;h*� 

Phh*� 

 

1.0 

0.6 (0.4-0.9)* 

0.5 (0.4-0.8)*** 

 

 

 

1.0 

0.8 (0.5-1.4) 

0.6 (0.3-1.1)� 

 

MN0��û(ug/L-year) 

/íÎ(ug/L) 

Q2000 / � 

R2000/ � 

Q2000 / S 

R2000 / S 

  

 

1.0 

0.8 (0.5-1.4) 

1.6 (1.1-2.4)* 

1.2 (0.8-1.8) 

  

 

1.0 

0.8 (0.6-1.1) 

1.6 (0.8-3.1) 

1.0 (0.4-2.4) 

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

 

 

 

 


