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Executive Summary 
 

The contamination of drinking water is a major cause of global public health problems including 
enteric disease, cancer (Meliker & Nriagu, 2007; Christoforidou et al., 2013) and acute 
gastrointestinal illness (OECD/WHO, 2003). In Canada, while both drinking water quality and 
supply are issues (Murphy et al., 2016), there is particular attention in western Canada to the 
implications of water-based contaminants for human health. The purpose of this report is to 
present the lessons learned from the peer-reviewed research that assessed health impacts of 
drinking water contamination in the United States and Canada.  

We reviewed and analyzed 64 published articles (11 in Canada and 53 in the USA) to identify: 
(1) the most common water contamination indicators; (2) associated health risks; and (3) 
methods used in the studies. Arsenic contamination and bladder cancer were by far the most 
commonly used indicators. A second synthesis was then undertaken based on 7 articles to 
evaluate the studies that specifically assessed this association.  

Population-based, case-control studies along with statistical regression was the most commonly 
applied approach for assessing the association between arsenic and bladder cancer. While studies 
(n=5) that considered large arsenic samples and/or controlled for the confounding risk factors 
found statistically significant associations between bladder cancer and exposure to low-to-
medium levels (e.g., 10-100 μg/L) of arsenic in drinking water, studies (n=2) that considered 
relatively small arsenic samples and/or did not control for the confounding risk factors found 
insignificant associations. 

Our review suggests that the association between bladder cancer and low-to-medium levels of 
arsenic in drinking water needs to be assessed by following appropriate quality criteria and using 
commonly applied study designs and methods. These include using population-based, case-
control design, considering different arsenic exposure metrics, incorporating large sample size, 
controlling for confounding risk factors, and adjusting for demographic covariates. 
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1. Background 
The contamination of drinking water is a major cause of global public health problems including 
enteric disease, cancer (Meliker & Nriagu, 2007; Christoforidou et al., 2013) and acute 
gastrointestinal illness (OECD/WHO, 2003). In Canada, while both drinking water quality and 
supply are issues (Murphy et al., 2016), there is particular attention in western Canada to the 
implications of water-based contaminants for human health. 

The purpose of this report is to present the lessons learned from the peer-reviewed research that 
assessed the risks of cancer associated with drinking water contamination in Canada and the 
United States. The selected studies were analyzed in two phases. A preliminary analysis was first 
conducted to identify: (1) the most common water contamination indicators; (2) associated health 
risks; (3) and methods used in the studies. A second synthesis was then undertaken to evaluate 
the studies that specifically assessed the association between arsenic contamination in drinking 
water and bladder cancer.   

In the preliminary analysis, studies were analyzed to answer three questions: 
1. What are the most commonly used drinking water contamination indicators associated 

with the risks of cancer?  
2. What are the most common types of cancer associated with drinking water 

contamination? and  
3. What are the most common methods used for measuring the indicators and assessing the 

relationship between drinking water contamination and risks of cancer? 

In examining the relationship between arsenic in drinking water and bladder cancer, studies were 
analyzed to address three questions: 

1. Is there a statistically significant association between bladder cancer and arsenic in 
drinking water? If so, what are the relevant results and/or thresholds? 

2. What confounding factors affect arsenic levels and so the risk of bladder cancer? and  
3.  What demographic factors need to be considered in assessing the relationship between 

arsenic in drinking water and bladder cancers?  

2. Literature Search 
We searched peer-reviewed articles published from 1980 to 2017 in Canada and the United 
States using keywords “drinking water” and “cancer’. The search was done using Web Science 
and EBSCOHost databases generating a total of 279 articles (265 in the USA and 14 in Canada). 
However, only 64 most relevant and most recent articles (from 2000 to 2017) were selected for 
the purpose of the preliminary analysis. The selection criteria include availability of full text, 
consideration of risks of cancer related to drinking water contamination, and studies undertaken 
within the selected geographical domain1. A search was also conducted for “microbial” and 
“chemicals” in drinking water; however, no further attempt was made to review those articles 
(See Table 1).  

                                                           
1 Studies conducted by the United States research institutions for other countries were not included. 
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Table 1: Literature search results [Databases: Web Science & EBSCOHost; Peer-reviewed 
article; Year of publication: 1980-2017] 

Search targets 

Total 
Search Results 

Reviewed for Preliminary 
Analysis* 

Canada USA Canada USA 
Drinking water and cancer  14 265 11 53 
Drinking water and microbial 34 162 Not Reviewed 
Drinking water and chemical 83 410 Not Reviewed 

* Note: Only most recent studies (from 2000 to 2017) that had full text and considered risks of cancer 
related to drinking water contamination were selected.  

The results of the preliminary analysis indicated that arsenic contamination and bladder cancer 
were by far the most common indicators (See Table 2). Population-based, case-control studies 
along with statistical regression was the most commonly applied approach for assessing the 
association between drinking water contamination and cancer. Other methods such as 
correlational and spatial analysis were also used in some cases. There were relatively few studies 
that considered other types of drinking water indicators such as disinfection bi-products (mainly 
nitrates, trihalomethanes, and tetrachloroethylenes) and other types of cancer (such as lung, 
breast and bone). The selected studies were then categorized into different themes and majority 
of them were focused on investigating the relationship between drinking water contamination 
and risk of cancer, and some studies were focused merely on water quality assessment (see 
Appendix Table 9).  

Table 2: Total number of studies for major drinking water indicators, cancer types, and study 
design/methods  

Water  
contaminants 

Number of  
Studies 

(Out of 64) 

Cancer  
types 

Number of 
studies 

(Out of 64) 

Methods/ 
design 

Number of  
Studies 

(Out of 64) 
Arsenic  26 Bladder  17 Population case-control 22 
Nitrates 7 Lung 6 Regression analysis 31 
Trihalomethanes 6 Skin  2 Correlation analysis 8 
Tetrachloroethylenes 2 Prostate 2 Spatial analysis 8 

Table 3 indicates that the arsenic studies are highly correlated with the bladder cancer studies, 
indicating that the majority of the selected studies considered the impact of arsenic in drinking 
water on bladder cancer. There are also some studies that considered the effect of arsenic on 
other types of cancers such as lung (Celik et al., 2008; Gibb et al., 2011; Dauphine et al., 2013; 
Lamm et al. 2015; Ferdosi et al., 2016; Mendez et al., 2017), prostate (Bulka et al., 2016; Roh et 
al., 2017) and skin (Knobeloch et al., 2006; Mayer & Goldman, 2016). 
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Table 3: Number of studies for major cancer types by major drinking water indicators 
Major cancer  
types 

Major drinking water indicators 
Arsenic Nitrates Trihalomethanes Bromide Radium Total 

Bladder cancer 12 2 2 1  17 
Lung cancer 6     6 
Skin cancer 2     2 
Prostate cancer  2     2 
Bone cancer      2 2 
Stomach cancer   2    2 
Colon cancer  1    1 

In 2002, the International Agency for research on Cancer (IARC) has concluded that arsenic in 
drinking water is the cause for an increased risk of cancer of bladder, lung, and skins in humans. 
Particularly, bladder cancer is known to be the seventh most frequent type of cancer in men in 
the world, with the highest incidence occurring in the United Sates and Western Europe (Meliker 
& Nriagu, 2007).    

Further examining only the arsenic studies from Table 2, major arsenic indicators and methods 
used for measuring the indicators were identified (See Table 4). The arsenic indicators can be 
grouped into three major categories: arsenic in drinking water, urinary arsenic and toenails 
arsenic.  

Table 4: Number of studies by arsenic indicators and measurement methods  
Arsenic (As) indicators Arsenic measurement methods 

1. Drinking water As: Count 1. Secondary data source: Count 
As concentration (µg/L) 22 Drinking water arsenic data 11 
As intake (µg/Day) 7 2. Direct measurement (laboratory analysis):   
As cumulative intake (mg) 2 Inductively coupled plasma-mass spectrometry 10 
2. Urinary As:  Hydride generation atomic absorption spectroscopy 2 
As concentration (µg/L) 4 Graphite furnace atomic absorption 1 
Arsenite (As[III]) 3 Instrumental neutron activation analysis 1 
Dimethylarsenic acid (DMA) 3 3. Prediction (modelling):  
Methylarsenic acid (MMA) 3 Statistical modelling  3 
Arsenate (As[V]) 2 Spatial modelling 1 
Arsenobetaine (AsB) 1 
3. Toenails As:  
As concentration (µg/L) 6 
4. Other indicators:  
Blood sample 1 
Other elements (Ca, Fe, Se, Zn) 1 
Number of years arsenic 
exceeds current limit 

1 

 
Different exposure metrics were used in each type of arsenic. Arsenic concentration in drinking 
water injection was the most common exposure metric. Other exposure metrics such as arsenic 
intake, and cumulative lifetime arsenic intake were also used in some cases. The use of urinary 
arsenic and toenails arsenic concentrations was relatively limited. The urinary arsenic are 
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breakdown into five arsenic species: Arsenite (As[III]), Dimethylarsenic acid (DMA), 
Methylarsenic acid (MMA), Methylarsenic acid (MMA), Arsenate (As[V]), and Arsenobetaine 
(AsB). Other indicators and metrics of arsenic exposure (e.g., blood sample, DNA repair, 
elements, and exposure year) were also used in a few cases.  

The methods used for measuring the arsenic level can be categorized into three major groups: (1) 
use of secondary data; (2) direct measurement; and (3) data modelling. Secondary data sources 
are a cost-effective way of gathering arsenic data, where researchers simply gather the arsenic 
measurement data from previously collected databases. Direct measurement involves collection 
of samples from study participants (e.g., water samples, urine samples, toenail samples) and 
analysis of the samples for the arsenic levels using laboratory facilities. In the data modelling 
approach, the arsenic levels are predicted based on historical arsenic data by using modelling 
software (e.g., statistical analysis, spatial analysis). This approach was rarely used in the 
reviewed studies.  

Secondary data sources and direct measurements were the most commonly used approaches. The 
secondary data sources were merely used for the arsenic concentration in drinking water. The 
direct measurement approach was used to measure the arsenic levels in drinking water as well as 
in urine and toenails. Different analytical methods were used to determine arsenic. The most 
commonly used method is inductively coupled plasma-mass spectrometry. Other laboratory 
analysis (e.g., hydride generation atomic absorption spectroscopy, graphite furnace atomic 
absorption spectroscopy, and neutron activation analysis) were also used in few cases. 
Assessment of arsenic in the laboratory involves three stages: extraction, arsenic determination, 
and detection (see Table 5). A detailed description of the analytical methods used in the three 
stages can be found in Sankararamakrishnan & Mishra (2018). 

The major arsenic detection methods used in the reviewed studies are briefly described below.  

• In the inductively coupled plasma technique, plasma is used to atomize and ionize all forms 
of arsenic in the acidified samples. This technique is used in conjunction with mass 
spectrometry (MS) or atomic emission spectrometry (AES) detectors. MS ionizes all forms 
of arsenic based on of their mass-to-charge ratio. AES measures characteristic of atomic-line 
emission spectra by optical spectroscopy and this technique provides a higher precision than 
the AES technique.  

• In the hydride generation atomic absorption spectroscopy, arsenic is vaporized by converting 
it into volatile hybrids.   

• In graphite furnace atomic absorption spectroscopy, a small sample is injected into a graphite 
tube and then heated using electric furnace to atomize arsenic.  

• In neutron activation analysis, arsenic is bombarded with neutrons to form radioactive 
nuclides which further decay via beta (β) and/or gamma (γ) emission. 
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Table 5:  Analytical methods used for determination of arsenic 
Phases Methods 

1. Arsenic extraction in environmental 
samples (e.g., water, food, soils) and 
biological samples (e.g., nails, urine, 
blood) 

• Liquid-Liquid  
• Microwave 
• Ultrasound 
• Cloud point 
• Enzymatic 

2. Arsenic determination • Anion Exchange Chromatographic 
• Cation Exchange Chromatographic 
• Reversed-Phase Chromatographic 
• Ion Exchange Chromatographic 
• Solid-Phase Extraction 
• Hydride Generation 
• Capillary Electrophoresis                 

3. Arsenic detection • Atomic Absorption Spectroscopy 
• Graphite Furnace Atomic Absorption 

Spectroscopy* 
• Hydride Generation Atomic Absorption 

Spectroscopy * 
• Inductively Coupled Plasma Atomic Emission 

Spectrometry 
• Inductively Coupled Plasma Atomic Mass 

Spectrometry* 
• Neutron Activation Analysis* 
• X-ray Absorption Near Edge Spectroscopy 
• X-ray Fluorescence 
• Cathodic Stripping Voltammetry 
• Anodic Stripping Voltammetry 
• Sensors  

*Note: methods that were used in the reviewed studies in Table 4 above.  
Source: Adopted from (Sankararamakrishnan & Mishra, 2018, p. 23)   

The choice of the method for detection of arsenic depends on several factors including detection 
limit, precision, cost-effectiveness, etc. The most commonly used arsenic detection methods in 
the United States are inductively coupled plasma mass spectrometry, graphite furnace atomic 
absorption spectrophotometer, and hydride generation atomic absorption spectrophotometer  
(Sankararamakrishnan & Mishra, 2018). The findings of our review confirmed that inductively 
coupled plasma mass spectrometry was the most commonly used method.  

Given the high interest in arsenic and bladder cancer, we further evaluated the studies that 
specifically considered the association between bladder cancer and arsenic in drinking water by 
selecting only 7 articles from Table 3 that closely match our selection criteria of using statistical 
analysis methods for assessing the association. The remaining 5 studies did not consider the 
association between bladder cancer and arsenic, and hence excluded from the analysis. 
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3. Bladder Cancer and Arsenic 
There is evidence that bladder cancer has a strong association with exposure to arsenic in 
drinking water at high concentrations (e.g., exceeding 300-500 μg/L) (Meliker & Nriagu, 2007; 
Christoforidou et al., 2013). However, the evidence at low-to-medium levels (e.g., 10-100 μg/L) 
is uncertain (Mink et al., 2008). This is, in part, because other sources of arsenic exposure (e.g., 
food, occupational hazards, and tobacco) and other potential causes of bladder cancer in drinking 
water (e.g., nitrates) can also affect bladder cancer. High arsenic concentration is largely 
prevalent in developing countries, where drinking water sources are exposed to high levels of 
arsenic through natural and anthropogenic sources, and there is lack of drinking water 
regulations (Christoforidou et al., 2013).  

All of the selected 7 studies used in our review were focused on the low-to-medium levels (<100 
μg/L) of arsenic. Only one study (Saint-Jacques et al., 2018) was conducted in Canada while the 
remaining six studies were undertaken in the USA (Steinmaus et al., 2003; Lamm et al., 2004; 
Meliker et al., 2010; Rivera-Núñez et al., 2012; Baris et al., 2016; Mendez et al., 2017). In the 
USA, studies used the Environmental Protection Agency’s current regulatory limit (10 µg/L) as a 
reference point. All studies used population-based, case-control of bladder cancer except Lamm 
et al. (2004) that used martality rate of bladder cancer. The cases were patients primarily 
diagnosed with bladder cancer and identified from hospitals or cancer registries. Controls were 
selected in such a way that the frequency matched to the cases by race, age, gender, etc. Data 
from cases and controls were collected through interviews, questionnaires and home visits. 

The major arsenic-related determinants of bladder cancer and their effects on bladder cancer are 
summarized in Table 6. The factors include both arsenic in drinking water and non-drinking 
water arsenic sources. The association between bladder cancer and exposure to the low-to-
medium arsenic in drinking water is inconsistent across studies. While studies that considered 
relatively large samples of arsenic (e.g., 10,498 and 31,000 samples) in drinking water found a 
statistically significant association between 1.5 and 10 µg/L (e.g., Mendez et al., 2017; Saint-
Jacques et al., 2018), other studies that considered relatively small arsenic samples (e.g., based 
on 181 cases and 320 controls of bladder cancer participants) found insignificant associations 
between 10-100 µg/L (e.g., Lamm et al., 2004; Meliker et al., 2010). 

Apart from the differences in the sample size, differences in the method of data analysis might 
contribute to the inconsistency of the findings. Methods range from a simple univariate analysis, 
considering only arsenic in drinking water (Lamm et al., 2004), to a complex multivariate 
analysis also considering confounding factors that influence the level of urinary arsenic and so 
bladder cancer (Steinmaus et al., 2003; Meliker et al., 2010; Rivera-Núñez et al., 2012; Baris et 
al., 2016; Mendez et al., 2017; Saint-Jacques et al., 2018). The studies that found significant 
associations used spatially structured Poisson regression analysis and/or controlled for the effects 
of confounding factors (e.g., Baris et al., 2016; Mendez et al., 2017; Saint-Jacques et al., 2018) 
while the studies that found insignificant associations used simple regression analysis and/or did 
not incorporate the effects of confounding factors (e.g., Lamm et al., 2004). 
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Table 6: Association between bladder cancer and arsenic in drinking water and confounding 
factors  

Factors  Effects on bladder cancer Studies 

1. Arsenic 
concentration 
in drinking 
water 

• No association between bladder cancer and 
exposure to arsenic levels 10-100 µg/L.  

• Bladder cancer risk increased with exposure 
to water arsenic levels <10 µg/L.  

(Lamm et al., 2004); 
(Meliker et al., 2010) 
(Mendez et al., 2017); 
(Saint-Jacques et al., 2018)  

2. Water intake • No association between bladder cancer and 
arsenic water intake >80 µg/Day. 

• Bladder cancer risk increased with arsenic 
water intake >2.2 µg/L. 

(Steinmaus et al., 2003) 
 
(Baris et al., 2016) 
 

3. Age of wells • Dug wells used pre-1960s have positive 
effect on bladder cancer.  

(Baris et al., 2016) 
 

4. Water sources • Private wells have positive effect. (Baris et al., 2016); 
(Steinmaus et al., 2003) 

5. Depth of well • Shallow wells have more apparent effect on 
bladder cancer than deep wells. 

(Baris et al., 2016) 
 

6. Smoking • No association with bladder cancer. 
• Bladder cancer risk associated with smoking. 

(Meliker et al., 2010) 
(Steinmaus et al., 2003) 

7. Diet  • Seafood intake correlated with urinary As.  
• Drinking water is important predictor of 

urinary As. 

(Rivera-Núñez et al., 2012) 
 

8. Exposure 
duration 

• Cumulative exposure to arsenic for 40+ 
years has a positive effect on bladder cancer. 

(Baris et al., 2016); 
(Steinmaus et al., 2003) 

The amount of water intake from tap water and beverages made with tap water (e.g., coffee, hot 
or iced tea) was found to be positively associated with bladder cancer; heavier water consumers 
have higher risks than that of lighter water consumer. In rural areas where arsenical pesticides 
(e.g., agricultural chemicals) were used historically, the age of the wells was found to be an 
important factor in predicting the arsenic levels in drinking water and so bladder cancer (Baris et 
al., 2016). The study of Baris et al. (2016) also indiciated that other attributes of drinking water 
such as source and depth of the wells play important role. Among private well users, the risk of 
bladder cancer was significant if well water was derived exclusively from shallow dug wells but 
not if well water was supplied only by deeper drilled wells (Baris et al., 2016).  

Smoking is an important confounding factor that contributes to the risk of bladder cancer but 
there is inconsistency among studies on the effect of smoking on bladder cancer. The study of 
Steinmaus et al. (2003) indicated that smokers exposed to drinking water arsenic for a long 
period are more likely to have higher risk of bladder cancer than non-smokers. On the other 
hand, Meliker et al. (2010) found no statistically significant correlation between smoking and 
bladder cancer. The study of Rivera-Núñez et al. (2012) predicted the determinants of urinary 
arsenic and found that arsenic intake from food items (e.g., seafood) was statistically significant 
in predicting urinary arsenic. Exposure to arsenic for a long period over lifetime (e.g., 40+ years) 
was significantly correlated with bladder cancer in the studies of Steinmaus et al. (2003) and 
Baris et al. (2016). 

The studies analyzed also varied in terms of considering the heterogeneity of the risk of bladder 
cancer associated with arsenic exposure across different demographic factors. The major 
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demographic factors used in the studies and their associations with bladder cancer are provided 
in Table 7. These demographic factors were collected from the population cases-controls of 
bladder cancer participants through interviews, questionnaires and home visits.  

Table 7: Major demographic factors and their associations with bladder cancer 
Factor Description Association with bladder cancer 
1. Gender • Male 

• Female 
• Risk of bladder cancer is higher in men 

than women (e.g., Baris et al., 2016; 
Mendez et al., 2017; Saint-Jacques et 
al., 2018) 

2. Education • Less than high school 
• College diploma 
• Bachelor degree or higher 

• Negatively associated with bladder 
cancer (Meliker et al., 2010; Baris et 
al., 2016; Mendez et al., 2017) 

3. Occupation • High risk occupation  
• Low risk occupation  

• High risk occupation is positively 
associated with bladder cancer (Meliker 
et al., 2010; Baris et al., 2016) 

4. Age  • <55 
• 65-74 
• 55-64 
• 75+ 

• Population older than 65 years are most 
strongly associated with bladder cancer 
rate (Mendez et al., 2017) 

5. Race • American Indian 
• Asian 
• Black 
• Hispanic 
• White 

• The risk of bladder cancer is lower in 
Hispanic than other races (Mendez et 
al., 2017) 

6. Groundwater 
dependence 

• Proportion of population served 
by public groundwater & 
domestic wells 

• Negatively associated with bladder 
cancer (Mendez et al., 2017) 

7. Income • Median family/household 
income 

• Positively associated with bladder 
cancer (Mendez et al., 2017) 

8. Residential 
mobility 

• Proportion of residents living in 
the same house for 5+years 

• Positively associated with bladder 
cancer (e.g., Mendez et al., 2017) 

9. Family 
history 

• Family history with cancer  
• Any French ancestry  

• Positively associated with bladder 
cancer (Meliker et al., 2010) 

10. Body mass 
index 

• <25 
• 25-30 
• 30+ 

• No significant difference in urine 
arsenic level among different body 
masses (Rivera-Núñez et al., 2012) 

11. Rural-urban 
indicator 

• Population density 
• Degree of urbanization 

• No significant effect on bladder cancer 
(Mendez et al., 2017) 

12. Material 
deprivation 

• Average income 
• Proportion of people with no 

high school diploma 
• Employment rate 

• No significant effect on bladder cancer 
(Saint-Jacques et al., 2018) 

13. Social 
deprivation 

• Proportion of 
separated/divorced/widowed 

• Proportion of persons living 
alone/single-parents 

• No significant effect on bladder cancer 
(Saint-Jacques et al., 2018) 
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The risk of bladder cancer was consistently higher in males than in females across studies (e.g., 
Baris et al., 2016; Mendez et al., 2017; Saint-Jacques et al., 2018). This evedince is consistent 
with the general studies in the world. The review of Meliker & Nriagu (2007) indicates that the 
worldwide ratio of occurrence of bladder cancer in men to women is around 7:2. The number of 
years spent on education was negatively correlated with risk of bladder cancer (e.g., Meliker et 
al., 2010; Baris et al., 2016; Mendez et al., 2017), suggesting that people with fewer years of 
schooling are more likely to have high risk of bladder cancer.  

The study of Meliker et al. (2010) and Baris et al. (2016) also indicated that exposure to high risk 
occupations (e.g., painting, aromatic amine manufacturing, working in leather factories, driving 
trucks) is strongly associated with the risk of bladder cancer. The study of Mendez et al. (2017) 
found that population older than 65 years are most strongly associated with bladder cancer. The 
study also found that the risk of bladder cancer is significantly lower in Hispaic than in whites or 
African Americans and for popluation that are largely dependent on groundwater, but higher for 
households with higher income and for people who live in the same house for five years or more. 
According to Meliker et al. (2010), people who have a family member diagosed with bladder 
cancer are also more likely to have a high risk of baldder cancer. The was no a statistically 
significant association discovered for the remaing demographic factors: body masss index 
(Rivera-Núñez et al., 2012), degree of urbanization (Mendez et al., 2017), and materical and 
social deprivation (Saint-Jacques et al., 2018).  

4. Lessons Learned  
The precision of the measurement of the association between bladder cancer and exposure to 
low-to-medium levels of arsenic in drinking water depends on the quality of the data and model 
specification considering:  

• sample sizes of arsenic measurements and case-control participants,  
• arsenic exposure metrics and measurement methods,  
• associated confounding factors, and  
• demographic factors.  

The quality of the related studies can theoretically be assessed using the criteria given in Table 8. 

Table 8: Quality criteria for evaluating case-control epidemiological studies  
1. Was the exposure assessed at the individual level? 
2. Was exposure assessed using a biomarker? 
3. Was the outcome based on objective tests in ≥90% of the study participants? 
4. Did the authors present internal comparisons within study participants? 
5. Did the authors control for potential confounding risk factors in addition to age? 
6. Did the authors control for the healthy worker effect? 
7. Was the data collected in a similar manner for all participants? 
8. Were the same exclusion criteria applied to all participants? 
9. Was the time period over which cases and non-cases were interviewed the same? 
10. Was the interviewer blinded with respect to the case status of the person interviewed? 
11. Was the response rate among non-cases at least 70%? 
12. Were all cases interviewed within 6 months of diagnosis? 
13. Was the study based on incident cases of disease? 
14. Were non-cases individuals who, had they developed the disease, been cases? 

Source: Adapted from (Celik et al., 2008) 
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The criteria were not directly applied in our analysis to systematically assess the quality of the 
selected studies. However, the following major lessons were learned from the reviewed studies.  

1. Finding as many representative samples of arsenic measurements and study participants as 
possible and correctly aligning the As measurements with the population case-control study 
participants. For example, as indicated in Table 8 (criterion # 11), the response rate among 
controls needs to be at least 70%.  

2. Considering different metrics of lifetime exposures to As in drinking water and analyzing 
their relationship with bladder cancer. The major exposure metrics used in the reviewed 
studies were: 
• Arsenic concentration in drinking water at home, work, and other places; 
• Arsenic intake in drinking water at home, work, and other places; 
• Cumulative arsenic intake; and 
• Number of years arsenic in drinking water exceed 10 µg/L. 

3. Incorporating other attributes of drinking water such as sources (surface, groundwater, 
public, private), depth of the wells, age of the well, change in water sources over time, use of 
filtration, mobility, etc.  

4. Finding appropriate data for non-drinking water sources of arsenic exposure (i.e., smoking, 
food and occupation) and controlling for their effects is also equally important. Controlling 
for the potential confounding risk factors is one of the quality criteria in Table 8 (criterion 
#5).  Food intake questionnaire (FIQ) is an important source of data used in the USA studies. 

5. Collection and analysis of urine samples and toenail samples from participants (cases-
controls of bladder cancer incidence) is a common practice of measuring the level of arsenic 
in the human body.  

6. Assessing the heterogeneity of the risk of bladder cancer across different demographic 
factors is a common practice in the epidemiological studies. There is evidence that bladder 
cancer occurs more often in men than women and the incidence rate among whites is higher 
than among Hispanic (see Table 7).  

7. The population case-control design was conducted using the incidence of bladder (recently 
diagnosed patients) and there was only one study that considered mortality rate of bladder 
cancer.   

8. The relationship between bladder cancer and arsenic was assessed using different types of 
regression analysis (linear, unconditional logistic, and poisson), where the dependent 
variables are odds ratio (RR), relative risk (RR), and standardized mortality ratio  (SMR);  
and the independent variables are the different arsenic metrics and covariates (i.e., 
confounding variables and demographic variables). The following were the common 
practices: 
• Applying natural logarithm transformation;  
• Stratification for confounding factors; 
• Adjustment for demographic factors and heterogeneity test; 
• Considering arsenic as a continuous as well as a categorical variable especially to 

compare the effect between low and medium levels; 
• Use SAS and R software for data analysis; and  
• Few recent studies applied spatial analysis (e.g., Bayesian spatially structured model) and 

used ArcGIS for geocoding the residence/occupation address of cases and controls to link 
with As data.  
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5. Conclusion 
Our review indicates that arsenic contamination and bladder cancer were the most commonly 
used operators for chemical contaminants and cancer in this research area. The association 
between bladder cancer and exposure to low-to-medium levels (e.g., 10-100 μg/L) of arsenic in 
drinking water was found to be inconsistent across studies. Studies that considered large arsenic 
samples and/or controlled for the confounding risk factors (e.g., smoking, high risk occupation) 
found statistically significant associations even in below 10 µg/L. On the other hand, studies that 
considered relatively small arsenic samples and/or did not control for the confounding factors 
found statistically insignificant associations in the range of 10-100 µg/L. In general, our review 
suggests that the association between bladder cancer and low-to-medium levels of arsenic in 
drinking water needs to be assessed by following appropriate quality criteria and using 
commonly applied study designs and methods. These include using population-based, case-
control design, considering different arsenic exposure metrics, incorporating large sample size, 
controlling for confounding risk factors, and adjusting for demographic covariates. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 



12 
 

6. References 

Cited References 

Baris, D., Waddell, R., Freeman, L. E. B., Schwenn, M., Colt, J. S., Ayotte, J. D., . . . Silverman, 
D. T. (2016). Elevated Bladder Cancer in Northern New England: The Role of Drinking 
Water and Arsenic. Jnci-Journal of the National Cancer Institute, 108(9). 
doi:10.1093/jnci/djw099 

Bulka, C. M., Jones, R. M., Turyk, M. E., Stayner, L. T., & Argos, M. (2016). Arsenic in 
drinking water and prostate cancer in Illinois counties: An ecologic study. Environmental 
Research, 148, 450-456. doi:10.1016/j.envres.2016.04.030 

Celik, I., Gallicchio, L., Boyd, K., Lam, T. K., Matanoski, G., Tao, X. G., . . . Alberg, A. J. 
(2008). Arsenic in drinking water and lung cancer: A systematic review. Environmental 
Research, 108(1), 48-55. doi:10.1016/j.envres.2008.04.001 

Christoforidou, E. P., Riza, E., Hadjistavrou, K., Stoltidi, M., Kastania, A. N., & Linos, A. 
(2013). Bladder cancer and arsenic through drinking water A systematic review of 
epidemiologic evidence.pdf. Journal of Environmental and Health, 48(14), 1764-1775. 
doi:10.1080/10934529.2013.823329 

Dauphine, D. C., Smith, A. H., Yuan, Y., Balmes, J. R., Bates, M. N., & Steinmaus, C. (2013). 
Case-Control Study of Arsenic in Drinking Water and Lung Cancer in California and 
Nevada. International Journal of Environmental Research and Public Health, 10(8), 
3310-3324. doi:10.3390/ijerph10083310 

Ferdosi, H., Dissen, E. K., Afari-Dwamena, N. A., Li, J., Chen, R. S., Feinleib, M., & Lamm, S. 
H. (2016). Arsenic in Drinking Water and Lung Cancer Mortality in the United States: 
An Analysis Based on US Counties and 30 Years of Observation (1950-1979). Journal of 
Environmental and Public Health. doi:10.1155/2016/1602929 

Gibb, H., Haver, C., Gaylor, D., Ramasamy, S., Lee, J. S., Lobdell, D., . . . Sams, R. (2011). 
Utility of Recent Studies to Assess the National Research Council 2001 Estimates of 
Cancer Risk from Ingested Arsenic. Environmental Health Perspectives, 119(3), 284-
290. doi:10.1289/ehp.1002427 

Lamm, S. H., Engel, A., Kruse, M. B., Feinleib, M., Byrd, D. M., Shenghan, L., & Wilson, R. 
(2004). Arsenic in Drinking Water and Bladder Cancer Mortality in the United States: An 
Analysis Based on 133 U.S. Counties and 30 Years of Observation. Journal of 
Occupational & Environmental Medicine, 46(3), 298-306. 
doi:10.1097/01.jom.0000116801.67556.8f 

Lamm, S. H., Ferdosi, H., Dissen, E. K., Li, J., & Ahn, J. (2015). A Systematic Review and 
Meta-Regression Analysis of Lung Cancer Risk and Inorganic Arsenic in Drinking 
Water. International Journal of Environmental Research and Public Health, 12(12), 
15498-15515. doi:10.3390/ijerph121214990 

Knobeloch, L. M., Zierold, K. M., & Anderson, H. A. (2006). Association of arsenic-
cantaminated drinking-water with prevalence of skin cancer in Wisconsin's Fox River 
Valley. Journal of Health Population and Nutrition, 24(2), 206-213.  

Mayer, J. E., & Goldman, R. H. (2016). Arsenic and skin cancer in the USA: the current 
evidence regarding arsenic-contaminated drinking water. International Journal of 
Dermatology, 55(11), E585-E591. doi:10.1111/ijd.13318 



13 
 

Meliker, J. R., & Nriagu, J. O. (2007). Arsenic in drinking water and bladder cancer: review of 
epidemiological evidence. In P. Bhattacharya, A. B. Mukherjee, J. Bundschuh, R. 
Zevenhoven, & R. H. Loeppert (Eds.), Arsenic in Soil and Groundwater Environment: 
Biogeochemical Interactions, Health Effects and Remediation (Vol. 9, pp. 551-584). 
Amsterdam: Elsevier Science Bv. 

Meliker, J. R., Slotnick, M. J., AvRuskin, G. A., Schottenfeld, D., Jacquez, G. M., Wilson, M. 
L., . . . Nriagu, J. O. (2010). Lifetime exposure to arsenic in drinking water and bladder 
cancer: a population-based case-control study in Michigan, USA. Cancer Causes & 
Control, 21(5), 745-757. doi:10.1007/s10552-010-9503-z 

Mendez, W. M., Eftim, S., Cohen, J., Warren, I., Cowden, J., Lee, J. S., & Sams, R. (2017). 
Relationships between arsenic concentrations in drinking water and lung and bladder 
cancer incidence in US counties. Journal of Exposure Science and Environmental 
Epidemiology, 27(3), 235-243. doi:10.1038/jes.2016.58 

Murphy, H. M., Thomas, M. K., Schmidt, P. J., Medeiros, D. T., McFadyen, S., & Pintar, K. D. 
M. (2016). Estimating the burden of acute gastrointestinal illness due to Giardia, 
Cryptosporidium, Campylobacter, E. coli O157 and norovirus associated with private 
wells and small water systems in Canada. Epidemiology & Infection, 144(7), 1355-1370. 
doi:10.1017/S0950268815002071 

Rivera-Núñez et al. (2012). Urinary arsenic species, toenail arsenic, and arsenic intake estimates 
in a Michigan population with low levels of arsenic in drinking water. Journal of 
Exposure Science & Environmental Epidemiology, 22(2), 182-190. 
doi:10.1038/jes.2011.27 

Roh, T., Lynch, C. F., Weyer, P., Wang, K., Kelly, K. M., & Ludewig, G. (2017). Low-level 
arsenic exposure from drinking water is associated with prostate cancer in Iowa. 
Environmental Research, 159, 338-343. doi:10.1016/j.envres.2017.08.026 

Ruckart, P. Z., Bove, F. J., Shanley, E., & Maslia, M. (2015). Evaluation of contaminated 
drinking water and male breast cancer at Marine Corps Base Camp Lejeune, North 
Carolina: a case control study. Environmental Health, 14. doi:10.1186/s12940-015-0061-
4 

OECD/WHO. (2003). Assessing Microbial Safety of Drinking Water: OECD Publishing, Paris. 
Saint-Jacques, N., Brown, P., Nauta, L., Boxall, J., Parker, L., & Dummer, T. J. B. (2018). 

Estimating the risk of bladder and kidney cancer from exposure to low-levels of arsenic 
in drinking water, Nova Scotia, Canada. Environment International, 110, 95-104. 
doi:10.1016/j.envint.2017.10.014 

Sankararamakrishnan, N., & Mishra, S. (2018). A Comprehensive Review on Various Analytical 
Methods for the Determination of Inorganic and Organic Arsenic in Environmental 
Samples. In Environmental Contaminants (pp. 21-41). 

Steinmaus et al. (2003). Case-control study of bladder cancer and drinking water arsenic in the 
Western United States. American Journal of Epidemiology, 158(12), 1193-1201. 
doi:10.1093/aje/kwg281 

 

 

 



14 
 

Selected References in Canada  

Adamowicz, W., Dupont, D., Krupnick, A., & Zhang, J. (2011). Valuation of cancer and 
microbial disease risk reductions in municipal drinking water: An analysis of risk context 
using multiple valuation methods. Journal of Environmental Economics and 
Management, 61(2), 213-226. doi:10.1016/j.jeem.2010.10.003 

Charrois, J. W. A., Boyd, J. M., Froese, K. L., & Hrudey, S. E. (2007). Occurrence of N-
nitrosamines in Alberta public drinking-water distribution systems. Journal of 
Environmental Engineering & Science, 6(1), 103-114. doi:10.1139/S06-031 

Chowdhury, S., Rodriguez, M. J., & Sadiq, R. (2011). Disinfection byproducts in Canadian 
provinces: Associated cancer risks and medical expenses. Journal of Hazardous 
Materials, 187(1-3), 574-584. doi:10.1016/j.jhazmat.2011.01.085 

Driedger, S. M., & Eyles, J. (2003). Charting uncertainty in science-policy discourses: the 
construction of the chlorinated drinking-water issue and cancer. Environment & Planning 
C: Government & Policy, 21(3), 429.  

Driedger, S. M., Eyles, J., Elliott, S. D., & Cole, D. C. (2002). Constructing Scientific 
Authorities: Issue Framing of Chlorinated Disinfection Byproducts in Public Health. Risk 
Analysis: An International Journal, 22(4), 789-802.  

Gagnon, F., Lampron-Goulet, É., Normandin, L., & Langlois, M.-F. (2016). Measurements of 
Arsenic in the Urine and Nails of Individuals Exposed to Low Concentrations of Arsenic 
in Drinking Water From Private Wells in a Rural Region of Québec, Canada. Journal of 
Environmental Health, 78(6), 76-83.  

Maqsood, I., Li, J., Huang, G., & Huang, Y. (2005). Simulation-based risk assessment of 
contaminated sites under remediation scenarios, planning periods, and land-use patterns-a 
Canadian case study. Stochastic Environmental Research & Risk Assessment, 19(2), 146-
157. doi:10.1007/s00477-004-0222-4 

Saint-Jacques, N., Brown, P., Nauta, L., Boxall, J., Parker, L., & Dummer, T. J. B. (2018). 
Estimating the risk of bladder and kidney cancer from exposure to low-levels of arsenic 
in drinking water, Nova Scotia, Canada. Environment International, 110, 95-104. 
doi:10.1016/j.envint.2017.10.014 

Wang, W., Ye, B., Yang, L., Li, Y., & Wang, Y. (2007). Risk assessment on disinfection by-
products of drinking water of different water sources and disinfection processes. 
Environment International, 33(2), 219-225. doi:10.1016/j.envint.2006.09.009 

Yuan-Yuan, Z., Boyd, J., Hrudey, S. E., & Xing-Fang, L. (2006). Characterization of New 
Nitrosamines in Drinking Water Using Liquid Chromatography Tandem Mass 
Spectrometry. Environmental Science & Technology, 40(24), 7636-7641.  

Zamora, M. L. L., Zielinski, J. M., Moodie, G. B., Falcomer, R. A. F., Hunt, W. C., & Capello, 
K. (2009). Uranium in Drinking Water: Renal Effects of Long-Term Ingestion by an 
Aboriginal Community. Archives of Environmental & Occupational Health, 64(4), 228-
241.  

 

 

 



15 
 

Selected References in the United States 

Adams, S. V., Barrick, B., Christopher, E. P., Shafer, M. M., Song, X., Vilchis, H., . . . Ulery, A. 
(2016). Urinary heavy metals in Hispanics 40–85 years old in Doña Ana County, New 
Mexico. Archives of Environmental & Occupational Health, 71(6), 338-346. 
doi:10.1080/19338244.2015.1129301 

Andrew, A. S., Burgess, J. L., Meza, M. M., Demidenko, E., Waugh, M. G., Hamilton, J. W., & 
Karagas, M. R. (2006). Arsenic exposure is associated with decreased DNA repair in 
vitro and in individuals exposed to drinking water arsenic. Environmental Health 
Perspectives, 114(8), 1193-1198.  

Baris, D., Waddell, R., Freeman, L. E. B., Schwenn, M., Colt, J. S., Ayotte, J. D., . . . Silverman, 
D. T. (2016). Elevated Bladder Cancer in Northern New England: The Role of Drinking 
Water and Arsenic. Jnci-Journal of the National Cancer Institute, 108(9). 
doi:10.1093/jnci/djw099 

Berdasco, N. A. M., & McCready, D. (2011). Risk Assessment and Class-Based Evaluation of 
Three Phosphate Esters. Human & Ecological Risk Assessment, 17(2), 367-380. 
doi:10.1080/10807039.2011.552394 

Bove, G. E., Rogerson, P. A., & Vena, J. E. (2007). Case-Control Study of the Effects of 
Trihalomethanes on Urinary Bladder Cancer Risk. Archives of Environmental & 
Occupational Health, 62(1), 39-47.  

Browne, M. L., Varadarajulu, D., Lewis-Michl, E. L., & Fitzgerald, E. F. (2005). Cancer 
incidence and asbestos in drinking water, Town of Woodstock, New York, 1980-1998. 
Environmental Research, 98(2), 224-232. doi:10.1016/j.envres.2004.07.017 

Bulka, C. M., Jones, R. M., Turyk, M. E., Stayner, L. T., & Argos, M. (2016). Arsenic in 
drinking water and prostate cancer in Illinois counties: An ecologic study. Environmental 
Research, 148, 450-456. doi:10.1016/j.envres.2016.04.030 

Bunnell, J. E., Tatu, C. A., Bushon, R. N., Stoeckel, D. M., Brady, A. M. G., Beck, M., . . . 
Orem, W. H. (2006). Possible linkages between lignite aquifers, pathogenic microbes, 
and renal pelvic cancer in northwestern Louisiana, USA. Environmental Geochemistry & 
Health, 28(6), 577-587. doi:10.1007/s10653-006-9056-y 

Celik, I., Gallicchio, L., Boyd, K., Lam, T. K., Matanoski, G., Tao, X. G., . . . Alberg, A. J. 
(2008). Arsenic in drinking water and lung cancer: A systematic review. Environmental 
Research, 108(1), 48-55. doi:10.1016/j.envres.2008.04.001 

Chae, H.-S., You, B. H., Song, J., Ko, H. W., Choi, Y. H., & Chin, Y.-W. (2017). Mangosteen 
Extract Prevents Dextran Sulfate Sodium-Induced Colitis in Mice by Suppressing NF- κB 
Activation and Inflammation. Journal of Medicinal Food, 20(8), 727-733. 
doi:10.1089/jmf.2017.3944 

Dauphine, D. C., Smith, A. H., Yuan, Y., Balmes, J. R., Bates, M. N., & Steinmaus, C. (2013). 
Case-Control Study of Arsenic in Drinking Water and Lung Cancer in California and 
Nevada. International Journal of Environmental Research and Public Health, 10(8), 
3310-3324. doi:10.3390/ijerph10083310 

Ferdosi, H., Dissen, E. K., Afari-Dwamena, N. A., Li, J., Chen, R. S., Feinleib, M., & Lamm, S. 
H. (2016). Arsenic in Drinking Water and Lung Cancer Mortality in the United States: 
An Analysis Based on US Counties and 30 Years of Observation (1950-1979). Journal of 
Environmental and Public Health. doi:10.1155/2016/1602929 

Gallagher, L. G., Vieira, V. M., Ozonoff, D., Webster, T. F., & Aschengrau, A. (2011). Risk of 
breast cancer following exposure to tetrachloroethylene-contaminated drinking water in 



16 
 

Cape Cod, Massachusetts: reanalysis of a case-control study using a modified exposure 
assessment. Environmental Health: A Global Access Science Source, 10(Suppl 1), 47-63. 
doi:10.1186/1476-069X-10-47 

Gallagher, L. G., Webster, T. F., Aschengrau, A., & Vieira, V. M. (2010). Using residential 
history and groundwater modeling to examine drinking water exposure and breast cancer. 
Environmental Health Perspectives, 118(6), 749-755. doi:10.1289/ehp.0901547 

Gibb, H., Haver, C., Gaylor, D., Ramasamy, S., Lee, J. S., Lobdell, D., . . . Sams, R. (2011). 
Utility of Recent Studies to Assess the National Research Council 2001 Estimates of 
Cancer Risk from Ingested Arsenic. Environmental Health Perspectives, 119(3), 284-
290. doi:10.1289/ehp.1002427 

Graziano, N., McGuire, M. J., Roberson, A., Adams, C., Hua, J., & Blute, N. (2006). 2004 
National Atrazine Occurrence Monitoring Program Using the Abraxis ELISA Method. 
Environmental Science & Technology, 40(4), 1163-1171.  

Haddock, R. L., Olson, D. R., Backer, L., & Malilay, J. (2016). Urolithiasis, Urinary Cancer, and 
Home Drinking Water Source in the United States Territory of Guam, 2006-2010. 
International Journal of Environmental Research and Public Health, 13(6). 
doi:10.3390/ijerph13060523 

Heck, J. E., Andrew, A. S., Onega, T., Rigas, J. R., Jackson, B. P., Karagas, M. R., & Duell, E. J. 
(2009). Lung Cancer in a U.S. Population with Low to Moderate Arsenic Exposure. 
Environmental Health Perspectives, 117(11), 1718-1723. doi:10.1289/ehp.0900566 

Hightower, J. M., Dalessandri, K. M., Pope, K., Hernández, G. T., & Hernández, G. T. (2017). 
Low 25-Hydroxyvitamin D and Myofascial Pain: Association of Cancer, Colon Polyps, 
and Tendon Rupture. Journal of the American College of Nutrition, 36(6), 455-461. 
doi:10.1080/07315724.2017.1320951 

Jones, R. R., Weyer, P. J., DellaValle, C. T., Inoue-Choi, M., Anderson, K. E., Cantor, K. P., . . . 
Ward, M. H. (2016). Nitrate from Drinking Water and Diet and Bladder Cancer Among 
Postmenopausal Women in Iowa. Environmental Health Perspectives, 124(11), 1751-
1758. doi:10.1289/EHP191 

Knobeloch, L. M., Zierold, K. M., & Anderson, H. A. (2006). Association of arsenic-
cantaminated drinking-water with prevalence of skin cancer in Wisconsin's Fox River 
Valley. Journal of Health Population and Nutrition, 24(2), 206-213.  

Kogevinas, M., Villanueva, C. M., Font-Ribera, L., Liviac, D., Bustamante, M., Espinoza, F., . . . 
Marcos, R. (2010). Genotoxic effects in swimmers exposed to disinfection by-products in 
indoor swimming pools. Environmental Health Perspectives, 118(11), 1531-1537. 
doi:10.1289/ehp.1001959 

Kumar, A., Adak, P., Gurian, P. L., & Lockwood, J. R. (2010). Arsenic exposure in US public 
and domestic drinking water supplies: A comparative risk assessment. Journal of 
Exposure Science & Environmental Epidemiology, 20(3), 245-254. 
doi:10.1038/jes.2009.24 

Lakind, J. S., Naiman, D. Q., Hays, S. M., Aylward, L. L., & Blount, B. C. (2010). Public health 
interpretation of trihalomethane blood levels in the United States: NHANES 1999–2004. 
Journal of Exposure Science & Environmental Epidemiology, 20(3), 255-262. 
doi:10.1038/jes.2009.35 

Lamm, S. H., Ferdosi, H., Dissen, E. K., Li, J., & Ahn, J. (2015). A Systematic Review and 
Meta-Regression Analysis of Lung Cancer Risk and Inorganic Arsenic in Drinking 
Water. International Journal of Environmental Research and Public Health, 12(12), 



17 
 

15498-15515. doi:10.3390/ijerph121214990 
Lisa, G. G., Thomas, F. W., Ann, A., & Verónica, M. V. (2010). Using Residential History and 

Groundwater Modeling to Examine Drinking Water Exposure and Breast Cancer. 
Environmental Health Perspectives, 118(6), 749-755. doi:10.1289/ehp.0901547 

Liu-Mares, W., MacKinnon, J. A., Sherman, R., Fleming, L. E., Rocha-Lima, C., Hu, J. J., & 
Lee, D. J. (2013). Pancreatic cancer clusters and arsenic-contaminated drinking water 
wells in Florida. Bmc Cancer, 13. doi:10.1186/1471-2407-13-111 

Mayer, J. E., & Goldman, R. H. (2016). Arsenic and skin cancer in the USA: the current 
evidence regarding arsenic-contaminated drinking water. International Journal of 
Dermatology, 55(11), E585-E591. doi:10.1111/ijd.13318 

McElroy, J. A., Gangnon, R. E., Newcomb, P. A., Kanarek, M. S., Anderson, H. A., Brook, J. 
V., . . . Remington, P. L. (2007). Risk of breast cancer for women living in rural areas 
from adult exposure to atrazine from well water in Wisconsin. Journal of Exposure 
Science & Environmental Epidemiology, 17(2), 207-214. doi:10.1038/sj.jes.7500511 

McElroy, J. A., Trentham-Dietz, A., Gangnon, R. E., Hampton, J. M., Bersch, A. J., Kanarek, M. 
S., & Newcomb, P. A. (2008). Nitrogen-nitrate exposure from drinking water and 
colorectal cancer risk for rural women in Wisconsin, USA. Journal of Water and Health, 
6(3), 399-409. doi:10.2166/wh.2008.048 

Mei, S., Lopez-Velandia, C., & Knappe, D. R. U. (2016). Determination of 1,4-Dioxane in the 
Cape Fear River Watershed by Heated Purge-and-Trap Preconcentration and Gas 
Chromatography-Mass Spectrometry. Environmental Science & Technology, 50(5), 
2246-2254. doi:10.1021/acs.est.5b05875 

Meliker, J., Slotnick, M., Avruskin, G., Haack, S., & Nriagu, J. (2009). Influence of groundwater 
recharge and well characteristics on dissolved arsenic concentrations in southeastern 
Michigan groundwater. Environmental Geochemistry & Health, 31(1), 147-157. 
doi:10.1007/s10653-008-9173-x 

Meliker, J. R., Goovaerts, P., Jacquez, G. M., & Nriagu, J. O. (2010). Incorporating Individual-
Level Distributions of Exposure Error in Epidemiologic Analyses: An Example Using 
Arsenic in Drinking Water and Bladder Cancer. Annals of Epidemiology, 20(10), 750-
758. doi:10.1016/j.annepidem.2010.06.012 

Meliker, J. R., & Nriagu, J. O. (2007). Arsenic in drinking water and bladder cancer: review of 
epidemiological evidence. In P. Bhattacharya, A. B. Mukherjee, J. Bundschuh, R. 
Zevenhoven, & R. H. Loeppert (Eds.), Arsenic in Soil and Groundwater Environment: 
Biogeochemical Interactions, Health Effects and Remediation (Vol. 9, pp. 551-584). 

Meliker, J. R., Slotnick, M. J., AvRuskin, G. A., Kaufmann, A., Jacquez, G. M., & Nriagu, J. O. 
(2005). Improving exposure assessment in environmental epidemiology: Application of 
spatio-temporal visualization tools. Journal of Geographical Systems, 7(1), 49-66. 
doi:10.1007/s10109-005-0149-4 

Meliker, J. R., Slotnick, M. J., AvRuskin, G. A., Schottenfeld, D., Jacquez, G. M., Wilson, M. 
L., . . . Nriagu, J. O. (2010). Lifetime exposure to arsenic in drinking water and bladder 
cancer: a population-based case-control study in Michigan, USA. Cancer Causes & 
Control, 21(5), 745-757. doi:10.1007/s10552-010-9503-z 

Mendez, W. M., Eftim, S., Cohen, J., Warren, I., Cowden, J., Lee, J. S., & Sams, R. (2017). 
Relationships between arsenic concentrations in drinking water and lung and bladder 
cancer incidence in US counties. Journal of Exposure Science and Environmental 
Epidemiology, 27(3), 235-243. doi:10.1038/jes.2016.58 



18 
 

Mink, P. J., Alexander, D. D., Barraj, L. M., Kelsh, M. A., & Tsuji, J. S. (2008). Low-level 
arsenic exposure in drinking water and bladder cancer: A review and meta-analysis. 
Regulatory Toxicology and Pharmacology, 52(3), 299-310. 
doi:10.1016/j.yrtph.2008.08.010 

Nuckols, J. R., Freeman, L. E. B., Lubin, J. H., Airola, M. S., Baris, D., Ayotte, J. D., . . . Cantor, 
K. P. (2011). Estimating Water Supply Arsenic Levels in the New England Bladder 
Cancer Study...[corrected] [published erratum appears in ENVIRON HEALTH 
PERSPECT 2011; 119(12):A509]. Environmental Health Perspectives, 119(9), 1279-
1285. doi:10.1289/ehp.1002345 

Pratson, E., Vengosh, A., Dwyer, G., Pratson, L., & Klein, E. (2010). The Effectiveness of 
Arsenic Remediation from Groundwater in a Private Home. Ground Water Monitoring & 
Remediation, 30(1), 87-93. doi:10.1111/j.1745-6592.2009.01269.x 

Regli, S., Chen, J., Messner, M., Elovitz, M. S., Letkiewicz, F. J., Pegram, R. A., . . . Wright, J. 
M. (2015). Estimating Potential Increased Bladder Cancer Risk Due to Increased 
Bromide Concentrations in Sources of Disinfected Drinking Waters. Environmental 
Science & Technology, 49(22), 13094-13102. doi:10.1021/acs.est.5b03547 

Riederer, A. M., Dhingra, R., Blount, B. C., & Steenland, K. (2014). Predictors of Blood 
Trihalomethane Concentrations in NHANES 1999–2006. Environmental Health 
Perspectives, 122(7), 695-702. doi:10.1289/ehp.1306499 

Rivera-Núñez et al. (2012). Urinary arsenic species, toenail arsenic, and arsenic intake estimates 
in a Michigan population with low levels of arsenic in drinking water. Journal of 
Exposure Science & Environmental Epidemiology, 22(2), 182-190. 
doi:10.1038/jes.2011.27 

Roh, T., Lynch, C. F., Weyer, P., Wang, K., Kelly, K. M., & Ludewig, G. (2017). Low-level 
arsenic exposure from drinking water is associated with prostate cancer in Iowa. 
Environmental Research, 159, 338-343. doi:10.1016/j.envres.2017.08.026 

Ruckart, P. Z., Bove, F. J., & Maslia, M. (2013). Evaluation of exposure to contaminated 
drinking water and specific birth defects and childhood cancers at Marine Corps Base 
Camp Lejeune, North Carolina: a case-control study. Environmental Health, 12. 
doi:10.1186/1476-069x-12-104 

Ruckart, P. Z., Bove, F. J., Shanley, E., & Maslia, M. (2015). Evaluation of contaminated 
drinking water and male breast cancer at Marine Corps Base Camp Lejeune, North 
Carolina: a case control study. Environmental Health, 14. doi:10.1186/s12940-015-0061-
4 

Scott, C. S., & Chiu, W. A. (2006). Trichloroethylene Cancer Epidemiology: A Consideration of 
Select Issues. Environmental Health Perspectives, 114(9), 1471-1478. 
doi:10.1289/ehp.8949 

Sedman, R. M., Beaumont, J., McDonald, T. A., Reynolds, S., Krowech, G., & Howd, R. (2006). 
Review of the Evidence Regarding the Carcinogenicity of Hexavalent Chromium in 
Drinking Water. Journal of Environmental Science & Health, Part C -- Environmental 
Carcinogenesis & Ecotoxicology Reviews, 24(1), 155-182. 
doi:10.1080/10590500600614337 

Shiber, J. (2005). Arsenic in domestic well water and health in central appalachia, USA. Water, 
Air & Soil Pollution, 160(1-4), 327-341. doi:10.1007/s11270-005-2832-y 

Slotnick, M. J., Meliker, J. R., Kannan, S., & Nriagu, J. O. (2008). Effects of nutritional 
measures on toenail arsenic concentration as a biomarker of arsenic exposure. 



19 
 

Biomarkers, 13(5), 451-466. doi:10.1080/13547500802029050 
Slotnick, M. J., Meliker, J. R., & Nriagu, J. O. (2008). Intra-individual variability in toenail 

arsenic concentrations in a Michigan population, USA. Journal of Exposure Science & 
Environmental Epidemiology, 18(2), 149-157. doi:10.1038/sj.jes.7500569 

Steinmaus, C., Bates, M. N., Yan, Y., Kalman, D., Atallah, R., Rey, O. A., . . . Smith, A. H. 
(2006). Arsenic Methylation and Bladder Cancer Risk in Case-Control Studies in 
Argentina and the United States. Journal of Occupational & Environmental Medicine, 
48(5), 478-488. doi:10.1097/01.jom.0000200982.28276.70 

Steinmaus, C., Carrigan, K., Kalman, D., Atallah, R., Yuan, Y., & Smith, A. H. (2005). Dietary 
intake and arsenic methylation in a U.S. population. Environmental Health Perspectives, 
113(9), 1153-1159.  

Steinmaus, C. M., Yuan, Y., & Smith, A. H. (2005). The temporal stability of arsenic 
concentrations in well water in western Nevada. Environmental Research, 99(2), 164-
168. doi:10.1016/j.envres.2004.10.003 

Vieira, V., Aschengrau, A., & Ozonoff, D. (2005). Impact of tetrachloroethylene-contaminated 
drinking water on the risk of breast cancer: Using a dose model to assess exposure in a 
case-control study. Environmental Health: A Global Access Science Source, 4, 3-7. 
doi:10.1186/1476-069X-4-3 

Ward, M. H., deKok, T. M., Levallois, P., Brender, J., Gulis, G., Nolan, B. T., & VanDerslice, J. 
(2005). Workgroup report: drinking-water nitrate and health--recent findings and research 
needs. Environmental Health Perspectives, 113(11), 1607-1614.  

Ward, M. H., Heineman, E. F., Markin, R. S., Weisenburger, D. D., Ward, M. H., Heineman, E. 
F., . . . Weisenburger, D. D. (2008). Adenocarcinoma of the stomach and esophagus and 
drinking water and dietary sources of nitrate and nitrite. International Journal of 
Occupational & Environmental Health, 14(3), 193-197.  

Weyer, P. J., Smith, B. J., Zhen-Fang, F., Kantamneni, J. R., & Riley, D. G. (2006). Comparison 
of Nitrate Levels in Raw Water and Finished Water from Historical Monitoring Data on 
Iowa Municipal Drinking Water Supplies. Environmental Monitoring & Assessment, 
116(1-3), 81-90. doi:10.1007/s10661-006-7228-y 

Xuefeng, R., McHale, C. M., Skibola, C. F., Smith, A. H., Smith, M. T., & Luoping, Z. (2011). 
An Emerging Role for Epigenetic Dysregulation in Arsenic Toxicity and Carcinogenesis. 
Environmental Health Perspectives, 119(1), 11-19. doi:10.1289/ehp.1002114 

Zirkle, K. W., Nolan, B. T., Jones, R. R., Weyer, P. J., Ward, M. H., & Wheeler, D. C. (2016). 
Assessing the relationship between groundwater nitrate and animal feeding operations in 
Iowa (USA). Science of the Total Environment, 566, 1062-1068. 
doi:10.1016/j.scitotenv.2016.05.130 

 

 

 

 

 

 

 



20 
 

7. Appendix 
Table 9: Number of reviewed studies by research topic/theme 
Study themes Number of studies  
Relationship between water quality and cancer 50 
Water quality assessment 8 
Guidelines for drinking water and cancer 2 
Relationship between water sources and cancer 1 
Relationship between wells and water quality 1 
Relationship between livestock operation and water quality 1 
Health and environmental impact assessment 1 
Total 64 
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