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General Abstract 

This research, titled as “Investigating the association between Nitrate in drinking water 

and the incidence of respiratory diseases in California, USA” is conducted by Hamed 

Gharibi under the supervision of Prof. Ricardo Cisneros in the University of California 

Merced in the year 2022. This is the first study on the effect of Nitrate on the health 

of people with focusing on respiratory diseases.  

California, the leading US state in agricultural activity, produces nearly 400 commodities 

(more than 30% of the country’s vegetables and 60% of the country’s fruits and nuts); the 

abundance of agricultural activity in this state has resulted in the increased application of 

Nitrogen fertilizers. The application of such fertilizers over decades resulted in leaching of 

nitrate to the water resources in California. Previous studies reported that California has 

the highest mean concentration of Nitrate over the maximum contaminant level (MCL) in 

drinking water, compared to all other states in the US. In addition, it is found that the 

greatest average annual number of people served by systems in violation of nitrate standard 

level is in California. The MCL for nitrate in the public drinking water is 45 mg/l-NO3 or 

10 mg/l-N; however, this MCL is aimed to protect infants from methemoglobinemia and it 

is not for protecting people from other possible diseases in relation with long-term exposure 

to nitrate.  

According to the statistics released by State Water Resources Control Board, the highest 

number of violations happened in San Bernardino (1021 times), Los Angeles (945 times), 

Fresno (729 times), San Diego (173 times), Kern (147 times), Stanislaus (123 times), 

Riverside (115 times), Santa Clara (86 times) and Ventura (80 times). Based on the total 
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population served in each county, Los Angeles (population served: 6,972,171), San Diego 

(1,727,098), San Bernardino (1,477,920) and Fresno (731,215) has the greatest average 

number of people served by systems in violation. Most of the violations occurred after year 

2000; in other words, 46.41%, 33.00% and 14.79% of the violations in the California, USA 

occurred between 2010 to 2015, 2005 to 2009 and 2000 to 2004, respectively.    

There have been a few numbers of animal studies on the effect of nitrate on the lungs. In 

these studies, a correlation was found between nitrate in drinking water and the high 

methemoglobin levels, and pathologic changes in bronchi and lung parenchyma; namely, 

frequent dilation of bronchi with lymphocytic infiltration; atrophy of mucosa and muscles; 

frequent purulent bronchial exudates and interstitial round cell infiltration; and fibrosis at 

certain areas. The health effects of Nitrate is related to its concentration in the drinking 

water and also the formation of reactive free radicals of nitric oxide (NO·) and oxygen (O·). 

There are few studies focusing on the association between Nitrate in drinking water and 

the incidence of respiratory diseases around the world. In this study, it is aimed to apply 

different methods, namely, generalized linear model (GLM) of Poisson family (a 

population-based study), and Decision Trees (DT) to evaluate the association between 

Nitrate in drinking water and the incidence of respiratory diseases in California from 2005 

to 2015.  
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Introduction 

California, the leading US state in agricultural activity, produces nearly 400 commodities 

(more than 30% of the country’s vegetables and 60% of the country’s fruits and nuts); the 

abundance of agricultural activity in this state has resulted in the increased application of 

Nitrogen fertilizers (CDFA, 2018). The application of such fertilizers over decades resulted 

in leaching of nitrate to the water resources in California (Harter et al., 2012; Pennino et 

al., 2017). Previous studies reported that California has the highest mean concentration of 

Nitrate over the maximum contaminant level (MCL) in drinking water, compared to all 

other states in the US (Pennino et al., 2017). In addition, it is found that the greatest average 

annual number of people served by systems in violation of nitrate standard level is in 

California (Pennino et al., 2017). The MCL for nitrate in the public drinking water is 45 

mg/l-NO3 or 10 mg/l-N (USEPA, 2018); however, this MCL is aimed to protect infants 

from methemoglobinemia and it is not for protecting people from other possible diseases 

in relation with long-term exposure to nitrate (Ward et al., 2018). California, with a 

population around 39 million in 2015, is the most populated state in America. 

Once nitrate entered the human body, it can be absorbed readily by upper gastrointestinal 

tract and end up in the blood stream and then saliva glands. The concentration of nitrate in 

the saliva glands is 20 times higher than that of plasma (Leach et al., 1987; Lv et al., 2012; 

Spiegelhalder et al., 1976; Tricker et al., 1989). Almost 6 to 7 percent of the nitrate in the 

saliva glands is reduced to nitrite by nitrate-reductive bacteria in the oral cavities; and then, 

it re-enters the gastrointestinal tract (Spiegelhalder et al., 1976, Eisenbrand et al., 1980; 

Eisenbrand et al., 1990). The acidic condition of stomach protonates nitrite to nitrous acid 
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(HNO2) which consequently yields dinitrogen trioxide (N2O3), nitric oxide (NO), and 

nitrogen dioxide (NO2) (Hill et al., 1973). These derived metabolites are powerful 

nitrosating agents, which drive the endogenous nitrosation reactions in the gastrointestinal 

tract with amines and amides, resulting in the formation of N-nitroso compounds, which 

are proven to be some of the most potent known carcinogens (Tricker et al., 1989, Ward et 

al., 2009; Ward et al, 2018). 

Long-term exposure to nitrate can jeopardize the health of people (Harter et al., 2012; 

Galloway et al., 2010; Ward et al., 2008; Schullehner et al., 2018). In previous works, 

nitrate has been found to be associated with carcinogenic outcomes due to the gastric nitrate 

conversion in the presence of amines and amides (Pennino et al., 2017; Ward et al., 2005). 

Upper gastrointestinal tract readily absorbs nitrate entered to the body via drinking water 

into the blood stream. The nitrate in the blood can then be transferred to the saliva glands; 

it is estimated that the concentration of transferred nitrate in these areas is 20 times higher 

than that of plasma (Leach et al., 1987; Lv et al., 2012; Spiegelhalder et al., 1976; Tricker 

et al., 1989). The nitrate-reductive bacteria in the oral cavities reduce 6% to 7% of the total 

nitrate in the cavities to nitrite and then the nitrate and formed nitrite can be swallowed up 

and re-enter the gastrointestinal tract (Spiegelhalder et al., 1976; Eisenbrand et al., 1980; 

Eisenbrand et al. 1990). These derived metabolites are powerful nitrosating agents which 

drive the endogenous nitrosation reactions in the gastrointestinal tract with amines and 

amides, resulting in the formation of N-nitroso compounds which are proven to be some 

of the most potent known carcinogens (Ward et al., 2005; Tricker and Preussman, 1991; 

Ward et al., 2018). In addition, there are exogenous N-nitroso compounds present in the 
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public water systems which are measured by EPA (CSWCB, 2018) and can pose threat to 

human health (Jakszyn et al., 2006).  

Based on the reports of California State Water Resources Control Board at Electronic Data 

Transfer (EDT) (CSWCB, 2018), the concentration of Nitrate (mg/l-NO3) has increased 

dramatically in drinking water systems in California, USA. This can be seen from Figure 

1. 

 

Figure 1: The monthly-average concentration of Nitrate (mg/l as NO3) in drinking water 

of California, USA from 1990 to 2015  

Source: California States Water Control Boards (CSWCB). Electronic Data Transfer 

(EDT) Library and Water Quality Analyses Data and Download Page. Available online: 

https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/EDTlibrary.html   

According to the statistics released by State Water Resources Control Board (CSWCB, 

2018), the highest number of violations happened in San Bernardino (1021 times), Los 

https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/EDTlibrary.html
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Angeles (945 times), Fresno (729 times), San Diego (173 times), Kern (147 times), 

Stanislaus (123 times), Riverside (115 times), Santa Clara (86 times) and Ventura (80 

times). Based on the total population served in each county, Los Angeles (population 

served: 6,972,171), San Diego (1,727,098), San Bernardino (1,477,920) and Fresno 

(731,215) has the greatest average number of people served by systems in violation. As 

shown in Table 1, most of the violations occurred after year 2000; in other words, 46.41%, 

33.00% and 14.79% of the violations in the California, USA occurred between 2010 to 

2015, 2005 to 2009 and 2000 to 2004, respectively.    
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Table 1: The public water system characteristics in 25 counties in California, USA: trends in drinking 

water nitrate violations 

County 

Connections 

to PWSs 

Population 

served by 

Surface Water 

Population 

served by 

Groundwater 

 

Total 

population 

served 

# violation of the standard level of 45 mg/l-NO3 or 10 mg/l-

N by each drinking water by the type of sampling station 

 

AT 

 

CT 

 

DT 

 

PT 

 

Total 

Alameda 480993 1379040 396700 1775740 7 0 0 1 8 

Butte 45994 41600 110698 152298 2 0 0 0 2 

Calaveras 8197 4016 21397 25413 0 0 0 0 0 

Contra Costa 127542 354148 68700 422848 16 0 0 0 16 

Fresno 183556 647763 83452 731215 729 0 0 0 729 

Kern 145523 316984 218076 535060 60 87 0 0 147 

Kings 4960 12000 24813 36813 0 0 0 0 0 

Lake 3007 6499 100 6599 0 0 0 0 0 

Los Angeles 1221536 6409402 562769 6972171 662 281 2 0 945 

Marin 82627 251110 1700 252810 0 0 0 0 0 

Nevada 15673 45454 0 45454 0 0 0 0 0 

Placer 52848 166797 30 166827 1 0 0 0 1 

Riverside 327754 1049770 220765 1270535 68 46 0 1 115 

Sacramento 246240 788483 13386 801869 0 0 0 0 0 

San Bernardino 382221 1005466 472454 1477920 50 965 1 5 1021 

San Diego 351836 1710828 16270 1727098 170 0 3 0 173 

San Joaquin 116171 237039 254163 491202 2 0 0 0 2 

San Luis Obispo 35582 14415 82125 96540 60 0 0 0 60 

San Mateo 39950 168736 0 168736 18 1 0 2 21 

Santa Barbara 65112 254798 80 254878 9 0 0 0 9 

Santa Clara 11169 0 42262 42262 79 7 0 0 86 

Santa Cruz 42208 96142 48229 144371 0 0 0 0 0 

Solano 90236 315352 1455 316807 4 0 0 0 4 

Stanislaus 11601 865 47902 48767 125 78 0 0 123 

Ventura 96306 250962 142677 393639 70 7 0 3 80 

Total 4,188,842 15,527,669 2,830,203 18357872 2132 1472 6 12 3542 

 

Abbreviations: PWSs: Public water systems; AT: an active source which is sampled after any treatment; CT: Combined sources which 

are treated; DT: Sample point within the distribution system after treatment; PT: Purchased source water which is sampled after any 

treatment 

There have been a few numbers of animal studies on the effect of nitrate on the lungs. In 

these studies, a correlation was found between nitrate in drinking water and the high 

methemoglobin levels, and pathologic changes in bronchi and lung parenchyma; namely, 

frequent dilation of bronchi with lymphocytic infiltration; atrophy of mucosa and muscles; 

frequent purulent bronchial exudates and interstitial round cell infiltration; and fibrosis at 
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certain areas (Shuval et al., 1972; Gruener et al., 1970; Gupta et al., 1999; WHO, 1977). 

The health effects of Nitrate is related to its concentration in the drinking water and also 

the formation of reactive free radicals of nitric oxide (NO·) and oxygen (O·) (Winterbourn 

et al., 1976). Nitrites, resulted from reduction reaction in human body or from external 

sources, can cause oxidative stress within the lungs and lead to more inflammation within 

the body, which can worsen asthma. While nitrates and nitrites may worsen asthma, it is 

not certain that they create asthma.  

The second chapter of this document is about the “investigating the effect of Nitrate in 

drinking water on asthma ED visit as an acute respiratory response in CA, USA between 

2005 and 2015”. In the second chapter, I used a generalized linear model of Poisson family 

to investigate the association between Nitrate in drinking water in CA and asthma ED visits 

during 2005 to 2015.  

The third chapter of this document is about “Investigating the effect of Nitrate in drinking 

water on chronic respiratory diseases in CA, USA between 2005 and 2015”. In the third 

chapter, I used a generalized linear model of Poisson family to investigate the association 

between Nitrate in drinking water in CA and chronic respiratory diseases, including COPD, 

bronchitis and pneumonia during 2005 to 2015.  

Within the fourth chapter, I applied a decision tree model to investigate the level of Nitrate 

exposure among those who experienced COPD, asthma, bronchitis and pneumonia in their 

drinking water during 2005 to 2015. This model was applied to pin point those who were 

affected by exposure to Nitrate in drinking water; unlike the regression models, decision 

tree allows you to know which subjects contributed to the output and how many of them.  
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Research Questions and Hypothesis 

In this study, I tried to answer the following research questions and hypothesis:  

1. Is there an association between Nitrate in drinking water and asthma attacks in 

California, USA? 

2. Is there an association between Nitrate in drinking water and COPD in California, 

USA? 

3. Is there an association between Nitrate in drinking water and bronchitis in 

California, USA? 

4. Is there an association between Nitrate in drinking water and pneumonia in 

California, USA? 

5. Where, in California, is more affected by exposure to Nitrate in drinking water?  

6. Which respiratory disease, namely Asthma, COPD, Bronchitis and Pneumonia, is 

more connected to the exposure to Nitrate in drinking water?  

Hypothesis 

H1. There is an association between Nitrate in drinking water and asthma attacks in 

California, USA 

H2. There is an association between Nitrate in drinking water and COPD in California, 

USA 

H3. There is an association between Nitrate in drinking water and bronchitis in 

California, USA 
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H4. There is an association between Nitrate in drinking water and pneumonia in 

California, USA 

H5. Communities of color are more affected by exposure to Nitrate 

H6. Exposure to Nitrate in drinking water is more connected to Bronchitis than other 

respiratory diseases 
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Chapter 2: Investigating the effect of Nitrate in drinking water on asthma ED visit 

as an acute respiratory response in CA, USA between 2005 and 2015 
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Abstract 

Background: The concentration of Nitrate in drinking water in CA, USA has increased 

drastically over the years. The standard level set for this pollutant is based on developing 

methemoglobinemia and therefore other diseases at the time were not included. Nitrate has 

been shown to be connected with damaging lung tissues leading to permanent lung damage 

among people.  

Objective: This study is aimed to investigate the association between the increase in the 

average concentration of Nitrate in drinking water from different sources between 2005 

and 2015 and Asthma ED visits in California, USA through a time series study. 

Materials and Methods: In this study, a generalized linear model of Poisson family was 

applied to estimate the association between increase in NO3 and increase in the count of 

ED visits due to asthma. The data for water quality was obtained from California State 

Water Resources Control Board and also OSHPD data was used to extract ED visits due to 

asthma in CA between 2005 and 2015.  

Results: In this work, 104701asthma ED visits were recorded by OSHPD during 2005 to 

2015. Based on the results, the highest RR was found at lag 0-6; a 1 mg/L as NO3 increase 

in the concentration of NO3 at lag 0-6 is associated with an asthma ED visits risk ratio of 

3.2% [RR: 1.032 (95% confidence intervals: 1.017, 1.047)]. Also, the RR is higher among 

males, compared to that of females. Stratifying by race, the highest RR was found among 

Non-Hispanic Asians [RR: 1.240 (95% confidence intervals: 1.079, 1.424)] at lag 0-6. The 

highest RR was found among those who age 65 years or older [RR: 1.286 (95% confidence 

intervals: 1.162, 1.422)].  
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Conclusion: This study indicated that there is a statistically significant association between 

Nitrate in drinking water in CA and asthma ED visits between 2005 to 2015. 

Keywords: Asthma; Nitrate; drinking water; California; generalized linear model 

Introduction 

The agricultural activity in California is far greater than that in other states, which means 

more usage of fertilizers (CDFA, 2018). The application of such fertilizers over decades 

resulted in leaching of nitrate to the water resources in California (Harter et al., 2012; 

Pennino et al., 2017). Previous studies reported that California has the highest mean 

concentration of Nitrate over the maximum contaminant level (MCL) in drinking water, 

compared to all other states in the US (Pennino et al., 2017). In addition, it is found that 

the greatest average annual number of people served by systems in violation of nitrate 

standard level is in California (Pennino et al., 2017). The MCL for nitrate in the public 

drinking water is 45 mg/l-NO3 or 10 mg/l-N (USEPA, 2018); however, this MCL is aimed 

to protect infants from methemoglobinemia, and it is not for protecting people from other 

possible diseases in relation with exposure to nitrate (Ward et al., 2018).  

Asthma, a clinical condition characterized by intermittent obstructive respiratory 

symptoms and airway hyperresponsiveness to a variety of stimuli may be worsened by 

exposure to environmental pollutants (Balmes, 1993). However, there has been very few 

studies on the acute association between Nitrate in drinking water and asthma onset. 

Nitrites can cause oxidative stress within the lungs and lead to more inflammation within 

the body, which can worsen asthma (Gosh and Erzurum, 2011).  
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Therefore, this study is aimed to investigate the association between the increase in the 

average concentration of nitrate in drinking water from different sources between 2005 and 

2015 and Asthma ED visits in California, USA through a time series study. Generalized 

linear model of Poisson family is applied in this work. By stratifying for sex, race, and age 

on the outcome, the effects of these modifiers are investigated in this study. 

Material and Methods 

Data and Participants 

The asthma ED visit data for the years of 2005 to 2015 in in California, USA was obtained 

from California's Office of Statewide Health Planning and Development (OSHPD). The 

asthma ED visits were identified using the International Classification of Diseases, 9th 

Revision (ICD-9) code 493 for asthma related visits (National Center for Health Statistics, 

2011). From the OSHPD dataset, patient’s date of visit, principal diagnosis, residential ZIP 

code, the patient’s age, race, and sex were kept for the analysis. Multiple visits by a single 

person cannot be identified because the data is not linked by person longitudinally due to 

the lack of access to social security number; therefore, each valid observation was taken as 

an independent observation. 

Study design  

This is time-series study, using generalized linear model of Poisson family, with the aim 

of investigating the association between exposure to increased concentration of Nitrate in 

drinking water in California from 2005 to 2015 and those who visited ED due to asthma 

attacks between 2010 to 2015.  The dependent variable is the number of ED visits due to 
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asthma during 2005 to 2015. Figure 2 shows all the sampling stations within the study area 

and each county. As can be seen from the figure, the number and distribution of stations 

covers the residential areas within the counties. To handle the over dispersion (i. e. the 

variance of the outcome counts is higher than predicted under a Poisson distribution) in the 

data, the Pearson chi-square statistic divided by the residual degrees of freedom as a scale 

parameter is applied (McCullagh 1989).  

 

Figure 2: The water sampling stations within the study area (25 counties in California) 

Exposure Assessment   

The water quality data was obtained from California State Water Resources Control Board 

at Electronic Data Transfer (EDT) Library and Water Quality Analyses Data and 

Download Page (CSWCB, 2018). This dataset contains information on each water quality 
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parameters (i. e. nearly 580 different parameters) among which Nitrate (NO3) was 

extracted.  

In this dataset, 19 different sources of sampling for water quality parameters are included, 

which only the samples from active treated (an active source which is sampled after any 

treatment), treated water in the distribution system (Sample point within the distribution 

system after treatment), combined treated (Combined sources which are treated), and 

purchased water (Purchased source water which is sampled after any treatment) are 

extracted for this study. The goal of choosing this type of samples were to only focus on 

the water treated for drinking purposes; in other words, these samples are taken from points 

where people in each county are more possible to drink from than the other sources.  

The data for NO3 from 1995 to 2015 was available only for 25 counties (Alameda, Butte, 

Calaveras, Contra Costa, Fresno, Kern, Kings, Lake, Los Angeles, Marin, Nevada, Placer, 

Riverside, Sacramento, San Bernardino, San Diego, San Joaquin, San Luis Obispo, San 

Mateo, Santa Barbara, Santa Clara, Santa Cruz, Solano, Stanislaus, and Ventura) in 

California. Due to this and the fact that nearly 30 million out of 37 million population of 

California residents live in these 25 counties, we only focused on this area.  

Statistical analysis  

In this study, generalized linear model of Poisson family was applied to estimate 

the association between increase in NO3 and increase in the count of ED visits due to 

asthma. The model used is as follows:  
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𝑌𝑡 ~ 𝑃𝑜𝑖𝑠𝑠𝑜𝑛 (𝜇𝑡) 

log(𝜇𝑡) = 𝛼 + 𝛽1(𝑁𝑂3) +  𝑓(𝑇𝑖𝑚𝑒𝑡, 4) + 𝐶𝑎𝑙𝑒𝑛𝑑𝑎𝑟 𝑇𝑖𝑚𝑒 

where t is the day of the observation, Yt is the count of asthma ED visits on year t, 

α is the intercept, s(Timet, 4) is a flexible spline function with 4 df  for seasonal and long-

term patterns. (NO3) stand for Nitrate. Furthermore, β1 refers to the coefficient for NO3.    

To control for seasonal and long-term patterns in this work, periodic functions (Fourier 

series terms) was applied. Using this method, pairs of sine and cosine functions of time can 

be created to capture very regular seasonal patterns (Bhaskaran et al. 2013). Noted that 

long-term non-seasonal trends cannot be included in the model by using only Fourier terms; 

that is the reason of adding calendar time to the model (Bhaskaran et al. 2013). Four 

harmonics (4 sine/cosine pairs) was included in the model to capture seasonality, plus a 

linear function of time to capture broader trends over time. In this study, the annual count 

of Asthma ED visits in each community during 2005 to 2015 was merged with mean 

concentration of NO3 (mg/l as NO3); and, the effect of sex, age of diagnosis, and 

race/ethnicities were investigated to account for the probable modifiers. The reported risk 

ratios (RR) and 95% confidence intervals (CI) in this study are based on 1 (mg/l as NO3) 

increase in the concentration of NO3. All analyses were performed using STATA V. 14 

(College Station, TX).  
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Results  

Descriptive analysis of the hospital data 

In this work, 104701 asthma ED visits were recorded by OSHPD during 2005 to 2015 

(Table 2). In addition, 56% of the study population were females, while 43% were males. 

36.10%, 16.59%, 38.11% and 4.24% of the visits were Non-Hispanic White, Non-Hispanic 

Black, Hispanic and Asian race/ethnicities, respectively. The mean age for the population 

in this study is 27 years old. 8.14%, 19.37%, 34.75%, 27.41%, and 7.77% of the visits were 

recorded from 2 to 5, 6 to 18, 19 to 40, 41 to 64, and 65+ years old, respectively.  
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Table 2: Characteristics of asthma ED visits during the years 2005 to 2015 in California, 

USA (n=104701) 

 

Characteristics 

 

Asthma  

# (%) 

 

Sex  

Female  58905 (56.26) 

Male 45794 (43.74) 

Race   

White 37796 (36.10) 

Black 17370 (16.59) 

Hispanic 39904 (38.11) 

Asians 4438 (4.24) 

Others 5193 (4.96) 

Age   

2-5 8523 (8.14) 

6-18       20285 (19.37) 

19-40 36381 (34.75) 

41-64  28696 (27.41) 

>=65 8136 (7.77) 

Total Population 104701 

 

 

The descriptive analysis of Nitrate in drinking water 

The monthly-average concentration of NO3 in drinking water has increased steadily from 

1990 to 2015 in California, USA, as can be seen from Figure 2. In the 25 counties under 

study here, this trend can be seen. 

An analysis into the number of populations served by either surface or groundwater 

resources and trends in drinking water nitrate violations across the study area was 
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conducted (Table 3). As shown in the table, the highest number of violations happened in 

Los Angeles (779 times). Based on the total population served in each county through the 

four mentioned systems, Los Angeles (population served: 6,972,171), San Diego 

(1,727,098), San Bernardino (1,477,920) and Fresno (731,215) has the greatest average 

number of people served by systems in violation.  

Table 3: The community water system characteristics in the study area: trends in drinking water nitrate 

violations across the study area 

County 

Connections 

to PWSs 

Population 

served by 

Surface Water 

Population 

served by 

Groundwater 

 

Total 

population 

served 

 

# violation of the standard 

level of 45 mg/l-NO3 or 10 

mg/l-N 

Alameda 480993 1379040 396700 1775740 6 

Butte 45994 41600 110698 152298 1 

Calaveras 8197 4016 21397 25413 0 

Contra Costa 127542 354148 68700 422848 14 

Fresno 183556 647763 83452 731215 572 

Kern 145523 316984 218076 535060 110 

Kings 4960 12000 24813 36813 0 

Lake 3007 6499 100 6599 0 

Los Angeles 1221536 6409402 562769 6972171 779 

Marin 82627 251110 1700 252810 0 

Nevada 15673 45454 0 45454 0 

Placer 52848 166797 30 166827 1 

Riverside 327754 1049770 220765 1270535 70 

Sacramento 246240 788483 13386 801869 0 

San Bernardino 382221 1005466 472454 1477920 729 

San Diego 351836 1710828 16270 1727098 170 

San Joaquin 116171 237039 254163 491202 2 

San Luis Obispo 35582 14415 82125 96540 56 

San Mateo 39950 168736 0 168736 19 

Santa Barbara 65112 254798 80 254878 9 

Santa Clara 11169 0 42262 42262 84 

Santa Cruz 42208 96142 48229 144371 0 

Solano 90236 315352 1455 316807 4 

Stanislaus 11601 865 47902 48767 111 

Ventura 96306 250962 142677 393639 76 

Total 4,188,842 15,527,669 2,830,203 18357872 5262 

Abbreviations: PWSs: Public water systems 
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Exposure to NO3: a Poisson Regression Model 

Based on the results (Table 4), the highest RRs was found at lag 0-6; a 1 mg/L as NO3 

increase in the concentration of NO3 at lag 0-6, lag 0-5 and lag 0-2 is associated with an 

asthma ED visits risk ratio of 3.2% [RR: 1.032 (95% confidence intervals: 1.017, 1.047)], 

1.3% [RR: 1.013 (95% confidence intervals: 1.000 1.025)], and 0.7% [RR: 1.007 (95% 

confidence intervals: 1.000, 1.013)], respectively.  

Table 4: The association between Nitrate in drinking water and asthma ED visits in 

California during the years 2005 to 2015 

 

 

 

Total area 

a RR 95% CI 

Lag 0 1.001 0.999, 1.003 

Lag 0-1 0.981 0.977, 0.985 

Lag 0-2 1.007 1.000, 1.013 

Lag 0-3 0.996 0.988, 1.005 

Lag 0-4 0.991 0.981, 1.001 

Lag 0-5  1.013 1.000, 1.025 

Lag 0-6 1.032 1.017, 1.047 

Lag 0-7 1.004 0.987, 1.020 

Lag 0-8 0.966 0.948, 0.983 

Lag 0-9 1.002 0.991, 1.013 

a risk ratio (95% CI) per 1 mg/L as NO3 increase in NO3 

 

Stratification by sex 

Table 5 indicates the association between Nitrate in drinking water and asthma ED visits 

in California during the years 2005 to 2015 among females and males. As can be seen from 

the table, the RR is higher among males, compared to that of females. A 1 mg/L as NO3 

increase in the concentration of NO3 at lag 0-5 is associated with an asthma ED visits risk 
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ratio of 5.6% [RR: 1.056 (95% confidence intervals: 1.026, 1.087) among males. 

Furthermore, A 1 mg/L as NO3 increase in the concentration of NO3 at lag 0-6 is associated 

with an asthma ED visits risk ratio of 4.9% [RR: 1.049 (95% confidence intervals: 1.020, 

1.078)] among females. 

Table 5: The association between Nitrate in drinking water and asthma ED visits in 

California during the years 2005 to 2015 among females and males 

 

 

Sex 

Female Male 

a RR 95% CI a RR 95% CI 

Lag 0 1.002 0.998, 1.006 0.998 0.993, 1.003 

Lag 0-1 0.985 0.977, 0.993 0.982 0.972, 0.992 

Lag 0-2 0.997 0.984, 1.009 1.014 0.999, 1.029 

Lag 0-3 1.002 0.985, 1.019 0.999 0.979, 1.019 

Lag 0-4 1.017 0.997, 1.038 0.956 0.933, 0.979 

Lag 0-5  0.979 0.956, 1.003 1.056 1.026, 1.087 

Lag 0-6 1.049 1.020, 1.078 1.008 0.975, 1.042 

Lag 0-7 1.016 0.984, 1.050 0.987 0.950, 1.026 

Lag 0-8 0.921 0.890, 0.954 1.020 0.978, 1.063 

Lag 0-9 1.028 1.007, 1.050 0.974 0.950, 0.999 

a risk ratio (95% CI) per 1 mg/L as NO3 increase in NO3 

Stratification by race 

Table 6 indicates the association between Nitrate in drinking water and asthma ED visits 

in California during the years 2005 to 2015 among different race/ethnicities. As can be 

seen from the table, a significant positive association was found for each race/ethnicity at 

different lags, however, the highest RR was found among Non-Hispanic Asians [RR: 1.240 

(95% confidence intervals: 1.079, 1.424)] at lag 0-6. The highest RR among Non-Hispanic 

Whites was found at lag 0-6 [RR: 1.058 (95% confidence intervals: 1.016, 1.101)]. 

Furthermore, the highest RR among Non-Hispanic Blacks and Hispanics was found at lag 
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0-4 [RR: 1.093 (95% confidence intervals: 1.037, 1.152)] and lag 0-2 [RR: 1.054 (95% 

confidence intervals: 1.038, 1.071)], respectively.  

Table 6: The association between Nitrate in drinking water and asthma ED visits in 

California during the years 2005 to 2015 among different race/ethnicities  

 

 

Race 

Non-Hispanic Whites Non-Hispanic Black Hispanics Non-Hispanic Asians 

a RR 95% CI a RR 95% CI a RR 95% CI a RR 95% CI 

Lag 0 1.015 1.008 1.021 0.975 0.964 0.987 1.002 0.997 1.007 1.002 0.981 1.024 

Lag 0-1 0.976 0.965 0.987 0.999 0.977 1.021 0.990 0.980 1.000 0.995 0.954 1.037 

Lag 0-2 0.967 0.951 0.985 0.977 0.946 1.009 1.054 1.038 1.071 0.985 0.927 1.047 

Lag 0-3 1.028 1.004 1.053 0.970 0.930 1.011 0.963 0.943 0.983 1.016 0.936 1.104 

Lag 0-4 1.038 1.008 1.069 1.093 1.037 1.152 0.980 0.956 1.005 0.858 0.777 0.947 

Lag 0-5  0.954 0.923 0.987 0.983 0.922 1.048 1.008 0.979 1.038 1.034 0.922 1.161 

Lag 0-6 1.058 1.016 1.101 1.063 0.986 1.146 0.976 0.944 1.009 1.240 1.079 1.424 

Lag 0-7 0.991 0.945 1.038 1.006 0.920 1.099 1.039 1.000 1.080 1.171 0.992 1.384 

Lag 0-8 0.938 0.894 0.984 0.981 0.894 1.076 1.015 0.973 1.058 0.748 0.643 0.871 

Lag 0-9 1.053 1.024 1.084 0.920 0.871 0.973 0.978 0.953 1.004 0.969 0.897 1.046 

a risk ratio (95% CI) per 1 mg/L as NO3 increase in NO3 

 

 

Stratification by age 

Table 7 indicates the association between Nitrate in drinking water and asthma ED visits 

in California during the years 2005 to 2015 among different age groups. As can be seen 

from the table, no significant association was found among those who age from 2 to 5 years 

old and 19 to 40 years old. The highest RR was found among those who age 65 years or 

older [RR: 1.286 (95% confidence intervals: 1.162, 1.422)].  
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Table 7: The association between Nitrate in drinking water and asthma ED visits in 

California during the years 2005 to 2015 among different age groups 

 

 

Age  

2 to 5 years old 6 to 18 years old 19 to 40 years old 41 to 64 years old >=65 years old 

a RR 95% CI a RR 95% CI a RR 95% CI a RR 95% CI a RR 95% CI 

Lag 0 0.999 0.986 1.012 1.004 0.996 1.012 1.002 0.996 1.008 0.994 0.987 1.001 1.012 0.998 1.026 

Lag 0-1 0.967 0.943 0.991 0.968 0.953 0.983 0.975 0.963 0.987 1.003 0.989 1.017 1.010 0.982 1.038 

Lag 0-2 1.012 0.975 1.051 1.034 1.010 1.059 1.006 0.988 1.025 0.983 0.962 1.004 0.993 0.953 1.035 

Lag 0-3 1.044 0.995 1.095 1.022 0.989 1.056 1.015 0.990 1.040 0.983 0.956 1.010 0.985 0.930 1.042 

Lag 0-4 0.945 0.890 1.004 0.939 0.902 0.977 0.975 0.946 1.004 1.079 1.043 1.116 0.964 0.903 1.028 

Lag 0-5  1.000 0.930 1.075 1.012 0.967 1.061 1.030 0.994 1.066 0.973 0.934 1.014 1.040 0.964 1.122 

Lag 0-6 0.984 0.906 1.068 1.096 1.040 1.156 1.013 0.972 1.055 0.999 0.953 1.049 0.863 0.790 0.943 

Lag 0-7 1.054 0.959 1.158 0.962 0.904 1.024 1.022 0.974 1.071 0.993 0.940 1.050 1.286 1.162 1.422 

Lag 0-8 1.024 0.935 1.122 1.070 0.998 1.147 0.957 0.910 1.007 0.957 0.906 1.012 0.891 0.810 0.980 

Lag 0-9 0.983 0.934 1.034 0.908 0.871 0.948 0.994 0.964 1.024 1.022 0.990 1.056 0.992 0.944 1.043 

 

Discussion 

This study was aimed to investigate the association between the increase in the average 

concentration of nitrate in drinking water from different sources between 2005 and 2015 

and Asthma ED visits in California, USA through a time series study. The result of this 

study showed that there is s statistically significant association between Nitrate in drinking 

water and asthma ED visits in California, USA. The association was found while stratifying 

for gender, race/ethnicity and age.  

In animal studies conducted previously, it was found that there is correlation among 

drinking water nitrate concentration, high methemoglobin levels, and pathologic changes 

in bronchi and lung parenchyma (Shuval et al., 1972; Gruener et al., 1970). The presence 

of Nitrate in drinking water could cause frequent dilation of bronchi with lymphocytic 

infiltration (Shuval et al., 1972; Gruener et al., 1970); in addition, it can also lead to atrophy 
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of mucosa and muscles; frequent purulent bronchial exudates and interstitial round cell 

infiltration; and fibrosis at certain areas (Gupta et al., 2000; Shuval et al., 1972; Gruener et 

al., 1970). In a study conducted by Gupta et al., (1999) on toxicological effects of nitrate 

ingestion on cardiorespiratory tissues in rabbit, it was found that ingestion of nitrate 

through drinking water in different concentrations leads to significant changes in lung 

parenchyma. In other words, the rabbits’ lung indicated congestion, the presence of 

inflammatory cells and the breakdown of alveoli (Gupta et al., 1999). It should be noted 

that the authors found that increase in the concentration of nitrate in water resulted in the 

increase in damage to the tissues in rabbits’ lungs. World health Organization (WHO) also 

reported that when the concentration of airborne nitrate increases, the frequency of 

asthmatic attacks increases as well (WHO, 1977).  

Based on the results of previous studies, the concentration of Nitrate in drinking water and 

food is not the only factor affecting the lung, but also the conditions leading to the reduction 

of Nitrate to Nitrite in human body (WHO, 1993; Li et al., 1997). In other words, Nitrates, 

through bacterial activity in human body and mostly in intestine and oral cavity, are 

reduced to Nitrites, and reactive free radicals of nitric oxides.  

The result of this study indicated that the concentration of Nitrate in drinking water in CA 

in most populated cities is in violation of its standard level, as discussed above. Constant 

exposure to Nitrate through drinking water and the reductive reactions by bacteria in 

intestine and oral cavities could increase the concentration of inflammatory compounds 

(free radicals of nitric oxides) in human body, leading to permanent damage to lungs. The 

issue of asthma attack has been approached mostly from the effect of air pollutants on lungs 
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(Gharibi et al., 2020; Gharibi et al., 2019, Gharibi et al., 2018; Tavallali et al., 2020), 

however there has not been more than few studies focusing on water pollutants and their 

effects on this issue; considering the fact that too much exposure to Nitrate through 

drinking water could lead to permanent damage to lungs.  

Limitations 

There was also potential for misclassification of asthma cases when only using the first 

diagnosis code, rather than the first 2-3. In previous studies, it has been shown that (Castner 

et al. 2018) other conditions (e. g. infection) may exacerbate asthma and using the primary 

billing code would exclude such visits. However, using the other diagnosing codes (i. e. 

second and third diagnosing codes for asthma) may sacrifice specificity in capturing 

asthma ED visits; in other words, there are ED cases (e. g. sprains and fractures) which are 

non-related visits with a secondary diagnosis of asthma.  

In addition, the data regarding the Nitrate in drinking water is released every six months; 

this affects the analysis on the effect of Nitrate on an acute response (e. g. asthma attack). 

This should also be noted that the water quality data is not based on zip-code or blocks; the 

boundary of a community receiving water from water treatment plant is not fixed which 

makes it hard to match it with hospital data.  

Furthermore, asthma attacks are mainly linked to exposure to air pollutants and controlling 

for exposure to such pollutants seems logical; however, due to the discrepancy between 

water quality data and air pollution data, it is not possible to control for air pollutants in 

this study. In other words, the concentration of air pollutants fluctuates daily and 

seasonally, and these fluctuations can be associated with acute responses, including asthma 
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attacks. However, taking annual or six months average of air pollutants remove the 

fluctuation from the variation in the concentration of the pollutants which makes it 

ineffective in regression analysis.  

Conclusion 

This study was aimed to investigate the association between the increase in the average 

concentration of nitrate in drinking water from different sources between 2005 and 2015 

and Asthma ED visits in California, USA through a time series study. The results indicated 

that there is a statistically significant association between Nitrate in drinking water in CA 

and asthma ED visits between 2005 to 2015. This association was found among different 

races and age categories. Although there are not enough studies to conclude that Nitrate 

worsen the asthma attacks among people, the pathological pathway of Nitrate affecting 

lung tissues suggest that the increase in the concentration of this pollutant in water in CA 

is of concern.  
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Chapter 3: Investigating the effect of Nitrate in drinking water on chronic 

respiratory diseases in CA, USA between 2005 and 2015 
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Abstract  

Background: The growth in human population has resulted in ever increasing usage of 

Nitrogen Fertilizers by farmers around the world and in California, USA. This has caused 

an increase in the concentration of Nitrate in surface and ground water.  

Objective: This study is aimed to investigate the effect of Nitrate in drinking water in CA 

on the exacerbation of these chronic respiratory diseases, including COPD, pneumonia 

and bronchitis.  

Material and Methods: A generalized linear model was developed to study the association 

between Nitrate in drinking water in CA and exacerbation of COPD, pneumonia and 

bronchitis between 2005 and 2015. By stratifying for sex, race, and age on the outcome, 

the effects of these modifiers are also investigated in this study.  

Results: In this work, 82091, 63449, and 51190 ED visits due to COPD, bronchitis and 

pneumonia were recorded, respectively, by OSHPD during 2005 to 2015. The results 

indicate that there is a statistically significant association between Nitrate in drinking water 

and ED visits due to COPD, pneumonia, and bronchitis. The highest risk ratio (RR) for 

COPD, pneumonia and bronchitis was 2.2% [RR: 1.022 (95% confidence intervals: 1.000, 

1.045)], 6.4% [RR: 1.064 (95% confidence intervals: 1.023, 1.106)], and 8.7% [RR: 1.087 

(95% confidence intervals: 1.046, 1.130)], respectively. It was found that female Hispanics 

who were 6 to 18 and 41 to 64 years old and suffering from bronchitis were affected most 

by exposure to Nitrate in drinking water. For pneumonia, it was found that Non-Hispanic 
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Blacks who were 65 or older were affected by exposure to Nitrate in drinking water. 

Stratifying for gender, race and age, no association between those who suffer from COPD 

and exposure to Nitrate was found. 

Conclusion: The result of this study showed that there is a statistically significant 

association between Nitrate in drinking water and bronchitis, pneumonia and COPD in 

California, USA. The association with bronchitis and pneumonia was found while 

stratifying for gender, race/ethnicity and age but not for COPD.   

Keywords: COPD; Pneumonia; Bronchitis; California; Drinking water; Nitrate 
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Introduction 

There have been researchers around the world focusing on the effects of Nitrate on human 

health, particularly on its effect on respiratory systems (Gupta et al., 2000; Gupta et al., 

1999; Shuval et al., 1972; Gruener et al., 1970). It was reported that exposure to Nitrate 

through drinking water could cause permanent damage to lung tissues and pathologic 

changes in bronchi and lung parenchyma (Shuval et al., 1972; Gruener et al., 1970). 

Considering these, there has been scarce number of studies on the effects of Nitrate in 

drinking water on respiratory system and its associated diseases, especially Chronic 

Obstructive Pulmonary Disease (COPD), pneumonia and bronchitis.  

12 to 16 million people in the United States suffer from Chronic Obstructive Pulmonary 

Disease (COPD) (Mathers et al., 2003).  It is speculated that the prevalence of COPD will 

increase in the near future (GOLD, 2015). Those who suffer from COPD experience 

intermittent exacerbation of the disease, resulting in worsening of health-related quality of 

life, hastened lung function decline, and reduced functional capacity (Donaldson et al., 

2002; Seemungal et al., 1998). There are also reports indicating that the intermittent 

exacerbation of this disease results also in increased risk of death (Miravitlles et al., 2002; 

Connors et al., 1996; Donaldson and Wedzicha, 2006). Pneumonia, mostly prevalent 

among children, is reported to be the main cause of childhood death by 1.3 million deaths 

among children under five years (Walker et al., 2013). Bronchitis, characterized by 

persistent cough and sputum production, is reported to involve 9 million adults in 2018 

(American Lung Association, 2022). Many people in CA and worldwide are suffering from 
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these diseases and the prevalence of these diseases is expected to increase in near future. 

However, most of the studies on these topics are from air pollution point of view. To the 

best of our knowledge, there has not been any study focusing on the role of Nitrate in 

drinking water on the exacerbation of these chronic respiratory diseases.  

Therefore, this study is aimed to investigate the effect of Nitrate in drinking water in CA 

on the exacerbation of these chronic respiratory diseases, including COPD, pneumonia and 

bronchitis. A generalized linear model was developed to study this effect. By stratifying 

for sex, race, and age on the outcome, the effects of these modifiers are also investigated 

in this study. 
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Materials and Methods 

Data and Participants 

In this study, three chronic respiratory diseases were selected to be investigated. The ED 

visit data regarding COPD, pneumonia, and bronchitis for the years of 2005 to 2015 in 

California, USA was obtained from California's Office of Statewide Health Planning and 

Development (OSHPD). The ED visits were identified using the International 

Classification of Diseases, 9th Revision (ICD-9) code for related visits (National Center for 

Health Statistics, 2011). From the OSHPD dataset, patient’s date of visit, principal 

diagnosis, residential ZIP code, the patient’s age, race, and sex were kept for the analysis. 

Multiple visits by a single person cannot be identified because the data is not linked by 

person longitudinally due to the lack of access to social security number; therefore, each 

valid observation was taken as an independent observation. 

Study design  

In this time-series study, a generalized linear model of Poisson family was applied with the 

aim of investigating the association between exposure to increased concentration of Nitrate 

in drinking water in California from 2005 to 2015 and those who visited ED due to COPD, 

pneumonia, and bronchitis between 2010 to 2015. It should be noted that the investigation 

on each disease was conducted separately. The dependent variable is the number of ED 

visits due to COPD, pneumonia, or bronchitis during 2005 to 2015. Figure 2 shows all the 

sampling stations within the study area and each county. As can be seen from the figure, 
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the number and distribution of stations covers the residential areas within the counties. To 

handle the overdispersion (i. e. the variance of the outcome counts is higher than predicted 

under a Poisson distribution) in the data, the Pearson chi-square statistic divided by the 

residual degrees of freedom as a scale parameter is applied (McCullagh 1989).  

Exposure Assessment   

The water quality data was obtained from California State Water Resources Control Board 

at Electronic Data Transfer (EDT) Library and Water Quality Analyses Data and 

Download Page (CSWCB, 2018). This dataset contains information on each water quality 

parameters (i. e. nearly 580 different parameters) among which Nitrate (NO3) was 

extracted.  

In this dataset, 19 different sources of sampling for water quality parameters are included, 

which only the samples from active treated (an active source which is sampled after any 

treatment), treated water in the distribution system (Sample point within the distribution 

system after treatment), combined treated (Combined sources which are treated), and 

purchased water (Purchased source water which is sampled after any treatment) are 

extracted for this study. The goal of choosing this type of samples were to only focus on 

the water treated for drinking purposes; in other words, these samples are taken from points 

where people in each county are more possible to drink from than the other sources.  

The data for NO3 from 1995 to 2015 was available only for 25 counties (Alameda, Butte, 

Calaveras, Contra Costa, Fresno, Kern, Kings, Lake, Los Angeles, Marin, Nevada, Placer, 

Riverside, Sacramento, San Bernardino, San Diego, San Joaquin, San Luis Obispo, San 

Mateo, Santa Barbara, Santa Clara, Santa Cruz, Solano, Stanislaus, and Ventura) in 
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California. Due to this and the fact that nearly 30 million out of 37 million population of 

California residents live in these 25 counties, we only focused on this area.  

 

Statistical analysis  

In this study, generalized linear model of Poisson family was applied to estimate 

the association between increase in NO3 and increase in the count of ED visits due to 

COPD, pneumonia, and/or bronchitis. The model used is as follows:  

𝑌𝑡 ~ 𝑃𝑜𝑖𝑠𝑠𝑜𝑛 (𝜇𝑡) 

log(𝜇𝑡) = 𝛼 + 𝛽1(𝑁𝑂3) +  𝑓(𝑇𝑖𝑚𝑒𝑡, 4) + 𝐶𝑎𝑙𝑒𝑛𝑑𝑎𝑟 𝑇𝑖𝑚𝑒 

where t is the day of the observation, Yt is the count of ED visits due to COPD, 

pneumonia or bronchitis on year t, α is the intercept, s(Timet, 4) is a flexible spline function 

with 4 df  for seasonal and long-term patterns. (NO3) stand for Nitrate. Furthermore, β1 

refers to the coefficient for NO3.   

To control for seasonal and long-term patterns in this work, periodic functions (Fourier 

series terms) was applied. Using this method, pairs of sine and cosine functions of time can 

be created to capture very regular seasonal patterns (Bhaskaran et al. 2013). Noted that 

long-term non-seasonal trends cannot be included in the model by using only Fourier terms; 

that is the reason of adding calendar time to the model (Bhaskaran et al. 2013). Four 

harmonics (4 sine/cosine pairs) was included in the model to capture seasonality, plus a 

linear function of time to capture broader trends over time. In this study, the annual count 

of ED visits in each community during 2005 to 2015 was merged with mean concentration 
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of NO3 (mg/l as NO3); and, the effect of sex, age of diagnosis, and race/ethnicities were 

investigated to account for the probable modifiers. The reported risk ratios (RR) and 95% 

confidence intervals (CI) in this study are based on 1 (mg/l as NO3) increase in the 

concentration of NO3. All analyses were performed using STATA V. 14 (College Station, 

TX).  

Results 

Descriptive analysis of the hospital data 

In this work, as shown in Table 1, 82091, 63449, and 51190 ED visits due to COPD, 

bronchitis and pneumonia were recorded, respectively, by OSHPD during 2005 to 2015. 

The data was stratified for gender, race/ethnicity, and age (Table 8).  

For COPD, 58% of the study population were females, while 42% were males. 54%, 10%, 

26% and 4% of the visits were Non-Hispanic White, Non-Hispanic Black, Hispanic and 

Asian race/ethnicities, respectively. 26%, 42%, and 30% of the visits were recorded from 

19 to 40, 41 to 64, and 65+ years old, respectively. For bronchitis, 59% of the study 

population were females, while 41% were males. 44%, 9%, 38% and 4% of the visits were 

Non-Hispanic White, Non-Hispanic Black, Hispanic and Asian race/ethnicities, 

respectively. 8%, 11%, 36%, 32%, and 13% of the visits were recorded from 2 to 5, 6 to 

18, 19 to 40, 41 to 64, and 65+ years old, respectively. For pneumonia, 49% of the study 

population were females, while 51% were males. 47%, 8%, 34% and 6% of the visits were 

Non-Hispanic White, Non-Hispanic Black, Hispanic and Asian race/ethnicities, 

respectively. 11%, 10%, 22%, 31%, and 25% of the visits were recorded from 2 to 5, 6 to 

18, 19 to 40, 41 to 64, and 65+ years old, respectively.   
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Table 8: Characteristics of COPD, Bronchitis and Pneumonia ED visits during the years 

2005 to 2015 in California, USA  

 

Characteristics 

 

COPD  

# (%) 

 

 

Bronchitis  

# (%) 

 

 

Pneumonia  

# (%) 

 

Sex    

Female  47526 (57.89) 37597 (59.26) 25203 (49.23) 

Male 34565 (42.11) 25851 (40.74) 25987 (50.77) 

Race     

White 44972 (54.78) 27859 (43.91) 23918 (46.72) 

Black 8221 (10.01) 5973 (9.41) 3980 (7.77) 

Hispanic 21529 (26.23) 23893 (37.66) 17392 (33.98) 

Asians 3330 (4.06) 2539 (4.00) 2857 (5.58) 

Others 4039 (4.91) 3185 (5.02) 3043 (5.95) 

Age     

2-5 - 4995 (7.87) 5840 (11.41) 

6-18       - 6838 (10.78) 4953 (9.68) 

19-40 21859 (26.63) 22801 (35.94) 11358 (22.19) 

41-64  35116 (42.78) 20444 (32.22) 16003 (31.26) 

>=65 25116 (30.60) 8371 (13.19) 13036 (25.47) 

Total Population 82091 63449 51190 

 

Exposure to NO3: a Poisson Regression Model 

The regression analysis was conducted using single and cumulative lags. The results, as 

shown in Table 9, indicate that there is a statistically significant association between Nitrate 

in drinking water and ED visits due to COPD, pneumonia, and bronchitis. Based on the 

results, 1 mg/L as NO3 increase in the concentration of NO3 at lag 0-6 is associated with 

COPD ED visits risk ratio (RR) of 2.2% [RR: 1.022 (95% confidence intervals: 1.000, 

1.045)]. The highest RR for pneumonia was found at lag 6 [RR: 1.064 (95% confidence 

intervals: 1.023, 1.106)]; the cumulative lag for pneumonia indicated that 1 mg/L as NO3 
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increase in the concentration of NO3 at lag 0-6 is associated with pneumonia ED visits risk 

ratio (RR) of 5.1% [RR: 1.051 (95% confidence intervals: 1.013, 1.089)]. The highest RR 

for bronchitis was found at lag 5 [RR: 1.087 (95% confidence intervals: 1.046, 1.130)]; the 

cumulative lag for bronchitis indicated that 1 mg/L as NO3 increase in the concentration of 

NO3 at lag 0-6 is associated with bronchitis ED visits risk ratio (RR) of 10% [RR: 1.100 

(95% confidence intervals: 1.061, 1.140)].  

 

Table 9. The association between NO3 exposure and ED visits due to COPD, pneumonia, and bronchitis in 

California during the years 2005 to 2015 

 

 

COPD Pneumonia  Bronchitis 

a RR 95% CI a RR 95% CI a RR 95% CI 

Lag 0 1.033 0.993 1.075 1.001 0.977 1.024 1.054 1.013 1.095 

Lag 1 0.980 0.949 1.013 0.991 0.968 1.015 1.000 0.974 1.026 

Lag 2 0.825 0.636 1.016 1.013 0.990 1.037 0.988 0.963 1.014 

Lag 3 1.017 0.994 1.041 1.062 1.021 1.104 1.012 0.989 1.036 

Lag 4 1.010 0.987 1.034 1.004 0.978 1.029 1.014 0.991 1.038 

Lag 5  1.013 0.988 1.040 1.015 0.990 1.041 1.087 1.046 1.130 

Lag 6 1.010 0.922 1.098 1.064 1.023 1.106 0.981 0.956 1.007 

Lag 7 1.027 0.987 1.069 1.003 0.978 1.028 1.022 0.999 1.046 

Lag 8 1.038 0.997 1.080 1.042 0.988 1.098 1.069 0.998 1.141 

Lag 9 1.041 0.998 1.084 1.021 0.998 1.045 1.005 0.979 1.031 

Lag 0-3 0.908 0.692 1.124 1.013 0.990 1.039 1.068 1.041 1.095 

Lag 0-6 1.022 1.000 1.045 1.051 1.013 1.089 1.016 0.976 1.057 

Lag 0-9 1.000 0.978 1.021 1.022 0.999 1.046 1.100 1.061 1.140 

 

a risk ratio (95% CI) per 1 mg/L as NO3 increase in NO3 

Cumulative lag models: stratification by sex, race, and age 

In this stud, cumulative lag 0-9 was applied to investigate sex, race and age. Based on the 

results, as shown in Table 10 below, no statistically significant association was found 

between Nitrate in drinking water and COPD in different genders, races and ages.  
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For bronchitis, it was found that 1 mg/L as NO3 increase in the concentration of NO3 is 

associated with bronchitis ED visits risk ratio (RR) of 2.1% [RR: 1.021 (95% confidence 

intervals: 1.007, 1.035)]. Among different race/ethnicities, Hispanics were found to be 

affected by exposure to Nitrate in drinking water; no significant association was found 

among other race/ethnicities. It was found that 1 mg/L as NO3 increase in the concentration 

of NO3 is associated with bronchitis ED visits risk ratio (RR) of 4.8% [RR: 1.048 (95% 

confidence intervals: 1.035, 1.061)]. Among different ages, statistically significant 

association was found between exposure to Nitrate and those who age 6 to 18 years [RR: 

1.024 (95% confidence intervals: 1.011, 1.037)] and 41 to 64 years [RR: 1.044 (95% 

confidence intervals: 1.015, 1.073)].  

For pneumonia, no significant association was found while stratifying for female and male. 

Among different race/ethnicities, Non-Hispanic Blacks were found to be affected by 

exposure to Nitrate in drinking water; no significant association was found among other 

race/ethnicities. It was found that 1 mg/L as NO3 increase in the concentration of NO3 is 

associated with pneumonia ED visits risk ratio (RR) of 8.4% [RR: 1.084 (95% confidence 

intervals: 1.004, 1.164)]. Among different ages, statistically significant association was 

found between exposure to Nitrate and those who age 65 years old and/or older [RR: 1.036 

(95% confidence intervals: 1.018, 1.054)].  
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Table 10. The association between cumulative NO3 exposure and ED visits due to bronchitis, pneumonia, 

and COPD in California during the years 2005 to 2015 

 

Characteristics 

 Bronchitis Pneumonia  COPD 

RRa  (95 % CI) a RR (95 % CI) a RR (95 % CI) 

Sex          

        Female  1.021 1.007 1.035 1.011 0.990 1.032 1.016 0.985 1.047 

        Male 1.012 0.995 1.029 1.015 0.988 1.042 1.025 0.999 1.051 

Race           

      White  1.031 0.994 1.068 1.041 0.998 1.084 1.019 0.977 1.061 

      Black  1.001 0.976 1.026 1.084 1.004 1.164 1.024 0.964 1.084 

     Hispanic 1.048 1.035 1.061 1.052 0.983 1.121 1.036 0.981 1.091 

     Asian 1.011 0.971 1.051 1.101 0.957 1.245 1.047 0.88 1.214 

Age          

       2-5 1.016 0.984 1.048 1.001 0.981 1.021 - - - 

       6-18       1.024 1.011 1.037 1.154 0.999 1.309 - - - 

      19-40 1.01 0.986 1.034 1.018 0.998 1.038 1.088 0.979 1.197 

      41-64  1.044 1.015 1.073 1.024 0.999 1.049 1.092 0.921 1.263 

      >=65 1.027 0.97 1.084 1.036 1.018 1.054 1.291 0.988 1.594 

a risk ratio (95% CI) per 1 mg/L as NO3 increase in NO3
 

 

 

Discussion 

This study was aimed to investigate the effect of Nitrate in drinking water in CA on the 

exacerbation of these chronic respiratory diseases, including COPD, pneumonia, and 

bronchitis. The result of this study showed that there is a statistically significant association 

between Nitrate in drinking water and bronchitis, pneumonia and COPD in California, 

USA. The association with bronchitis and pneumonia was found while stratifying for 

gender, race/ethnicity and age but not for COPD.   

It was found that female Hispanics who were 6 to 18 and 41 to 64 years old and suffering 

from bronchitis were affected most by exposure to Nitrate in drinking water. For 
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pneumonia, it was found that Non-Hispanic Blacks who were 65 or older were affected by 

exposure to Nitrate in drinking water. Stratifying for gender, race and age, no association 

between those who suffer from COPD and exposure to Nitrate was found. It should be 

noted that there is not any study available, to the best of our knowledge, to compare its 

result with the present study.  

However, there has been animal studies indicating the role of Nitrate in drinking water on 

the respiratory system (Shuval et al., 1972; Gruener et al., 1970; Gupta et al., 2000). It has 

been shown in these studies that Nitrate could lead to permanent damage to respiratory 

systems (Shuval et al., 1972; Gruener et al., 1970; Gupta et al., 2000). From pathobiological 

point of view, it should be noted that the Nitrate by itself is harmless; in fact, the process 

of reducing Nitrate to reactive and toxic nitrites makes it poisonous to human body 

(Manassaram et al., 2006). Through release of Nitrite and NO in human body, Nitrite and 

Nitrite induce the generation of free radicals which in turn overwhelm the host antioxidant 

defense system (Azhipa et al.,1990; Rubenchik, 1990; Kashko et al., 1993). NO, in low 

concentrations (Nano-molars) is in fact a transmitter in brain and other tissues; however, 

when its concentration increases in body, from nano-molar to near-micromolar, NO is 

linked with toxicity and cell death (Moncada et al., 1991; Hryhorenko et al., 1995; Kerwin, 

1995; Peranovich et al., 1995; Hall et al., 2009). Furthermore, Nitrate has an inhibitory 

effect on electron transport in the mitochondrial respiratory chain; this can result in 

blockade of cytochrome oxidase (Antonov et al., 1989; Babsky and Shostakovskaya, 1992; 

Oladele et al., 1997). In a study conducted by Shehata (2005) on rabbits indicated that 

exposure to Nitrate in drinking water in a short-term period resulted in a significant 
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decrease in hemoglobin concentration, erythrocyte count, total protein, albumin and 

globulin concentrations.  

As mentioned earlier, one of the ways in which Nitrate harm human body is through 

oxidative stress. This process occurs when the balance of prooxidant-antioxidant is 

ruptured, resulting in the changes of biomolecules of all types and tissue damage 

(Mircescu, 2008). In fact, when the amount of reactive oxygen species (ROS) increases 

drastically in human body or the antioxidant level decreases, oxidative stress occurs (Droge 

et al., 2006). Oxidative stress is involved in tissue injury, and it is associated with adult 

respiratory distress syndrome, diabetes mellitus, ischemia reperfusion injury of the heart, 

lung diseases, such as emphysema, pneumoconiosis, smoking-related lung diseases (Lu et 

al., 1999; Ayo et al., 1990; Sax et al., 1992; Akinwande and Adebule, 2003).  

Limitations 

One of the main limitations in this study is inability to include the reductive process of 

Nitrate in human body to Nitrite and NO. In other words, bacterial activity within the 

intestine and oral cavity is responsible for this reductive process which can be different in 

each person in terms of rate and reaction time.  

Furthermore, respiratory diseases are mainly linked to exposure to air pollutants and 

controlling for exposure to such pollutants seems logical; however, due to the discrepancy 

between water quality data and air pollution data, it is not possible to control for air 

pollutants in this study.  
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Conclusion 

This study was aimed to investigate the effect of Nitrate in drinking water in CA on the 

exacerbation of these chronic respiratory diseases, including COPD, pneumonia, and 

bronchitis. The result of this study showed that there is a statistically significant association 

between Nitrate in drinking water and bronchitis, pneumonia and COPD in California, 

USA. The association with bronchitis and pneumonia was found while stratifying for 

gender, race/ethnicity and age but not for COPD.  Considering the biological and 

physiological evidence of Nitrate being poisonous in human body and also the fact that the 

concentration of this pollutant has increased over the years in drinking water in CA, it is of 

utmost importance to have more research into this topic to be able to either confirm or 

disprove the role of Nitrate in exacerbation of respiratory diseases.  
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Chapter 4: Nitrate in drinking water in California (CA) and respiratory diseases: a 

decision tree model 
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Abstract 

Backgrounds: The concentration of Nitrate in drinking water in CA has increased over the 

years. Rain and irrigation are the main ways through which Nitrate is leaching from 

agricultural lands to surface and groundwater resources, resulting in the increase in the 

concentration of Nitrate in water.  

Objective: This study is aimed to develop a decision tree model to investigate the level of 

Nitrate exposure among those who experienced COPD, asthma, bronchitis and pneumonia 

in their drinking water during 2005 to 2015.  

Materials and Methods: A decision tree model was developed to investigate the level of 

Nitrate exposure among those who experienced COPD, asthma, bronchitis and pneumonia 

in their drinking water during 2005 to 2015.  

Results: Based on the total population served in each county, Los Angeles, San Diego, San 

Bernardino and Fresno has the greatest average number of people served by systems in 

violation. 104701, 82091, 63449, and 51190 ED visits due to asthma attack, COPD, 

bronchitis and pneumonia were recorded, respectively, by OSHPD during 2005 to 2015. 

Based on the result of the decision tree model, there are 2114 and 2671 individuals, who 

were suffering from asthma and bronchitis, respectively, on average are exposed to the 

highest concentration of NO3 in CA during 2005 and 2015.  
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Conclusion: It was found that there are considerable number of people who suffer from 

bronchitis and asthma and live in areas where the concentration of Nitrate is in violation of 

its standard level. Considering the effects of Nitrate’s by-product in human body on lung, 

the concentration of Nitrate should be lowered and also its standard level should be 

reconsidered and includes other diseases in setting up the level of Nitrate.  

 

Keywords: decision tree; Nitrate; California; respiratory diseases; bronchitis; asthma  
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Introduction 

The concentration of Nitrate in drinking water in CA has increased over the years (Pennino 

et al., 2017). this could be due to ever increasing use of nitrogen fertilizers in CA. In fact, 

CA is the leading US state in agricultural activity by producing nearly 400 commodities. 

The abundance of agricultural activity in this state has resulted in the increased application 

of Nitrogen fertilizers (CDFA, 2018). Rain and irrigation are the main ways through which 

Nitrate is leaching from agricultural lands to surface and groundwater resources, resulting 

in the increase in the concentration of Nitrate in water (Harter et al., 2012; Pennino et al., 

2017).  

There have been animal studies showing that exposure to Nitrate in drinking water could 

result in damage to lungs and different organs in human body (Shuval et al., 1972; Gruener 

et al., 1970; Gupta et al., 2000; Gupta et al., 1999). For example, in a study conducted by 

Gupta et al., (1999) on toxicological effects of nitrate ingestion on cardiorespiratory tissues 

in rabbit, it was found that ingestion of nitrate through drinking water in different 

concentrations leads to significant changes in lung parenchyma. Although the 

pathobiological pathway by which Nitrate can endanger human health is studied and also 

the fact that the greatest average annual number of people served by systems in violation 

of nitrate standard level is in California (Pennino et al., 2017), there has not been any study 

on the association between Nitrate in drinking water in CA and respiratory diseases.  

Therefore, this study is aimed to develop a decision tree model to investigate the level of 

Nitrate exposure among those who experienced COPD, asthma, bronchitis and pneumonia 

in their drinking water during 2005 to 2015. Since respiratory diseases are linked to many 
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different air pollutants as well, it is necessary to know if people who suffer from such 

respiratory diseases are exposed to Nitrate in their drinking water as well. And, if they are 

exposed, the level of exposure is also of high importance.  

Material and Methods 

Data and Participants 

In this study, four respiratory diseases were selected to be investigated, namely, asthma, 

COPD, bronchitis and pneumonia. The ED visit data regarding these respiratory diseases 

for the years of 2005 to 2015 in California, USA was obtained from California's Office of 

Statewide Health Planning and Development (OSHPD). The ED visits were identified 

using the International Classification of Diseases, 9th Revision (ICD-9) code for related 

visits (National Center for Health Statistics, 2011). From the OSHPD dataset, patient’s date 

of visit, principal diagnosis, and residential ZIP code were kept for the analysis. Multiple 

visits by a single person cannot be identified because the data is not linked by person 

longitudinally due to the lack of access to social security number; therefore, each valid 

observation was taken as an independent observation. 

Background in Conventional Trees 

A tree is a structure that drives the data down its structure and outputs the prediction. The 

prediction can be a class for classification task or a vector of real numbers for regression 

task. A tree consists of split nodes that drive data to its children and leaf nodes and denote 

the output (predict). The route of any input sample starts from the root node. At split nodes, 

split function determines what next child the input will follow. As a result, any input will 
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start at the root and continues processing over internal nodes on path to a leaf node that 

denotes the output. A trainset is needed to construct the tree based on the trainset and 

minimize the error over the trainset. Figure 2 shows the structure of a tree. 

A tree is a model that categorizes the data based on the similarity of the samples similar to 

a librarian that stores books (samples in the case of a decision tree) on the shelves based 

on the category of the book (or similarity of sample). Here, in a classification or regression, 

the category of a sample is represented by the output response of the sample. The tree 

further categorizes the samples and stores them in the tree’s leaf nodes. This categorization 

is based on samples similarity to a specific pattern. The patterns are learned and exist at 

the split nodes of the tree. As a result, understanding of the patterns at the split nodes leads 

to further understanding of the dataset itself. 

 

Figure 3: Decision tree model 
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Consider a trainset (X, Y) that contains N observations (xi, yi), i=1, ……N, where 𝑥𝑖 ∈  ℝ𝑝  

and 𝑦𝑖 ∈  ℝ𝑑. Regression tree construction is cast as the following minimization problem 

by Breiman et al. (1984b)17: 

𝑚𝑖𝑛
𝑇

1

𝑁
 ∑ 𝐿 (𝑦𝑖, 𝑇(𝑥𝑖; 𝐹)) 𝑠. 𝑡. {

𝑁𝑗  ≥  𝑁𝑚𝑖𝑛∀𝑗 ∈    𝑙𝑒𝑎𝑣𝑒𝑠 (𝑇) 

𝐷 ≤  𝐷max                          
 𝑁

𝑖=1                                     [1] 

Where 𝐿 (𝑦𝑖, 𝑇(𝑥𝑖; 𝐹)) is the error function (mean square error, absolute error, etc.), T 

represents the tree function, leaves(T) returns the set of leaf nodes in T , and F = {f1, ……., 

𝑓|𝑇|}is the decision functions at each node 1, ..., |T |. D is the decision tree depth. Nj is the 

number of samples at node j. The constraints in (1) show the limits on tree structure and 

minimum acceptable samples at each node. Finding optimal of (1) is NP-complete; hence, 

conventional algorithms approximate the solution to problem (1) using greedy algorithms. 

It is done by locally minimizing some cost function and recursively partitioning the data to 

grow the tree. 

Training decision tree 

Decision tree categorizes the patients for each disease based on the concentration of the 

input (NO3), which was 1 mg/l in this study. After each disease was categorized by the 

primary model, 80% of the categorized data was selected to train the tree from which 60% 

was randomly selected for training. Then, the tree with the lowest error on validation set 

was selected.  
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Results 

Descriptive analysis of the hospital data 

In this work, as shown in Table 1, 104701, 82091, 63449, and 51190 ED visits due to 

asthma attack, COPD, bronchitis and pneumonia were recorded, respectively, by OSHPD 

during 2005 to 2015. The data was stratified for gender, race/ethnicity, and age (Table 

11).  

For asthma, 56% of the study population were females, while 43% were males. 36.10%, 

16.59%, 38.11% and 4.24% of the visits were Non-Hispanic White, Non-Hispanic Black, 

Hispanic and Asian race/ethnicities, respectively. The mean age for the population in this 

study is 27 years old. 8.14%, 19.37%, 34.75%, 27.41%, and 7.77% of the visits were 

recorded from 2 to 5, 6 to 18, 19 to 40, 41 to 64, and 65+ years old, respectively. For COPD, 

58% of the study population were females, while 42% were males. 54%, 10%, 26% and 

4% of the visits were Non-Hispanic White, Non-Hispanic Black, Hispanic and Asian 

race/ethnicities, respectively. 26%, 42%, and 30% of the visits were recorded from 19 to 

40, 41 to 64, and 65+ years old, respectively. For bronchitis, 59% of the study population 

were females, while 41% were males. 44%, 9%, 38% and 4% of the visits were Non-

Hispanic White, Non-Hispanic Black, Hispanic and Asian race/ethnicities, respectively. 

8%, 11%, 36%, 32%, and 13% of the visits were recorded from 2 to 5, 6 to 18, 19 to 40, 

41 to 64, and 65+ years old, respectively. For pneumonia, 49% of the study population 

were females, while 51% were males. 47%, 8%, 34% and 6% of the visits were Non-

Hispanic White, Non-Hispanic Black, Hispanic and Asian race/ethnicities, respectively. 
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11%, 10%, 22%, 31%, and 25% of the visits were recorded from 2 to 5, 6 to 18, 19 to 40, 

41 to 64, and 65+ years old, respectively.   

Table 11: Characteristics of asthma, COPD, Bronchitis and Pneumonia ED visits during 

the years 2005 to 2015 in California, USA 

 

Characteristics 

 

Asthma  

# (%) 

 

 

COPD  

# (%) 

 

 

Bronchitis  

# (%) 

 

 

Pneumonia  

# (%) 

 

Sex     

Female  58905 (56.26) 47526 (57.89) 37597 (59.26) 25203 (49.23) 

Male 45794 (73.74) 34565 (42.11) 25851 (40.74) 25987 (50.77) 

Race      

White 37796 (36.10) 44972 (54.78) 27859 (43.91) 23918 (46.72) 

Black 17370 (16.59) 8221 (10.01) 5973 (9.41) 3980 (7.77) 

Hispanic 39904 (38.11) 21529 (26.23) 23893 (37.66) 17392 (33.98) 

Asians 4438 (4.24) 3330 (4.06) 2539 (4.00) 2857 (5.58) 

Others 5193 (4.96) 4039 (4.91) 3185 (5.02) 3043 (5.95) 

Age      

2-5 8523 (8.14) - 4995 (7.87) 5840 (11.41) 

6-18       20285 (19.37) - 6838 (10.78) 4953 (9.68) 

19-40 36381 (34.75) 21859 (26.63) 22801 (35.94) 11358 (22.19) 

41-64  28696 (27.41) 35116 (42.78) 20444 (32.22) 16003 (31.26) 

>=65 8136 (7.77) 25116 (30.60) 8371 (13.19) 13036 (25.47) 

Total Population 104701 82091 63449 51190 
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In order to have a better understanding of the trend of ED visits within the study area, the 

monthly number of ED visits due to asthma, bronchitis, COPD, and pneumonia in different 

regions under study between 2005 and 2015 was investigated (Fig. 3). As can be seen from 

Fig. 4, asthma is the prevalent respiratory disease within the study area and ED visits due 

to asthma increase mostly during the cold season and normally lowest around July. In 

Mojave Desert and Sacramento Valley, the ED visits due to asthma peak during the spring.  
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Exposure to NO3: A Decision Tree Model 

Decision tree, through classification based on the concentration of NO3, categorized 

individuals into leaf nodes. In the following sections, each leaf node is explained.  

Decision Tree Analysis for Asthma Attack 

Figure 4 indicates the decision tree analysis for asthma attack and exposure to NO3. In root 

node 1 “RN 1”, the population of people who were suffering from asthma attack during 

2005 to 2015 are divided into two groups based on the concentration of NO3 which they 

were exposed to at the time of visiting ED. The population which was exposed to the lowest 

concertation are sent to leaf node 1 “LN 1”. The average number of individuals per interval 

in the lowest section is 710, meaning that 710 individuals in average are exposed to the 

lowest concentration of NO3 in CA during 2005 to 2015. In the split node, the rest of 

population is divided into leaf node 2 and 3 based on the concentration of NO3 that they 

were exposed to. Those who were exposed to higher than 9 mg/L as NO3 are put into leaf 

node “LN 3”. Based on the result, there are 2114 individuals in average who were suffering 

from asthma and exposed to highest concentration of NO3 in CA during 2005 and 2015.  
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Figure 4: Decision tree analysis for asthma attack and exposure to NO3 in CA, USA 

during 2005-2015 

Decision Tree Analysis for bronchitis Attack 

Figure 5 indicates the decision tree analysis for bronchitis and exposure to NO3 in CA, 

USA during 2005-2015. As can be seen from the figure, those who were suffering from 

bronchitis and exposed to NO3 are categorized based on the concentration of NO3 which 

they were exposed to during 2005 to 2015. There are 640 individuals in average who are 

exposed to the lowest concentration of NO3 in CA during 2005 to 2015. In split node 1 

“SN 1”, the population under study is divided into two groups based on the concentration 

of NO3; those who are sent to leaf node 2, 780 individuals in average per interval, are 

exposed to less than 9 mg/L as NO3. In split node 2, people are split again based on the 

concentration of NO3 that they were exposed to; those who were exposed to between 9 and 
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12.5 mg/L as NO3 are sent to leaf node 3. There are 896 individuals on average per interval 

who are exposed to between 9 and 12.5 mg/L as NO3 at the time of their visit to ED due to 

bronchitis. 2671 individuals on average per interval are exposed to >12.5 mg/L as NO3 at 

the time of their visit to ED due to bronchitis as shown in the figure (leaf node 4 “LN 4”).  

 

Figure 5: Decision tree analysis for bronchitis and exposure to NO3 in CA, USA during 

2005-2015 

Decision Tree Analysis for COPD Attack 

Figure 6 indicates the decision tree analysis for COPD and exposure to NO3 in CA, USA 

during 2005-2015. For COPD, the decision tree was not able to go further than the first 

categorization. This means that the decision tree was not able to distinguish between those 

who were living in locations with highest and lowest concentration of NO3. In fact, the 
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decision tree was not able to find any association between visiting ED due to having COPD 

and concentration of NO3 in drinking water in locations where they were living.  

 

Figure 6: Decision tree analysis for COPD and exposure to NO3 in CA, USA during 

2005-2015 

Discussion 

This study was aimed to investigate the association between NO3 in drinking water in CA 

and visiting ED due to asthma, COPD, pneumonia, and bronchitis. The results indicated 

that there were on average 2114 and 2617 individuals who visited ED due to, respectively, 

asthma and bronchitis. No meaningful result was found for COPD and pneumonia in this 

study. These groups of people were living in the areas with the highest concentration of 

NO3. To the best of our knowledge, there are no study using decision tree to find any 

possible association between NO3 and respiratory diseases to compare the results.  

Considering the fact that the standard level set for NO3 is aimed to protect infants from 

methemoglobinemia, and it is not for protecting people from other possible diseases in 

relation with exposure to nitrate (Ward et al., 2018), having many people living in areas 
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with high concentration of Nitrate in drinking water may result in having permanent health 

related issues. In a study conducted by Gupta et al., (1999), it was found that increase in 

the concentration of nitrate in water resulted in the increase in damage to the tissues in 

rabbits’ lungs. Based on studies on animals, it is shown that exposure to Nitrate in drinking 

water can cause permanent damage to lung tissues and pathologic changes in bronchi and 

lung parenchyma (Shuval et al., 1972; Gruener et al., 1970; Gupta et al., 2000).   

Exposure to Nitrate by itself is not harmful; in fact, the reductive process by which Nitrate 

turns to Nitrite and NO within human body is of importance here since Nitrite and nitric 

oxide are harmful to human body (Manassaram et al., 2006). The exposure to Nitrate could 

change the balance of prooxidant-antioxidant, resulting in the changes of biomolecules of 

all types and tissue damage (Mircescu, 2008). NO which is a byproduct of reducing Nitrate 

is linked to cellular damage and death (Moncada et al., 1991; Hryhorenko et al., 1995; 

Kerwin, 1995; Peranovich et al., 1995; Hall et al., 2009). One of the ways in which Nitrate 

affect human body is through creating free radicals, resulting in oxidative stress (Mircescu, 

2008). When the amount of reactive oxygen species (ROS) increases drastically in human 

body or the antioxidant level decreases, oxidative stress occurs (Droge et al., 2006). 

Oxidative stress is involved in tissue injury, and it is associated with adult respiratory 

distress syndrome, diabetes mellitus, ischemia reperfusion injury of the heart, lung 

diseases, such as emphysema, pneumoconiosis, smoking-related lung diseases (Lu et al., 

1999; Ayo et al., 1990; Sax et al., 1992; Akinwande and Adebule, 2003).  
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Conclusion 

This study was aimed to investigate the association between NO3 in drinking water in CA 

and visiting ED due to asthma, COPD, pneumonia, and bronchitis. The results indicated 

that there were on average 2114 and 2617 individuals who visited ED due to, respectively, 

asthma and bronchitis. No meaningful result was found for COPD and pneumonia in this 

study. The concentration of Nitrate in drinking water in CA has increased drastically over 

the years and more and more people are living in areas with higher concentrations of Nitrate 

in their drinking water. The by-products of reductive reactions of Nitrate in human body 

are proven to be very dangerous at cellular levels, causing cellular damages to lung. 

Considering this, the exposure to Nitrate in drinking water in CA should be taken into 

account from public health point of view.  
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Chapter 5: General Conclusion 
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California has been suffering from different environmental pollutants, namely, air 

pollutants and water pollutants. The agricultural activity in this region has caused increase 

in the utilization of fertilizers leading to increase in the concentration of pollutants, 

including Nitrate, in surface and groundwater resources. Nitrate has been shown to cause 

oxidative stress, one of the main factors affecting the lung activity. It has also shown that 

this pollutant can permanently damage human cells within the body through different 

reactions. Due to its ability to reduce to Nitrite and then free radicals, it was speculated that 

this pollutant can worsen respiratory diseases through the process called oxidative stress. 

Therefore, we decided to study the association between Nitrate in drinking water and 

respiratory diseases in California. I applied two different models, a generalized linear 

model and decision tree, to study this possible association.  

In my first study on the association between the increase in the average concentration of 

Nitrate in drinking water from different sources between 2005 and 2015 and Asthma ED 

visits in California, USA through a time series study (GLM), I found that there is a 

statistically significant association between Nitrate in drinking water in CA and asthma ED 

visits between 2005 to 2015. In this study, 104701asthma ED visits were recorded by 

OSHPD during 2005 to 2015. Based on the results, the highest RR was found at lag 0-6; a 

1 mg/L as NO3 increase in the concentration of NO3 at lag 0-6 is associated with an asthma 

ED visits risk ratio of 3.2% [RR: 1.032 (95% confidence intervals: 1.017, 1.047)].  

In my second study on the effect of Nitrate in drinking water and chronic respiratory 

diseases, I found that there is a statistically significant association between Nitrate in 

drinking water and bronchitis, pneumonia and COPD in California, USA. The association 
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with bronchitis and pneumonia was found while stratifying for gender, race/ethnicity and 

age but not for COPD.  In my third study which I applied decision tree model, I found that 

there are considerable number of people who suffer from bronchitis and asthma and live in 

areas where the concentration of Nitrate is in violation of its standard level. Considering 

the effects of Nitrate’s by-product in human body on lung, the concentration of Nitrate 

should be lowered and also its standard level should be reconsidered and includes other 

diseases in setting up the level of Nitrate.  

The concentration of Nitrate has been increasing over the last two decades in California 

which is mostly due to the increase in the usage of Nitrogen Fertilizers. It has already 

shown that Nitrate in drinking water is connected to different types of cancer and this 

pollutant can harm people in many ways. The reduction process occurs within human body 

(i. e. anaerobic bacteria in oral cavities and intestines) turn this pollutant into known 

carcinogens and highly reactive compounds resulting in permanent damage to human cells. 

Considering these, there has not been any statewide plan to reduce the concentration of this 

pollutant in drinking water. We hope that conducting studies on this issue shed some light 

on this topic and bring this issue to the attention of policy makers and local public health 

jurisdictions.  
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