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Abstract 
Trihalomethanes, such as chloroform, bromoform, dibromo(chloro)methane, 
and bromo(dichloro)methane, are present in the major watersheds across the 
United States. These chemicals play an important role in the development of 
cancer, have adverse reproductive outcomes, and were found to be present 
above the threshold established by the Environmental Protection Agency. To 
understand the impact of socioeconomic background on the quality of water 
and possible disparities, we have analyzed the levels of total trihalomethanes 
in the metropolitan areas in the major watersheds across the United States, in 
2018, as they correlated to average household incomes. Our study found that 
Arkansas, Nevada, and Rhode Island demonstrated higher than federally 
mandated levels of total trihalomethanes in their watersheds. The median 
annual household and per capita incomes of the three states (Arkansas, Ne-
vada, and Rhode Island) were lower than the national average. In addition, 
Delaware, New Hampshire, and Wisconsin, which had higher median income 
levels, demonstrated the lowest total trihalomethane levels across the United 
States. 
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1. Introduction 

Drinking water is often derived from groundwater or surface water. However, 
these water bodies all drain into drainage basins along with rain runoff and 
melted snow (The Physical Environment, 2003). A watershed is a topographic 
region that drains into a river, lake, or stream (What Is a Watershed and Why 
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Should I Care?, 2012). Watersheds can essentially act as a funnel for collecting 
water from surrounding rivers, lakes, bays, sub-watersheds or any other water 
bodies, and drain them into a larger water basin. Considering the flow of water, 
it is empirical to examine the composition of water bodies as they integrate and 
play a significant role in the distribution of contaminants. 

Pollutants have contributed to the increase in the acidity of raw water (Brewer 
& Barry, 2008), which can significantly impact the integrity of water quality. 
Studies have shown that humic and fulvic acids can react with chlorine or chlo-
rine residues (Adin et al., 1991) used in the chlorination process of disinfecting 
water, to yield toxic and carcinogenic volatile chemicals, such as chloroform 
(CHCl3), bromoform (CHBr3), dibromo(chloro)methane (CHBr2Cl), and bro-
mo(dichloro)methane (CHBrCl2). These chemicals are collectively known as to-
tal trihalomethanes (TTHMs). 

Total organic halides, present in raw water, are the main precursors for the 
formation of trihalomethanes (Jung & Son, 2008). Hence, watersheds containing 
large volumes of total organic compounds are more susceptible to the presence 
of higher levels of trihalomethanes (Babcock & Singer, 1979). The presence of 
humic acid is shown to contribute to very high levels of bromoform formation 
during the ozonation process of water disinfection (Huang et al., 2005). Accord-
ing to the Environmental Protection Agency (EPA), chlorinated water contains 
varying trihalomethane levels (Symons, 1975), and concentration of these carci-
nogens may vary depending on water composition (Guha et al. 2019). In addi-
tion to water acidity or alkalinity, algal abundance can also contribute to the 
elevation of organic precursors that can further react with chlorine residues to 
form trihalomethanes (Saunders et al., 2015). 

Epidemiological studies have attributed various reproductive health anomalies 
to the consumption of water containing trihalomethanes and deemed it as a car-
cinogenic chemical (Symons, 1975). Scientists have demonstrated a positive cor-
relation between trihalomethane oral consumption and an array of sexual ab-
normalities in rats including toxicity to fetus (Thompson et al., 1974), embryo-
nic death and anomalies in the sperm formation (Klinefelter et al., 1995). Hu-
man research has been limited; however, a handful of investigators have deter-
mined similar reproductive anomalies in human subjects (Waller et al., 1998; 
Grazuleviciene et al., 2011). Exposure to trihalomethanes can slightly increase 
one’s susceptibility to colorectal and bladder cancers (Villanueva et al., 2017; 
Klaassen, 2019), and cause major organ damage (World Health Organization, 
2004). 

Due to the obvious health burden as a result of exposure to trihalomethanes, 
the EPA has established the “Stage 1 Disinfectants/Disinfection Byproducts 
Rule” to enforce the maximum allowable annual average to remain below 80 
parts per billion (ppb) (Environmental Protection Agency, 2001). However, raw 
water and watersheds are not regulated by the EPA. If present in watersheds, 
trihalomethanes may navigate into drinking water source interfering with the 
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water treatment process. In addition, communities with unregulated water 
source, such as rural areas, are more susceptible to consuming water contami-
nated with trihalomethanes which calls for water laws that are more efficient in 
ensuring feasible clean water for all citizens. Environmental justice seekers con-
tinue to shed light on the expansion of infrastructure that ensure the availability 
of clean, regulated water to all citizens, regardless of socioeconomic background 
or location (Freyfogle, 1986). Studies have shown that overwhelming amount to 
toxic chemical as a result of industrial use is released in locations populated with 
low income communities calling this practice “environmental racism” (Collins 
et al., 2016). In addition, infrastructure for the treatment and disposal of toxic 
waste tends to also be built in low-income communities (Mohai & Saha, 2015). 
In Tennessee, lower income communities were shown to have higher levels of 
trihalomethane presence albeit being below federally mandated regulations (Guha 
et al., 2019). 

In order to address the disparities in attaining justified distribution of water, 
investigators have formulated framework studies to elaborate on the existing en-
vironmental inequalities, attributing them to sociocultural factors, and have at-
tempted to offer possible remedies (Zwarteveen & Boelens, 2014). To our know-
ledge, there have not been any studies conducted to explore the relation between 
the levels of trihalomethanes and median household incomes in the watersheds 
affecting metropolitan cities across the United States. Our research is the first of 
its kind to explore trihalomethane concentrations in the most densely populated 
metropolitan city in each state, during 2018, in an attempt to evaluate watershed 
conditions across the country. In this manner, our research provides novelty and 
adds to the existing literature on contaminants affecting water quality in differ-
ent areas of the United States. The data obtained will be used to analyze wa-
tershed health and uncover any disparities that may be present in the levels of 
total trihalomethanes between metropolitan areas with different median house-
hold incomes. The information provided by our research will also be useful in 
educating and empowering people from low-income communities, and with 
enable them to take appropriate measures about the water quality affecting their 
areas. 

2. Materials and Methods 

Secondary data related to the concentrations of trihalomethanes was obtained 
from the annual water safety report for the metropolitan area watersheds across 
United States for 2018 (City of Dallas Water Quality Report, 2018; The City of 
Fargo, 2008; City of White Plains, 2018; West Virginia American Water, 2019; 
Baton Rouge Water Company, 2018; Central Arkansas Water, 2018; Minneapo-
lis Public Works, 2018; Fulton County, 2019; Department of Water, County of 
Kaua’I, 2019; Allen County Water District, 2018; Mariposa County Public 
Works Department, 2018; Miami-Dade County, 2018; Massachusetts Water Re-
sources Authority, 2018; New York City, 2018; Manchester Water Works, 2018; 
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Salt Lake City Department of Public Utilities, 2019; City of St. Louis Water Divi-
sion, 2019; Town of Bernalillo, 2018; Yarmouth Water District, 2018; City of 
Arvada, 2018; Charlotte Water, 2018; Milwaukee Water Works, 2018; City of 
Florence, 2018; Gallatin Local Water Quality District, 2018; Georgetown Water 
Department, 2019; Mississippi State Department of Health, 2018; Polk City 
Government, 2018; City of Port Orchard, 2019; Anchorage Water & Wastewater 
Utility, 2019; Burlington Water, 2018; City of Cheyenne, 2018; Denver Water, 
2019; Fairfax Water, 2019; City of Fort Lauderdale, 2018; City of Goddard, 2019; 
Grand Forks Government, 2018; Greenville Water, 2018; Public Works, Lake 
County Illinois, 2018; Louisville Water, 2018; Las Vegas Valley Water District, 
2019; Minnehaha Community Water Corp, 2018; SUEZ Idaho Operations, 2018; 
Metro Water Services, 2018; Oklahoma City Utilities Department, 2018; Phila-
delphia Water Department, 2018; City of Phoenix Water Services Department, 
2018; Portland Water Bureau, 2019; Providence Water, 2018; Regional Water 
Authority, 2018; City of Detroit Water & Sewerage Department, 2018; Wash-
ington Suburban Sanitary Commission, 2018). Additional information was col-
lected by contacting water service offices to obtain information not readily 
available in the annual water safety report. The molecular structures of trihalo-
methanes are shown in Figure 1 (Jung & Son, 2008; Singer & Chang, 1989; Bel-
lar & Lichtenberg, 1974; Rook, 1974). 

Scheme 1 shows how trihalomethanes are formed via the famous haloform 
reaction (March & Smith, 2007; Fuson & Bull, 1934). 

Data including median annual household income was obtained from the 
United States Census Bureau (United States Census Bureau, 2020). The water 
quality data was then prepared for descriptive statistical analysis. Histograms 
were used to illustrate the levels of total trihalomethanes in metropolitan areas 
across the United States for 2018. Tables were generated to record income per 
capita for the metropolitan city of each state (provided by the Census Bureau)  

 

 
Figure 1. Molecular structure of common trihalomethanes in watersheds. From left: 
Chloroform; Bromoform; Dibromo(chloro)methane; and Bromo(dichloro)methane. Green 
= chlorine; Grey = carbon; White = hydrogen; Red = bromine. 

 

 
Scheme 1. Formation of trihalomethanes via haloform reaction. 
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and their watersheds and sources (provided by the state and local water services 
departments), and correlated to the levels of trihalomethanes. The disparities 
among the average household income in different counties and their water qual-
ity are shown using multi-variable charts. 

3. Results and Discussion 

The water chemistry and composition of raw water can be influenced by many 
factors including human activity and wildlife population surrounding the water 
source. The water source or watersheds can be comprised of different types of 
water bodies including aquifers, lakes, rivers, creeks and reservoirs. The concen-
tration of fulvic and humic acids present in these water bodies highly influences 
the level of total trihalomethanes present due to chlorination of potable water. 
Regardless of water source or raw water composition, trihalomethanes levels 
must not exceed federally mandated levels. Each state must follow federal and 
state laws to ensure the availability of clean, regulated water to all citizens, re-
gardless of socioeconomic background or location. Table 1 shows the water-
sheds or water source in the metropolitan city of each state in the United States. 

As shown in Figure 2, three states (Rhode Island, Arkansas and Nevada) 
demonstrated the highest levels of trihalomethanes across the nation. Water 
sources or watersheds for these states included lakes, creeks and reservoirs indi-
cating that the types of water source did not play a significant role in the level of 
total trihalomethanes. 

Although the EPA sets the standard for maximum allowable level for total 
trihalomethanes at 80 ppb, the data for the metropolitan cities of Rhode Island, 
Arkansas and Nevada proved to be in violation of the federally mandated regula-
tions. 

When examining the median annual household income and income per capita 
(Table 2) for these three states in violation, it was determined that two (Arkan-
sas and Nevada) out of the three states had income that was significantly lower 
than the national average household income of $60,330, as provided by the 
United States Census Bureau. In addition, three states (Delaware, New Hamp-
shire, and Maryland) with the lowest levels of total trihalomethanes belonged to 
higher income groups, as they had median annual household income and in-
come per capita above or at the national average (Figure 3). 

These disparities in total trihalomethane levels in correlation to income levels 
are in conjunction with water justice inequalities that have been previously in-
vestigated by scientists and environmentalists. Our findings that lower income 
communities face injustice obtaining and sustaining high water quality agree 
with previous investigations (Collins et al., 2016; Mohai & Saha, 2015; Guha et 
al., 2019). In order to overcome such disparities among households in obtaining 
and sustaining clean drinking water, the water quality information should be 
shared with the public, so that they can be better informed. A concerted effort 
must be made by federal agencies, such as the Environmental Protection Agen-
cy, Department of Agriculture, and the Army Corps of Engineers, to collaborate 
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with community-based organizations and bridge water-based community needs. 
Various steps have been suggested (Vanderwarker, 2013), such as priorities be-
ing set by governmental agencies to create specific action plans with time frames 
for communities facing inequalities in water quality, collaboration of federal 
agencies with state and local governments, and other stakeholders, to address 
water-related environmental justice issues, incorporating social, economic, and 
community health factors into the decision-making processes, and taking proac-
tive steps to ensure purposeful public participation, such as providing informa-
tion in languages apart from English. Additionally, the methods of data collec-
tion and assessment of threats within aquifers and groundwater systems should 
be improved, and sufficient funding should be allocated to ensure program 
maintenance. The rapidly growing risks of climate change, such as flooding and  

 
Table 1. Watersheds or water source in the metropolitan city of each state. 

State Watershed/Water Source State Watershed/Water Source 

Alabama Potomac River Montana Missouri River 

Alaska Eklutna Lake Nebraska Platte River 

Arizona Salt and Verde Rivers Nevada Kings Creek, Ash Creek and Marlette 

Arkansas Lake Winona and lake Maumelle New Hampshire Bellamy Reservoir 

California Sacramento and American River New Jersey Pequannock Watershed 

Colorado Strontia Springs New Mexico Bernalillo Rivers and Creeks 

Connecticut Farmington River New York Catskill/Delaware and Croton 

Delaware Heron Bay North Carolina Falls Lake Reservoir 

Florida Floridan Aquifer North Dakota Red River 

Georgia Chattahoochee River Ohio Scioto River 

Hawaii Haiku Tunnel and Well Oklahoma Canton Lake and McGee Creek 

Idaho Boise River Oregon Clear Creek 

Illinois Lake Springfield Pennsylvania Schuylkill River 

Indiana Teays River Valley Rhode Island Scituate Reservoir 

Iowa Raccoon and Des Moines River South Carolina Lake Keowee 

Kansas Kansas River South Dakota Hilger’s and Whiskey Gulch Basin 

Kentucky Old Hickory Lake Tennessee Cumberland River 

Louisiana Southern Hills Aquifer Texas Lake Austin 

Maine China Lake Utah Cottonwood Creek 

Maryland Magothy River, Upper and Lower Patapsco Vermont Berlin Pond 

Massachusetts Ware River Virginia James River 

Michigan Saginaw Sandstone Aquifer Washington Cedar River 

Minnesota Mississippi River West Virginia Elk River 

Mississippi Pearl River Wisconsin Lake Michigan 

Missouri Missouri River Wyoming Granite Springs Reservoir 
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Figure 2. Average total trihalomethane (TTHM) concentration measured in parts per billion (ppb) in major wa-
tersheds across the United States. 

 
Table 2. Median household income along with income per capita (US dollars) for met-
ropolitan city of each state. The incomes are separated by a slash (/). 

State 
Median household income/ 

income per capita ($) 
State 

Median household income/ 
income per capita ($) 

Alabama 38,902/24,780 Montana 57,172/33,107 

Alaska 83,648/30,129 Nebraska 59,266/21,265 

Arizona 57,957/21,907 Nevada 53,575/26,011 

Arkansas 53,173/34,546 New Hampshire 73,022/29,296 

California 62,474/29,906 New Jersey 72,561/19,313 

Colorado 68,377/32,399 New Mexico 51,643/24,745 

Connecticut 73,151/34,310 New York 67,274/35,811 

Delaware 69,479/29,007 North Carolina 60,764/24,698 

Florida 41,818/25,601 North Dakota 53,309/26,059 

Georgia 65,345/25,288 Ohio 52,971/23,020 

Hawaii 80,212/36,339 Oklahoma 53,973/25,074 

Idaho 63,179/25,723 Oregon 73,097/31,377 

Illinois 57,238/23,074 Pennsylvania 46,116/22,874 

Indiana 47,678/23,198 Rhode Island 42,158/25,435 

Iowa 47,275/23,316 South Carolina 63,459/28,649 

Kansas 46,890/23,326 South Dakota 50,017/26,959 

Kentucky 57,405/21,756 Tennessee 55,873/23,994 

Louisiana 57,843/27,934 Texas 52,210/24,516 

Maine 56,977/24,132 Utah 73,730/24,277 
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Continued 

Maryland 85,203/29,771 Vermont 50,324/31,095 

Massachusetts 71,834/37,311 Virginia 111,574/33,671 

Michigan 31,283/21,701 Washington 70,598/39,322 

Minnesota 63,590/35,388 West Virginia 41,701/27,138 

Mississippi 55,700/26,655 Wisconsin 70,463/25,163 

Missouri 43,889/22,698 Wyoming 63,235/29,980 

 

 
Figure 3. Median household income as it correlates to income per capita in the metropolitan city of each state. 

 
rise of sea levels, should also be taken into account, especially for vulnerable 
populations, in developing water resource management policies. State and local 
agencies receiving federal funding should be required to demonstrate collabora-
tion with affected communities, and ongoing efforts to address water quality 
disparities should be proven, in order to receive continued funding. 

Our study could serve as a guide for lawmakers to apportion resources toward 
the improvement of infrastructure in communities with poor water quality, and 
to support ordinances issued by the Environmental Protection Agency and other 
governmental agencies. The results obtained from this research can be used to 
educate and empower communities, particularly low-income populations, to 
take action regarding water quality in their respective areas. Our project will 
provide information about the health risks associated with the presence of triha-
lomethanes in watersheds, and assist in further data collection and analysis of 
information. Such steps are essential in order to minimize, and eventually elim-
inate, the gap between socioeconomic backgrounds and the availability of clean, 
sustainable water to the population. 

4. Conclusion 

Investigating the presence of harmful and possibly carcinogenic compounds in 
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water is essential to the well-being of communities. The health ramifications of 
consuming water contaminated with trihalomethanes are of social and epidemi-
ological interest. As shown in this study, in 2018, Arkansas, Nevada, and Rhode 
Island, which had median annual household income and income per capita low-
er than the national average, demonstrated higher than federally mandated levels 
of total trihalomethanes in their watersheds. On the other hand, the states with 
significantly low levels of total trihalomethane (Delaware, New Hampshire, and 
Wisconsin) had high average household income and income per capita. Al-
though many factors play a role in water quality, socioeconomic background 
should not be one. However, socioeconomic background seems to exasperate 
poor water quality, particularly in older and less fortunate communities. Addi-
tionally, knowing that water bodies are interconnected further increases the ur-
gency to regulate the trihalomethanes entering the watersheds. Information ob-
tained from the present study could be used by governmental agencies to draft 
guidelines, in order to keep the population better informed of the drinking water 
quality in their areas. Such information will serve as a precursor in initiating ap-
propriate measures to overcome the discrepancy in the quality of water available 
to people from different socioeconomic backgrounds. 
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