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Executive Summary: 1,2,3-trichloropropane (TCP) is a toxic, man-made chemical used widely 
in agricultural and other contexts from the 1940s to the 1980s. TCP has settled into the 
groundwater supplies nearly everywhere it was used. In 2009, the Environmental Protection 
Agency (EPA) included TCP on the Third Contaminant Candidate list (CCL3) and listed the safe 
oral reference dose (RfD) for TCP at 0.004 milligrams per kilogram per day. Since then, we have 
learned that the scope of the TCP contamination problem is greater than first understood. At 
least 13 states and one territory have contaminated wells. Animal studies show that TCP is a 
potent carcinogen, and toxicology studies suggest that TCP is unsafe at levels at and above its 5 
ppt detection limit. Three states, California, Hawaii, and New Jersey have adopted enforceable 
maximum contaminant levels of TCP in groundwater. As other states become aware of 
contamination levels, it is likely that some of them will also regulate TCP, but that could take 
many years. Federal legislation could mandate EPA advisories sooner than state legislation. The 
EPA has used the detection limit as the maximum for at least one other chemical, 1,2-Dibromo-
3-chloropropane (DBCP), a common co-contaminant of TCP. We recommend that the EPA 
adopt TCP’s lowest detection level, 5 ppt, as the federal maximum contaminant level

I.  The Problem: Contaminated Tap Water 
For many Americans, the water they drink, cook with, 
and bathe in is polluted with unsafe chemicals. While 
the federal government has created national 
regulations for some chemicals such as lead and 
polychlorinated biphenyls (PCBs), much regulation is 
done state-by-state, resulting in inconsistent policies 
that are often administered inequitably. Those 
inequities become clear when we look at the 
communities most impacted by toxic water, including 
rural and marginalized communities facing other 
inequities, such as limited access to healthcare and 
other basic services (Balazs and Ray 2014; Schaider 
et al. 2019).  
 
Inconsistency in the regulation of harmful chemical 
pollutants results in limits that are either set too high 
or lacking all-together. The history of 1,2,3-

Trichloropropane (TCP) makes clear the potential 
consequences of this type of regulation, or lack 
thereof. Some states including California, Hawaii, and 
New Jersey have set MCLs for TCP at 5, 600, and 30 
ng/L, respectively (U.S. EPA 2017a; Torralba-Sanchez 
et al. 2020). The MCL of these three states differ by up 
to two orders of magnitude and illustrate the need for 
a national regulation so that all consumers are 
protected at the same risk level. 
 
 
Used as an industrial solvent, injected into the soil, 
and included as a component in widely used 
pesticides, TCP had been spreading for years before 
the scientific community recognized its deleterious 
effects. As a result, people, often in marginalized 
communities and rural agricultural outposts, had 
been drinking water contaminated with TCP long 
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before Hawaii, California, and New Jersey set state 
maximum contaminant levels (MCL) and required 
that water systems are regularly monitored to detect 
its presence. 
 
Once thought of as an emerging contaminant, TCP is 
now understood to be carcinogenic and because it is 
ubiquitous in groundwater near agricultural regions, 
this issue demands federal oversight (Kielhorn et al. 
2003; Burow et al. 2019). A World Bank report 
“Quality Unknown,” identified fragmented 
regulations across countries and agencies as a cause 
for uncertainty, and a hindrance to progress toward 
universal clean and accessible drinking water 
(Damania et al. 2019). TCP meets all the statutory 
criteria that the EPA uses when it considers whether 
to regulate a chemical, as required by The Safe 
Drinking Water Act (U.S. SDWA 1996; U.S. EPA n.d.): 

● TCP is a recognized carcinogen with adverse 
health effects (Kielhorn et al. 2003),  

● TCP occurs in public water systems in at least 
thirteen states and one U.S. territory,  

● Federally regulating TCP would be a 
“meaningful opportunity” to reduce health 
risk for consumers especially in marginalized 
rural agricultural communities. 

 
i. Uses and prevalence TCP  
TCP is a chlorinated organic pollutant that 
contaminated drinking water in areas where it was 
applied. Since it does not readily bind to soil and is 
highly stable, TCP has leached into groundwater and 
persists (US EPA 2017a). In 1970, the California 
Department of Food and Agriculture began listing 
fumigants with TCP in pesticide use reports, 
ultimately connecting TCP to more than forty crop 
types (CDFA 1970-1984). 
 
Because TCP is on the third Candidate Contaminant 
List 3 (CCL3), it is part of the EPA’s third Unregulated 
Contaminant Monitoring Rule (UCMR) which 
assesses the breadth of population exposure levels. 
For twelve months between 2013-2015, the EPA 
program sampled all public water systems serving 
more than 10,000 people and 800 representative 
systems serving 10,000 or fewer people (U.S. EPA 
2012; U.S. EPA 2017b). The data showed that TCP 
was present in groundwater at levels above the 
California’s Public Health Goal (0.7 ppt) in Alabama, 
Arizona, California, Connecticut, Florida, Hawaii, 

Maryland, North Carolina, New Jersey, New Mexico, 
New York, Pennsylvania, Puerto Rico, and Virginia 
(U.S. EPA 2017c) (Figure 1). 

 
Figure 1: Map showing U.S. locations which have detected 
1,2,3-Trichloropropane (TCP) levels in groundwater. 
Hawaii (left) and Puerto Rico (right) are in the inset. TCP 
concentration in parts per billion (ppb) or µg/L. Data from 
EPA, (UCMR, 2013-2015). 
 
ii. Harmful effects of TCP exposure 
As early as 1985 evidence began to show TCP’s potent 
mutagenic properties in mice and rats when 
delivered orally or via inhalation (Villeneuve et al. 
1985). In 1993, the U.S. National Toxicology Program 
(NTP) two-year chronic toxicity study showed “clear 
evidence of carcinogenic activity” in both male and 
female rats (NTP 1993). Although toxicity studies 
focus on TCP’s carcinogenic potential, studies from 
both the World Health Organization and the EPA 
indicated that ingesting TCP can significantly reduce 
fertility and reproduction in mice (Keilhorn et al. 
2003; U.S. EPA 2009).  
 
On the heels of the NTP study, Irwin et al. (1995) 
published the first peer reviewed academic study of 
TCP’s carcinogenic potential. They chose their dose 
range to mimic human occupational exposure based 
on the Occupational Safety and Health 
Administration (OSHA) limit: 10 ppm for an 8-hr. 
workday. The study showed that TCP induced a 
carcinogenic response even at the lowest doses (3 
mg/kg for rats and 6 mg/kg for mice). Irwin et al. 
(1995) theorized that, given the high levels of 
mutagenic activity in the low dose groups, even 
smaller amounts of TCP would have induced cellular 
changes.  
 
La et al. (1996) discovered that when TCP was 
delivered orally to mice and rats, tumors developed 
in multiple sites including the liver, stomach, and 
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kidneys. The incidence of TCP-induced forestomach 
tumors was nearly 100%, even among the low-dose 
group (3 mg/kg for five days in mice and 6 mg/kg for 
five days in rats), when delivered orally via oil 
suspension. Although more information is needed 
regarding prolonged exposure in humans, La et al. 
(1996)’s findings confirm that TCP is carcinogenic 
even at the typical low doses found in tap water. 
 
In the most recent study of TCP toxicology, Tardff et 
al. (2010) used a biological risk assessment approach 
to estimate Drinking Water Equivalent Levels 
(DWELs) for a lifetime of consumption. Tardff et al. 
(2010) used an internationally recognized 
framework from the World Health Organization and 
the EPA to estimate, from animal models, safe TCP 
exposure levels for humans over a lifetime. They 
concluded that to protect against non-cancer toxicity 
and cancer, tap water can be consumed safely at TCP 
concentrations up to 200 ppb or micrograms per 
liter; however, the EPA’s Integrated Risk Information 
System (IRIS) lists chronic oral reference dose (RfD) 
of 4 x 10-3 milligrams per kilogram per day 
(mg/kg/day). A RfD estimates the amount of a 
substance a person can be exposed to without 
adverse health effects over a lifetime of daily 
exposure (U.S. EPA n.d.). For comparison, a 62 kg 
person (average human weight) drinking 3 liters of 
water a day of water contaminated with 200 ppb 
would be equivalent to a comparable level of 
approximately 0.01 mg/kg/day or almost 2.5 times 
the EPA’s RfD (Walpole et al. 2012). 
 
iii. Clean-up and co-contamination 
Removing TCP from drinking water is costly. Del Rey, 
California – a small unincorporated rural community  
would have to install four filtration units to remove 
all of the TCP from their groundwater supplies at a 
total estimated cost of more than $18 million dollars 
(Klein, 2018). The Best Available Technology (BAT) is 
to pump and then treat contaminated water by 
passing it through Granular Activated Carbon (GAC). 
However, the carbon source must be replaced 
relatively often since GAC has a low affinity for TCP 
(Hauptman and Naughton 2021). TCP is a common 
co-contaminant with 1,2-Dibromo-3-chloropropane 
(DBCP), which is also treated with GAC (Burow et al. 
2019). Like TCP, DBCP is another legacy contaminant 
no longer used but persistent in the environment due 
to its long half-life and low natural attenuation.  Also 

a soil fumigant, DBCP is carcinogenic and can cause 
serious declines in male fertility including sterility 
(Teitelbaum 1999). The federal MCL for DBCP was set 
in 1991 at 0.2 ppb (U.S. EPA 2002).  
 
II. Stakeholders 
The EPA administrator, EPA scientists and decision 
makers, and members of the U.S. Senate Committee 
on Environment and Public Works should work 
together to advance TCP from the CCL stage to a 
federal MCL. Those living in or near agricultural areas 
are the most at risk of drinking water contaminated 
with TCP from non-point source contamination 
(Burow et al. 2019). There are also some 
communities near point source contamination from 
industrial use. For example, groundwater in southern 
California’s San Fernando Valley superfund site called 
the Burbank Operable Unit has levels of TCP above 
the California MCL due to decades of aerospace 
manufacturing (Book and Spath 2007).  
 
California’s impacted cities are funding clean-up with 
money from legal settlements rather than passing 
costs off to consumers. In 2011 Livingston, California 
settled a lawsuit for 9 million dollars against two 
chemical companies to fund TCP clean-up efforts 
(North 2011).  After a four-month trial in 2019, the 
City of Atwater, California was awarded $63 million 
to treat TCP contaminated groundwater after suing 
Shell Oil Co (Schlesinger 2019). A federal MCL would 
remove uncertainty about TCP safety and any doubts 
that it must be removed from the drinking water 
supply. Chemical  
companies that marketed fumigants containing TCP 
to farmers may wish to avoid costly litigation and 
might oppose a federal MCL for this very reason.  
 
III. Regulatory Background 
The Safe Drinking Water Act (SDWA) regulates 
drinking water in the United States and gives the EPA 
the power to enforce National Primary Drinking 
Water Regulations (NPDWR) for specific 
contaminants and to determine the legally 
enforceable limit (MCL). There are seventy-eight 
substances with a federal MCL, but nothing has been 
added to the list since the SDWA was amended in 
1996 (Fedinick et al. 2017).  
 
i. EPA Rulemaking 
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Section 1412 of the SDWA outlines three phases to 
establish a Federal MCL for a new contaminant: 1) 
Identification, 2) Evaluation and 3) Regulation. For 
TCP, the EPA collected national occurrence data from 
2013-2015 but since then the agency has not taken 
any further formal regulatory steps forward. The EPA 
also has yet to publish a national map showing where 
groundwater tests positive for TCP.  During the 
second phase, evaluation, the EPA uses three criteria 
to decide whether they should start to develop a new 
NPDWR: health risk, high occurrence, and the 
reduction of risk. If the EPA Administrator 
determines that those criteria are met, it proceeds 
with regulation (U.S. SDWA, Section 1412, 1996). 
Multiple studies show TCP’s potential to cause cancer 
and UCMR monitoring has been available for six years 
showing contamination in over a quarter of U.S. states 
and Puerto Rico (U.S. EPA 2017c). GAC, California and 
Hawaii’s BAT for TCP, is a well-known and tested 
technology which can lower TCP levels to the 
detection limit (Babcock et al. 2018). It is past time 
for the EPA to move TCP to the third phase: 
regulation. 
 
ii. State Regulations 
In lieu of a federal MCL some states have established 
their own MCLs to protect consumers from TCP. 
Hawaii, New Jersey, and California have set MCLs at 
600 ppt, 30 ppt and 5 ppt respectively (Torralba-
Sanchez et al. 2020). California requires public wells 
above the limit to: provide an approved  
treatment such as GAC; discontinue use of the well; 
purchase water from another utility; consolidate with 
other water systems; or dilute water to below the 
MCL (SWRCB 2018). California's strict regulations 
should be a blueprint for the EPA to follow. 
 
IV. Policy Options 
There are three policy options for the EPA’s 
consideration. Option A presents the least risk for U.S. 
citizens and the highest potential treatment costs 

whereas option C has the greatest health risk. A 
federal TCP regulation may mean that some water 
systems may not have to install a new treatment 
system as one may already be in place for DBCP, a 
common co-contaminate with TCP.  
 
i. Option A 
The EPA should adopt the lowest detection limit (5 
ppt) as the MCL for TCP. This provides the highest 
level of protection for citizens who depend on 
groundwater for drinking water.   
 
ii. Option B 
Adopt a higher MCL for TCP like New Jersey and 
Hawaii (30-600 ppt), which would mean lower 
implementation costs and an increase in the safety of 
drinking water sourced from groundwater in heavily 
impacted wells.  
 
iii. Option C 
Increase national testing especially in rural 
agricultural areas to better understand the 
distribution of TCP in groundwater supplies. Using 
this data, heavily impacted states should be advised 
to establish state level MCLs. 
 
V. Recommendation 
The EPA should adopt policy Option A to establish a 
federal MCL of 5 ppt for TCP. For chemicals thought 
to cause cancer the EPA sets the Maximum 
Contaminant Goal (MCLG) at zero; in other words, no 
amount of the substance in drinking water is 
considered acceptable. The MCL for TCP should be 
based on the lowest concentration that can currently 
be measured, which is 5 ppt. A federal MCL at the 
lowest possible detection limit, like that established  
in California, provides the most meaningful reduction 
in health risk for consumers (U.S. SDWA, Section 
1412, 1996). 
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