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Background
on

Triahalomethanes



Two Important Terms
• Disinfection Byproducts (DBPs) are formed when 

disinfectants used in water treatment plants react 
with bromide and/or natural organic matter present 
in the source water.  Disinfection byproducts include 
trihalomethanes, haloacetic acids, bromate, and 
chlorite.

• Trihalomethanes (THMs) are a group of disinfection 
byproducts that are formed when chlorine or other 
disinfectants used to treat drinking water react with 
naturally occurring organic and inorganic matter in 
water.



●Trichloromethane (Chloroform)

● Bromodichloromethane

● Dibromochloromethane

● Tribromomethane (Bromoform)

Common (and regulated) THMs



Why Regulate THMs?
• Toxicological studies have shown 

that exposure to THMs may 
result in adverse effects in 
laboratory animals, including:
– hepatotoxicity
– nephrotoxicity
– mutagenesis
– carcinogenicity
– adverse reproductive effects

(DeAngelo et al. 2002; Geter et al. 2004;  
International Life Science Institute 1995; Keegan et 
al. 1998; Landi et al. 1999;  Agency for Toxic 
Substances and Disease Registry 1993)

• Maternal DBP exposure has been 
linked to an elevated risk for a 
range of reproductive outcomes 
including:
– pregnancy loss*

– prematurity*

– low birth weight*

*(Dodds et al. 1999, 2004; Kallen and Robert 2000; 
King et al. 2000, 2005; Waller et al. 1998; Yang et al. 
2000)

– Neural  tube defects
(Dodds et al. 1999; Dodds and King 2001; Hwang 
and Jaakkola 2003; Klotz and Pyrch 1999)

– cardardiac defects
(Hwang et al. 2002)

– ururogenital defects
(Magnus et al. 1999)

– oral cleft defects
(Dodds et al. 1999)



The following table summarizes the research as 
of the date of the article regarding disinfection 

byproduct exposure and birth defects.



Current U.S. Regulations
• The EPA requires detection of THMs by any of the following:

– EPA Method 502.2 (Volatile Organic Compounds in Water by Purge and Trap Capillary 

Column Gas Chromatography with Photoionization and Electrolytic Conductivity 

Detectors in Series - Revision 2.1)

– EPA Method 524.2 (Measurement of Purgeable Organic Compounds in Water by 

Capillary Column Gas Chromatography/Mass Spectrometry - Revision 4.1)

– EPA Method 551.1 (Determination of Chlorination Disinfection Byproducts, Chlorinated 

Solvents, and Halogenated Pesticides/Herbicides in Drinking Water by Liquid-Liquid 

Extraction and Gas Chromatography with Electron-Capture Detection -Revision 1.0) 

See 40 C.F.R. § 141.24 & http://www.accustandard.com/asi/epa_downloads.php3

• For public water suppliers, the EPA has a required reporting threshold of 

0.0010 mg/L for all four THMs.  40 C.F.R. § 141.131

• Yet, the EPA regulates THMs as Total Trihalomethanes (TTHM), which is 

the sum of the concentration in mg/L of all four trihalomethane

compounds rounded to two significant figures.  40 C.F.R. § 141.2

• The current MCL is 0.080 mg/L (TTHM) or 80 ppb.  40 C.F.R. § 141.64(b)

http://www.accustandard.com/asi/epa_downloads.php3


Focus on Brominated THMs

• In relevant part, the U.S. “maximum contaminant level 

goals” (MCLGs) for disinfection byproducts are (in 

mg/L):
– Bromodichloromethane 0.00

– Bromoform 0.00

– Chloroform 0.07

– Dibromochloromethane 0.06

40 C.F.R. § 141.53; see also 63 FR 69465, Dec. 16, 1998, as 

amended at 65 FR 34405, May 30, 2000; 71 FR 478, Jan. 4, 2006.

• This suggests  that not all THMs are created equally

• If that is the case, why is there one combined standard?



The
Paper



Stated Objective

• “. . . to examine birth defect rates by exposure to 
trihalomethanes with a highly brominated
fraction in metropolitan locations in Perth, 
Western Australia.”

• Although not stated expressly, this objective may 
be thought of as suggesting the following related 
null hypotheses:
1. Prenatal THM exposure leads to an increased 

incidence of birth defects
2. These birth defects are more severe / prevalent 

when the THM species is brominated



Methodology

• To Assess Exposure
– Took water samples at 47 separate locations 

within the greater Perth metropolitan area on six 
separate occasions from April 2005 to March 
2006, inclusive, and used EPA certified “purge and 
trap” water analysis to determien THM levels

• To Assess Effects
– Gathered birth defect data from the Western 

Australia Midwives’ Notification System and Birth 
Defects Registry for the years 2000–2004 inclusive 
and standardized for ICD 9 definitions



Analysis

• Natural variations in THM formation due to water 

source, temperature, total organic carbon (TOC) 

content, and bromide content created high, 

medium, and low exposure regions around Perth

• The authors compared location of birth defects 

with high, medium, and low exposure zones

• They adjusted for:
– Maternal age

– Socioeconomic status



Results



Results

• “Women living in high-TTHM areas at the time of birth 

of their child showed an increased risk of any birth 

defect (adjusted OR = 1.22; 95% CI, 1.01–1.48) 

compared with women living in low-TTHM areas.”

• “Classification in the high-exposure group is associated 

with an increased risk of 62% for having a baby with a 

cardiovascular defect.”

• “Results for musculoskeletal and urogenital defects are 

suggestive but nonsignificant, with adjusted ORs of 

1.48 (95% CI, 0.99–2.21) and 1.40 (95% CI, 0.98–1.99), 

respectively.”



Critical
Analysis



“Limitations”

• The authors discussed several limitations of the study:
– Pregnant women can changes residences, thus creating 

multiple exposures to different concentrations of THMs
– Birth defects may go undiagnosed for years, thus making 

the results here on the conservative side
– Due to confidentiality concerns, the dates of birth were 

not given with the birth defect data.  Given that pregnancy 
only lasts 9 months and THM concentrations vary 
seasonally, adjustments could not be made.

• While these limitations seem like legitimate barriers to 
getting 100% accuracy, one critical “limitation” 
potentially invalidates their entire study. . . 



Doh!

In the authors’ own words:

“The measurements used were not 
taken during the same time period 
as the health outcome, and limited 
public availability of complete 
TTHM levels in Perth precludes the 
reliable use of historical data.”



G.I.G.O.

• In one simple paragraph, the authors freely 

admitted that this is NOT an exposure paper

• Although the paper makes a good case for 

lowering TTHM levels, highlights the potential 

adverse human health effects of exposure to 

THMs, and advocates for stricter regulation of 

THMs and their precursors, the research itself 

is faulty.


