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At a Glance

Synthetic chemical that does not
occur naturally in the environment.

Used extensively in munitions
manufacturing and accounts for a
large part of the explosives
contamination at active and former
U.S. military installations.

Tends to remain in soils, limiting its
migration to water.

Degrades in the presence of light.

Not expected to persist for a long
period in surface water because of
breakdown processes.

Classified as a possible human
carcinogen.

Can damage the liver and blood
systems if inhaled or ingested.

Treatment technologies include
composting, incineration, alkaline
hydrolysis, solidification/
stabilization, DARAMEND®
process, granular activated carbon
treatment and ion exchange.

Disclaimer: EPA prepared this fact sheet
using the most recent publicly available
scientific information; additional information can
be obtained from the source documents. This
fact sheet is not intended for use as a primary
source of information and is not intended, nor
can it be relied upon, to create any rights
enforceable by any party in litigation with the
United States. Mention of trade names or
commercial products does not constitute
endorsement or recommendation for use.

Introduction

This fact sheet, developed by EPA’s Federal Facilities Restoration and
Reuse Office (FFRRO), provides a summary of 2,4,6-trinitrotoluene
(TNT). The fact sheet covers TNT’s physical and chemical properties,
environmental and health impacts, federal and state guidelines,
detection and treatment methods, and additional sources of information.
This fact sheet is for environmental professionals and the general public.

What is TNT?

TNT is a synthetic chemical that is widely used in U.S. military munitions
and accounts for a large portion of the explosives-related contamination
at active and former military installations. With its manufacturing
impurities and environmental transformation products, TNT presents
various health and environmental concerns.

«» TNT is a yellow, odorless solid that does not occur naturally in the
environment (ATSDR 1995; NCBI 2020). It is a single-ring
nitroaromatic compound made by combining toluene with a mixture
of nitric acid and sulfuric acid. Its Chemical Abstracts Service (CAS)
number is 118-96-7 (ATSDR 1995; USACE CRREL 2006; NCBI
2020).

% TNT is one of the most widely used military explosives, partly
because of its insensitivity to shock and friction. It has been used
extensively in the manufacture of explosives since the beginning of
the 20" century and is used in military shells, bombs and grenades
(U.S. Army 1984; ATSDR 1995; Cal/EPA 2010).

+ It has been used both as a pure explosive and in binary mixtures.
The most common binary mixtures of TNT are cyclotols (mixtures
with RDX) and octols (mixtures with HMX) (ATSDR 1995; USACE
CRREL 2006; NCBI 2020).

% Wastewater discharge from TNT manufacturing is a major source of
TNT contamination in soil and groundwater at military ammunition
plants (EPA 2005).

“ TNT production in the United States occurs at military and
commercial facilities (EPA 2020b). TNT may be imported into the
United States for industrial applications (ATSDR 1995; Cal/EPA
2010; NCBI 2020).

« Small amounts of TNT are used for industrial explosive applications,
such as deep well and underwater blasting. Other industrial uses

include chemical manufacturing as an intermediate in the production
of dyestuffs and photographic chemicals (ATSDR 1995; NCBI 2020).
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Table 1 presents physical and chemical properties for TNT. For additional information, see the EPA Chemicals

Dashboard.

Table 1: Physical and Chemical Properties for TNT

Property Value

Chemical Abstracts Service (CAS) number 118-96-7
Physical description (physical state at room temperature) Yellow, odorless solid
Molecular weight 227.13 g/mol

Water solubility

5.67 x 10*mol/L (experimental average)

Octanol-water partition coefficient (log Kow)

1.6 (experimental average)

Soil adsorption coefficient (Koc)

300 L/kg (predicted average)

g/mol = grams per mole

mol/L = moles per liter

L/kg = liters per kilogram

°C = degrees Celsius

mm Hg = millimeters of mercury

g/cm?® = grams per cubic centimeter

atm-m3/mol = atmosphere-cubic meters per mole

Boiling point 240°C (experimental average)
Melting point 80°C (experimental average)
Vapor pressure 8.02 x 10 mm Hg (experimental average)
Density 1.63 g/cm? (predicted average)
Henry’s law constant 3.93 x 107 atm-m3/mol (predicted average)
Notes:

What are the potential health effects of TNT?

TNT is a possible human carcinogen, specifically, bladder cancer via oral exposure (EPA IRIS 2002). It can also
damage the liver and blood cell systems (ATSDR 1995; NCBI 2020).

Cancer Effects (EPA IRIS 2002)
Level of confidence: possible human carcinogen

éd

Noncancer Effects (EPA IRIS 2002)

Urinary

Liver

EPA considers risk to be the chance of harmful effects to human health or to ecological systems resulting
from exposure to an environmental stressor. For a risk to exist, the following three factors must be present:

1) contamination; 2) pathways for that contaminant to reach surrounding populations; and 3) populations
that may be exposed to the contaminant. If any of these factors are missing, little or no risk is present.

+ TNT is considered a possible human
carcinogen. EPA considers human evidence of
carcinogenicity to be inadequate, but urinary
bladder tumors were observed in female rats.

TNT is mutagenic in the presence and absence
of metabolic activation (EPA IRIS 2002).

Potential symptoms of exposure may include
irritation of the skin and mucous membrane, liver
damage, jaundice, cyanosis, sneezing, cough,
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Where is TNT found in the environment?

sore throat, peripheral neuropathy, muscle pain,
kidney damage, cataract, dermatitis,
leukocytosis, anemia and cardiac irregularities
(NIOSH 2016).

At high levels in air, workers involved in the
production of TNT experienced anemia and liver

function abnormalities. After long-term exposure
to skin and eyes, some people experienced skin
irritation and developed cataracts (ATSDR
1995).

TNT contamination can be found where munitions have been used, manufactured or disposed (ATSDR 1995).

Due to its chemical properties, TNT tends to
remain in most soils, limiting its potential to migrate
to groundwater (Price et al. 1997; USACE 1997,
USACE CRREL 2006).

TNT in surface water breaks down rapidly in
sunlight (photodegradation). Photodegradation can
also occur in surface soils. 1,3,5-Trinitrobenzene
(1,3,5-TNB) is a primary degradation product of
TNT in environmental systems (ATSDR 1995; EPA
2012b).

TNT can also break down by microorganisms
(biodegradation), but at a much slower rate than
photodegradation (ATSDR 1995; EPA 1999,
2006a; USACE CRREL 2006).

Under low oxygen conditions, TNT degrades
rapidly (Price et al. 1997; USACE 1997).

Most TNT may be degraded in the surface soil at
impact areas; however, small quantities can reach
shallow groundwater (USACE CRREL 2006).

TNT does not seem to bioaccumulate in animals,
but may be taken up by plants from contaminated
soil (USACE CRREL 2006; EPA 2005).

As of 2020, TNT had been identified at 34 sites on
the EPA National Priorities List (NPL) (EPA
2020a).

What are the routes of exposure of TNT?

The most likely routes of exposure to TNT at or near hazardous waste sites is drinking contaminated water or skin
contact with contaminated surface water or soil. Potential exposure to TNT could also occur through inhalation, or
by eating crops grown in contaminated soil (ATSDR 1995).

Are there any federal and state guidelines and health standards for TNT?

To determine potential risks of adverse health effects, the federal government has derived toxicity values based
on available health studies, which can be used to calculate screening values and standards. When combined with
exposure information, toxicity values can be used to establish screening values and standards. Table 2 includes
federal toxicity values derived for TNT. Table 3 includes federal and state advisories, screening values and
standards established for TNT.

Table 2: Federal Human Health Toxicity Values for TNT

Parameter ‘ Value Source
dCoherr}ilgfoDr)a | reference 5 x10** milligrams per kilogram per day (mg/kg-day) %&?S
Oradope fatr (OSF) 1 | ¢ 102permathg ey s
Drinking water unit risk 9 x 1077 per microgram per liter (ug/L) %
?(/I)irn;rgelller)i(splzlsemzl (MRL) 0.0005 mg/kg-day for intermediate duration ATSDR 1995
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Table 3: Federal and State Guidelines for TNT

Organization ‘ Value ‘ Medium? Source
e 0.002 milligrams per liter (mg/L): lifetime
health advisory
EPA . 2];11 g}%/L: health advisory level (cancer risk drinking water EPA 2018
¢ 0.02 mg/L: 1-day and 10-day health
advisory level for children
EPA 2.5 pg/L: tap water screening level drinking water EPA 2020c
¢ 21 mg/kg: residential screening level
EPA ¢ 96 mg/kg: industrial screening level soil EPA 2020c
¢ 0.015 mg/kg: soil-to-groundwater screening
level
EPA Region 3
Biological .

. ) . . g
Technical 100 ug/L: ecological screening benchmark surface water EPAzR(’)%éon 3
Assistance Group =
(BTAG)

Indiana 9.8 pg/L: residential screening level drinking water IDEM 2020
Mississippi 2.23 ug/L: target remediation goal groundwater MDEQ 2002
Missouri 7.63 ug/L: residential target level groundwater MDNR 2006
Nebraska 2.5 ug/L: residential remediation goal groundwater NDEQ 2018
New Jersey 1 pg/L groundwater quality groundwater NJ DEP 2020
New Mexico 9.8 ug/L: screening level drinking water NMED 2019
Pennsylvania 2 pg/L: residential standard groundwater PADEP 2016
Texas 0.012 pg/L: default residential cleanup groundwater TCEQ 2019
standard -
West Virginia 2.5 pg/L: remediation standard groundwater WVDEP 2020
Notes:
a) Drinking water is generally what comes out of the tap. Groundwater can be a source of drinking water.
When groundwater is a source of drinking water, standards for groundwater and drinking water are often
the same.

% Some states have adopted screening values or
cleanup goals for TNT in soil. The states’ soil
values, which are not included in Table 3, are

wide-ranging in value, including 7.3 mg/kg to 110

mg/kg for residential areas (NCDENR 2019;
PADEP 2016) and 96 mg/kg to 1,600 mg/kg for
industrial areas (NCDENR 2019; PADEP 2016).

Since TNT is explosive, flammable and toxic, EPA
has designated it as a characteristic hazardous
waste once it becomes a solid waste, and EPA
regulations for disposal must be followed (EPA
2012a).

What detection and site characterization methods are available for TNT?

< EPA SW-846 Method 8330 is the most widely
used analytical approach for detecting TNT in
water, soil and sediment. It has been used to

detect TNT and some of its breakdown products at

levels in the low parts per billion (ppb) range in
water, soil and sediment (EPA 2006b, 2012b).

« TNT is commonly deposited unevenly in the
environment. As described in SW-846 Method

8330B, proper sample collection and processing

are required to obtain reliable soil data (EPA
2006b, 2012b).

Another method commonly used is EPA SW-846
Method 8095 for detection of explosives in water
and soil (EPA 2007, 2012b).

Specific field screening methods for TNT include
EPA SW-846 Method 8515 to detect TNT in soll
by a colorimetric screening method (USACE 2005;
EPA 2006a, 2012b).
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% The Expray test is a common simple colorimetric « Use of gold nanoparticles and Raman
screening kit that can support qualitative tests for spectroscopy is an emerging method for ultra-
TNT in soils. It is also useful for screening sensitive and rapid TNT detection in the field (Lin
surfaces (EPA 2005, 2006a, 2006b). et al. 2012; Yang et al. 2014; and Jamil et al.
2015).

What technologies are being used to treat TNT?

As described by Craig (2020), a review of 24 remediation projects at 22 facilities indicates that the most common
treatment technologies for explosives in soil is composting (46.5%), followed by incineration (32.1%).
Groundwater contamination has been primarily treated by groundwater extraction and ex situ granular activated
carbon (GAC) treatment. Based on promising results in pilot-scale treatability studies, in situ bioremediation could
be employed more frequently in the future (Craig 2020). It is important to consider co-contaminants, such as
metals and perchlorate, when selecting a treatment technology (EPA 1993). Table 4 summarizes treatment
technologies for TNT.

Table 4: Cleanup Technologies for TNT

Cleanup Technology Water

Composting

Incineration (emissions may require treatment)

Alkaline hydrolysis

Solidification/stabilization (metals co-contaminants)

DARAMEND® process of biological and chemical
reduction

CKKKKKE

Granular activated carbon (ex situ) v

lon exchange (ex situ) (perchlorate co-contaminant) v

In situ bioremediation Potential Potential

Where can | find more information about TNT?

General

« EPA. 2005. “EPA Handbook on the Management of Munitions Response Actions.” EPA 505-B-01-001.
nepis.epa.gov/Exe/ZyPDF.cqi/P100304J.PDF?Dockey=P100304J.pdf

» EPA. 2006a. CLU-IN (Clean-Up Information): Explosives. clu-in.org/characterization/technologies/exp.cfm

< EPA. 2012a. Waste Types - Listed Wastes. www.gpo.gov/fdsys/pka/CFR-2012-title40-vol27/xml/CFR-2012-
title40-vol27-part261.xml

% National Center for Biotechnology Information (NCBI). 2020. PubChem Compound Summary for 2,4,6-
Trinitrotoluene. pubchem.ncbi.nlm.nih.gov/compound/8376

< U.S. Army. 1984. Military Explosives, TM9-1300-214. Department of the Army Technical Manual.
Headquarters Department of the Army, Washington, DC. www.epa.gov/sites/production/files/2015-
03/documents/9546041.pdf

Health Effects

« Agency for Toxic Substances and Disease Registry (ATSDR). 1995. “Toxicological Profile for 2,4,6-
Trinitrotoluene (TNT).” www.atsdr.cdc.gov/toxprofiles/TP.asp?id=677&tid=125

% California Environmental Protection Agency (Cal/EPA). 2010. “Evidence on the Carcinogenicity of 2,4,6-
Trinitrotoluene.” oehha.ca.gov/media/downloads/proposition-65/chemicals/tnthid080110.pdf

% EPA. Integrated Risk Information System (IRIS). 2002. “2,4,6-Trinitrotoluene (TNT) (CASRN 118-96-7).”
https://cfpub.epa.gov/ncealiris2/chemicalLanding.cfm?substance nmbr=269
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+« National Institute for Occupational Safety and Health (NIOSH). 2016. NIOSH Pocket Guide to Chemical
Hazards: 2,4,6-Trinitrotoluene. www.cdc.gov/niosh/npg/npgd0641.html

Existence in the Environment

« EPA. 2020a. Superfund Information Systems. Superfund Site Information.
cumulis.epa.gov/supercpad/cursites/srchsites.cfm

% EPA. 2020b. Chemical Data Reporting Under the Toxic Substances Control Act. ChemView.
chemview.epa.gov/chemview

« Price, C.B., Brannon, J.M., and C.A. Hayes. 1997. “Effect of Redox Potential and pH and TNT Transformation
in Soil-Water Slurries.” Journal of Environmental Engineering. Volume 123. Pages 988 to 992.
https://ascelibrary.org/doi/10.1061/%28ASCE %290733-9372%281997%29123%3A10%28988 %29

« U.S. Army Corps of Engineers (USACE). 1997. “Review of Fate and Transport Processes of Explosives.”
Installation Restoration Research Program. Technical Report IRRP-97-2.
https://apps.dtic.mil/sti/pdfs/ADA323673.pdf

+ USACE Cold Regions Research and Engineering Laboratory (CRREL). 2006. “Conceptual Model for the
Transport of Energetic Residues from Surface Soil to Groundwater by Range Activities.” ERDC/CRREL TR-
06-18. https://hdl.handle.net/11681/5351

% USACE CRREL. 2007a. “Photochemical Degradation of Composition B and lts Components.” ERDC/EL TR-
07-16.

Guidelines and Standards

< EPA. 2018. “2018 Edition of the Drinking Water Standards and Health Advisories Tables.”
https://www.epa.gov/sites/production/files/2018-03/documents/dwtable2018.pdf

« EPA. 2020c. Regional Screening Level Summary Table. www.epa.gov/risk/regional-screening-levels-rsls

« EPA Region 3 BTAG. 2006. Region 3 BTAG Screening Benchmarks. https://www.epa.gov/risk/biological-
technical-assistance-group-btag-screening-values

% Indiana Department of Environmental Management (IDEM). 2020. “IDEM Screening and Closure Level
Tables.” www.in.gov/idem/cleanups/files/risc_screening_table 2020 a6.pdf

% Mississippi Department of Environmental Quality (MDEQ). 2002. “Risk Evaluation Procedures for Voluntary
Cleanup and Redevelopment of Brownfield Sites.” www.mdeq.ms.gov/wp-
content/uploads/2017/05/Proced.pdf

% Missouri Department of Natural Resources (MDNR). 2006. Risk-Based Corrective Action Technical Guidance.
https://dnr.mo.gov/env/hwp/mrbcadocument.htm

% Nebraska Department of Environmental Quality (NDEQ). 2018. “Voluntary Cleanup Program Remediation
Goals: Table A-1.” www.deq.state.ne.us/Publica.nsf/pages/05-162

% New Mexico Environment Department (NMED). 2019. “Risk Assessment Guidance for Site Investigations and
Remediation. Volume | Soil Screening Guidance for Human Risk Assessments. www.env.nm.gov/wp-
content/uploads/sites/12/2016/11/Final-NMED-SSG-VOL-I_-Rev.2-6 19 19.pdf

+ North Carolina Department of Environment and Natural Resources (NCDENR). 2019. “Preliminary Soil
Remediation Goals Table.”
files.nc.gov/ncdeq/Waste%20Management/DWM/risk _based remediation/PSRGs May2019 FINAL.pdf

% Pennsylvania Department of Environmental Protection (PADEP). 2016. “Statewide Health Standards.”
www.dep.pa.gov/Business/Land/LandRecycling/Standards-Guidance-Procedures/Pages/Statewide-Health-
Standards.aspx

% Texas Commission on Environmental Quality (TCEQ). 2019. “Texas Risk Reduction Program Protective
Concentration Levels.” www.tceq.texas.gov/assets/public/remediation/trrp/PCL%20Tables.pdf
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www.epa.gov/fedfac/forms/contact-us-about-federal-facility-cleanups.
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