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Acronyms and Abbreviations 

bw body weight

cc cubic centimeters

CD Caesarean Delivered

CERCLA Comprehensive Environmental Response, Compensation and Liability Act

of 1980

CNS central nervous system

cu.m cubic meter

DWEL Drinking Water Equivalent Level

FEL frank-effect level

FIFRA Federal Insecticide, Fungicide, and Rodenticide Act

g grams

GI gastrointestinal

HEC human equivalent concentration

Hgb hemoglobin

i.m. intramuscular

i.p. intraperitoneal

i.v. intravenous

IRIS Integrated Risk Information System

IUR inhalation unit risk

kg kilogram

L liter

LEL lowest-effect level

LOAEL lowest-observed-adverse-effect level

LOAEL(ADJ) LOAEL adjusted to continuous exposure duration

LOAEL(HEC) LOAEL adjusted for dosimetric differences across species to a human

m meter

MCL maximum contaminant level

MCLG maximum contaminant level goal

MF modifying factor

mg milligram

mg/kg milligrams per kilogram

mg/L milligrams per liter

MRL minimal risk level

MTD maximum tolerated dose
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MTL median threshold limit

NAAQS National Ambient Air Quality Standards

NOAEL no-observed-adverse-effect level

NOAEL(ADJ) NOAEL adjusted to continuous exposure duration

NOAEL(HEC) NOAEL adjusted for dosimetric differences across species to a human

NOEL no-observed-effect level

OSF oral slope factor

p-IUR provisional inhalation unit risk

p-OSF provisional oral slope factor

p-RfC provisional inhalation reference concentration

p-RfD provisional oral reference dose

PBPK physiologically based pharmacokinetic

ppb parts per billion

ppm parts per million

PPRTV Provisional Peer Reviewed Toxicity Value

RBC red blood cell(s)

RCRA Resource Conservation and Recovery Act

RDDR Regional deposited dose ratio (for the indicated lung region)

REL relative exposure level

RfC inhalation reference concentration

RfD oral reference dose

RGDR Regional gas dose ratio (for the indicated lung region)

s.c. subcutaneous

SCE sister chromatid exchange

SDWA Safe Drinking Water Act

sq.cm. square centimeters

TSCA Toxic Substances Control Act

UF uncertainty factor

:g microgram

:mol micromoles

VOC volatile organic compound
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PROVISIONAL PEER REVIEWED TOXICITY VALUES FOR
TRINITROPHENYLMETHYLNITRAMINE (Tetryl; CASRN 479-45-8)

Background

On December 5, 2003, the U.S. Environmental Protection Agency's (EPA's) Office of
Superfund Remediation and Technology Innovation (OSRTI) revised its hierarchy of human
health toxicity values for Superfund risk assessments, establishing the following three tiers as the
new hierarchy:

1. EPA's Integrated Risk Information System (IRIS).

2. Provisional Peer-Reviewed Toxicity Values (PPRTV) used in EPA's Superfund
Program.

3. Other (peer-reviewed) toxicity values, including:

< Minimal Risk Levels produced by the Agency for Toxic Substances and Disease
Registry (ATSDR),

< California Environmental Protection Agency (CalEPA) values, and
< EPA Health Effects Assessment Summary Table (HEAST) values.

A PPRTV is defined as a toxicity value derived for use in the Superfund Program when
such a value is not available in EPA's Integrated Risk Information System (IRIS).   PPRTVs are
developed according to a Standard Operating Procedure (SOP) and are derived after a review of
the relevant scientific literature using the same methods, sources of data, and Agency guidance
for value derivation generally used by the EPA IRIS Program.  All provisional toxicity values
receive internal review by two EPA scientists and external peer review by three independently
selected scientific experts.  PPRTVs differ from IRIS values in that PPRTVs do not receive the
multi-program consensus review provided for IRIS values.  This is because IRIS values are
generally intended to be used in all EPA programs, while PPRTVs are developed specifically for
the Superfund Program.

Because science and available information evolve, PPRTVs are initially derived with a
three-year life-cycle.  However, EPA Regions (or the EPA HQ Superfund Program) sometimes
request that a frequently used PPRTV be reassessed.  Once an IRIS value for a specific chemical
becomes available for Agency review, the analogous PPRTV for that same chemical is retired. 
It should also be noted that some PPRTV manuscripts conclude that a PPRTV cannot be derived
based on inadequate data.



11-22-2004

2

Disclaimers

      Users of this document should first check to see if any IRIS values exist for the chemical of
concern before proceeding to use a PPRTV.  If no IRIS value is available, staff in the regional
Superfund and RCRA program offices are advised to carefully review the information provided
in this document to ensure that the PPRTVs used are appropriate for the types of exposures and
circumstances at the Superfund site or RCRA facility in question.  PPRTVs are periodically
updated; therefore, users should ensure that the values contained in the PPRTV are current at the
time of use. 

It is important to remember that a provisional value alone tells very little about the
adverse effects of a chemical or the quality of evidence on which the value is based.   Therefore,
users are strongly encouraged to read the entire PPRTV manuscript and understand the strengths
and limitations of the derived provisional values.   PPRTVs are developed by the EPA Office of
Research and Development’s National Center for Environmental Assessment, Superfund Health
Risk Technical Support Center for OSRTI.   Other EPA programs or external parties who may
choose of their own initiative to use these PPRTVs are advised that Superfund resources will not
generally be used to respond to challenges of PPRTVs used in a context outside of the Superfund
Program.

Questions Regarding PPRTVs

      Questions regarding the contents of the PPRTVs and their appropriate use (e.g., on chemicals
not covered, or whether chemicals have pending IRIS toxicity values) may be directed to the
EPA Office of Research and Development’s National Center for Environmental Assessment,
Superfund Health Risk Technical Support Center (513-569-7300), or OSRTI.
      

INTRODUCTION

The HEAST (U.S. EPA, 1997) provides a subchronic RfD of 1E-1 mg/kg-day and a
chronic RfD of 1E-2 mg/kg-day for trinitrophenylmethylnitramine (tetryl).  These assessments
were based on a LOAEL of 125 mg/kg-day for liver, kidney and spleen lesions in rabbits dosed
by gavage for 9 months (Fati and Daniele, 1965).  An uncertainty factor of 1000 was used for the
subchronic RfD, and an uncertainty factor of 10,000 for the chronic RfD.  The source document
was a Health and Environmental Effects Document (HEED) for Trinitrophenylmethylnitramine
(U.S. EPA, 1990). The compound is not included on IRIS (U.S. EPA, 2003) or in the Drinking
Water Standards and Health Advisories list (U.S. EPA, 2002).  The CARA list (U.S. EPA,
1991a, 1994) did not identify additional documents.  The ATSDR Toxicological Profile for
Tetryl (ATSDR, 1995) did not recommend any MRL values for oral exposure.
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The HEAST (U.S. EPA, 1997) does not provide a subchronic or chronic inhalation RfC
for trinitrophenylmethylnitramine, and no RfC is reported on IRIS (U.S. EPA, 2003) or in the
HEED (U.S. EPA, 1990).  The ACGIH TLV, NIOSH REL, and OSHA PEL are all TWA 1.5
mg/m3, based on skin effects in humans (sensitization dermatitis, itch, erythema, edema,
keratitis) (ACGIH, 2002; NIOSH, 2003; OSHA, 2003).  The ATSDR Toxicological Profile for
Tetryl (ATSDR, 1995) did not recommend any MRL values for inhalation exposure.

No cancer assessment for trinitrophenylmethylnitramine is available in the HEAST (U.S.
EPA, 1997), on IRIS (U.S. EPA, 2003) or in the Drinking Water Standards and Health
Advisories list (U.S. EPA, 2002).  The HEED (U.S. EPA, 1990) assigned
trinitrophenylmethylnitramine to weight-of-evidence Group D, not classifiable as to human
carcinogenicity, based on no human data and inadequate animal data.  IARC (2003) and NTP
(2003) have not assessed the carcinogenicity of trinitrophenylmethylnitramine. 

Literature searches were conducted from 1990 to December, 2002.  The databases
searched were: TOXLINE, MEDLINE, CANCERLIT, RTECS, GENETOX, HSDB, CCRIS,
TSCATS, EMIC/EMICBACK and DART/ETICBACK.  Recent reviews (ACGIH, 2001; RAIS,
1991; Talmage et al., 1999; Woo and Lai, 2001) were also consulted for relevant information.

REVIEW OF PERTINENT DATA

Human Studies

Studies regarding the effects of trinitrophenylmethylnitramine in people are limited to
case studies and other reports of workers exposed to trinitrophenylmethylnitramine dusts during
it’s manufacture; inhalation, direct skin contact and swallowing of dust are expected to have
occurred (Bain and Thomson, 1954; Bergman, 1952; Brabham, 1943; Brownlie and Cumming,
1946; Cripps, 1917; Eddy, 1943; Fischer and Murdock, 1946; Hardy and Maloof, 1950; Hatch
and Probst, 1945; Hilton and Swanston, 1941; McConnell et al., 1946; Probst et al., 1944;
Murray et al., 1944; Ruxton, 1917; Smith, 1916; Troup, 1946; Witkowski et al., 1942).  These
studies have been reviewed and are lacking in adequate quantitative exposure estimates
(ACGIH, 2001; ATSDR, 1995; Talmage et al., 1999; U.S. EPA, 1990).  The most common
effects associated with occupational exposure are contact dermatitis and dermal sensitization;
yellow staining of the skin and hair; and severe irritation of the skin, mucous membranes and
respiratory tract (sore throat, nose-bleed, coughing and asthma-like symptoms).  Some reports
have anecdotally associated trinitrophenylmethylnitramine with liver damage (liver failure,
hepatis, cirrhosis, jaundice, atrophy); hematological effects (decreased red blood cell counts;
decreased hemoglobin, leukocytosis and leukopenia); and neurological symptoms (malaise,
headache, irritability and sleeplessness).
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A recent case-control study (West and Stafford, 1997) did not associate exposure to
trinitrophenylmethylnitramine with hematological disorders among 33 ordnance factory workers,
compared to 345 controls.  The study did not report estimates of exposure concentrations, and
was confounded by simultaneous occupational exposures to complex mixtures.  None of the
human studies could be utilized in evaluating the quantitative toxicological effects of
trinitrophenylmethylnitramine.

Animal Studies

No chronic oral studies in animals were found.  Reddy et al. (1994a,b) performed
comprehensive trinitrophenylmethylnitramine feeding studies in male and female Fischer 344
rats for 14 or 90 days.  Other oral studies in animals were limited by study design or reporting
(Daniele, 1964; Fati and Daniele, 1965; Guarino and Zambrano, 1957; Griswold et al., 1968;
Parmeggiani et al., 1956; Wells et al., 1920; Zambrano and Mandovano, 1956).

A pilot palatability study (Reddy et al., 1994a) was conducted in male and female Fischer
344 rats (numbers not specified); they were fed 0, 1, 3 and 10 g of trinitrophenylmethylnitramine
(99.45% purity) per kg of diet for 14 days.  Weekly body weight and food consumption were the
only endpoints measured; based on these data, average daily doses were 0, 66.11, 230.6 and
668.8 mg/kg-day for females and 0, 69.14, 210.0 and 748.7 mg/kg-day for males.  Statistically
significant decreases in body weight were seen in the high-dose groups (8.7% for females and
8.5% for males).

Groups of 5 male and 5 female Fischer 344 rats were fed 0, 500, 1250, 2000, 2500 and
5000 mg of trinitrophenylmethylnitramine (99.45% purity) per kg of diet for 14 days (Reddy et
al., 1994a).  The authors calculated the doses as 0, 32, 82, 130, 178 and 374 mg/kg-day for
females and 0, 31, 80, 121, 170 and 350 mg/kg-day for males.  Rats were observed twice daily
for clinical signs.  Food and water consumption and body weights were recorded twice weekly. 
Blood samples were collected at sacrifice.  Hematology endpoints were red and white blood cell
counts, differential leukocyte count, packed cell volume, platelet count, hemoglobin and
methemoglobin.  Clinical chemistry endpoints were sodium, potassium, total protein, albumin,
calcium, total bilirubin, blood urea nitrogen, creatinine, alanine aminotransferase, aspartate
aminotransferase, glucose and alkaline phosphatase.  Organ weights were measured for the
adrenals, brain, heart, kidneys, liver, lung, ovaries, testes with epididymides and thymus. 
Histopathology was performed on 44 tissues or organs (including femur bone marrow) for the
control and high-dose groups.  Additionally, kidney histopathology was performed for all male
rats.  Statistical evaluation was performed using ANOVA, F-test (p # 0.05) and Dunnett’s t-test.

No mortalities or differences in food or water consumption were observed in Fischer 344
rats fed diets of trinitrophenylmethylnitramine for 14 days, compared to controls (Reddy et al.,
1994a).  Statistically significant decreases in body weight were seen in the group of males given
350 mg/kg-day (8.8% after 1 week of dosing, 9.1% after two weeks of dosing).  Small,
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statistically significant changes in relative organ weight were observed in the kidney in males
fed 350 mg/kg-day, liver in females given 178 mg/kg-day, and liver and spleen in females given
374 mg/kg-day.  The following statistically significant changes in hematology endpoints were
observed: reticulocyte counts were elevated 30-40% in females fed doses of 130 and 178 (but
not 374) mg/kg-day; methemoglobin was increased 4-fold in females fed 374 mg/kg-day and in
a dose-related manner in males fed 121, 170 and 350 mg/kg-day (3.6-, 4.0- and 4.8-fold,
respectively).  Methemoglobin was nonsignificantly elevated at lower doses.  Small, statistically
significant elevations in serum albumin and total protein were seen in all treated groups, except
for the group of females given 32 mg/kg-day.  Statistically significant, dose-related decreases in
serum alkaline phosphatase were seen in all exposed female groups, except those given 32
mg/kg-day.  Statistically significant increases in total bilirubin were seen in females given 130,
178 and 374 mg/kg-day (2.3-, 2.3- and 3.8-fold), but not in any male groups.  Significant
histopathological changes were seen only in the kidneys of treated male rats.  All males fed
trinitrophenylmethylnitramine exhibited kidney mineralization and renal tubular degeneration. 
Kidney tubular regeneration was seen in 3/5 rats at the highest dose and in 1/5 rats at each of the
lower 4 doses.  Hyaline droplets were not seen in male rats given 31 mg/kg-day, but were seen in
all rats given higher doses.  Hyalin droplet nephropathy is a lesion considered specific to male
rats and not relevant to humans, and therefore “is not an appropriate endpoint to determine
noncancer (systemic) effects potentially occurring in humans” (U.S. EPA, 1991b).  For female
rats exposed to trinitrophenylmethylnitramine for 14 days, this study identifies a NOAEL of 82
mg/kg-day and a LOAEL of 130 mg/kg-day, based on increased reticulocyte counts and serum
total bilirubin.  For male rats exposed to trinitrophenylmethylnitramine for 14 days, this study
identifies a NOAEL of 80 mg/kg-day and a LOAEL of 121 mg/kg-day, based on increased
methemoglobin.

Groups of 10 male and 10 female Fischer 344 rats were fed 0, 200, 1000 or 3000 mg of
trinitrophenylmethylnitramine (99.45% purity) per kg of diet for 90 days (Reddy et al., 1994b). 
The authors calculated the doses as 0, 14, 69 and 199 mg/kg-day for females and 0, 13, 62 and
180 mg/kg-day for males.  The same endpoints were measured as in the 14-day feeding study
(Reddy et al., 1994a), except that blood was collected at day 45 as well as sacrifice (day 90),
serum cholesterol was measured on day 90, and all animals were analyzed for ophthalmologic
changes and spleen histopathology.  As before, comprehensive histopathology (44 tissues) was
limited to the control and high-dose groups, kidney histopathology was conducted for all
animals, and statistical evaluation were done using ANOVA, F-test (p # 0.05) and Dunnett’s t-
test (Reddy et al., 1994b).  See Tables 1, 2, 3 and 4.

No mortalities were seen among rats fed trinitrophenylmethylnitramine for 90 days
(Reddy et al., 1994b).  No clinical observations were considered significant.  Statistically
significant decreases in food consumption were seen for all dose levels in both females (97%,
93% and 91% of control values for the low-, mid- and high-dose groups, respectively) and males
(97%, 92% and 89%, respectively).  A statistically significant increase in water consumption
was seen only for the high-dose female group (20% increase).  Statistically significant decreases
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in body weight were observed in the high-dose female group from week 2-13 and in the high-
dose male group on weeks 2, 3 and 10-13; terminal body weight was decreased in high-dose
males (93% of controls) and in mid- and high-dose females (96 and 91% of controls). 
Statistically significant changes in organ weights are shown in Table 1 (females) and Table 2
(males).  The increases in relative and/or absolute liver weight in both males and females in the
mid- and high-dose groups appear to reflect an effect of trinitrophenylmethylnitramine on the
liver.  The other organ weight changes were small and appeared to be secondary to decreases in
body weight.

Table 1.  Selected Female Rat Organ W eights Following 90 Days of Dietary Exposure to

Trinitrophenylmethylnitramine  (Reddy et al., 1994b)

Organ Absolute or relative

weight (g)

Control 14 mg/kg-day 69 mg/kg-day 199 mg/kg-day

Kidney Absolute

Relative

1.25

0.73

1.30

0.77 *

1.26

0.77 *

1.31

0.86 *

Liver Absolute

Relative

4.73

2.76

4.84

2.87

4.94

3.04 *

5.13 *

3.35 *

Brain Absolute

Relative

1.83

1.07

1.77

1.06

1.72 *

1.05

1.69 *

1.10

Adrenal Absolute

Relative

0.09

0.05

0.08

0.05

0.07 *

0.04

0.07 *

0.05

Thymus Absolute

Relative

0.25

0.14

0.22

0.13

0.22

0.13

0.19 *

0.13

* Statistically different from control group (p # 0.05) by Dunnett’s test.
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Table 2.  Selected Male Rat Organ W eights Following 90 Days of Dietary Exposure to

Trinitrophenylmethylnitramine (Reddy et al., 1994b)

Organ Absolute or relative

weight (g)

Control 13 mg/kg-day 62 mg/kg-day 180 mg/kg-day

Kidney Absolute

Relative

2.20

0.72

2.29

0.75

2.40

0.81 *

2.40

0.86 *

Liver Absolute

Relative

9.35

3.07

9.35

3.06

10.07

3.39 *

11.03 *

3.94 *

Brain Absolute

Relative

1.90

0.63

1.92

0.63

1.90

0.64

1.83 *

0.66

Spleen Absolute

Relative

0.61

0.20

0.61

0.20

0.63

0.21

0.71 *

0.25 *

* Statistically different from control group (p # 0.05) by Dunnett’s test.

Regarding hematology and clinical chemistry endpoints, numerous statistically
significant changes were seen in mid- or high-dose animals at 45 or 90 days, including decreased
red blood cell counts, hemoglobin, blood urea nitrogen and triglycerides; and increased platelets,
reticulocyte counts, methemoglobin, total protein, calcium, potassium, total bilirubin and
creatinine (Reddy et al., 1994b).  Hematocrit was decreased only in males in the mid- to high-
dose group at 90 days.  Statistically significant changes that included low-dose rats were:
increased methemoglobin (low-dose females only at day 45; all mid- and high-dose groups),
decreased albumin (all female groups, plus the mid- and high-dose male groups), decreased
alkaline phosphatase (all male groups and the high-dose female group), and increased cholesterol
(all treated groups).  The effects considered by the authors to be potentially significant
biologically are shown in Table 3 (females) and Table 4 (males).

No pathological changes were grossly visible among the rats fed diets of 
trinitrophenylmethylnitramine for 90 days (Reddy et al., 1994b).  The background incidence of
mild corneal dystrophy was high, but not different among treatment groups.  Histopathologic
examination of the spleens found erythroid cell hyperplasia in all male high-dose rats, and
prominent deposition of intracellular and extracellular pigment (hypothesized by the authors to
be hemosiderin) in high-dose animals (7/10 females and 4/10 males).  Pigment deposition was
also observed in the renal cortical epithelium of all high-dose animals.  Renal mineralization and
tubular degeneration were seen in all male rats (including controls), while tubular regeneration
was seen in 6/10 control males and all treated males.  The severity of these lesions increased
with increasing dose.  Renal hyaline casts were seen only in high-dose males (9/10). 
Cytoplasmic droplets were seen in the kidneys of all high- and mid-dose male rats, but not in the
other treatment groups.  The authors noted that these droplets were similar to the hyaline
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droplets seen in the 14-day experiment (Reddy et al., 1994a), except for a diminished
eosinophilic staining intensity.  Femur bone marrow was examined, and erythroid hyperplasia
was seen in 3/10 high-dose males only (not in high-dose females; tissue not examined in lower-
dose groups); this incidence was not statistically different from controls (0/10).  No other
significant histopathology was seen.  The authors considered the effects seen at the low doses,
such as decreased food consumption and changes in clinical chemistry and methemoglobin (see
Table 3 and Table 4) to be not biologically significant, and therefore, concluded that the doses of
14 and 13 mg/kg-day of  trinitrophenylmethylnitramine were NOAEL values for female and
male rats, respectively.  However, the observed increases in total bilirubin and methemoglobin
seen at the lowest tested dose are clearly indicative of toxicity in the context of the other adverse
effects on heme-related endpoints (seen only in the mid- and high-dose groups).  Moreover, the
evidence of liver toxicity (increased liver weights) among the mid- and high dose animals
indicates that the decrease in serum alkaline phosphatase and the increase in serum cholesterol
seen at all doses are biologically relevant markers of liver damage.  In humans, low serum
alkaline phosphatase, or  hypophosphatasemia, is thought to be caused by liver or bone disease,
and is associated with hemolysis and anemia (CMC, 2003; NLM, 2003; UIDP, 2003).  The
detection of decreased serum alkaline phosphatase in trinitrophenylmethylnitramine-exposed rats
is consistent with the other evidence of liver and blood damage.  Therefore, the LOAEL of this
study for rats exposed to trinitrophenylmethylnitramine for 90 days was 13 mg/kg-day for
females (based on elevated serum methemoglobin, total bilirubin and cholesterol), and 14
mg/kg-day for males (based on based on elevated serum total bilirubin and cholesterol and
decreased alkaline phosphatase).

Other studies of oral trinitrophenylmethylnitramine in animals are limited by study
design or reporting deficiencies for purposes of deriving an RfD, but do provide supporting
evidence that the blood, spleen, liver and kidneys are target organs for
trinitrophenylmethylnitramine toxicity (Daniele, 1964; Fati and Daniele, 1965; Guarino and
Zambrano, 1957; Parmeggiani et al., 1956; Wells et al., 1920).

Wells et al. (1920), as described in ATSDR, 1995; Fati and Daniele, 1965; and U.S. EPA,
1990, reported that 1 to 3 daily oral doses of 1000 mg/kg of trinitrophenylmethylnitramine by
gavage in milk were lethal to rabbits (no information was provided regarding numbers tested or
controls).  Histopathological examination observed kidney lesions (tubular epithelial swelling
and degeneration), edema of the lungs and bronchi and accumulation of hematic pigment in the
spleen.  No liver damage was seen.
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Table 3.  Selected Female Rat Hematology and Clinical Chemistry Parameters Following 45 or 90 Days of

Dietary Exposure to Trinitrophenylmethylnitramine (Reddy et al., 1994b)

Endpoint Sample

taken at

45 or 90

days

Control 14 mg/kg-day 69 mg/kg-day 199 mg/kg-day

Methemoglobin

(%)

45

90

0.28

0.59

0.90 *

0.68

1.10 *

1.09 *

1.96 *

2.23 *

Hemoglobin

(g/dL)

45

90

16.7

15.7

15.0

15.7

14.7 *

15.2 *

14.4 *

14.5 *

Hematocrit (%) 45

90

43.7

44.6

42.4

44.6

43.8

43.8

42.8

43.2

Platelets (x103/:L) 45

90

778 .6

742 .5

778 .4

758 .1

716 .6

811.4 *

796 .4

853.4 *

Mean corpuscular

volume (:m3)

45

90

53.6

54.1

53.1

54.1

55.1*

54.0

54.9

55.6 *

Mean corpuscular

hemoglobin (pg)

45

90

19.2

19.0

18.7

19.1

18.5 *

18.7 *

18.4 *

18.7 *

Mean corpuscular

hemoglobin conc.

(g/dL)

45

90

35.8

35.1

35.3

35.2

33.5 *

34.6

33.5 *

33.7 *

Red blood cells

(x106/:L)

45

90

8.2

8.2

8.0

8.2

7.9

8.1

7.8 *

7.7 *

Reticulocytes (%) 45

90

2.02

1.71

1.94

1.77

2.32

2.06 *

3.68 *

2.63 *

Total bilirubin

(mg/dl)

45

90

0.18

0.11

0.14

0.19 *

0.20

0.16

0.26 *

0.22 *

Alkaline

phosphatase (IU/L)

45

90

123 .2

76.5

122 .6

74.0

122 .4

67.9

116 .0

63.3 *

Cholesterol

(mg/dl) #

90 102 .7 112.9 * 123.0 * 131.5 *

* Statistically different from control group (p # 0.05) by Dunnett’s test.

# - Serum cholesterol data not provided for the 45-day timepoint.
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Table 4.  Selected Male Rat Hematology and Clinical Chemistry Parameters Following 45 or 90 Days of Dietary

Exposure to Trinitrophenylmethylnitramine (Reddy et al., 1994b)

Endpoint Sample

taken at

45 or 90

days

Control 13 mg/kg-day 62 mg/kg-day 180 mg/kg-day

Methemoglobin

(%)

45

90

0.42

0.50

0.88

0.58

1.36 *

1.37 *

2.44 *

2.67 *

Hemoglobin

(g/dL)

45

90

15.4

15.8

15.4

15.6

14.9

15.3 *

14.1 *

14.2 *

Hematocrit (%) 45

90

44.9

48.4

45.2

48.1

43.9

47.2 *

43.1

45.0 *

Platelets (x103/:L) 45

90

700 .6

733 .7

789 .0

728 .3

844.2 *

745 .1

946.2 *

856.7 *

Mean corpuscular

volume (:m3)

45

90

51.9

51.8

51.0 *

51.6

50.5 *

50.9 *

50.8 *

50.3 *

Mean corpuscular

hemoglobin (pg)

45

90

17.8

16.9

17.3 *

16.8

17.1 *

16.5 *

16.6 *

15.9 *

Mean corpuscular

hemoglobin conc.

(g/dL)

45

90

34.4

32.7

34.1

32.5

33.8

32.5

32.7 *

31.6 *

Red blood cells

(x106/:L)

45

90

8.7

9.3

8.9

9.3

8.7

9.3

8.5

8.9 *

Reticulocytes (%) 45

90

2.42

1.96

2.26

1.88

2.84

2.05

4.16 *

3.35 *

Total bilirubin

(mg/dl)

45

90

0.14

0.05

0.14

0.10 *

0.12

0.09 *

0.18

0.10 *

Alkaline

phosphatase (IU/L)

45

90

135 .8

104 .9

134 .0

93.7 *

123 .8

88.3 *

119 .6

80.9 *

Cholesterol

(mg/dl) #

90 58.6 66.4 * 79.1 * 105.4 *

* Statistically different from control group (p # 0.05) by Dunnett’s test.

# - Serum cholesterol data not provided for the 45-day timepoint.
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A study of acute to subacute oral administration of trinitrophenylmethylnitramine to rats
was available only in Italian (Parmeggiani et al., 1956), but has been included in several reviews
(ATSDR, 1995; RAIS, 1991; Telmage et al., 1999; U.S. EPA, 1990).  The strain and sex of the
rats were not specified, and the study did not indicate whether trinitrophenylmethylnitramine
was administered by gavage or in the diet.  Groups of 4 rats were dosed with 1000 or 2000
mg/kg once or daily until death, or with 250 mg/kg for 15 days; groups of 4 rats were used as
controls.  The single dose of 1000 mg/kg did not cause adverse effects; the single dose of 2000
mg/kg was associated with proliferative changes in the liver, swelling of the renal tubular
epithelia, and spleen hemosiderosis and atrophy.  Animals given daily doses of 1000 or 2000
mg/kg died within 10 to 18 days; they exhibited progressive weight loss, dyspnea, rough coat
and yellow pigmentation in the tail, ears and nose, as well as neurological signs (limb paralysis
and convulsions prior to death).  Histopathological examination of the liver observed hepatocyte
changes (polymorphous and pyknotic nuclei, granular cytoplasm) and frequent activation of
Kupffer cells.  In the kidney, degenerative changes were observed, characterized by swollen
obliteration of the tubular lumen by tubular epithelial swelling, indeterminate cytoplasmic
changes, and nuclear pyknosis.  In rats given 2000 mg/kg-day, moderate spleen hemosiderosis
with lymphatic follicle atrophy was observed.  The lower dose, 250 mg/kg-day, also produced
degenerative kidney lesions.

Another Italian study was conducted in rabbits (Guarino and Zambrano, 1957; ATSDR,
1995; U.S. EPA, 1990).  A group of 20 rabbits were given oral doses of 250 mg/kg-day of
trinitrophenylmethylnitramine.  No information was provided regarding the sex or strain,
specific method of administration (i.e. gavage or dietary), controls, or experiment duration.  The
mean survival time was 2 months, and 18/20 died within 3 months.  Gross and microscopic signs
of lung congestion were found, as well as moderate vascular congestion.  Grossly, their livers
appeared yellowish and congested; microscopic examination found epithelial swelling, fatty
infiltration, and focal necrosis.  Similarly, the kidneys were visibly congested, with microscopic
evidence of parenchymal lesions and swelling.  The spleens were congested, with traces of
erythrocytes in the splenic sinuses.

A study of blood coagulability in rabbits given gavage doses of
trinitrophenylmethylnitramine for 6 months was written in Italian (Daniele, 1964), and has been
described in a number of  reviews (ATSDR, 1995; RAIS, 1991; Talmage et al., 1999; U.S. EPA,
1990).  Blood coagulability was normal in a group of 12 rabbits (sex and strain not specified)
given daily gavage doses of trinitrophenylmethylnitramine for 3 months, but was decreased by 6
months of dosing, compared to 3 control rabbits.  This experiment (Daniele, 1964) appears to be
part of a longer experiment reported by Fati and Daniele (1965).  An English translation of the
Italian study is available (Fati and Daniele, 1965).  Reportedly, the rabbits were male, had an
average body weight of 2.700 kg, and received daily gavage doses of 250 mg of
trinitrophenylmethylnitramine.  Therefore, the administered dose appears to have been 92.6
mg/kg-day.  However, the HEED (U.S. EPA, 1990) and two reviews (RAIS, 1991; Talmage et
al., 1999) concluded that the dose in both studies (Daniele, 1964; Fati and Daniele, 1965) was
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125 mg/kg-day.  This apparent discrepancy in dosing may reflect differences in translation.  The
latter paper (Fati and Daniele, 1965) did not mention control animals.  Three rabbits were dosed
for 6 months, and 9 rabbits were dosed for 9 months (Fati and Daniele, 1965); the report does not
indicate whether the 6-month group was sacrificed at the cessation of exposure or with the 9
month group.  The only endpoints mentioned in the latter paper were gross anatomical and
histopathological findings of the spleen, lung, heart, intestinal mucosa, liver and kidneys. 
Macroscopic examination of the spleen found slight thickening of the capsule and signs of
congestion (incidence not reported), with evidence of lymphatic follicular atrophy and moderate
hemosiderosis in some cases.  Spleen histopathology was not discussed.  The lungs, heart and
intestinal mucosa appeared grossly and histopathologically normal.

No liver changes were grossly visible in rabbits dosed for 6 months; 2/9 rabbits dosed for
9 months exhibited liver congestion and increased consistency, with small amounts of blood
(Fati and Daniele, 1965).  Histopathological examination of the liver in the 6 month group found
advanced hepatocyte distress (characterized by swelling, vacuolization, cytoplasmic opacity and
slight granularity) and focal inflammation without necrosis.  In the 9 month group, more
dramatic hepatocyte changes (diffuse turbid swelling; highly granular, opaque and finely
vacuolized cytoplasm; polymorphic nuclei with increased volume, hyperchromia and pyknosis),
focal parenchymal necrosis and diffuse parenchymal distress, Kuppfer cell hyperplasia, and
vascular congestion were seen.  No kidney changes were grossly or microscopically visible in
rabbits dosed for 6 months.  In the kidneys of rabbits dosed for 9 months, mild renal congestion
was grossly visible, and microscopic analysis found tubular distress (turbid swelling and
vacuolar degeneration, narrowed and poorly distinguishable tubular lumen) and cellular
hypertrophy with opaque, finely granular and vacuolized cytoplasm and few nuclear changes
(hyperchromia and pyknosis).  This study provides suggestive evidence that the blood, liver,
kidney and spleen are target organs of trinitrophenylmethylnitramine toxicity in rabbits
following subchronic oral exposure.

Only one animal experiment regarding inhalation exposure to
trinitrophenylmethylnitramine was identified.  A group of 8 guinea pigs (“albino or cream or
white”; 200 g average initial weight; sex not specified) were exposed to a smoke of
trinitrophenylmethylnitramine particles 30 minutes per day for 6 days (Gell, 1944).  The authors
estimated the concentration as 0.4 mg/L (400 mg/m3) and the total absorption as 7-10 mg/animal. 
These animals were subsequently exposed to picrylprotein antigens (prepared from the sera of
rabbits exposed to analogs or putative metabolites of trinitrophenylmethylnitramine); 6/8
exhibited anaphylactic sensitivity, and 1 of those animals died.  Similar sensitization was not
produced by intravenous, intradermal, or dermal dosing (intact or scalded skin) with
trinitrophenylmethylnitramine followed by picrylprotein antigen challenge (Gell, 1944).  This
study is not relevant to development of a reference concentration (RfC).
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Based on the standard subchronic body weight for female Sprague Dawley rats, 0.204 kg (U.S. EPA,

1988): 40  mg ÷ 0.204 kg =  200  mg per dose ÷ 3  = 70  mg/kg-day.
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The only study relevant to carcinogenicity was a short-term screening assay (Griswold et
al., 1968). Based on observations that administration of relatively high doses of 7,12-
dimethylbenz[a]anthracene to female rats at the start of their puberty induced high incidences of
mammary tumors, the authors tested trinitrophenylmethylnitramine and other compounds for
similar activity.  A group of 20 female Sprague-Dawley rats received doses of 0 or 40 mg of
trinitrophenylmethylnitramine by gavage in sesame oil every 3 days for 30 days (400 mg/rat
total; 200 mg/kg/dose, 70 mg/kg-day)1.  Treatment began when rats were 40 days of age
(prepubescent).  Rats were weighed and inspected weekly for apparent tumors.  The report
indicates that animals were sacrificed after 9 months of observation, but is unclear whether this
time includes the dosing period.  All animals were autopsied.  The liver, kidney, spleen, pituitary
and adrenal glands were weighed.  Histopathology was focused on the mammary tissue, but
included the ovaries, liver, intestinal tract, pituitary and adrenal glands.  Adenoma of the
stomach and mammary hyperplasia were each seen in one animal; these effects were not
biologically or statistically significant.  This study is inconclusive as a cancer bioassay, due to
the short exposure period and the lack of information about the maximum tolerated dose.

Other Studies

Trinitrophenylmethylnitramine induces gene mutations in Salmonella typhimurium
strains TA 98, 100, 1535, 1537 and 1538 with and without metabolic activation; the response is
stronger in the absence of metabolic activators (ACGIH, 2001; ATSDR, 1995; George et al.,
2001; McGregor et al., 1980; U.S. EPA, 1990).  Positive results were also seen in tests for DNA
damage using Escherichia coli (with and without metabolic activation) and gene conversion in
Saccharomyces cerevisiae and Neurospora crassa (tested only without activation) (ACGIH,
2001; ATSDR, 1995).  ATSDR (1995) speculated that nitroreductase enzymes endogenous in
these microbial species may bioactivate trinitrophenylmethylnitramine. 
Trinitrophenylmethylnitramine has apparently not been tested for genetic toxicity in mammalian
systems.

DERIVATION OF PROVISIONAL SUBCHRONIC AND CHRONIC
ORAL RfD VALUES FOR TRINITROPHENYLMETHYLNITRAMINE

A few reports have associated occupational exposure to trinitrophenylmethylnitramine
with adverse hematological effects, including decreased hemoglobin (Brabham, 1943),
decreased red blood cell counts, and anemia (Cripps, 1917; Witkowski et al., 1942).  Other
occupational studies suggest that trinitrophenylmethylnitramine exposure may be related to liver
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failure (Hardy and Maloof, 1950) and jaundice (Troup, 1946).  No studies were located that
related occupational exposure to kidney effects.

ATSDR (1995) noted that many amino and nitro aromatic compounds are known
inducers of methemoglobin formation, and speculated that trinitrophenylmethylnitramine may
have a similar mechanism of toxicity.  Methemoglobin (the iron-oxidized form of hemoglobin)
does not carry oxygen in the blood and is usually maintained at trace levels due to the activity of
NADH-methemoglobin reductases in red blood cells (NLM, 2003).  The 14- and 90-day feeding
studies (Reddy et al., 1994a,b) were not reviewed by ATSDR (1995), but their data are
consistent with this hypothesis.

The results of the 90-day feeding study in male and female Fischer 344 rats (Reddy et al.,
1994b) clearly indicate that trinitrophenylmethylnitramine targets the blood, as shown in Table 3
and Table 4.  Some endpoints were more sensitive than others: histopathologic evidence of
erthyroid cell hyperplasia of the spleen (males only), erythroid hyperplasia in the femur bone
marrow (males only), and deposition of hemosiderin in the spleen and kidney (both sexes), as
well as decreased red blood cell counts (both sexes), were observed only in high-dose animals
(199 and 180 mg/kg-day for females and males, respectively).  Effects seen at the mid-dose (69
and 62 mg/kg-day for females and males, respectively) included decreased serum hemoglobin
and hematocrit, and increased platelets and reticulocyte counts.  Methemoglobin and total
bilirubin were increased in all treatment groups, including the low doses (14 and 13 mg/kg-day
for females and males, respectively).

This study (Reddy et al., 1994b) also found evidence that trinitrophenylmethylnitramine
targeted the liver.  Relative liver weights were increased for males and females at the mid- and
high-dose, while absolute liver weight was increased only at the high-doses.  Changes seen in
serum alkaline phosphatase (decreased in high-dose females and all treated male rat groups at 90
days), cholesterol (increased in all treatment groups at 90 days) and total bilirubin (all male
groups and the low- and high-dose female groups at 90 days) represent sensitive markers of liver
damage.  Evidence of kidney damage seen in high-dose male rats appeared to be related to
hyaline droplet nephropathy, a lesion not considered relevant to humans (U.S. EPA, 1991b).  

Since the effects seen at the low dose would not be considered adverse without the
supporting evidence of blood and liver effects seen at the two higher doses, the low doses of 13
and 14 mg/kg-day are considered to be minimal LOAELs for female and male rats, respectively,
orally exposed to trinitrophenylmethylnitramine for 90 days, based on elevated serum total
bilirubin and cholesterol (males and females), increased serum methemoglobin (females only)
and decreased alkaline phosphatase (males only).

The two-week feeding study in Fischer 344 rats (Reddy et al., 1994a) provides
supporting evidence that trinitrophenylmethylnitramine targets the blood and liver.  Statistically 
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significant differences between controls and treated groups included increased reticulocyte
counts, methemoglobin, total bilirubin and liver weight, and decreased serum alkaline
phosphatase.

Earlier oral studies also observed adverse blood-related effects.  Spleen hemosiderosis
changes were seen in rats given lethal doses of 2000 mg/kg-day of
trinitrophenylmethylnitramine (Parmeggiani et al., 1956), rabbits given oral doses of 250 mg/kg-
day for < 3 months exhibited spleen congestion with traces of erythrocytes in the splenic sinuses
(Guarino and Zambrano, 1957), and changes in blood coagulation were seen in rabbits dosed for
6 months with trinitrophenylmethylnitramine (Daniele, 1964).  Two of the studies observed
hepatic granularity (Fati and Daniele, 1965; Parmeggiani et al., 1956), which may have been
caused by hemosiderin deposition.  Other observed liver effects included congestion, swelling
and hepatocyte distress (Fati and Daniele, 1965; Guarino and Zambrano, 1957; Parmeggiani et
al., 1956; Wells et al., 1920).

The minimal LOAEL of 13 mg/kg-day (Reddy et al., 1994b), for blood and liver effects
in male rats fed trinitrophenylmethylnitramine for 90 days, was selected as the basis for the
p-RfD derivation.

A provisional subchronic RfD of 1E-2 mg/kg-day is derived by applying an
uncertainty factor of 1000 (10 to extrapolate from rats to humans, 10 to protect sensitive human
subpopulations (especially for sensitivity to methemaglobinemia), 3 for the use of a minimal
LOAEL, and 3 for database deficiencies, including lack of reproductive and developmental
toxicity studies), as follows:

      subchronic  p-RfD     =     LOAEL ÷ UF
        = 13 mg/kg-day ÷ 1000
         = 0.01 or 1E-2 mg/kg-day

A provisional chronic RfD of 4E-3 mg/kg-day is derived by applying an uncertainty
factor of 3000 (10 to extrapolate from rats to humans, 10 to protect sensitive human
subpopulations (especially for sensitivity to methemaglobinemia), 3 for use of a minimal
LOAEL, and 10 for overlapping uncertainty for use of a subchronic study and database
deficiencies, including lack of chronic, reproductive and developmental toxicity studies), as
follows:

   p-RfD =    LOAEL ÷ UF
= 13 mg/kg-day ÷ 3000
= 0.004 or 4E-3 mg/kg-day

Confidence in the key study is medium-to-high.  An adequate number of animals were
used, and a comprehensive array of hematology, clinical chemistry and histopathology were
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performed.  However, group sizes were only minimally adequate and a NOAEL was not
identified.  Confidence in the database is low-to-medium.  No chronic, developmental or
reproductive toxicity studies were identified, and the supporting systemic toxicity data, although
supportive in humans as well as animals of the critical effects identified in the key study, were
limited by study design or reporting deficiencies.  Low-to-medium confidence in the provisional
subchronic and chronic RfD values results.

DERIVATION OF PROVISIONAL SUBCHRONIC AND CHRONIC
INHALATION RfC VALUES FOR TRINITROPHENYLMETHYLNITRAMINE

Studies regarding the effects of trinitrophenylmethylnitramine in occupationally-exposed
populations have observed dermatitis and dermal sensitization; severe respiratory tract irritation;
liver damage; hematological effects; and neurological symptoms (Cripps, 1917; Fischer and
Murdock, 1946; Hardy and Maloof, 1950; Hatch and Probst, 1945; Probst et al., 1944; Ruxton,
1917; Troup, 1946; Witkowski et al., 1942).  These studies have been extensively reviewed
(ACGIH, 2001; ATSDR, 1995; Talmage et al., 1999; U.S. EPA, 1990) and are lacking in
quantitative exposure estimates necessary for p-RfC derivation.  Additionally, evidence from
animal studies suggests that at least some of the respiratory effects may be due to dust-
swallowing, rather than inhalation.  Respiratory effects seen in animals orally exposed to
trinitrophenylmethylnitramine included lung edema in rabbits given 1000 mg/kg (Wells et al.,
1920), lung congestion in rabbits given 250 mg/kg-day for up to 3 months (Guarino and
Zambrano, 1957) and dyspnea in rats treated orally with 1000 or 2000 mg/kg-day until death
(Parmeggiani et al., 1956).

The only study of inhalation in animals (Gell, 1944) was of subacute duration; dermal
sensitization was observed in guinea pigs following inhalation exposure to
trinitrophenylmethylnitramine.  This finding suggests that the dermal effects seen in
occupational studies may be related to both inhalation exposure, as well as direct skin contact.  

The lack of suitable human or animal studies precludes derivation of provisional
subchronic or chronic inhalation RfC values for trinitrophenylmethylnitramine.

DERIVATION OF A PROVISIONAL CARCINOGENICITY ASSESSMENT
FOR TRINITROPHENYLMETHYLNITRAMINE

No adequate studies were identified related to the potential carcinogenicity of
trinitrophenylmethylnitramine in humans.  None of the animal studies identified were of chronic
duration.  The only study of trinitrophenylmethylnitramine relevant to carcinogenicity dosed rats
for only 30 days, and saw no evidence of tumor induction (Griswold et al., 1968). 
Trinitrophenylmethylnitramine is clearly genotoxic in bacteria and fungi, but has apparently not 
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been tested in mammalian systems (ACGIH, 2001; ATSDR, 1995; George et al., 2001;
McGregor et al., 1980; U.S. EPA, 1990).  Under the proposed U.S. EPA (1999) cancer
guidelines, the data for trinitrophenylmethylnitramine are inadequate for an assessment of
human carcinogenic potential.

Derivation of quantitative estimates of cancer risk for trinitrophenylmethylnitramine is
precluded by the absence of data demonstrating carcinogenicity.
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