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DISCLAIMER 

This report has been reviewed by the Environmental Criteria and 

Assessment Office, U.S. Environmental Protection Agency, and approved 

for publication. Mention of trade names or commercial products does not 

constitute endorsement or recommendation for use. 

AVAILABILITY NOTICE 

This document is available to the public through the National 

Technical Information Service, (NTIS), Springfield, Virginia 22161. 
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FOREWORD 

Section 304 (a)(l) of the Clean Water Act of 1977 (P.L. 95-217), 
requires the Administrator of the Environmental Protection Agency to 
publish criteria for water quality accurately reflecting the latest 
scientific knowledge on the kind and extent of all identifiable effects 
on health and welfare which may be expected from the presence of 
pollutants in any body of water, including ground water. Proposed water 
quality criteria for the 65 toxic pollutants listed under section 307 
(a)(l) of the Clean Water Act were developed and a notice of their 
availability was published for public comment on March 15, 1979 (44 FR 
15926), July 25, 1979 (44 FR 43660), and October 1, 1979 (44 FR 56628). 
This document is a revision of those proposed criteria based upon a 
consideration of comments received from other Federal Agencies, State 
agencies, special interest groups, and individual scientists. The 
criteria contained in this document replace any previously published EPA 
criteria for the 65 pollutants. This criterion document is also 
published in satisfaction of paragraph 11 of the Settlement Agreement 
in Natural Resources Defense Council, et. al. vs. Train, 8 ERC 2120 
(D.D.C. 1976), modified, 12 ERC 1833 (D.D.C. 1979) . 

The term "water quality criteria" is used in two sections of the 
Clean Water Act, section 304 (a)(l) and section 303 (c)(2). The term has 
a different program impact in each section. In section 304, the term 
represents a non-regulatory, scientific assessment of ecological ef- 
fects. The criteria presented in this publication are such scientific 
assessments. Such water quality criteria associated with specific 
stream uses when adopted as State water quality standards under section 
303 become enforceable maximum acceptable levels of a pollutant in 
ambient waters. The water quality criteria adopted in the State water 
quality standards could have the same numerical limits as the criteria 
developed under section 304. However, in many situations States may want 
to adjust water quality criteria developed under section 304 to reflect 
local environmental conditions and human exposure patterns before 
incorporation into water quality standards. It is not until their 
adoption as part of the State water quality standards that the criteria 
become regulatory. 

Guidelines to assist the States in the modification of criteria 
presented in this document, in the development of water quality 
standards, and in other water-related programs of this Agency, are being 
developed by EPA. 

STEVEN SCHATZOW 
Deputy Assistant Administrator 
Office of Water Regulations and Standards 
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CRITERIA DOCUMENT 

NITROPHENOLS 

Aquatic Life 

CRITERIA 

The available data for nitrophenols indicate that acute toxicity to 

freshwater aquatic life occurs at concentrations as low as 230 µg/l and 

would occur at lower concentrations among species that are more sensitive 

than those tested. No data are available concerning the chronic toxicity of 

nitrophenols to sensitive freshwater aquatic life but toxicity to one spe- 

cies of algae occurs at concentrations as low as 150 µg/l. 

The available data for nitrophenols indicate that acute toxicity to 

saltwater aquatic life occurs at concentrations as low as 4,850 µg/l and 

would occur at lower concentrations among species - that are more sensitive 

than those tested. No data are available concerning the chronic toxicity of 

nitrophenols to sensitive saltwater aquatic life. 

Human Health 

Due to the insufficiency in the available data for mono- and trintro- 

phenols, satisfactory criteria cannot be derived at this time, using the 

present guidelines. 

For the protection of human health from the toxic properties of dinitro- 

phenols and 2,4-dinitro-o-cresol ingested through water and contaminated 

aquatic organisms, the ambient water criteria are determined to be 70 µg/l 

and 13.4 µg/l, respectively. 

For the protection of human health from the toxic properties of dinitro- 

phenols and 2,4-dinitro-o-cresol ingested through contaminated aquatic or- 

ganisms alone, the ambient water criteria are determined to be 14.3 mg/l and 

765 µg/l, respectively. 

vii 



INTRODUCTION 

Mononitrophenol has three isomeric forms, distinguished by the position 

of the nitro group on the phenolic ring. Three isomeric forms are possible, 

namely 2-nitrophenol, 3-nitrophenol, and 4-nitrophenol. The compounds are 

also commonly referred to as o-nitrophenol, m-nitrophenol, and p-nitro- 

phenol, respectively. 

Commercial synthesis of 2-nitrophenol and 4-nitrophenol is accomplished 

through the hydrolysis of the appropriate chloronitrobenzene isomers with 

aqueous sodium hydroxide at elevated temperatures (Howard, et al. 1976). 

Production of 3-nitrophenol is achieved through the diazotization and hy- 

drolysis of m-nitroaniline (Matsuguma, 1967). The mononitrophenol isomers 

are used in the United States primarily as intermediates for the production 

of dyes, pigments, pharmaceuticals, rubber chemicals, lumber preservatives, 

photographic chemicals, and pesticidal and fungicidal agents (U.S. Inter- 

national Trade Commission, 1976). As a result of this use pattern, the ma- 

jor source for environmental release of mononitrophenols is likely to be 

from production plants and chemical firms where the compounds are used as 

intermediates. The mononitrophenols may also be inadvertently produced via 

microbial or photodegradation of pesticides which contain mononitrophenol 

moieties. Approximately 10 to 15 million pounds of 2-nitrophenol are pro- 

duced annually (Howard, et al. 1976) for uses including synthesis of o-ami- 

nophenol, o-nitroanisole, and other dye stuffs (Matsuguma, 1967; Howard, et 

al. 1976). Although production figures for 3-nitrophenol are not available, 

Hoecker, et al. (1977) estimate that production is less than one million 

pounds annually. 3-Nitrophenol is used in the manufacture of dye intermedi- 
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ates such as anisidine and m-aminophenol (Kouris and Northcott, 1963; Mat- 

suguma, 1967). 4-Nitrophenol is probably the most important of the mononi- 

trophenols in terms of quantities used and potential environmental contamin- 

ation. Demand for 4-nitrophenol was 35,000,000 pounds in 1976 and produc- 

tion is projected to increase to 41,000,000 pounds by 1980 (Chemical Market- 

ing Reporter, 1976). Most of the 4-nitrophenol produced (87 percent) is 

used in the manufacture of ethyl and methyl parathions. Other uses (13 per- 

cent) include the manufacture of dye-stuffs and n-acetyl-p-aminophenol 

(APAP) and leather treatments. A possible source of human exposure to 

4-nitrophenol is as a result of microbial or photodegradation of the para- 

thions. In vivo production of 4-nitrophenol following absorption of para- 

thion or other pesticides by humans is another possible source of human ex- 

posure. 

Physical and chemical properties of the mononitrophenols are summarized 

in Table 1. 

Dinitrophenols 

Six isomeric forms of dinitrophenol are possible, distinguished by the 

position of the nitro-groups on the phenolic ring. Of the six possible 

dinitrophenol isomers, 2,4-dinitrophenol is by far the most important. The 

most recent production figure for 2,4-dinitrophenol is 863,000 lb. reported 

by the U.S. International Trade Commission (1968). Approximate consumption 

per year is estimated at 1,000,000 lbs. (Howard, et al. 1976). 2,4-Dinitro- 

phenol is used primarily as a chemical intermediate for the production of 

sulfur dyes, azo dyes, photochemicals, pest control agents, wood preserva- 

tives, and explosives (Matsuguma, 1967; Perkins, 1919; Springer, et al. 

1977a.b). 
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TABLE 1 

Properties of Yononitrophenols* 

Formula 

Molecular Weight 

Melting Point ('C) 

Soiling Point ("C) 

Density 

2-Nitrophenol 3 -Nitrophenol 4-Nitrophenol 

c6H5 NO3 c6HSNO3 C6H5NO3 

139.11 139.11 139.11 

44 45 97 113 -114 

214 -216 279 279 

1.4$5 1.485 1.479 

water.Solubility 
(g/l 1 

0.32 at 3a’c 1.35 at 25°C 0.804 at SC 
i.oa at 100'c 13.3 at 90'C 1.6 at 25'C 

Vapor Pressure 

Ka 

1 mm Hg at 49.3'C 

7.5x10-8 5.3x10-9 7x10-9 

*Sources: Windholz, 1976; Weast, 1975; Matsuguma, 1967. 
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~mduction =igures and usage data fcr tne relnainfcg f've d:n:tro!)neroj 

isomers are not available. It is reasonable to assume tha: production ari 

usage of these compounds are extremely limited in the United States. 

L'ommercial synthesis of 2,4dinitrophenol is accomplished by the hydrol- 

ysis of 2,4dinitro-l-chlorobenzene with sodium hydroxide at 95 to 11)O'c 

(Vatasuguma, 1967). AS a result of the use pattern of 2,4dinitrophenol 

(2,4-DNP) th e major source for environmental release of 2,4-3NP is likely to 

be from production plants and chemical firms where the compound is used as 

an intermediate. It is possible that 2,4-ONP may also be produced via mic- 

robial or photodegradation of compounds which contain the dinitrophenol 

moiety, such as parathion (Gomaa and Faust, 1972). 2,4-DNP has also been 

identified as an impurity in technical preparations of the herbicide ONPP 

(2-isopropyl-0,6dinitrophenol] by Mosinska and Kotarski (1972). 

The physical and chemical properties of the dinitrophenol isomers are 

summarized in Table 2. 

Trinitrophenols 

Six isomeric forms of trinitrophenol are possible, distinguised by the 

position of the nitro- groups relative to the hydroxy group on the six 

carbon benzene ring. The five isomers are: 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-, 

2,4,6-, and 3,4,5-trinitrophenol. Production volumes for the trinitro- 

phenols are not available. Usage of the trinitrophenol isomers is apparent- 

ly limited to 2,4,6-trinitrophenol, otherwise known as picric acid. In 

fact, a comprehensive search of the literature failed to detect a single ci- 

tation dealing with any of the trinitrophenol isomers except pictic acid. 

Conseauently, the only information on these isomers presented in this docu- 

ment are the chemical and physical properties found in Table 3. 
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TABLE 2 

Properties of Dinitrophenol Isomers* 

Isomer 
m;p. 
( Cl 

Water 
(at !5'C) Solubiiity Density 

h/l 1 

2,3-Dinitrophenol 

2,4-Znitrophenol 

2,5-Dinitrophcnol 

2,6-Oinitrophenol 

3,ldinitrophenol 

3,5-Dinitrophenol 

144 

114-115 
(sublimes) 

104 

63.5 

134 

122-123 

1.3 x 10-5 2.2 1.681 

1.0 x 104 0.79 1.683 

7 x 10-6 0.68 

2.7 x lOa 0.42 

4.3 x 10-5 2.3 1.672 

2.1 x 104 1.6 1.702 

*Source: Harvey, 1959; Windholz, 1976; Weast, 1975. 

a -5 



TABLE 3 

Prooerties of irinitrophenols* 

Volecular k'eight 229.11 

2,3,5-Yrinitrophenol 

Yolecular Neight 229.11 
;Yelting Point 119 -12o'c 

2,3,6-Trinitroohenol 

Yolecular Weight 
Fe1 ti ng Point 
later Volubility 

Room Temperature 
Hot Water 

229;ll 
119 c 

Slightly Soluble 
Very Soluble 

2,A,5-Trini trophenol 

Molecular Neight 
clelting Point 
ilater Solubility 

Room Temoerature 
k'ot Mater 

229.11 
96'C 

Slightly So 
Soluble 

luble 

2,4,5-Trinitrophenol 

Molecular Weight 
(Melting Point 
Boiling Point 

Vapor Pressure 
Density 
Water Solubility 

Room Temperature 
1OO'C 

229.11 
122 -123’C 
Sublimates: Explodes at 

3oo’c 
1 mm Hg at 195'C 
1.763 g/cm3 

1.28 9/i 
6.7 g/l 

*Source: 'rlindholz, 1976; Weast, 1975; Matsuguma, 1967. 



According to Matsuguma (1067) oicric acid has found usage as: a dye in- 

termediate, explosive, analytical reagent, germicide, fungicide, stainirg 

agent and tissue fixative, tanning agent, photochemical, pharmaceutical, and 

a process material for the oxidation and eching of iron, steel and copper 

surf aces. The extent to which picric acid finds usage in any of these ap- 

plications at the present time is unknown. 

Dinitrocresols 

Dinitroartho cresol is a yellow crystalline solid derived from o-cre- 

sol. There are six possible isomers but the 4,6dinitro-o<:resol isomer is 

the only one of any commercial importance. In fact, a comprehensive search 

of the literature failed to reveal information on any of the other five 

dinitrocresol isomers. 

A,6-Dinitrodxresol (hereafter referred to as DNOC) is produced either 

by sulfonation of o-cresol followed by treatment with nitric acid or by 

treatment of o-cresol in glacial acetic acid with nitric acid at low temper- 

ature. Some important chemical and physical properties of DNOC are shown in 

Table 4. 

The U.S. Environmental Protection Agency (U.S. EPA) has no record of 

DNOC being currently manufactured in the United States for use as an agri- 

cultural chemical. Imports of DNOC have also decreased in recent years; 

from 217,899 lbs. in 1972 to 146,621 lbs. in 1973 and then to 30,442 lbs. in 

I976 (National Institute for Occupational Safety and Health (NIOSH), 1972). 

Since DNOC is not manufactured in the U.S., pesticide formulators and spray- 

ers are the major groups with potential occupational exposure to DNOC. 

DNOC is used primarily as a blossom-thinning agent on fruit trees and as 

a fungicide, insecticide, and miticide on fruit trees during the dormant 
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TABLE 4 

Properties of 4,6-Dinitro-o-cresol* 

Molecular Weight 198.13 

Appearance Yellow Solid 

?lelting Foint 85.a'c 

'lapor Pressure 0.000052 mm Hg at 2O'C 

Water Solubility 100 mg/l at 2O'C 

Ma 4.46 

*Source: Windholz, 1976; Weast, 1975; Matsuguma, 1967. 
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season. NIrJSH !1979) estimates that. 3,930 workers in the U.S. are poten- 

tially exposed to DNOC. In view of the small amount of DNOC used in the 

U.S., exposure of the general public is expected to be minimal. 

In general, few data are available regarding the breakdown of nitro- 

phenols by natural communities of microorganisms. A number of researchers 

have isolated microorganisms capable of using nitrophenols as a sole source 

of carbon in pure culture [Simpson and Evans, 1953; Raymond and Alexander, 

1971; Chambers, et al. 1963; Guillaume, et al. 1963). However, the signifi- 

cance of such studies as related to the stability of nitrophenols in the en- 

vironment is not known. 

Several investigators have shown that individual species of aerobic and 

anaerobic bacteria, including Azotabacter chroococcum and Clostriduim butyr- 

ium, and the fungus Fusarium, are capable of reducing 2,4dinitrophenol in 

culture (Radler, 1955; Lehmber, 1956; Madhosingh, 1961). However, the pre- 

cise pathway for metabolic degradation is not known. Jensen and Lautrup- 

Larson (1967) found that Arthrobacter simplex, Pseudomonas, and Arthrobacter 

were able to metabolize 2,ltdinitrophenol and 2,4,6-trinitrophenol, forming 

nitrite, 

The actual degradation pathway of dinitro-o-cresol has been 

by Tewfik and Evans (1966) in pure cultures of microorganisms. 

ported that in Pseudomonas sp. degradation proceeded by way of 

investigated 

It was re- 

formation of 

an aminocresol. In Arthrobacter simplex, a hydroxylated catechol is formed 

prior to ring cleavage. 

The significance of such studies as related to the stability of nitto- 

phenols in the environment is not known. Certain investigators have postu- 

lated that ambient nitrophenol concentrations may be too low to induce the 

appropriate microbial enzymes necessary to facilitate population growth and 

metabolism of the compounds (U.S. EPA, 1976). 
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Incornati3n rq3?;?g fhe Tob~Y;t;j 3nd gprsistence 3; nitr?3qer73's ;I 

natural soil and water envirgnneqts is IiTitsd. 3ased 3Don exDer;TentaY';/ 

$e+ep?i?ed solubilitias and sorotion characteristics, the oersi stance 3; 

so-e of the nitr?ohenols might be estimated. For Pxamole, dlthouuh ?-nitr3- d 

ohenol is sslgble in water, it has alS0 5een shown to be strDngly attracted 

through hydrogen bonding to fnontmorillonite clays, DerhaDs reducing its 

movement through the aroundwater regime (SaltzTan and Yariv, 1975; Varjv, et 

al. 1966). However, these estimates do not consider the data availa!?Ie in 

the literature on micrcrbial, ohotolytic, and oxidative degradation. 
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Aquatic Life Toxicology* 

INTRODUCTION 

Although fish and invertebrate acute toxicity data and plant toxicity 

data are available for the groups of organic compounds which contain various 

numbers of nitro groups substituted into the aromatic ring of a phenol or 

cresol, collectively referred to as nitrophenols, there are only limited 

data available for any individual nitrophenol. There are no data available 

dealing with chronic effects of any nitrophenol on freshwater aquatic organ- 

isms, and no suitable substitute chronic value can be determined from avail- 

able toxicity information. The limited data available preclude deriving a 

criterion for any of the individual nitrophenol compounds. The derivation 

of a single criterion which would protect freshwater aquatic organisms from 

all nitrophenols is also impractical because of the wide difference in tox- 

icity of individual nitrophenols. 

The saltwater data base available for the various nitrophenols is also 

limited. For 4-nitrophenol there are acute test results for one fish and 

one invertebrate species, and one fish chronic test. In addition, there are 

two invertebrate lethal threshold values. The data base for 2,4-dinitro- 

phenol consists of acute tests, one algal test, and miscellaneous effects on 

one invertebrate species. Information on 2,4,6-trinitrophenol is even more 

limited, consisting of acute results for one fish, one algal, and one in- 

vertebrate species. 

*The reader is referred to the Guidelines for Deriving Water Quality Cri- 
teria for the Protection of Aquatic Life and Its Uses in order to better un- 
derstand the following discussion and recommendation. The following tables 
contain the appropriate data that were found in the literature, and at the 
bottom of each table are calculations for deriving various measures of tox- 
icity as described in the Guidelines. 
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EFFECTS 

Acute Toxicity 

The data base for freshwater invertebrate Species (Table 1) Contains 

seven data points for four nitrophenol compounds with two invertebrate spe- 

cies. An unspecified dinitromethylphenol (reported by Sanders and Cope, 

1968 as dinitrocresol) is the most toxic compound with an LC50 value of 

320 µg/l for a stonefly, Pteronarcys californica. This compound is followed 

in order of decreasing toxicity by 2,4-dinitro-6-methylpheno1, 2,4-dinitro- 

phenol, 4-nitrophenol, and 2,4,6-trinitrophenol. The 2,4-dinitro-6-methyl- 

phenol LC50 for Daphnia magna is 3,120 µg/l (U.S. EPA, 1978). It appears 

that stoneflies may be more sensitive to dinitromethylphenol than are daph- 

nids, although this is impossible to verify since the compound tested with 

stoneflies is inadequately identified and may be a slightly different com- 

pound than that tested with daphnids. for 2,4-dinitrophenol, the two LC50 

values for daphnids are quite close and are 4,710 µg/l (Kopperman, et al. 

1974) and 4,090 µg/l (U.S. EPA, 1978). The toxicity of 4-nitrophenol to 

daphnids shows greater variation between investigators with reported LC50 

values of 8,396 µg/l (Kopperman, et al. 1974) and 21,900 µg/l (U.S. EPA, 

1978). The least toxic nitrophenol to daphnids is 2,4,6-trinitrophenol with 

a reported LC50 value of 84,700 µg/l (U.S. EPA, 1978). 

The freshwater fish acute toxicity data base (Table 1) consists of 

seven LC50 values for four nitrophenols and two fish species. Although 

differences in test methods make comparisons difficult, it appears bluegills 

are more sensitive than fathead minnows with all three nitrophenols for 

which data are available for both species. Comparisons of LC50 values 

for fishes indicate that 2,4-dinitro-6-methylphenol is the most toxic nitro- 

phenol with LC50 values of 230 µg/l (U.S. EPA, 1978) and 2,030 µg/l 
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(Phipps, et al. Manuscript) for the bluegill and fathead minnow, respective- 

ly; 2,4-dinitro-6+nethylphenol is followed in order of decreasing toxicity 

by 2,4-dinitrophenol, 4-nitrophenol, and 2,4,6-trinitrophenol. The largest 

variation in species sensitivity occurred with 2,4-dinitrophenol where 

LCso values are 620 ug/l for bluegills (U.S. EPA, 1978) and 16,700 ug/l 

for fathead minnows (Phipps, et al. Manuscript). The LC50 values reported 

for 4-nitrophenol for bluegills and fathead minnows are 8,280 ug/l (U.S. 

EPA, 1978) and 60,500 ug/l (Phipps, et al. Manuscript), respectively. The 

high 2,4,6-trinitrophenol LC50 of 167,000 ug/l for bluegills (U.S. EPA, 

1978) indicates the toxicity of nitrophenols does not increase directly with 

increasing nitro-group substitution. 

The order of toxicity of the four nitrophenol compounds tested with 

both freshwater fish and invertebrate species is the same, and it appears 

from the limited data available that there are no large sensitivity differ- 

ences among these species with any of these nitrophenols. Invertebrate tox- 

icity values for 4-nitrophenol and 2,4-dinitrophenol fall between those cal- 

culated for bluegills and fathead minnows. Daphnia magna appeared slightly 

more sensitive to 2,4,6-trinitrophenol than were bluegills, and slightly 

less sensitive to 2,4-dinitro-6-methylphenol than were fathead minnows. 

As seen in Table 1 for the saltwater acute data, 4-nitrophenol resulted 

in a 96-hour LCso of 7,170 ug/l with mysid shrimp, whereas the sheepshead 

minnow showed greater resistance with a 96-hour LCso value of 27,100 

ug/l l 
Both the mysid shrimp and the herring embryos exhibited greater sen- 

sitivity to 2,4-dinitrophenol (96-hour LCSO values of 4,850 and 5,500 

ug/7, respectively) than did the sheepshead minnow at 29,400 ug/l. Of the 

three nitrophenols tested, 2,4,6-trinitrophenol appeared to be the least 

toxic, producing 96-hour LC50 values of 19,700 ug/l for the mysid shrimp 
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and 134,000 ug/l for the sheepshead nilnow. This nitrobhenol lras also C,?:e 

least toxic of the tested comcounds to freshwater fish and invertebrate spe- 

cies. Although the invertebrate species '&as consistently more sensitive- to 

all these compounds than was the sheepshead minnow, the herring embryos also 
were very sensitive to the toxic effects of 2,4-dinitrophenol, 

Chronic Toxicity 

There are no data available on the chronic effects of any of the var- 

ious nitrophenol compounds on freshwater aquatic life. 

The chronic effects of 4-nitrophenol and 2,4-dinitrophenol on hatching 

and survival in an early life stage test with the sheepshead minnow have 

been determined (U.S. EPA, 1978). Chronic values of 12,650 and 7,900 ;lg/l 

were obtained for 4-nitrophenol and 2,4-dinitrophenol, respectively (Tabie 

2). Although 4-nitrophenol may be somewhat less toxic in the chronic test, 

the compounds were of similar acute toxicity to the sheepshead minnow (Table 

1). 

Acute-chronic ratios for these nitrophenols may be derived for the 

sheepshead minnow. For 4-nitrophenol the acute-chronic ratio is 2.1, and 

for 2,4-dinitrophenol the ratio is 3.7. 

There are no nitrophenol chronic effects data for any saltwater inver- 

tebrate species. 

?lant Effects 

Freshwater plant toxicity values (Table 3) are lower, in certain in- 

stances, than acute LC50 values for fish and invertebrate species. Expo- 

sure to I-nitrophenol produced toxic effects in Chlorel'i vulgaris at 6,950 

ug/l (Dedonder and Van Sumere, 1971) and in Selenastrum capricornutum at 

4,190 ug/l (U.S. E?A, 1978). These plant effect levels for 4-nitrophenol 

are both below the lowest fish or invertebrate LCso values for this com- 

pound. A 50 percent reduction in chlorophyll d also occurred in Selenastrum 
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,,gil) that is below the lowest LC50 value for fish or invertebrate spe- 

cies. 4s observed ,#ith fish and invertebrate species, 2,4,6-trinitropheno' 

is less toxic than 4-nitrophenol and 2,4-dinitropheno? to Selenastrum caori- 

cornutuq (?l.S. EP4, 1978). 

Dedonder and 'Ian Sumere (1971) determined that 9,200 ug/l of 2,4-dini- 

trophenol caused a 70 percent growth inhibition in Chlorella vulgaris in 80 

hours, although this concentration caused only a 25 percent growth inhibi- 

tion in 160 hours. 

Results of tests which examined the relative.toxicity of the three iso- 

merit forms of mononitrophenols to an alga (Huang and Gloyna, 1967) indi- 

cated that chlorophyll synthesis in Chlorella pyrenoidosa was inhibited to a 

point below initial control levels at concentrations of 25,000 ug/l by 4- 

nitrophenol, 35,000 "g/l by 2-nitrophenol, and 50,000 ug/l by 3-nitro- 

phenol. Studies with three species of algae indicate that 4-nitrophenoi is 

slightly more toxic to plants than is 2,4-dinitrophenol (Table 3). The cne 

exceotion to this toxicity trend was observed by Simon and Blackman (1953), 

who found that 50 percent growth reduction in duckweed, Lemna minor, occur- 

red at 2,U-dinitrophenol and I-nitrophenol concentrations of 1,472 ug11 and 

9,452 ug/L respectively. However, these observed effects on duckweed oc- 

curred under conditions of low pH (5.2 and 5.4) and effects at a more neu- 

tral DH were not measured. 

All of the available freshwater plant effects data for nitrophenols are 

based on unmeasured concentrations and therefore there is no Freshwater Fin- 

al Plant Value. 

Only one saltwater algal species was examined for its response to three 

nitrophenols (U.S. EPA, 1978). The effects of these compounds on Skeletone- 

ma costatum are summarized in Table 3. - The 96-hour LCso concentrations of 
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J-nicrophenol (about 7,000 “g/i) and ?,44~nittzOhe9Oi iaoout 95,~~~ sg/l) 

were very similar for effects on both chlorophyll a production and reduction 

in cell numbers. However, 2,4,6-trinitrophenol seemed to have a greater ef- 

fect on chlorophyll 2, with a 96-hour ECSO of 62,700O ug/l, than on cell 

numbers where the effective concentration was 141,000 ugll. Skeletonema 

costatum was most sensitive to 4-nitrophenol. 

Residues 

No measured, steady-state bioconcentration factors are available for 

saltwater or freshwater organisms and any nitrophenol. 

Yiscellaneous 

No miscellaneous data were found that would be a suitable substitute 

for a Final Chronic Value for any nitrophenol compound (Table 4). although 

some data are the lowest acute values or the only acute values available for 

several nitrophenol compounds. Bringmann and Kuhn (19-78) calculated the 8- 

day toxicity thresholds (the pollutant concentration causing the onset of 

cell multiplication inhibition) for nine nitrophenol compounds with two 

aigai species, Microcystis aeruginosa and Scenedesmus auadricauda. Data 

from the most sensitive species tested in this study are the lowest plant 

values available for 2-nitrophenol (4,300 pg/l), 3-nitrophenol (7,600 ug/l), 

2,4,6-trinitrophenol (40,000 ug/l), and 2,4-dinitro-6-methylphenol (150 

ug/l) and are the only plant data available for 2-nitro-g-cresol (3,800 

ug/l), 4-nitro+-cresol (7,000 pg/l), and 6-nitro-m--cresol (7,000 ug/l). In 

another study, Bringmann and Kuhn (1977) determined the 24-hour LCso 

values for the same nine nitrophenols with the cladoceran, Oaphnia magna. 

This study provides the only invertebrate or fish acute data available for 

2-nitro-g-cresol (130,000 ug/l), 4-nitro*-cresol (33,000 ug/l), and 6-ni- 

tro-m-cresol (43,000 ug/l), and also provides a toxicity comparison of the 
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three isomeric forms of mononitrophenols with daphnias. They found knitro- 

phenol to be the most toxic compound to daphnids, followed in order of de- 

creasing toxicity by 3-nitrophenol and 2-nitrophenol. Gersdorff (1939) also 

found the same relative order of toxicity for the three mononitrophenols 

with goldfish (8,000 vg/l for 4-nitrophenol, 24,000 pg/l for 3-nitrophenol, 

and 33,300 pg/l for 2-nitrophenol). While these are not LC50 values, they 

represent the lowest acute effects available for these three mononitrophenol 

compounds. Although the relative order of toxicity is the same for the 

three mononitrophenols with both fish and invertebrate species, the toxicity 

order appeared to be slightly different in the alga, Chlorella pyrenoidosa 

(Huang and Gloyna, 1967, Table 3). 

Juvenile Atlantic salmon were much more sensitive to 2,4-dinitrophenol, 

with a lethal threshold value of 700 pg/l (Zitko, et al. 1976). (Lethal 

threshold is the geometric mean of the highest concentration with no deaths 

and the next higher concentration at which all animals died). The authors 

tested a variety of compounds with both freshwater and saltwater species. 

They did not specify whether the Atlantic salmon was tested in salt or 

freshwater, but the size of the tested organism leads us to believe that the 

test was probably conducted in freshwater. 

The only saltwater datum for 2-nitrophenol is listed in Table 4. This 

result is very similar to that for 4-nitrophenol and the shrimp, Crangon 

septemspinosa. The soft shell clam responded to the toxic effects of &ni- 

trophenol at about the same concentration (McLeese, et al. 1979). 2,4-Oini- 

trophenol also adversely affected sperm and embryo of two sea urchin species 

at concentrations as low as 46,000 ug/l. 
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For the four nitrophenols fzr which freshwater acute data are avail- 

able, the order of most to least toxic is 2,4-dinitro-6-methylpheno1, 2,4- 

dinitrophenol, 4-nitrophenol, and 2,4,6-trinitrophenoi. Acute LCso values 

ranged from a low of 230 ug/l for bluegills exposed to 2,4-dinitro-6- 

nethylphenol to a high of 167,000 ug/l for bluegills exposed to 2,4,6-trini- 

trophenol. There are no freshwater chronic data available for any nitro- 

phenol. Plant values and miscellaneous data for the various nitrophenols 

showed that effects occurred at exposure concentrations ranging from a low 

of 150 ug/l for 2,4-dinitro-6-methylpheno1, based on an 8-day toxicity 

threshold with algae, to a high of 210,000 ug/l for 2-nitrophenol, based on 

a 24-hour LCso with daphnids. 

For the three nitrophenols having a saltwater acute toxicity data base, 

the mysid shrimp was consistently more sensitive th_a_n the sheepshead min- 

now. In comparing the acute toxicity of these three compounds, the least 

toxic for both organisms was 2,4,6-trinitrophenol. Acute and early life 

stage tests conducted on the sheepshead minnow yielded acute-chronic ratios 

of 2.1 for 4-nitrophenol and 3.7 for 2,4-dinitrophenol. There are no chron- 

ic data for 2,4,6-trinitrophenol. 

Plant values and miscellaneous data for the various nitraphenols showed 

a concentration range of effects from a law of 7,370 ug/l for I-nitrophenol 

on chlorophyll a production in an alga to a high of 141,000 ug/l for an ef- 

fect of 2,4,6-trinitrophenol on cell numbers of the same species. 

CRITERIA 

The available data for nitrophenols indicate that acute toxicity to 

freshwater aouatic life occurs at concentrations as low as 230 ug/l and 

would occur at lower concentrations among species that are more sensitive 
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thar! tnose tested. No data are a-43jlatie c;Pce*ning :?e c~tofi~c ;a~ic::~ sf 

nitropnenols to sensitive freshwater aquatic life DUE tcxicjty to one sge- 

ties of algae Occurs a t concentrations as low as 150 ugil. 

The available data for nitrophenols indicate that acute toxicit? to 

saitwater aauatic life occurs at Concentrations as low as 4,3511 Ug/'i and 

would occur at lower concentrations among species that are more sensitive 

than those tested. No data are available concerning tne chronic toxicity of 

nitrophenois to sensitive saltwater aquatic life. 
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MONONITRIPHENOLS 

Mammalian Toxicology and Human Health Effects 

INTRODUCTION 

Mononitrophenols has three isomeric forms, distinguished by the position 

of the nitro-group on the phenolic ring. Three isomeric forms are possi- 

ble, namely 2-nitrophenol, 3-nitrophenol, and 4-nitrophenol. The compounds 

are also commonly referred to as o-nitrophenol, m-nitrophenol, and -nitro- 

phenol, respectively. 

Commercial synthesis of 2-nitrophenol and 4-nitrophenol is accomplished 

through the hydrolysis of the appropriate chloronitrobenzene isomers with 

aqueous sodium hydroxide at elevated temperatures (Howard, et al, 1976). 

production of 3-nitrophenol is achieved through the diazotization and hy- 

drolysis of m-nitroaniline (Matsuguma, 1967). The mononitrophenol isomers 

are used in the United States primarily as intermediates for the production 

of dyes, pigments, pharmaceuticals, rubber chemicals, lumber preservatives, 

photographic chemicals, and pesticidal and fungicidal agents (U.S. Int. 

Trade Comm. 1976). As a result of this use pattern, the major source for 

environmental release of mononitrophenols is likely to be from production 

plants and chemical firms where the compounds are used as intermediates. 

The mononitrophenols may also be inadvertently produced via microbial or 

photodegradation of pesticides which contain mononitrophenol moieties. 

Approximately 10 to 15 million pounds of 2-nitrophenol are produced annually 

(Howard, et al. 1976) for uses including synthesis of o-aminophenol, o- 

nitroanisole, and other dye stuffs (Matsuguma, 1967; Howard, et al. 1976). 

Although production figures for 3-nitrophenol are not available, Hoecker, et 

al. (1977) estimate that production is less than one million pounds annual- 

ly. 3-Nitrophenol is used in the manufacture of dye intermediates such as 
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anisidine and m-aminophenol (Kouris and Northcott, 1963; Matsuguma, 1967). 

4-Nitrophenol is probably the most important of the mononitrophenols in terms 

of quantities used and potential environmental contamination. Demand for it- 

nitrophenol was 35,000,000 pounds in 1976 and production is projected to in- 

crease to 41,000,000 pounds by 1980 (Chem. Market. Reporter, 1976). Most of 

the 4-nitrophenol produced (87 percent) is used in the manufacture of ethyl 

and methyl parathions. Other uses (13 percent) include the manufacture of 

dye-stuffs and n-acetyl-p-aminophenol (APAP) and leather treatments. A pos- 

sible source of human exposure to 4-nitrophenol is as a result of microbial 

or photodegradation of the parathions. In vivo production of 4-nitrophenol 

following absorption of parathion or other pesticides by humans is another 

possible source of human exposure. 

Physical and chemical properties of the mononitrophenols are summarized 

in Table 1 and figure 1. 

Ingestion from Water 

EXPOSURE 

Monitoring data on the presence of mononitrophenols in water are scant 

in the literature. Potential point sources for mononitrophenol contamina- 

tion of water include industrial concerns engaged either in the manufacture 

of these compounds or their use as intermediates in chemical synthesis. 

Trifunovic, et al. (1971) detected unspecified levels of 4-nitrophenol in 

waste effluents from a parathion manufacturing plant. Webb, et al. (1973) 

reported a 4-nitrophenol level of 1.4 mg/l in the lagoon waste water from a 

chemical plant. Burnham, et al. (1972) detected 4-nitrophenol at levels of 

0.2 mg/l in the potable water supply of Ames, Iowa. The source of the con- 

tamination was believed to be residues from a coal gas plant which ceased 
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TABLE 1 

Prooerties of Mononitrophenols* 

Z-Nitrophenol 

Formula C6HijN03 

Molecular Weight 139.11 

Plelting Point ("C) 44-4s 

Roiling Point 214-216 

Density 1.485 

Water Solubility 0.32 at 38°C 
(g/l 1 1.08 at 100°C 

Vapor Pressure 1 mm Hg at 49.3"C 

Ka 7. sx 10-n 

3-Nitroohenol 

C6H5N03 

139.11 

97 

279 

1.485 

1.35 at 25’C 
13.3 at 9O'C 

5.3x10-9 

4-Nitroohenol 

C6H5NO3 

139.11 

113-114 

279 

1.479 

0.804 at 1S"C 
1.6 at 25-C 

7x10-8 

*Sources: Windholz, 1976; Weast, 1975; Matsuguma, 1967. 
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FIGURE 1 

Mononitrophenols 

2-nitrophenol 

3-nitrophenol 

4-nitrophenol 
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operation around 1930. 2-NitroDhonol was detected at unidentified levels in 

2 river water samples and in 3 samoles of chemical plant effluent; 3-nitro- 

ohenol was found in one chemical plant effluent sample (U.S. EPA, 1976). 

Systematic monitoring for mononitrophenols in the environment has not been 

done. !t is reasonable to assume that measureable (although perhaps trans- 

ient) levels of the mononitrophenols may be present in localized areas where 

organophosphate pesticides are in use. 

Little data are available reqarding the breakdown of mononitrophenols by 

natural communities of microorganisms. Alexander and Lustigman (1966) stud- 

ied the degradation of mononitrophenols by a mixed population of soil micro- 

organisms. The inoculum was derived from a suspension of Niagara silt loam 

soi 1. Their results indicated that 2-nitrophenol was more resistant to de- 

qradation than either 3-nitrophenol or 4-nitrophenol. Utilizing the absorb- 

ancy of small soil inoculums to estimate the loss- of mononitrophenol, 

3-nitrophenol was found to degrade completely within a 4-day period. 

4-Nitrophenol degraded fully within a 16-day period, while 2-nitrophenol re- 

sisted degradation over a 64-day period. 

Brebion, et al. (1967) examined the ability of microoganisms to attack 

4-nitrophenol. The bacteria were derived from soil, water or mud and grown 

on a porous mineral bed and were cultivated in a mineral nutrient solution 

to which nitrophenols were added as the sole source of carbon. The experi- 

mental findings revealed no significant removal of the compound under these 

conditions. 

In contrast to these reports, a number of investigators have found that 

the mononitrophenols are readily and raoidly degraded by acclimated pOPula- 

tions of microorqanisms. Tab&, et al. (1964) studied the ability of ac- 

climated cultures derived from garden soil, compost, and river mud to de- 
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grade the mOnOnitroDQenOlS. Pnenol-adapted bacteria derived irom these 

sources were found to readily degrade all three monitrophenol isomers. 

Ninety-five percent degradation (measured spectrophotometrically) occurred 

within three to six days. Pitter (1976) reported greater than 95 percent 

degradation of the three mononitrophenol isomers in an acciimated sludge 

system. The nitrophenols served as the sole source of organic carbon and 

degradation was complete within 120 hours. 

A recent study (Haller, 1978) reports on the ability of unacclimated 

microorganisms to degrade the mononitrophenols. Either siudge obtained from 

the primarv settlina tank of the city of Ithaca, N.Y. wastewater treatment . d 

plant or a Windsor loamy fine sand soil were used as the source of the ino- 

culum. 2-Nitro-, 3-nitro-, and 4-nitrophenol (16 mg/l) were completely de- 

graded in thre e to five days by the sludge system. Soil inocula degraded 16 

mg of 3-nitrophenol/l in three to five days while a similar concentration of 

Z-nitrophenol and 4-nitrophenol required 7 to 14 days for complete degrada- 

tion. 

Although de finitive conclusions cannot be derived from this limited num- 

ber of studies, it appears that the mononitrophenols are readily and rapidly 

degraded by microbial populations present in the environment. 

Ingestion from Food 

No data were found demonstrating the presence of mononitrophenols' in 

food. One possible source of mononitrophenol exposure for humans is through 

the food chain as a result of the ingestion of food crops contaminated with 

pesticides containing the nitrophenol moiety. The production of 4-nitro- 

phenol by microbial metabolism of parathion is well documented (Munnecke and 

Hsieh, 1974, 1976; Siddaramappa, et al. 1973; Sethunathan and Yoshida, 1973; 

Satan and Lichtenstein, 1977; Sethunathan, 1973). Microbial metabolism of 
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Cluoridifen co-nitrgonevyl, ~,o,z-trif~~or9-2-nitro-p-to~yl ether) res;llts 

in the intermediate formation of 4-nitroohenol (Tewfik and Hamdi, !975). 

The major <degradation product of fluoridifen following uptake by peanut 

seedling rgots was 4-nitroohenol (Eastin, 1971). 4-Nitrophenoi was also 

detected in soybean roots following absorption of fluoridifen (Rogers, 

l971). ohotodecomoasition of the herbicide nitrofen (2,4-dichloroohenvl-o- 

nitroohenyl ether) in aaueous susoensions under sunlight or si;;lulated sun- 

light is characterized by raoid cleavage of the ether linkage to for3 2,4- 

dichioroohenol and Gnitroohenol (Nakagawa and Crosby, 1974). Ei-Refai ano 

?ookins (1,966) have investioated the metabolic fate of parathion following 

folisr apolicatin or root absorption by bean plants, Phaseolus vulgar-is. 

3etectable amounts of 4-nitroohenol were found in chloroform rinses of Dara- 

thion-treated leaves after four days. 

!n another experiment, analysis of nutrient soluti-ons containing para- 

thion in which olants were grown for root absorption studies revealed 

d-nitroohenol, paraoxon, and traces of degradation products. Since these 

comoounds were also detected in control solution which did not contain 

olants, the authors concluded that possible photochemical oxidation orocess- 

es had occurred in the aoueous medium. The authors believed that the 

4-nitroohenol detected following foliar aoplication of parathion was due to 

ohotochemical degradation. 4-Nitrophenol was not detected in bean plants 

followina injection of parathion directly into the stems of bean plants (El- 

9efai and 'fookins, 1966). 

4-Nitroohenol has also been detected as a photoalteration product Of 

parathion following aoolication to cotton plants (Joiner and Saetcke, 1973). 

Archer (1374) has examined the dissipation of parathion and its metabol- 

ites from field soinach. Field plots were sprayed with either 0.5 or one 

c-7 



oound OF active o?rathion per 3cro. AoDlication reCmme~c!~tions for Dar?- 

thion are: not less than 14 davs before harvest at the *ate of 0.6 pounds 

act've ingredient per acre. Spinach samles were analyzed daily for Dara- 

thion residues and a number of known vetabolites including a-nitraohenoi. 

LeVelS of d-nitrODhe!‘IOi in the treated spinach (caiculated on a fresh weight 

basis) are oresented in Table 3, korayed spinach control samples taken 

orior to any spray treatments contained 95 uglkq 4-nitrophenol. The source 

of these residues was not determined. The effects of washing or blanching 

following harvest on the levels of 4-nitrophenol in human food crops are un- 

known. 

4-Nitroohenol has been 'detected in human urine. Through analysis of 

human urine for residues of selected pesticides and their soecific metabol- 

ites (Kutz, et al. 1978), the Yational Monitoring Program for Pesticides is 

collaborating with the U.S. Public Health Service in a three-year study to 

assess the exposure of the general oopulation of the U.S. Based on the 

lysis of 4i6 samp les collected from the general population, A-nitrophenol 

detected in 1.0 percent of the pooulation. A mean urine level of 10.0 

1 with a maximum value of 213.0 ug/l was reoorted. It is important to 

note that 4-nitrophenol residues in the urine need not (and probably do not) 

reflect exposure to 4-nitrophenol itself. Mononitrophenols are readily 

formed in vivo following exposure to a number of widely used pesticides. -- 

Kutt, et al. (1978) considered exposure to methyl and ethyl parathion as 

the origin of the urinary 4-nitroohenol detected in their survey. However, 

if it is assumed that the reported urinary residues of 4-nitrophenol reflect 

direct exoosure to the I-nitroohenol, a pharmacokinetic estimate of exposure 

can be made. Assuming that the exposure to nitrophenol is steady-state, 

that 100 percent of the absorbed nitroohenol is excreted in the urine, and 



Leve Is of 4-Nitrophenol following Application of Parath 
Field Spinach at Two Different Application Rates* 

TABLE 2 

ion to 

Sample Day 
4-Nitrophenol Residue (vg/kg)a,b 

0.5 lb. Parathion/Acre 1.0 lb. Parathion/Acre 

: 
3 
4 
5 
6 
7 
8 

lo' 

:: 
13 
14 

172 
88 
73 
76 
73 
72 
35 
40 

334" 

3"; 
28 
33 

453 
305 
240 
188 
136 
216 
117 

18 
19 
18 

*Source: Archer, 1974. 

acalculated on a fresh weight basis. Percent moisture from 86.4 to 89.2. 

bunsprayed spinach control samples taken prior to any spray treatments con- 
tained 95 uqlkg. 
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that, ?tie averaye urine void is 1.4 L/Jay per 73 ka person, initial exposu-e 

levels can be estimated from residual leveis found in urine. For examole, 

the ex30sure level leading to the 1.0 ;1g/l residue can be calculated as 

f: iows: 
Excostire = (13.3 Ug nitroohenOl/l) (1.41 Of Urine/day) = 0.02 ,,g/kg/day 

70 kg man 

A similar calculation using the maximum urine residue level observed by 

Kutz, et al. (1978) (113 ug/l) gives an exposure of 2.26 pg/kg/day. 

Knowles, et al. (1975) have demonstrated the production of a wide number 

of mononitroohenols including 2-nitrophenol in a model system simulating 

gastric digestion of smoked bacon. These studies, utilizing nitrosated 

liquid smoke, were conducted under conditions favorable to nitrosation, and 

since the temperature, pii, and duration emoloyed approximated those encount- 

ered during gastric digestion, their results indicated that nitrosation of 

phenols in smoked bacon may occur in the stomach with resultant production 

of 2-nitrophenol. 

Vononitrophenols may also be formed in vivo via metabolic degradation of -- 

pesticides such as parathion by humans. Excretion of 4-n;troohenol, a meta- 

bolite of the organophosphorous pesticides, parathion, methylparathion, 

O-ethyl 0-(p-nitrophenyl) phenylphosphonothioic acid (EPN), and dicapthon is 

a good indicator of human exposure to these pesticides (Wolfe, et al. 1970; 

Broadway and Shafik, 1973; Elliott, et al. 1960; Roan, et al. 1969). 4-Ni- 

trophenol has also been detected as a urinary metabolite of nitrobenzene in 

humans (Myslak, et al. 1971). 

A bioconcentration factor (BCF) relates the concentration of a chemical 

in aauatic animals. to the concentration in the water in which they live. 

The steady-state i3CFs for a lioid-soluble compound in the tissues of various 
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arluatit aniTa:S Sc?e'?l t0 be DrZDOrti3nal t3 the Dercent lipid in the tis- A 

sue. Thus the 3er Caoita ingestion of a liDid-salub:e chemical can be estj- 

mated from the Der caoita consumotion of f!sh and shellfish, the weighted 

aver3ce Dercerlt liDids of consumed fish and shei?fiSh, and a steady-state 

3CF for the chemical. 

Oata from a recent survey on fish and shellfish consumption in the 

'Jnited States were analyzed by SR! International (U.S. EPA, 1980). These 

data were used to estimate that the per capita consumption of freshwater and 

ostuarine fish and shellfish in the United States is 6.5 g/day (Stephan, 

130). ?n addition, these data were used with data on the fat content of 

the edible portion of the same species to estimate that the weighted average 

percent lipids for consumed freshwater and estuarine fish and shellfish is 

3.0 percent. 

No measured steady-state bioconcentration factor f,XF) is available for 

any nitrophenol, but the equation "Log BCF = (0.85 Log P) - 0.70" can be 

Iused (Veith, et al. 1979) to estimate the steady-state BCF for aquatic or- 

ganisms that contain about 7.6 percent lipids (Veith, 1980) from the oc- 

tanol/water partition coefficient (P). The log P values were obtained from 

vansch and Leo (1979) or were calculated by the method described therein. 

The adjustment factor of 3.017.6 = 0.395 is used to adjust the estimated BCF 

from the 7.6 percent liDids on which the equation is based to the 3.0 per- 

cent lipids that is the weighted average for consumed fish and shellfish in 

order to obtain the weighted average bioconcentration factor for the edible 

oortion of all freshwater and estuarine aquatic organisms consumed by Ameri- 

cans. 

Chemical log P 

2-nitroohenol 1.73 

4-nitroohcnol 1.91 

Estimate4 
Steady-State 

BCF 

5.89 

Weighted 
Average 

BCF 

2.33 

8.38 3.31 
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Inhalation 

Quantitative data were not found regarding the presence of mononitro- 

phenols in air. Lao, et al. (1973) discussed the application of a gas chro- 

matograph quadrapole mass soectrometer-data processor combination for rou- 

tine analysis of air pollutants. auring a sample run of urban ambient 

particulate matter (location not designated) these investigators identified 

the presence of 4-nitrophenol as well as a large number of other air pollu- 

tants. quantitative data were not provided, however. Ambient air levels of 

4-nitrophenol in a 3oeing plant where the compound was used for the preser- 

vation of the cork surfaces of the Minuteman Missile were equal to or less 

than 0.05 mg/m3 of air (Butler and Bodner, 1973). 

4-Nitrophenol may be produced in the atmosphere through the photochemic- 

al reaction between benzene and nitrogen monoxide. Nojima, et al. (1975) 

irradiated a combination of benzene vapor and nitrogen monoxide gas for five 

hours with a xenon lamp and characterized the resulting photochemical prod- 

ucts. The production of nitrobenzene, 2-nitrophenol, 4-nitrophenol, 2,4- 

dinitrophenol and 2,Gdinitrophenol was described by the authors. ?dentity 

of the compounds was confirmed using thin layer chromatography, gas chromat- 

ography, gas chromatography-mass spectrometry, and infrared spectrometry. 

The authors suggested that these nitro-compounds may be the cause of the 

characteristic symptoms of seriously stricken victims of photochemical smog 

in Japan including: headache, breathing difficulties, vomiting, rise in body 

temperature, and numbness in the estremeties, 

In a second paper (Nojima, et al. 1976), the photochemical reaction of 

toluene with nitrogen monoxide was investigated. It was felt that the prod- 

ucts of photochemical reaction of toluene with nitrogen monoxide might be 
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more imc9rtant in the production of ohotocheaiczl smog since the concentra- 

%ion of toluene in urban air is higher than that of benzene. Compounds ot-o- 

duced as a result of this reaction included o-cresol, m-nitrotoluene, 4-ni- 

troohenoi, Z-methyl-6-nitrophenol, 3-methyl-4-nitrophenol, 2-methyl-Gni- 

t.roohenol, and Z-methyl-Q-nitroohenol. These compounds were identified by 

gas chromatograoiy-mass spectrometry. In another exoeriment, the investiga- 

tors examined the organic compounds present in rain. An analysis of rain- 

water yielded 4-nitrophenol, 2-methy!-6-nitrophenol and Z+nethy!-4-nitro- 

phenol. The authors suggested that the nitrophenols produced by the photo- 

chemical reactions, described above, dissolve in rain. It seems likely that 

in areas where severe photochemical smog exists, humans may be exposed to 

substantial levels of mononitrophenols. However, it is impossible to esti- 

mate the levels at which humans are exposed to these compounds via inhala- 

tion, based on available data. 

Dermal 

Roberts, et al. (1977) used human autopsy epidermal membranes in an in - 

vitro system to determine the permeability of human skin to various com- 

pounds. Both 3-nitrophenol and 4-nitrophenol were shown to permeate the 

skin and to produce damage at threshold concentrations of 0.8 and 0.9 per- 

cent (w/v), repsectively. According to Fatty (1963); 2-nitrophenol may be 

absorbed through the intact skin. No information on possible human dermal 

exposure to the mononitrophenols was found. 

PHARtiACOKINETICS 

Absorption and Distribution 

Data specific to the absorption and tissue distribution of the monoitro- 

phenols were not available. !t is reasonable to assume, based on the rapid 

urinary elimination of the mononitrophenols, that the compounds may be re- 

stricted orimarily to the blood and urine following absorption by humans. 
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Yetabol ism of the mononitropnenols qrooably occurs via one of three 

mechanisms in humans. The major route of mononitrophenol metabolism is un- 

JOiJSt?O?y conjugation and the resultant formation of either glucuronide or 

sulfate conjugates. Other possibie routes of metabolism include reduction 

of amino-compounds or oxidation to dihydric-nitrophenols. 

Sulfate and glucuronide conjugative processes are two of the major de- 

toxification mechanisms in many species, including mammals (Quebbemann and 

Anders, 1973). In recent years, 4-nitrophenoi has been used as a preferred 

substrate for biochemical analysis of the giucuronidation reaction in a wide 

number of species (Aitio, i973; Sanchez and Tephly, 1974; Ranklin, 1974; 

kieenan and Smith, 1974; Yang and Wilkinson, 1971). This use reflects the 

simple techniques available for quantitating the disappearance of 4-nitro- 

phenol and the synthesis of the glucuronide conjugate. The relevance of 

many of these in vitro studies towards an assessment of the metabolic fate -- 

of the mononitropnenols in humans is questionable; thus only those in vivo -- 

studies with direct relevance to the metabolic fate of mononitrophenols i:, 

humans or experimental animals are discussed here. 

It has been known for some time that levels of the mixed function oxi- 

dases and the enzymes responsible for conjugation of many compounds are gen- 

erally highest in the mammalian liver. Litterst, et al. (1975) assayed 

liver, lung, and kidney tissue from the rat, mouse, rabbit, hamster, and 

guinea pig for standard microsomal and soluble fraction enzymes involved in 

drug biotransformation. These studies included an analysis of glucuronide 

conjugation of 4-nitrophenol by these tissues; For all species, liver was 

the vast active organ. Kidney and lung activities were usually 15 to 43 



percent of that found in liver, with kidne;j sl'ghtly more active than !un9. 

IJDP-glucurony ?-transferase activity toward the acceotor, 4-nitrophenol, 'was 

higher in hamsters and rabbits than in other species. 

Conjugation activity n eed not be constant e/en within the same species. 

?u?kkinen (1966b) noted that sulfate conjugation of 4-nitrophenol is de- 

creased during pregnancy in rabbits. The author suggested that large 

amounts of estrogens may cause more protein binding, thus inhibiting the re- 

action. In another study (Pulkkinen, 1966a) it was noted that ccnjugation 

caoacity increases with age in the rat, guinea pig, and man. The human 

fetus does not have a very high capacity to form sulfate or glucuronide con- 

jugates of mononitrophenols or other compounds. In addition, Moldeus, et 

al. (1976) noted that the relative rate of glucuronide versus sulfate conju- 

gation of 4-nitrophenol may depend on the levels of substrate present. In 

in vitro tests utilizing isolated rat liver cells, the investigators noted -- 

that at 4-nitrophenol concentrations of 25 uM, the rate of glucuronide con- 

jugation was low and over 75 percent of the conjugation products were found 

to be sulfates. The glucuronidation increased more rapidly than did the 

sulfate conjugation with increasing substrate conjugation. At 250 uM, con- 

jugation of 4-nitrophenol with sulfate was inhibited almost completely and 

more than 95 percent of the conjugates formed were found to be glucuronides. 

Robinson, et al. (1951) studied the metabolic detoxification of the 

mononitrophenol isomers in rabbits. They showed that, with doses of 0.2 to 

0.3 g/kg, conjugation in vitro with glucuronic and sulfuric acids was almost -- 

complete. Only small amounts (less than one percent) of the unchanged 

nitrophenol were excreted. With all three of the mononitrophenol isomers, 

the major conjugation product was nitrophenyl-glucuronide, which accounted 

for about 70 percent of the dose. The corresponding sulfate conjugates were 
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also excreted. Reduction of the nitroohenols occxrre: to a small extent, 

the reduction of the 4- isomer being slightly greater than that of the 2- 

and 3- isomers. The mononitrophenols were also shown to undergo oxidation 

to a very small extent (less than one percent). 2-Nitrophenol yields traces 

of nitroauinol; 3-nitroohenol yields nitroauinol and 4-nitrocatechol; and 

4-nitroohenol yields 4-nitrocatechol. 

A sumnary of the metabolism of the mononitrophenols is shown in Table 

3. Data directly addressing the metabolic fate of the mononitrophenols in 

humans are not available. However, it is expected that following exposure 

ide and to the mononitroohenois humans will rap 

sulfate conjugates in the urine. 

Excretion 

idly excrete both glucuron 

Data directlv addressino the excretion of the mononitrophenols following 

exoosure of humans were not found in the literature. However, excretion 

oatterns for 4-nitroohenol following human exposure to parathion may shed 

some liaht on their elimination kinetics. Arterberry, et al. (1961) studied 

the oharrnacodynamics of 4-nitrophenol excretion following exposure to para- 

thion. They noted that the excretion of 4-nitrophenol in the urine was 

suite rapid "as might be expected in the case of a water-soluble metabolite 

of a substance which is quickly broken down by the animal organism." 

4-Nitrophenol usually had disappeared from the urine within about 48 hours 

after cessation of exposure. In a similar study of orchard spraymen in- 

volved in the aoplication of parathion, Wolfe, et al. (1970) noted that 

urinary levels of I-nitrophenol rose oromotly in response to parathion and 

returned to the nondetectable level after several days. Myslak, et al. 

(1971) reported on the excretion of 4-nitrophenol from a 19-year-old female 

subject following a suicidal oral dose of nitrobenzene. Large quantities of 
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S-nitroohe?ol and 4-aqinoonenol ,Aere detected in the yrjne. Eiiminatign of 

4-nitrgDhe0oi in t+e urine was exoi-essed by the equation 'Ji,ll]o = 

p-%ooet where ,, 
0 

and V t denote the excretion rate at the interval 

time r3 and t measured in hours. The half-life for excretion cortesoonded to 

about 34 hours. 

Shafik, et ai. (1973) studied the urinary excretion of 4-nitrgohenol 

following administration of the pesticide EPN. Following oral administra- 

tion of the oesticide for three days, animals were maintained and urine sam- 

010s collected at 24-hour intervais. Three days were required for camp lete 

excretion of l-nitrophenoi under these conditions. The foregoing studies 

indicate that 4-nitroohenoi is rapidly excreted following its production in - 

vivo from other organic comoounds. 

Only one study wzs found that examined excretion of 4-nitroohenol fol- 

?owing direct administration of the compound. Lawford, et al. (1954) stud- 

ied the elimination of various nitrophenolic compounds from the blood of ex- 

oerimencal animais. Elimination of 4-nitrophenol by the monkey following 

oral and intraperitoneai doses of 20 mgtkg body weight was complete .rrithin 

five hours. Elimination by mice, rats, rabbits, and guinea pigs was also 

raoid. Yost doses were eliminated completely from the blood within two 

hours of administration. Experimental ,animals eliminated 4-nitrophenol from 

the biood in the following descending order of efficiency: mouse, rabbit, 

guinea pig, rat, and monkey. 

!n summary, the available data indicate that the mononitrophenols are 

excreted rapidly via the urinary route and that total elimination time is 

likely not to exceed one week. The mononitrophenols are highly water solu- 

ble and accumulation or bioconcentration in various tissues is not eXDeCted 

to occur to a ;aroe extent. However, much more data are needed to precisely 

define the transport distribution and elimination of these comoounds in 

humans. 
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Threshold concentrations for odor, taste, and color for 2-nitrg-, 

3-nitro-, and 44itrODhenOlS in reservoir water have been reported in an ab- 

stract of a Daoer from the Russian literature (Makhinya, 1964). Reported 

threshold concentrations for 2-nitrODhenO1 were 3.83 mgll for odor, 3.6 mg!l 

for taste, and 0.6 mg/l for color. Concentrations for 4-nitroohenol were 

58.3, 43.4, and 0.24 mgll for odor, taste, and color, respectively. The 

values for 3-nitrophenol were given as 339, 164.5, and 26.3 mg/l. Acceot a- 

bility thresholds from the standpoint of human consumption were not reported 

by these investigators. 

8cute. Subacute, and Chronic Toxicity 

Known effects of 4-nitrophenol demonstrated in animal experiments are 

methemoqlobinemia, shortness of breath, and initial stimulation followed by 

Droaressive deDression (von Oettinqen, 1949). 

Pcute toxicity information for the mononitroohenol isomers has been c.om- 

oiled and Dresented as Table 4. 4-Nitrophenol is the most toxic of the 

mOnOnitrODhenOlS followed by 3-nitroohenol and 2-nitroohenol in relative 

toxicity. Tox'cologic symptoms of mononitrophenol poisoning have not been 

well described in the literautre. Sax (1968) noted that 2-nitroohenol exoo- 

sure oroduced kidney and liver injury in exDerimenta1 animals. Yethemoglob- 

in formation as a result of mononitroohenol exposure has also been reported 

(Patty, 1963). Grant (1959), however, was unable to detect methemoglobin 

formation after oral administration of 3-nitro- and 4-nitr0DhenolS to rats. 

Small inconstant amounts of methemoglobin were formed after 3-nitroohenol 

administration. Smith, et al. (1967) were able to show that the reduction 

oroducts of mononitrophenols, 2- and 4-aminophenol, would produce methemo- 

qlobin in female mice. Yethemoglobin formation, therefore, may deDend on 
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the caoacity of the organism to reduce the qononitroohenols. As -nentione? 

in the metabolism section of this document, reduct'on of the nitroDhenois 

does not normally occur to any large extent. 

@in0 and Yasukura (1957) reDorted the develooment of cataracts in vita- 

min C-deficient guinea Digs following administration of d-nitroohenol. 

Cataracts develooed in two of three guinea Digs on days 7 and 11 following 

daily intraperitoneal adminstration of 8.3 to 12.5 mg 4-nitroDhenol/kg body 

weight. Subchronic administration of 4-nitrophenoi over a 20-day test 

Deriod produced cataracts while 2- and 3-nitroDhenols did not. The authors 

concluded that the Dara-oositioning of the hydroxyl- and nitro- grouos is 

necessary for cataract induction. 

Several deficiencies in this study preclude definitive conclusions on 

the cataractoaenic properties of 4-nitrophenol. The investigators failed to 

reoort results on control animals, either totally untreated or treated with 

the nitrODhenOlS and a vitamin C suoolement. Thus, it is Dossible, based on 

the results reoorted, to conclude that vitamin C deficiency itself caused 

cataracts in some of the animals tested. The smail size of the exoerimental 

grouos (three animals/test compound) also make definitive conclusions diffi- 

cult. The reDorted conclusions must be taken with considerable caution 

based on the above considerations. 

In contrast, Dietrich and Beutner (1946) found 2-nitro- and 4-nitro- 

phenols to be devoid of cataract-forming activity in seven-day-old chicks. 

Animals were fed on a commercial brand of chick food containing 0.25 percent 

nitrophenol. Although cataracts developed raDidly (within 24 to 48 hours) 

when the animals were fed 2,4-dinitrophenol, no cataracts developed within a 

three-week Period when animals were fed the mononitroDhenol isomers. The 

CaDaCitY for Cataract formation in humans following mononitrophenol exposure 

is unclear. 
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30th 3-n i i’O- and a-nitr0DhenOi have been showrl to inniSit Dorcjne heap: 

malate dehydroaenase in vitro ('Aeddino, et al. 1967). -- The compounds acted 

as comoetitive inhibitors for VAD in the forward direction of the enzymatic 

reaction. The clinical sianificance of these findings is unknown. 

The ventilatory effects of the mononitrophenols have been examined in 

anesthetized rats (Grant, 1959). Test comoounds were administered by stom- 

ach tube: 2-nitroohenol, 60 to 120 mg; 3-nitrophenol, 20 to 45 mg; 4-nitro- 

phenol, 7 to 12 mg. Siqnificant increases in resoiratory volume ranging 

from 15 to 30 percent were reDorted in these exoeriments. 

Neither carbon dioxide outout nor oxygen uotake were affected by sub- 

lethal doses of 2-nitrophenol in rats (Cameron, 1958). In contrast, oxygen 

uotake was decreased in 3-nitroohenol-treated rats &ile carbon dioxide out- 

out was increased following Lnitroohenol administration. Rectal temnoera- 

ture was deoressed in rats receivina any of three isomers. These results 

suggest that mononitroohenol isomers are not potent uncouolers of oxidative 

Dhosohorvlat ion, in contrast to the chemically similar comDound 2,4-d ini- 

tr0Dhenoi. 

Although the mechanism of toxic action of the mononitrophenols is not 

well understood, the following studies suggest that an action directly on 

cell membranes may occur. 3-Nitroohenol binds readily to red blood cell 

(RBC) membranes. Expansion of RBC ghosts occurs following nitroonenoi 

treatments, as measured by the resistance of such ghosts to hemolysis (Yach- 

leidt, et al. 1972). 2-Nitroohenol and 4-nitroohenol inhibit chloride 

:ransDort in red blood cells (a metabolism-indeoendent Process) suqgestina 3 

direct action on the cell membrane (Motais, et al. 1978). Further inforna- 

tion on the acute or chronic toxicity of the mononitrophenols to humans was 

not found. 



The National !nstitute for Occupational Safety and Health {NIOSH), 

recently undertook a health hazard evaluation determination at the request 

of an elnDloyee of the Boeing ComDany who had routinely handled 4-nitrophenol 

(Butler and aodner, 1973). A 15 percent solution of 4-nitrophenol and 

methylDheno1 was painted on the exDosed cork surfaces of the Minuteman Mis- 

sile before arrival at the assembly plant. If the surface was damaged in 

transit it was necessary to aDply small amounts of the 4-nitrophenol solu- 

tion to the reoaired areas of cork. The worker in question was engaged in 

such touch-uo ooerations. Workers routinely wore an organic vapor cartridge 

resDirator, a face shield, cotton qloves, rubber gloves, and were comDletely 

covered with protective clothing. The emDloyee ComDiained of fatigue, joint 

Dain, abdominal cramos and diarrhea, and attributed these symDtoms to his 

exDosure to both the treating solution and the dried cork imDregnated with 

4-nitrophenol durina his work as a mechanic. Medical-examination failed to 

detect 4-nitrophenol in th e urine but revealed a comDlete absence of the im- 

munoalobins IqA and !a0 in the employee. Based on medical judgement and the 

existing literature, the study concluded that the emoloyee's condition stem- 

med from the lack of IgA and _ la0 and that this deficiency was not caused by 

exDosure to 4-nitrophenol. 

Gabor, et al. (1960) reported a uniaue effect of Z-nitrophenol on blood 

platelet levels. When 31 rats were administered Z-nitrophenol by intraperi- 

toneal injection at 1 mg/kg body weight, the platelet count increased sig- 

nificant:y. Even at doses of 0.1 mg/kq a similar effect was produced. Ad- 

ministration of Lnitro or I-nitroohenol did not produce a rise in Platelet 

levels. Additional data are not available to explain this unique pheno- 

menon, nor is the clinical significance of these findings known. 
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A reoort from the Russian literature (Yakhinya, 1969) remrts that 

2-nitro-, 3-nitro-, and 4-nitr0DhenolS POSSCSS distinct cumulative proper- 

ties. Chronic administration of any of the mononitroDhenols to mammals 

caused alterations of neurohumoral regulation and patholoaical changes in- 

cluding colitis, enteritis, heoatitis, gastritis, hyperplasia of the spleen, 

and neuritis. Limiting doses for the disruption of conditioned reflex ac- 

tivity were establised as 0.003 mqlkg (equivalent to 0.006 mgll of water) 

for 2-nitroohenol and 3-nitroohenol and 0.00125 mqlkg (equivalent to 0.0025 

ngll of water) for 4-nitrophenol. Unfortunately a reoort of this study was 

available in abstract form only. Oetails of the exoeriment including animal 

soecies, mode of administration, duration of the treatment, and a comDlete 

description of the observed biological effects, were not reported. The re- 

sults must be considered ouestionable until evaluation of the experimental 

orotocol is possible. 

Synergism and/or Antaaonism 

Only one report was found dealing with possible synergistic effects of 

the mononitrophenols. Cairns, et al. (1976) studied the effects of a sub- 

lethal exoosure to zinc and subseouent toxicity of 4-nitrophenol to snails, 

Goniobasis livescens. Snails were exoosed for 96 hours to two sublethal 

concentrations of zinc (1.54 mg/l and 3.08 mg/l corresponding to 0.2 and 04 

of the 48-hour LCso dose, respectively) followed by an acutely lethal dose 

of 4-nitrophenol (1,000 mq/l). A significantly reduced survival time fol- 

lowinq exposure to 4-nitrophenol was reported. In a second exoeriment, 

snails were exposed to sublethal levels of 4-nitrophenol (13.2 ma/l) and 

subjected to a lethal temperature shock 96 hours later. A significant de- 

crease in the median survival time of the snails during the temoerature 

shock was noted. The applicabi 1 ity of these data to humans or mammals is 

unknown. Data reqardina synergistic or antaaonistic effects of the the 

mononitroDhenols in manmals were not found. 
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Pertinent information couid not ae located in the avaiiable literature 

regarding teratogenic prooerties of the mononitrophenols. 

Vutaaehicity 

Szytoolski (!953j tested th e three mononitroohenol isomers for their 

ability to induce streotomycin-indeoendence in streptomycin-independent E. 

coii. all three isomers gave negative results. 

Buselmaier, et al. (1976) tested 4-nitroDheno1 for mutagenic activity in 

mice with the iost mediated assay and the dominant lethal method, using Sal- 

monella tyDhimurium GO6 His-, Serratia marcescens a21 Leu', and Serratia 

marcescens a31 His-, as in,dicator organisms. Spot tests in vitro were al- -- 

so Derformed. Mutagenic activity was not demonstrated. 

4-Yitrophenol also failed to induce mutations in Salmonella both with 

and without microsomal activation (McCann, et al. 197SL 

Fahrig (1974) demonstrated a weak mutagenic activity when 4-nitroonenol 

was tested for mitotic gene conversion in Saccharomvces cerevisiae. This 

test system aliows the detection of a genet'c aiteration whose moiecular 

mechanism is presumabiy based on the formation of single-strand breaks of 

DNA. 

Adler, et al. (1976) used the difference in growth inhibition of wiid 

tyDe Proteus mirabilis and the corresponding reDair-deficient strain as an 

indication of DNA damage. 4-Nitrophenol showed some evidence of DNA damage 

in this system. 

Effects on mitosis and chromosome fragmentation have been reported in 

Dlants. Sharma and Ghosh (1965) examined the mitotic effects of the mOnOni- 

troonenol isomers in root tips of Allium cL?Da. Inhibition of mitosis in 

root tiDs was reported for 311 three mononitroDheno1 isomers but only 

4-nitroohenol induced detectable chromosome fragmentations. 4mer and Aii 
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(13531 studied the e c=pc'-s gf z- 3nd I-nitro3henoIs jn t+e '~c.~c~: '33'. 

mitc\ses of Vic;a faba seedlirgs. -- %e nit9tiC index ~3s redlJCed 3% C3n- 

centrations of these comoounds r3nainq fram 0.325 oercent to 0.1 perCe?t. 

?ndtict!cn of anaDhase bridges by both isomers was noted but (in 3TrePq*nt 

with the work of Levin and Tjio (1949) with Allilm ceoa) chromosome fraaqen- 

tation was not detected. The relationship of these changes in plants to al- 

terations in mammalian cells has not been established. 3ased on <he avail- 

able data, the mononitrobenols do not appear to pose a mutagenic hazard to 

humans. 

Carcinoaenicity 

Data on the DOSS ible carcinoqencity of the mOnonitrOphen0 1 s are scant in 

the literature. 3outwell and Bosch !lSSS) have studied the ability of a 

lumber of Dhenolic compounds to Dromote tumor formation on mOlJ5.e skin fol- 

lowing a single initiating dose of dimethylbenzanthracene. Although Dheno! 

itself has demonstrated a promoting caoacity in this system, 50th z- 3rz 

da:: 4-qitroohenols failed to promote tumor deVelODment in mice. No other 

C)n DOssible carc'nogenic Dotential of the mononitroDhero~s were found. 

4-Uitrophenol has been selected by the National Cancer lnstritue 

for testing under the Carcinogenesis Bioassay Program. 

(YC! 
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DINITROPHENOLS 

Mammalian Toxicology and Human Health Effects 

INTRODUCTION 

Six isomeric forms of dinitrophenol are possible, distinguished by the 

position of the nitro- groups on the phenolic ring. Of the six possible 

dinitrophenol isomers, 2,4-dinitrophenol is by far the most important. The 

most recent production figure for 2,4-dinitrophenol is 863,000 lbs. reported 

by the U.S. International Trade Commission (1968). Approximate consumption 

per year is estimated at 1,000,000 lbs. (Howard, et al. 1976). 2,4-dinitro- 

phenol is used primarily as a chemical intermediate for the production of 

sulfur dyes, azo dyes, photochemicals, pest control agents, wood preserva- 

tives, and explosives (Matsuguma, 1967; Perkins, 1919; Springer, et al. 

1977a,b). 

Production figures and usage data for the remaining five dinitrophenol 

isomers are not available. It is reasonable to assume that production and 

usage of these compounds are extremely limited in the United States. 

Commerical synthesis of 2,4-dinitrophenol is accomplished by the hydroly- 

sis of 2,4-dinitro-1-chlorobenzene with sodium hydroxide at 95 to 100°C 

(Matsuguma, 1967). As a result of the use pattern of 2,4-dinitrophenol 

(2,4-DNP) the major source for environmental release of 2,4-DNP is likely to 

be from production plants and chemical firms where the compound is used as 

an intermediate. It is possible that 2,4-DNP may also be produced via 

microbial or photodegradation of compounds which contain the nitrophenol 

moiety, such as parathion (Gomaa and Faust, 1972). 2,4-DNP has also been 

identified as a impurity in technical preparations of the herbicide DNP 

(2-isopropyl-4,6-dinitrophenol) by Mosinska and Kotarski (1972). 

The physical and chemical properties of the dinitrophenol isomers are 

summarized in Table 5 and Figure 2. 
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TABLE 5 

Properties of Dinitrophenol Isomers* 

Isomer 
m.p. 
(°C) 

K 
(at 25°C) 

Water 
Solubility Density 

(g/l) 

2,3-Dinitrophenol 

2,4-Dinitrophenol 

2,5-Dinitrophenol 

144 

114-115 
(sublimes) 

104 

1.3 x 10-5 2.2 1.681 

1.0 x 10-4 0.79 1.683 

7 x10-6 0.68 

2,6-Dinitrophenol 63.5 2.7 x 10-4 0.42 

3,4-Dinitrophenol 134 4.3 x 10-5 2.3 1.672 

3,5-Dinitrophenol 122-123 2.1 x 10-4 1.6 1.702 

*Source: Harvey, 1959; Windholz, 1976; Weast, 1975. 
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2,fdinitrophenol 

2,Sdinitrophenol 

2,4sdinitrophenol 

3,4dinitrophenol 

NO?. 

2,Sdinitrophenol 

3,Sdinitrophenol 

FIGURE 2 

Oinitrophenols 
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?naestion from 'clater 

No data were available regarding human exposure %ria inqestion of dini- 

troohenols from water. 

The enhancement of bioioqical waste water treatment by 2,4-DNP has been 

examined (Shah, 1975; Shah, et al. 1975). Addition of 0.92 mg/l 2,4-DNP to 

waste water systems results in an increase of 85 percent in waste degrading 

rate and a decrease of 70 percent in cell growth. Shah, et al. (1975) note 

that the ootimum concentration for 2,4-DNP in this system (0.92 Tqil) is un- 

dersirably hiqh from the standooint of current Federal effiuent regulations 

but that the compound is completely eiiminated by adsorotion on activated 

carbon which aenerally follows biological treatment of waste waters. It is 

not known whether this treatment method is currently used in the United 

States. Theoretically, such usage might result in 2,4-DNP contamination of 

surface waters. 

Games and Hites (1977) detected dinitrophenol (isomer not identified) in 

the effluent ,&raters of a dye manufacturing plant. Dinitrophenol at 300 to 

400 ~311 was detected in raw waste water, prior to biological treatment. 

The final plant effluent contained dinitrophenol at 42 to 270 ugll. Mud and 

river water samples downstream from the effluent point were analyzed by gas 

chromatoqraphylmass spectrometry. Dinitrophenol was not detected in these 

samples. 

The persistence of dinitrophenol isomers in ambient waters has not been 

well studied. A number of investigators have studied the bacteria! deqrada- 

tion of the dinitrophenols utilizing acclimated populations of miCrOOrgan- 

isms. ?henol-adaoted bacteria obtained from qarden soil, CornPOSt, and river 
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qud _ ie3rac!e,d ?,"-Yinitrgopeflol in Se~Je!! tr, ten days (Tabak, et al. 1952;. 

2,%3initroohenol was degraded very slowly in this system. 2,4-, 2,5-, and 

2,6-3initrophenols yore tested for biological degradability by an activated 

sludge culture obtatined from a sewaqe treatment plant (Pitter, 1976). 2,5- 

ginitro- and 2,5-dinitroohenols were not degraded in this system although $5 

percent removal of 2,4-dinitropheno! was achieved within 20 days. Further 

degradation of 2,4-dinitrophenol did not occur in this system, however. 

8acteria isolated from parathion-treated flooded soil (Sudhakar-Barik, et 

al. 1976) degraded 2,4-3initrophenol after an exceptionally long laq 

period. Nitrite was produced only in trace amounts after 25 days. Even 

after 50 days, only eight percent nitrogen was accounted for as nitrite. 

The available data indicate that dinitrophenols are susceptible to par- 

tial degradation by certain microorganisms. Of the dinitrophenol isomers, 

2,4-DNP apoears to be most easily degraded. It may be- speculated that dini- 

troohenols will be subject to microbial attack in environmental situations 

where acclimated mirobiological populations exist (e.g., sewage treatment 

plants). The persistence of dinitrophenols in the environment where accli- 

mated microbial populations do not exist is speculative. 

Ingestion from Food 

Pertinent data could not be located in the available literature regarding 

exposure to dinitrophenols via ingestion of food. 

No measured steady-state bioconcentration factor (BCF) is available for 

any nitrophenols, but the equation "Log BCF = (0.85 Log P) - 0.70" can be 

used (Veith, et al. 1979) to estimate the steady-state BCF for aquatic or- 

ganisms that contain about 7.6 percent lipids (Veith, 1980) from the oc- 

tanollwater partition coefficient (P). The log P values were obtained from 

k!ansch and Leo (1979) or were calculated by the method described therein. 
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The ac:ustmerlt factor 3f 3.3/7.6 = 3.395 is used Zo adji;s': tne es;;rd:e~ 3cF 

from the 7.6 percent lipids on which the equation is basea to the 3.3 oet- 

cent lipids that is the weighted average for consllmea fish and shellfisn in 

order to obtain the ndeighted average bioconcentration factor for the edible 

portion of all freshwater and estuarine aquatic organisms consumed oy Ameri- 

cans. 

Inhalation 

Dinitrophenol isomers may be produced in the atmosphere through a photo- 

chemical reaction between benzene and nitrogen monoxide. Nojima, et al. 

(1975) irradiated a combination o f benzene vapor and nitrogen monoxide for 

five hours with a xenon lamp and characterized the following resulting 

photochemical oroducts: nitrobenzene, 2-nitrophenol, 4-nitrophenol, 2,4- 

dini trophenol, and 2,6-dinitrophenol. The authors suggested that these 

nitro- compounds may be the cause of the characteristic symptoms of serious- 

ly stricken victims of photochemical smog in Japan, which include headache, 

breathing difficulties, vomiting, rise in body temperature and numoness in 

the extremities. In the absence of monitoring data it is impossibie to 

estimate the extent of human exposure to dinitrophenols as a result of their 

photochemical production in the atmosphere. 

Dermal 

2,4-DNP is rapidly absorbed through the intact skin (Gleason, et a:. 

1969). Although no direct information on the other dinitrophenol isomers is 

available, it is reasonable to suppose that dermal absorption will readily 

occur with these compounds as we1 1. Since 2,4-DNP is used primarily as 3 

chemical intermeaiate, dermal exposure is expected to occur most often in an 

inductrial setting. 2,4-DNP is also used occasionally as a spray against 

aphids and mites, as a fungicide for certain molds and mildews, as a weea 
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killer, and as an ingredient in some wood oreservative fomul3tions (G:e;l- 

son, et al. 1969). Dermal exoosure to humans may occur among individuais 

handling 2,4-DrJP in these aoolications. Data on the importance of the der- 

ma? exoosure route of dinitroohenols in humans are not available. 

P!-IARYACOKINET!CS 

Absorot!on 

Absorution of dinitroohenol (isomer unsoecified) throuqh the skin and 

following inhalation occurs readily (von Oettinqen, 1949). 

Gehring and Buerge (1969b) reoorted that 2,4-DNP is absorbed very rapid- 

ly by ducklings and rabbits followina intraoeritonea: adminstration. In 

fact, immature rabbits absorbed the administered DNP so rapidly that an ab- 

sorotion constant could not be calculated from the data. DNP concentration 

is serum oeaked within five minutes of administration. 

Other quantitative information on the rate of abswption of the dinitro- 

ohenol isomers was not found. 

Distribution 

Blood levels of the dinitroohenols rise rapidly following absorption 

(Gehring and Buerge, 1969b; Flarvey, 1959) suggesting that the dinitrophenol 

isomers are transported by the blood regardless of the mode of absorption. 

2,4-DNP binds to serum proteins following intraperitonea? administration to 

rabbits and ducklings. Early after the administration of 2,4-DNP, the con- 

centration of free ON? in serum is much greater than the bound form, and at 

later times the reverse is true (Gehring and Buerge, 1969b). 

Rased on the available data, the dinitrophenol isomers do not appear to 

be stored to any significant extent in the tissues of human or experimental 

animals followina absorption. Gisclard and Woodward (1946) unsuccessfully 

attempted to extract 2,4-dinitrophenol or its metabolites from the tissues 

of two human victims of fatal intoxication. 
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It seems likely, based on the short half-lives of these compounds in 

mammals, that the large majority of any dose will be rapidly excreted via 

the urine. On the other hand, von Oettingen (i949) reported both dinitro- 

phenol (unspecified isomer) and aminonitrophenol in the liver, kidney, 

brain, blood, and spinal fluid of dogs after fatal doses of dinitrophenol. 

;iecent work on the tissue distribution of the dinitrophenols following ab- 

sorption in mammals was not found. 

tietabol ism 

In a study of the munitions industry in France (Perkins, 1919) it was 

reported that the urine of men fatally poisoned by 2,4-DNP contained: 

Z-amino-4-nitrophenol, 4-amino-Z-nitrophenol, diamino-phenol, and a number 

of nitrogen compounds resulting from a combination of two molecules of ami- 

nonitrophenol or of diaminophenol. It has frequently been reported that 

2-amino-4-nitrophenol invariably exists in the urine of persons suffering 

from serious intoxication by 2,4-DNP. Williams (1959) stated that 2,4-DNP 

is excreted in mammals in the following forms: partiaily unchanged; partial- 

ly conjugated with glucuronic acid; reduced to Z-amino-4-nitrophenol, 

Z-nitro-4-aminophenol and probably 2,4-diaminophenol. Rats orally dosed 

with 2,4-ONP at 1.5 to 12 mg/kg excreted both free dinitrophenol (78 per- 

cent) and 2-amino-4-nitrophenol (17 percent) (Senstuk, et al. 1971). 

Although the in vitro metabolism of 2,4-dinitrophenol has not been ex- e- 

tensively studied in mammalian systems, Parker (1952) examined the enzymatic 

reduction of 2,4-DNP by rat liver homogenates and found 4-amino-2-nitro- 

phenol to be the major metabolite. The metabolite 2-amino-4-nitrophenol 

comprised less than 10 percent of the total metabolites formed; 2,4-diamino- 

phenol was found in trace amounts. Presumably the latter metabolite was 

formed from the reduction of the remaining nitro- group of one of the two 

above compounds. 
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In cgntras:, Eise*nan, et a!. (1074) reoorted that 2-3mi~s-~-~;tr;;ne~3i 

was the major metabolits (75 percent of totai amjnoj. !n the iatter study 

4-amino-3-nitrophenol was formed in considerably smaller amounts (2; De'- 

cent) xhen ?,l-DNP idaS enzymatically reduced in vitro by rat liver homoaen- -- 

ates. rhes2 investigators also detected only traces of diaminoohenol indi- 

catina that it nay be a secondary reduction oroduct as suqgested by Parker 

(1952). A precise definition of the metabolic fate of the dinitroohenois in 

humans awaits further inVeSt!qatfOn. 

Excretion 

Data on the elimination kinetics of the dinitrophenois or their metaboi- 

ic DrOdlJCtS in humans were not found. Edsall (1934) stated: "Gudging from 

the metaoolic response, ONP aopears to be eiiminated entirely in three or 

four days; in the oresence of liver or kidney damage it is oossibie that the 

druq will be retained over a longer oeriod." Information on the elimination 

kinetics of the dinitroohenols from exoerimental animals is aiso scant :n 

the literature. 

Genring and 3uerge (1969b) have developed equations which describe the 

elimination of 2,4-ON? from the serum of ducklings, mature rabbits, and im- 

mature rabbits following intraperitoneal administration of the compound. 

Serum levels of 2,4-DNP in the mature rabbl:t declined to less than one oer- 

cent of their oriqinal high values within seven hours. Twenty-four hours 

were required before the serum levels in the immature rabbit declined to two 

percent of their orignial vaiues. Ducklings eliminated 2,4-DNP from the 

serum over a similar time frame (96 percent eiimination in 24 hours). 

iawford. et al. (1954) also studied the elimination of various nitro- 

ohenolic comoounds (including 2,4-dinitrophenol). Elimination from the 

blood of mice, rabbits, guinea pigs, rats, and monkeys was comoiete within 



30 hours. iiarvey (1959) calca:ated the elimination rates of a!1 six dini- 

trophenol isomers from the blood of mice and rats following a single large 

dose given intraoeritoneally. Data are presented in Table 6. The data de- 

velooed by these investigators must be taken with caution since the actual 

elimination of the dinitrophenols or their metabolits in urine was not di- 

rectly measured. In view of the lack of data suggesting concentration of 

the dinitrophenols in mammalian tissues and the high water solubility of 

these comoounds, their elimination via the urine may be a rapid process in 

humans. 

EFFECTS 

Acute, Subacute, and Chronic Toxicity 

All of the dinitrophenol isomers are potent metabolic poisons. Most of 

the literature available deals with 2,4dinitrophenol since this compound 

has been used extensively for more than 70 years. A number of excellent re- 

views on the uses, chemistry, mode of action, and mammalian toxicity of 2,4- 

dinitrophenol are availabie (Edsall, 1934; Metcalf, 1955; Horner, 1942; 

Simon, 1953; Slater, 1962; Parascandola, 1974; Howard, et al. 1976) and no 

attempt will be made to duplicate the information found in these documents. 

2,4-Dinitrophenol is considered a classic uncoupler of oxidative phos- 

phorylation and is widely used by biochemists to determine whether a given 

biochemical process is energy dependent. Hence, an enormous body of litera- 

ture has been generated dealing with the biochemical effects of 2,4-dinitro- 

phenol on cellular and biochemical processes both in vivo and in vitro. 

Only those studies with direct relevance to the acute or chronic effects of 

the dinitrophenols on humans are reviewed in this document. 

The toxic action of the dinitrophenols is generally attributed to their 

ability to uncouple oxidative phosphorylation. These compounds prevent the 
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TABLE 6 

Elimination Rates of Dinitroohenol Isomers from the 3:ood of Mice 
and Qats Following a Single Large Intraperitoneal Oosef 

Isomer 
Dose 

h/kg) 
Half-time for 

Elimination 
[min.) 

2,3-Zinitroohenol 

2,4-Dinitrophenol 

2,5-Dinitrophenol 

2,6-Dinitrophenol 

3,4-!linitrophenol 

3,$Dinitrophenol 

2,3-3initrophenol 

2,4-Dinitroohenol 

2,5-Dinitrophenol 

2,6-Dinitrophenol 

3.4~Dinitrophenol 

3,5-Dinitrophenol 

MICE 

90 

20 

190 

30 

60 

30 

RATS 

90 

20 

90 

25 

90 

30 

2.7 

54.0 

3.3 

238.0 

3.5 

2.7 

12.5 

225.0 

13.0 

210.0 

11.5 

2.1 

*Source: Harvey, 1959. 
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utilization of the erleray 3rgvjded by cellular resDir:+ion 3nd 3]vc,~'vsis 5./ , - 

inhibiting the formation o f high energy phosohate bonds. All enexy deDen- 

dent biochemical orocesses .are therefore affected by the action of the corn- 

oounds (Metcalf, 1955). The large number of ciinical effects attributed to 

dinitroohenol toxicity result essentially from the shortcircuiting of 

metabolism in cells which absorb sufficient dinitrophenol. 

All six dinitroohenol isomers are ootent uncouplers of oxidative phos- 

phorylation. The relative ootencies of the six dinitrophenols in uncouoling 

phosphorylation in rat liver mitochondria were found to be (in declining 

order): 3,5-> 2,4-> 2,6- = 3,4-B 2,3- = 2,5dinitrophenol (Burke and !Jhite- 

house, 1967). 3,5-Dinitroohenol is approximately five times more Dotent 

than 2,5-dinitophenol as measured in this system. The relative in vivo tox- -- 

icities of the dinitroohenol isomers have been determined by a number of in- 

vestigators (von Oettinqen, 1949; Harvey, 1959; Cameron, 1958; Grant, 1959; 

Levine, 1977) and the order of relative ootency of the isomers determined ;n 

these investigations frequently differs form the order developed by 3urk.e 

and 'Whitehouse (1967). Several explanations for these discreoancies are 

oossible: (i) differential tissue absorption of the isomers or (2) different 

metabolic detoxification mechansims for the isomers or (3) the presence of 

cellular or biochemical effects unrelated to the uncoupling of oxidat've 

ohosphorylation. Resolution of this Question awaits further investigation. 

At concentrations higher than those necessary to uncouple oxidative 

ohosohorylation, a number of inhibitory effects of the dinitroohenol isomers 

on certain enzymatic reactions may occur. 

80th 2,kiinitro- and 3,5-dinitroohenol inhibit porcine heart malate 

dehydrogenase in vitro (Wedding, et al. 1967). Inhibition of the reaction -- 
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occurred ,It nitroohenoi concenirdtions ;O to 130 t_(-rles tnose causfng Jncsca- 

iinq, and resulted from a comoetitive inhibition with NA3 in the for-war? 

direction of the malate dehydrogenase reaction. In a similar study Stock- 

dale and Seiwyn (1971) reported in the in vitro inhibition of both lactate -- 

dehydrogenase and hexokinase by 2,4-dinitro-, 2,5-dintro-, 2,6-dinitro- 

phenol 5. 

The dinitrophenols may also act directly on the cell membrane, thus 

causing toxic effects on ceils which do not depend on oxidative phosphoryla- 

iion for their enerqy requirements. 2,4-Dinitro-, 2,5-dinitro-, and 2,5- 

dinitroohenols inhibit oassive oermeability to chloride (a metaboiically in- 

deoenaeqt orocess) in red blood cells (Xotais, et al. 1978). 

4cute toxicity information for the dinitroohenols has been cornoiled and 

oresented in Table 7. 

Numerous occasions of human ooisoning by 2,4-DNP -have been reoorted in 

the literature. The earliest cases of fatal 2,4-DN? intoxication relate to 

its usage as a comoonent of explosives during L(orld War I. Thirty-six cases 

of fatal occuoational dinitrooh?nol poisoning occurred among emoloyees Of 

the munitions industry in France between 1916 and 1918 (Perkins, 1919). A 

literature review by von Oettinqen (1949) revealed 27 reoorted cases of 

fatal occupational dinitrophenol poisoning in the United States for the 

years 1914 to 1916. 

IGisclard and 'Aoodward (1946) reuorted two fatal cases of dinitroohenol 

ooisoninq during manufacture of oicric acid where 2,4-ONP was produced as an 

intermediate. Swamy (1953) describes a case of suicidal poisonina bv 

2,'WNP. 

Eariv in the 1930s. 2,4-dinitroohenol was widely recommended as a treat- 

ment for obesity. llinitrophenol was received with overwheiming poouiaritv 
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TABLE 7 

Acute Toxicity of Oinitrophenol Isomers 

Soecies 
Oose Route of 

bWkg) Administration Effects References 

Qat 
Rat 
Rat 
Qat 
QEt 
“ouse 
Youse 
Guinea Pig 
Rabbit 
Rabbit 

Ei t 
OOi 

006 

309 

m 
?i aeon 
Pijeon 
Lfuman 

Lfuman 
'luman 

Rat 
Mouse 
Do9 

25 
35 
30 
28.5 
31 

:li 
700 
30 
200 
100 
30 
20-30 
22 
30 
30 

G-20 
40 mcjld 

l-3 q 
a.3 

:z 
1000 

2,4-Oinitrophenol 

S.C. 

Xi 
i.p. 
i.D. 
i.~. 

lk~al 

Xi 

klDK* 
Oral 
S.C. 
i.m. 
i.v 
i.m. 

tivhalation 

L&O 
LO50 
LOSO 
LO50 
LO100 
LO50 
LO50 
Lethal Dose 
LO50 
LO50 
Lethal Dose 
ML0 
LOSO 
LO50 
LOSO 
LD50 
Lethal Dose 
Lethal Dose 
Lethal Cont. 

Oral 
Oral 

Lethal Dose 
Lethal Dose 

2,3-Oinitroohenol 

i.p. LO50 . 

;iKD* 
LD50 
MLD 

von Oettingen, 1949 
Harvey, 1959 
Spector, 1956 
Lawford, et al. 1954 
Gatz and Jones, 1970 
Harvey, 1959 
Lawford, et al. 1954 
Soencer, et al. 1948 
von Oettingen, 1949 
Spector, 1956 
Soector, 1956 
Aarvey, 1959 
Soector, 1956 
Spector, 1956 
Spector, 1956 
Spector, 1956 
Spector, 1956 
Spector, 1956 
MacBryde and Taussig, 

1935 
Sax, 1968 
Geiger, 1933 

Harvey, 1959 
Harvey, 1959 
Harvey, 1959 
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TABLE 7 (continued) 

Acute Toxicity of Oinitrophenol Isomers 

Species 
Dose 

(mg/W 
Route of 

Administration Effects References 

2,5-Oinitrophenol 

Rat 150 
Mouse 273 
009 100 

i .P. 

;i? 
LD50 
LO50 
MLD 

Harvey, 1959 
Harvey, 1959 
Harvey, 1959 

2,6-Oinitroohenol 

Rat 
Mouse 
Dog 

i.p. 

;I;Kp*. 

LO50 
LO50 
ML0 

Harvey, 1959 
Harvey, 1959 
Harvey, 1959 

3,4-Oinitroohenol 

Rat 98 
Mouse 112 
Dog 500 

i.p. 
r]lNlY 

LD50 
LD50 
ML0 

Harvey, 1959 
Harvey, 1959 
Harvey, 1959 

3,5-Dinitroohenol 

Rat 45 
Mouse 50 
Dog 500 

i.p. 

;i:* 

LDSO 
LDSO 
ML0 

Harvey, 1959 
Harvey, 1959 
Harvey, 1959 

S.C. = subcutaneous 
i.o. = intraperitoneal 
i.m. = intramuscular 
i.v. = intravenous 
UNK = unknown 
ML0 = minimum lethal dose 
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(Hornet, 1942) as a Slimming agent in spite of warnings of harmful side ef- 

fects caused by disruption of the metabolic rate. It was estimated that 

during the first 15 months follxoing its introduction, 100,000 persons took 

the drug for weight reduction (Horner, 1942). More than 1,200,OOO capsules 

of 0.1 g each were dispensed from a single clinic in San Francisco. More 

than 20 drug houses offered to supply both dinitrophenol and mixtures con- 

taining the drug. Many of these remedies could be procurea without pre- 

scription and with no further directions than to take "one capsule three 

times daily after meals." In view of this widespread and uncontrolled usage 

of the compound, it is not surprising that both toxic side effects and 

fatalities resulted. Horner (1942) reported a total of nine deaths result- 

ing from the use of dinitrophenol as a slimming agent. 

Parascandola (1974) reviewed the history and public concern which de- 

veloped over dinitrophenol in the United States. An article appearing in 

Newsweek (1933) entitled "Diet and Die with Excess Alpha Oinitrophenol" 3~3s 

typical of public concern generated by misuse of dinitrophenol. In the wake 

of reports that cataract development in humans attributable to dinitrophenol 

was occurring, the drug was finally withdrawn from use in 1937. 

The toxic manifestations of dinitrophenol exposure as reviewed by Horner 

(1942), included subacute symptoms such as gastrointestinal distrubances 

(nausea, vomiting, colic, diarrhea, anorexia), profuse sweating, weakness, 

dizziness, headache, and loss of weight. Acute poisoning has resulted in 

the sudden onset of pallor, burning thirst, agitation, dyspnea, prof!Jse 

sweating, and hyperpyrexia. Intense and rapid onset of rigor mortis after 

death has also been described. A physician who ingested a fatal overdose sf 

dinitrophenol (estimated at 2.5 to 5 g) was literally "cooked to death" 

(Geiger, 1933). Rectal temperature at death exceeded 1lO.F. 
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Perkins (1919) made the interesting observation that postmortem examina- 

tion of dinitrophenol victims demonstrated no characteristic lesions. Acute 

edema of the lunqs was mentioned but was believed to be secondary to the 

toxic effects on the vasomotor system. Microscopic lesions of the liver and 

kidney cells were inconstant and typical changes were lacking elsewhere. 

Spencer, et al. (1948) studied the chronic toxicity of 2,4-dinitrophenol 

in rats. Male rats were fed diets containing 0.01, 0.02, 0.05, 0.10, or 

0.20 g of 2,4-dinitrophenol per 100 g of food. Rats were maintained on 

diets containing 2,4-dinitrophenol for six months and both hematological 

pathological investigations on surviving animals were performed. Hematolog- 

ical examination included erythrocyte counts, hemoglobin concentrations, 

leukocyte counts, differential counts, and bone marrow counts at autopsy. 

Both gross and microscopic examination of liver, kidney, spleen, lung, 

heart, adrenal, pancreas, and stomach tissues were also performed. Rats 

maintained on diets containing 0.02 percent 2,4-ONP (corresponding to 5.4 to 

20 mgfkg body weight/day) grew at a normal rate and the investigators failed 

to detect discernible ill effects of pathological changes at autopsy. Sim- 

ilarly, pathological changes were not found upon microscopic examination of 

tissues from rats receiving diets containing 0.05 percent 2,4-ONP (corres- 

ponding to 13.5 to 50 mg/kg/day) although growth of these rats fell five to 

ten percent below that of the controls throughout the six-month experimental 

period. At autopsy the only changes observed in these animals were a very 

slight deoletion of body fat and a very slight increase in the average 

weight of the kidneys. At higher doses of 2,4-dinitrophenol in their diets 

(54 to 200 mg/kq body weight/day) rats occasionally died and survivors lost 

weight rapidly. Examination of surviving animals revealed marked emacia- 

tion, an empty gastrointestinal tract, a slightly enlarged and dark spleen, 
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and undersized testes. ~icroscooic examination showed slight congestion and 

cloudy swelling of the liver, very slight parenchymatous degeneration of the 

epithelium of the renal tubules, slight congestion and hemosiderosis of the 

spleen and testicular atrophy. No significant pathological changes were ob- 

served in the lung, heart, adrenals, pancreas, or stomach of these animals. 

Sased on the work of Spencer, et al. (1948), a no-observable-effect-level 

for 2,4-DVP in rats lies between 5.4 and 20 mglkg body weight/day. 

Information on the subacute or chronic effects of the other dinitro- 

phenol isomers in experimental animals was not found. Langerspectz and 

Tarkkonen (1961) failed to detect histological changes in the adrenals or 

the liver during 2,4-dinitrophenol treatment of Swiss albino male mice. 

2,4-Oinitrophenol was administered via the subcutaneous injection of 10 mg 

of 2,4-DNP/kg twice daily for 30 days. 

Arnold, et al. (1976) examined the effects on the kidney of a single 

large dose of 2,4-DNP. Although a dose close to the LD50 was chosen, (20 

mglkg) only small areas of cortical tubular necrosis were observed in a few 

of the rats treated. 

Tainter and Cutting (1933) administered 2,4-DNP to dogs at intervals of 

three or more days over a period of two to three months. Abnormal liver and 

kidney pathology were not detected but an effect on spleen tissue was 

noted. Over large areas of the material containing "numerous large faintly 

staining cells with vesicular polyhedral nuclei." 

The widespread use of 2,4-dinitrophenol as a weight reducing agent in 

humans during the 1930s provides some information regarding the chronic ef- 

fects of this compound in man. Recommended theraputic doses of 2,4-DNP for 

weight control on humans ranged from 2 to 5 mg/kg body weight/day (Dunlop, 

1934; Horner, 1942; Tainter, et al. 1933). fainter, et al. (1933) adminis- 

tered 2,4-DNP to 113 obese patients for as long as four months without 
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demonstrating evidence of cumulative or toxic effects. The most important 

side effect noted by the investigator was a skin rash observed in about 7 

percent of the patients treated. The rash was manifested usually after a 

one-day period of mild itching and consisted of a maculopapular or urticar- 

ial type of rash. The itching was intense and in some cases there was con- 

siderable swelling. Symptoms subsided in two to five days following with- 

drawal from the drug. The next most important side effect noted by the 

authors was a loss of taste for salt and sweets observed in 5.3 percent of 

the patients. This effect also subsided following withdrawal from 2,4-DNP. 

The investigators failed to detect any effect of 2,4-DNP on liver or kidney 

function, pulse, blood pressure, or oxygen capacity of the blood. No cases 

of anemia, agranulocytosis, or malignant neutropenia appeared. Three cases 

of mild gastrointestinal upset were reported, however. 

The development of cataracts following dinitrophenol therapy was first 

described by Horner, et a?. (1936). In a later publication, Horner (1942) 

reviewed the acute and chronic toxicity of use of 2,4-DNP (including catar- 

act formation) resulting from therapeutic use of the compound. Gastrointes- 

tinal symptoms consisting of nausea, vomiting, and loss of appetite were 

common as a result, of 2,4-ONP administration. Cutaneous lesions were the 

most frequent side effect with an incidence of 8 to 23 percent. Although 

the majority of lesions were mild, others were severe. Bone marrow effects 

of dinitrophenol have also been reported. Eight cases of agranulocytosis 

were reported, with three fatalities. Thirty cases of neuritis including 

aberrations of taste and multiple regional involvement, particularly affect- 

ing the feet and legs were recorded. Symptoms appeared after an average of 

ten weeks, followed ordinary therapeutic doses and persisted for weeks or 
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71cntbs. Eiectrocapdiograohic evidence of functional heart damage was of- 

fered by several investigators and fragmentation of the heart muscle was re- 

33rte,d at autoosy in one fatal case. It was generally agreed that 2,4-ON? 

'was *are?y injurious to the liver and kidneys when administered in thera- 

oeutic doses. 

Over 100 cases of cateract formation following dinitrophenol therapy 

were reviewed by Horner (1942). Horner described the following characteris- 

tic features of 2,4-DNP induced cataracts: (1) they occurred in young women 

who were ohysically normal save for varying degrees of obesity and were in 

an aqe grout in which senile cataracts do not occur; (2) they were bilateral 

and aooeared either during of after periods of dinitrophenol treatment; (3) 

an interval of months or years might elapse between the time the last dose 

was taken and the onset of blurred vision; (4) lenticular changes were 

strikingly similar and could be demonstrated with the biomicroscope at a 

time when vision for distance and reading was still normal; (5) after arad- 

ual onset, the lenticular changes progressed with startling rapidity until 

the vision was obscured; (6) treatment was without effect in staying their 

progress; and (7) surgical removal of the lens was uniformly successful in 

restoring vision, 

The length of time that 2,4-DNP was taken and the amount of the drug 

consumed varied widely ainonq cataract victims. In 29 cases, the duration of 

treatment varied from 3 months to 24 months with an average of 11 months. 

Neither the lenqth of treatment nor the total dose seemed to have any bear- 

ing on the occurrence of cataracts. Individual susceptibility appeared to 

be a more important factor. Horner (1942) estimated that the incidence Of 

cataracts in patients who had taken dinitrophenol exceed one percent. 
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FOrTIatiOn of cataracts by acute exposure to DNP was first demOnStrated 

in animals almOSt ten years after the problem was known to exist in humans 

(Gehring and Buerge, 1969a; Ogino and Yasukura, 1957; Feldman, et al. 1959, 

1960; Settman, 1946). Experimental cataracts, first produced in ducks and 

chickens, differ from DNP-induced human cataracts in that they can be fOFr?Ed 

in acute exposures and may appear in less than one hour. Furthermore, these 

lesions will disappear spontaneously in animals with 25 hours (Howard, et 

al. 1976). Hence, the usefulness of data on the formation of cataracts in 

experimental animals following DNP administration in assessing human hazard 

to dinitrophenol is questionable. 

The available data do not allow the calculation of a minimum effect 

level for 2,4-DNP-induced cataract formation in man. Cataractogenic activ- 

ity in humans has been observed in a small proportion of patients receiving 

as little as 2 mglkg body weight/day. An assessment of the no-effect-level 

for cataract formation awaits further investigation. Such an assessment is 

further complicated by the fact that cataract formation in humans, following 

DNP administration, differs significantly from the situation seen in experi- 

mental animal studies. 

Synergism and/or Antaqonism 

A report of teratogenic synergism following the combined administration 

of 2,4-dinitrophenol and insulin to chicks was made by Landauer and Clark 

(1964). The injection of 2,4-dinitrophenol at 100 pg/egg was nontoxic and 

nonteratogenic after 96 hours of incubation. However, the combined adminis- 

tration of insulin (a known teratogen) with 100 ug of 2,4-dinitrophenol 

raised the incidence of embryo mortality from 16 to 19 percent and shortened 

the upper beak by 1.4 to 18.5 percent. 
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80th thyroid hormones and 2,3-dinitroohenol decrease the efficiency gf 

mitochondrial oxidative phosphorylation in vivo and in vitro. -- The in vivo -- -- 

adminiStratiOn of both l-thyroxine and 2,4-DNP results in larger changes in 

metabolic rate and body temperature than are accounted for by the sum of the 

separate effects of each agent (Hoch, 1965). 

Other direct information on possible synergism between the 

dinitrophenols and other chemical compounds is not available. 

Teratogenicity 

Nulff, et al. (1935) examined the effects of 2,4-dinitrophenol on the 

fertility, gestation, and fetal life of rats. They administered 20 mg of 

2,4-DNP/kg body weight to female rats eight days prior to the introduction 

of males. Dinitrophenol was administered intragastrically twice daily until 

the respective litters were weaned. The average number born in each litter 

was not affected by the use of dinitrophenol, and the treatment did not ap- 

preciably affect the body weight gains of mothers during pregnancy. Neonat- 

al malformations were not detected. Among 2,4-dinitrophenol treated rats, 

however, 25 percent of the total number of young were stillborn while only 

6.8 percent of the young were stillborn in the control group. In addition, 

the mortality during the nursing period of viable young born to mothers ad- 

ministering 2,4-DNP was 30.9 percent as compared with 13.4 percent for young 

of control mothers. Two possible explanations for this latter phenomenon 

were offered: treated mothers neglected their young while in a febrile 

state, and only the more vigorous of the offspring managed to reach the 

mother for nursing; or, a toxic agent was passed to the young through the 

milk. Data to distinguish between the two possibilities are not available. 

Intraperitoneal (7.7 or 13.6 mg/kg) or oral (25.5 or 38.3 mg/kg) admin- 

istration of 2,4-DNP to mice during early organogenesis does not produce 
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norohological defects in the young, but embryo toxicity OCCUFS at the higher 

dose levels (Gibson, 1973). The higher doses also oroduced overt toxic 

Signs (hyoerexcitability and hvDeFtheFmia) in the dams, but were not lethal. 

3owTan (1967) has studied the effect Of 2,4-DNP on the deveqooina chick 

enbryo in vitro. -- 4t 2,4-DNP concentrations of 18 mg/l or 370 mg/l a syn- 

drome of abnormalities resulted consisting of degeneration and sometimes 

complete absence of neural tissue accomoanied by a reduction in the number 

of somites. The 2,4-DNP concentrations used in this study are extremely 

hiah and the relevance of the exoerimental findings to the in vivo situation -- 

in mammals is unknown. 

Malformations such as hemiophthalmus and cross beak were induced in 

chick embryos following administration of 0.5 uM/egg (92 ug/egg) into the 

yolk sack at 48 hours of incubation (Miyamoto, et al. 1975). Based on.exam- 

ination of purified myelin in the malformed embryos the investigators sug- 

gested that 2,4-DNP administration resulted in deficient embryonic myelina- 

tion. 

Sased on the available data it appears unlikely that 

Dose a teratoqenic hazard to humans. Further investigat 

tion are warranted. 

Mutaaenicitv 

the dinitrophenols 

ions on this nues- 

Friedman and Staub (1976) have developed an approach to mutagenic test- 

ino which utilizes the measurement of induction of unscheduled DNA synthesis 

in testes. These investigators found a good correlation between a reduction 

in the residual level of cell cycle-associated DNA synthesis and the pres- 

ence of known mutagenic compounds. Testicular DNA synthesis in mice was un- 

affected by administration of 2,4-DNP suggesting a lack of mutagenic activ- 

ity. 
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Bacterial mutagenesis of 2,d-DfiiP has beon tested by Iemerec, et 3'. 

(1951), based on the oroduction of back mutations from streptomycin deoen- 

dence to independence in E. coli. -- Mutations were increased sever3lfold 3ver 

control values. 

A recent study has been conducted on the effect of various phenolic com- 

oounds including 2,4-DNP on chromosomes of bone marrow cells from mice 

(Mitra and Manna, 1971). Yice were injected intraperitoneally with satu- 

rated aqueous solutions of 2,4-DNP and the bone marrow tissue was collected 

24 hours after trea.=-ent. The results suggest that 2,4-DNP may produce 

chromatid type breaks in bone marrow cells. However, there was no linear 

relationship between the frequency of chromosome aberrations and the dose of 

2,4-ONP. 

It is possible to make a rough estimate of the 2,4-DNP doses adminis- 

tered to the mice by these investigators. The water solubility of 2,4-r3NP 

at 75.S.F is 3.01 mg/ml (Windholz, 1976). If this value approximates the 

saturatt,J solution used by Mltra and Manna (1971) and a three-to-four-month- 

old mouse weighs approximately 40 g, the following calculations result in 

three 2,4-DNP dose levels expressed as mglkg body weight. 

(0.25 ml) (3.01 mglml) = 18.8 mg/kg 

0.04 kg 

JO.5 ml) (3.01 mghl) = 37.6 mg/kg 
. 4 kg 

(1.0 ml) (3.01 v/ml) = 75.3 mg/kg 
0.04 kg 

The ability of 2,4-ONP to induce chromosomal damage using an in vitro -- 

alkaline elution assay employing Chinese hamster V79 cells (with or without 

a liver microsomal activation PNP system) was examined by Swenberg, et al. 

(1976). 2,4-ONP failed to induce DNA damage in this system. 
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Data addressing the possible mutagenicity of the other dinitrophenol 

isomers were not found. 

Carcinogeqicity 

In a study designed to measure tumor promoting activity, Boutwell and 

Bosch, (1959) examined the ability of 2,4-DNP to promote tumor formation 

following a single initiating dose of dimethylbenzanthracene. Although 

phenol itself has a promoting activity in this system, 2,4-DNP failed to 

promote skin tumors in mice under similar conditions. In a similar experi- 

ment, Stenback and Garcia (1975) examined the ability of 2,4-DNP to promote 

skin tumor formation in mice. No promoting activity was demonstrated. 

Spencer, et al. (1948) failed to detect tumor formation during chronic 

administration of 2,4-ONP to mice (over a six month period). 

The available data suggest the 2,4-ONP does not possess carcingenic pro- 

perties. Information on the other isomeric dinitrophenols is not available. 
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TRINITROPHENOLS 

Mammalian Toxicology and Human Health Effects 

INTRODUCTION 

Six isomeric forms of trinitrophenol exist distinguished by the position 

of the nitro groups relative to the hydroxy group on the six carbon benzene 

ring. The five isomers are: 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-, 2,4,6-, and 

3,4,5-trinitrophenols. Production volumes for the trinitrophenols are not 

available. Usage of the trinitrophenol isomers is apparently limited to 

2,4,6-trinitrophenol, other wise known as picric acid. In fact, a compre- 

hensive search of the literature failed to detect a single citation dealing 

with any of the trinitrophenol isomers except picric acid. Consequently, 

the only information on these isomers presented in this document are the 

chemical and physical properties found in Table 8 and Figure 3. 

According to Matasuguma (1967) picric acid has found use as a dye inter- 

mediate, explosive, analytical reagent, germicide, fungicide, staining 

agent, and tissue fixative, tanning agent, photochemical, pharmaceutical, 

and a process material for the oxidation and etching of iron, steal, and 

cower surfaces. The extent to which picric acid finds usage in any of 

these applications at the present time is unknown. 

EXPOSURE 

Ingestion from Water 

Monitoring data on the presence or absence of 2,4,6-trinitrophenol 

(2,4,6-TNP) in water were not found, however, a single report of 2,4,6-TNP 

contamination of ground water was found (Cole, 1974). In 1955, 2,4,6-TNP 

(0.7 mg/l) was detected in a well approximately one mile from the former 

site of an explosives manufacturing plant in England. The plant was engaged 

in the manufacture of explosives from 1914 to 1918. The brief report by 
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TABLE 8 

Properties of Trinitrophenols* 

2,3,4-Trinitroohenol 

Molecular Weight 229.11 

2,3,5-Trinitroohenol 

Molecular Weight 
Melting Point 

229.11 
119-120°C 

2,3,6-Trinitrophenol 

Molecular Weight 
Melting Point 
Water Solubility 

Room Temperature 
Hot Water 

229.11 
119°C 

Slightly Soluble 
Very Soluble 

2,4,5-Trinitrophenol 

Molecular Weight 
Melting Point 
Water Solubility 

Room Temperature 
Hot Water 

229.11 
96°C 

Slightly Soluble 
Soluble 

2.4.6-Trinitrophenol 

Molecular Weight 
Melting Point 
Boiling Point 

Vapor Pressure 
Density 
Water Solubility 

Room Temperature 
100°C 

229.11 
122-123°C 
Sublimites: Explodes at 

300°C 
1 mm Hg at 195°C 
1.763 g/cm3 

1.28 g/l 
6.7 g/l 

*Source: Windholz, 1976; Weast, 1975; Matsuguma, 1967. 

C-53 



2,3,4-trinitrophenol 2,3,5-trinitrophenol 

2,4,SArinitrophenol 2,4,6-trinitrophenol 

2,3,6-trinitrophenol 

3,4,5drinitrophenol 

FIGURE 3 

Trinitrophenols 
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Cole (1974) failed to describe either the types of explosive nanufacttired 5y 

the plant or the disposition of the waste water during the period the 

explosives were manufactured. 

Harris, et al. (1946) described an outbreak of hematuria which resulted 

from ingestion of 2,4,6-TNP in the drinking water of U.S. Navy personnel 

aboard ships anchored at Wakayama, Japan. Approximately three weeks prior 

to the outbreak, more than 100 tons of confiscated Japanese ammunition, (in- 

cluding 2,4,6-TNP) had been dumped in the immediate vicinity of the anchor- 

age. 2,4,6-TNP was apparently pumped into the ships' drinking water stills 

and carried over with the vapor phase into the freshwater supply, inducing 

hematuria among those who drank the water. The investigators failed to 

detect 2,4,6-TNP in the sea water; however, analysis of the distilled drink- 

ing water yielded 2,4,6-TNP levels to 2 to 20 mg/l. 

Although it is not possible to precisely estimate either the TNP water 

levels or duration of exposure necessary to induce hematuria, Harris, et al. 

(1946) detected levels of 10 mg/l and 20 mg/l in drinking water aboard two 

ships at the time of the hematuria outbreak. 

Hoffsommer and Resen (1973) have shown that the highly explosive tetryl 

(N-methyl-N,2,4,6-tetranitroaniline) dissolved in sea water at pH 8.1 and at 

temperature 25°C is largely converted to 2,4,6-TNP in a few months. Al- 

though tetryl is no longer manufactured in the U.S. (Howard, et al. 1976), 

these experiments indicate that 2,4,6-TNP may be produced in water as a re- 

sult of degradation of other organic compounds. The nature of other com- 

pounds which may give rise to 2,4,6-TNP following degradation is speculative. 

The persistence of 2,4,6-TNP following release to the environment is now 

well understood. Pitter (1976) failed to detect degradation of 2,4,6-TNP 

using an acclimated activated sludge system with 2,4,6-TNP as a sole source 
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of carbon for the microbes in the inoculum. Tabak, et al. (1964) on the 

other hand were able to demonstrate 95 percent degradation of 2,4,&TNP (250 

7~11) in three to six days hy acclirrlated cultures of microorganisms de- 

rived from garden soils, comoost, and river mud. The extent to which micro- 

bial pooulations caoable of degrading 2,4,6-TNP exist in the environment is 

unknown. 

No other data on possible ingestion of 2,4,6-TNP from water by humans 

were found. 

!naestion from Food 

Pertinent data could not be located in the available literature 

concerning exoosure to 2,4,6-TNP via ingestion of food. 

No measured steady-state bioconcentration factor (BCF) is available for 

any nitroohenols, but the equation "Log BCF = (0.85 Log P) - 0.70" can be 

used (Veith, et al. 1979) to estimate the steady-state BCF for aauatic or- 

ganisms that contain about 7.6 percent lipids (Veith, 1980) from the oc- 

tanol/water oartition coefficient (P). The log P values were obtained from 

Hansch and Leo (1979) or were calculated by the method described therein. 

The adjustment factor of 3.0/7.6 = 0.395 is used to adjust the estimated BCF 

from the 7.6 percent lipids on which the equation is based to the 3.0 oer- 

cent lipids that is the weighted average for consumed fish and shellfish in 

order to obtain the weighted average bioconcentration factor for the edible 

oortion of all freshwater and estuarine arluatic organisms consumed by Ameri- 

cans. 

!nhalation 

Pertinent information could not be located in the available literature 

on the presence or absence of trinitrophenols in air. 

Oermal 

Information on the dermal absorption of 2,4,6-TNP is scant in the liter- 

ature. During the 1920s and 193Os, 2,4,6-TNP was used both alone and in 
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combination with butesin (di-n-butyl-p-aminobenzoate trinitroohenol) as an 

antiseotic surgical dressing for the treatment of burns. Ehrenfried (1911) 

remarked on the danqers of Poisoning by absorption of 2,4,6-TNP in dermal 

ointments, but added that, if the ointments were properly used, there was no 

danqer of toxic symotoms develooing in humans. 

A serious case of central nervous system dysfunction following the topi- 

cal aoolication of 2,4,6-TNP was reported by Dennie, et al. (1929). The 

patient recovered rapidly following cessation of the 2,4,6-TNP treatment. 

No other information on dermal absorption of the trinitroohenols by humans 

or experimental animals was found. 

PHARMACOKINETICS 

Absorotion 

Quantitative information on the absorotion of 2,4,6-TNP by humans or ex- 

oerimental animals is not available. 

Neurological complications following the topical administration of 

7,4,6-TNP (Dennie, et al. 1929) indicate that the compound may be absorbed 

throuqh the skin. Since the comoound was applied to a burned area of the 

patient, the relevance of this data to the absorption of 2,4,6-TNP through 

intact skin in unknown. 

The occurrence of human cases of microscopic hematuria resulting from 

ingestion of 2,4,6-TNP in drinking water (Harris, et al. 1946) and the known 

oral toxicity of 2,4,6-TNP in experimental animals indicate that absorption 

by the gastrointestinal tract readily occurs. 

distribution 

Examination of dogs after a lethal dose of 2,4,6-TNP (Dennie, et al. 

1929) revealed yellow staininq of the subcutaneous fat, lungs, intestines, 
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and the 3iood vessels, indicating tnat 2,4,6-TXP is aistrixie(I i3 -nanI Ljs- 

sues in the body. These investigator-es also demonstrated the presence 3f 

2,3,&TNP in the blood and suggested that the compound may be bound to scram 

proteins. It seems likely tnat distribution of 2,4,6-TNP would occur via 

the olood. NZJ other data on the tissue distribution of Z,(l,&TNP following 

absorption were found. 

Yetabolism 

In a review of the early literature, Burrows and Dacre (1975) indicated 

that elimination of 2,4,6-TNP from humans occurs in both the free form and 

as picramic acid. In perfusion experiments with liver, kidney and spleen, 

the liver exhibited the strongest capacity for reduction of 2,4,6-TNP. 

Other studies dealing with the metabolism of 2,4,6-TNP in humans or in 

experimental animals were not found. 

Decomposition of 2,4,6-TNP by an atypical strain of Corynebacterium sim- 

plex with the production of nitrites has been reported by Gunderson and Jen- 

sen (1956). This alternative metabolic pathway for 2,4,6-TNP has not been 

reported in mammals. 

Excretion 

The presence of 2,4,6-TNP in blood and urine within 1.5 hours after ad- 

ministration of a lethal dose in dogs was reported by Dennie, et al. 

(1929). The presence of 2,4,6-TNP in the urine of humans following oral ex- 

posure was reported by Harris, et al. (1946). These studies indicate tnat 

2,4,6-TNP is partially excreted in the urine following exposure. Other data 

on the excretion of 2,4,6-TNP were not found. 

EFFECTS 

Acute, Subacute, and Chronic Toxicity 

According to Windholz (1976) ingestion or percutaneous absorption of 

2,4,6-TNP may cause nausea, vomiting, diarrhea, abdominal pain, oliguria, 
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anurea, yellow staining of skirt, pruritus, skin eruptions, stupor, convul- 

sions, and death. 

Although Dennie, et al. (1929) stated: "The application of a solution of 

trinitrophenol to burned or abraded skin is dangerous even for nonsensitive 

persons since many deaths have been reported from its application," no re- 

ports of human fatalities resulting from 2,4,6-TNP exposure were found in 

the literature. Gleason, et al. (1968) reported the lowest recorded lethal 

dose for 2,4,6-T:JP in humans as 5 mgikg body weight, however, details of the 

poisoning episode were not provided. It is reasonable to assume, based on 

the known toxicity of 2,4,6-TNP in experimental animals, that exposure to 

sufficient amounts of the compound would be lethal in humans. The limited 

acute toxicity information for experimental animals has been compiled and is 

presented in Table 9. 

Following acutely lethal doses of 2,4,6-TNP, dogs die from respiratory 

paralysis (Dennie, et al. 1929). Autopsy results demonstrate the presence 

of yellow staining of the subcutaneous fat, the lungs, the intestines, and 

the blood vessels. Swelling of the liver and glomerulitis of the kidneys 

were also seen. 

The major effect of nonlethal doses of trinitrophenol (TNP) appears to 

be an allergic or irritative dermatitis (Anon. 1937; Ehrenfried, 1911). Ac- 

cording to Dennie, et al. (1929) about four percent of people treated with 

TNP are sensitive and develop a local dermatitis. Reactions may also appear 

in unexposed areas. An intense itching and burning, pruritis, skin erup- 

tions, and irritability are common. Skin eruptions are characterized by ir- 

regular-shaped macules, papules, vesicles, blebs, excoriations, and edema, 

as well as dried yellow crusts which are sources of reabsorption. In the 

maculopapular stage, a purplish-yellow color is characteristic. 
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TABLE 9 

Acute Toxicity of Trinitrophenol ?somersa 

Species 
Dose Route of 

by/kg 1 Administration Effects References 

Do9 

Do9 

009 

Rabbit 

Frog 

Frog 

Cat 

Human 

2,4,6-Trinitroohenols 

100-12s S.C. 

60 S.C. 

60 UNK 

120 Oral 

200 S.C. 

200-300 S.C. 

5OOb Oral 

5 Oral 

Lethal Dose 

MLD 

MLD 

Lethal Dose 

Lethal Dose 

ML0 

Lethal Dose 

Lethal Dose 

Dennie, et al. 1929 

Spector, 1956 

van Oettingen, 1949 

von Oettingen, 1949 

Windholz, 1976 

Spector, 1956 

von Oettingen, 1949 

Gleason, et al. 1968 

aAcute toxicity data for trinitrophenol isomers other than 2,4,6-TNP were not 
found. 

bTota1 dose in milligrams. 

ML0 = Minimum Lethal Dose 

UNK = Unknown 
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MOre Se’JDrP reactions can lead to diffuse, often severe FrytheTa ancf 

desquamation of affected areas (Sulzburger and Wise, 1933; Am. Conf. Gov. 

!nd, Yyq., (ACG!H) 1971). The reaction may last from several weeks to al- 

nl3St a year (Sulzburqer and Wise, 1933). 

Effects on the skin are apoarent at concentrations well below those 

necessary for oral systemic poisoning. Of 71 individuals exposed at concen- 

trations of 0.0088 to 0.1947 mg/mJ, dermatitis developed only among those 

exoosed to the lower concentrations. Desensitization or adaotation reac- 

tions may occur (ACGIH, 1971). 

Guinea pigs tested for allergic reactions gave similar results (Land- 

Steiner and DiSomma, 1940; Maguire and Chase, 1972; Maquire, 1973; Chase and 

Maguire, 1972). Using a split-adjuvant method of sensitization, reactions 

have been noted at concentrations of less than one percent, with weaker sol- 

utions often qiving stronger reactions. A boosting effect was also noted on 

subseguent tests with sensitized animals (Maguire and Chase, 1972). 

Sub-lethal doses of less than or erlual to 50 mglkg body weight in dogs 

have resulted in transitory changes in the kidney which include glomerulitis 

and involvement of TNP ranging from cloudy swellinq to gelatinous degenera- 

tion. The liver also showed cloudy swelling with no staining while the 

lunqs were stained brownish-yellow in some animals (Dennie, et al. 1929). 

Other reactions in humans include central nervous system effects result- 

inq in temporary imoairment of speech, memory, walking, and reflexes 

(Dennie, et al. 1929) and microscopic hematuria caused by ingestion of TNP 

(2 to 20 mq/l) in water distilled from sea water (Harris, et al. 1946). 

Althouah it is not possible to estimate precisely either the TNP water 

levels or duration of exposure necessary to induce hematuria, Harris, et al. 

(1946) detected levels of 10 ma/l and 20 ma/l in drinking water aboard two 

shies at the time of the hematuria outbreak. 
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Crenation of intact erythrocytes by 1 mM 2,3,6-T3P has been notsd ::I 

Sheetz and Singer (1976) with lysing occurring at higher concentrations. 

2,3,6-T?i? has also been observed to affect glycolysis in human red blgod 

cells in vitro by affecting ATP production and consumption, although the ex- -- 

act mechanism has not been determined (Vestergaard-Bogind and Lunn, 1977). 

Pugh and Stone (1968) noted that from 6 to 11 mg/kg 2,4,6-TNP administered 

intravenously to anesthetized dogs results in a moderate increase in bile 

flow and a rise in body temperature. The clinical significance of these ef- 

fects is unknown. 

Synerqism and/or Antagonism 

Information on synergistic or antagonistic effects involving 2,4,6-%P 

is scant in the literature. An interesting study by Huidobro (1971) demon- 

strated that administration of 50 mg of 2,4,6-TNP kg of body weight 30 

minutes before the administration of a number of analgesic drugs resulted in 

a significant increase in the area of analgesia induced by the opioids and 

the minor analgesics employed. 2,4,6-TNP did not, itself, evoke analgesia, 

The compounds tested included: morphine, meperidine, methadone, pentazocine, 

aminopyrine, sodium salicilate, and etonitatene. The investigators suggest- 

ed that the elimination or metabolism of the analgesics may be modified by 

an effect of 2,4,6-TNP on enzymatic systems. However, further investigation 

is needed to definitively answer this question. 

Teratogenicity 

Pertinent information could not be located in the available literature 

on possible teratogenic effects of 2,4,6-TNP. 

Mutagenicity 

Streptomycin-independent mutants were induced in streptomycin-requirlnq 

g. coli BISd-4 after preincubation in the presence of 0.18 percent 2,4,5-T'i? 
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for three hours before elating on streptomycin free agar (Demerec, et al. 

1951) Yoshikawa, et al. (1976) reported that 2,4,6-TNP was capable of in- 

ducing mutations in Salmonella, when tested in a system which included mic- 

rosomal activation. In contrast, Auerbach and Robson (1947) failed to 

demonstrate sex-linked lethals in Drosophila after bathing the eggs in an 

aqueous solution of 2,4,6-TNP. Other data on possible mutagenic properties 

of 2,4,6-TNP were not found. 

Carcinoaenicity 

Pertinent data could not be located in the available literature on pos- 

sible carcinogenic effects of 2,4,6-TNP. 
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DINITROCRESOLS 

Mammalian Toxicology and Human Health Effects 

INTRODUCTION 

Dinitro-ortho-cresol is a yellow crystalline solid derived from o-cre- 

sol. There are six possible isomers but the 4,6-dinitro-o-cresol isomer is 

the only one of any commercial importance. In fact, a comprehensive search 

of the literature failed to reveal information on any of the other five 

dinitrocresol isomers. 

4,6-Dinitro-o-cresol (hereafter referred to as DNOC) is produced either 

by sulfonation of o-cresol followed by treatment with nitric acid or by 

treatment of o-cresol in glacial acetic acid with nitric acid at low temper- 

ature. Some important chemical and physical properties of DNOC are shown in 

Table 10 and Figure 4. 

An excellent review of the toxicological effects of DNOC on human and 

laboratory animals has recently been published by the National Institute for 

Occupational Safety and Health (NIOSH, 1978). In view of the comprehensive 

coverage of both English and foreign language literature, no attempt will be 

made to duplicate this impressive effort within this criterion document. 

Key papers and frequent reference to the NIOSH review will be used where the 

available literature does not contain information directly relevant to cri- 

teria formulation. 

DNOC usage in the U.S. has declined in recent years because the compound 

is highly toxic to plants in the growth stage and nonselectively kills both 

desirable and undesirable vegetation. Additionally, the compound is highly 

toxic to humans and is considered one of the more dangerous agricultural 

pesticides. 
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TABLE 10 

Properties of 4,6-Dinitro-o-cresol 

Molecular Weight 198.13 

Appearance Yellow Solid 

Melting Point 85.8°C 

Vapor Pressure 0.000052 mm Hg at 20°C 

Water Solubility 100 mg/l at 2O°C 

pKa 4.46 
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4,6-Oinitro-o-cresol (DNOC) 

FIGURE 4 

Dinitrocresols 

C-66 



The Environmental Protection Agency has no record of DNOC being current- 

ly manufactured in the United States for use as an agricultural chemical. 

!mports of DNOC have also decreased in recent years; from 217,899 lbs. in 

1972 to 146,621 lbs. in 1973 and then to 30,442 lbs. in 1976 (NIOSH, 1978). 

Since DNOC is not manufactured in the U.S., pesticide formulators and soray- 

ers are the ma.jor groups with potential occupational exposure to DNOC. 

DNOC is used primarily as a blossom-thinning agent on fruit trees and as 

a fungicide, insecticide, and miticide on fruit trees during the dormant 

season. NIOSH (1978) estimates that 3,000 workers in the U.S. are potent- 

ially exposed to DNOC. In view of the small amount of ONOC used in the 

U.S., exposure of the general public is expected to be minimal. 

EXPOSURE 

Inaestion from Water 

Monitoring data on the presence of DNOC in ambient water are not avail- 

able. An unspecified amount of ONOC was detected in the waste waters of 

Fison's Pest Control Limited in Harston, Cambridge, England (Jenkins and 

Hawkes, 1961). Webb, et al. (1973) detected 18 mg DNOC/l in the waste water 

of a specialty chemical plant. The extent to which human exposure to ONOC 

results from the ingestion of contaminated water is unknown. 

Inaestion from Food 

No data are available on the presence or absence of DNOC residues in 

food for human consumption. Since the primary usage of the compound in- 

volves treatment of fruit trees during the dormant season, it appears un- 

likely that contamination of human food stuffs would occur to any large ex- 

tent. 

No measured steady-state bioconcentration factor (BCF) is available for 

any nitrophenols, but the equation "Loq BCF = (0.85 Log P) - 0.70" can be 
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used (Keith, et al. 1979) to estimate the steady-state 3CF for aquatic or- 

ganisms that contain about 7.6 percent lipids (Veith, 1980) from the oc- 

tanol/water partition coefficient (P). The 109 P values were obtained from 

Yansch and Leo (1979) or were calculated by the method described therein. 

The adjustment factor of 3.0/7.6 = 0.395 is used to adjust the estimated BCF 

from the 7.5 percent lipids on which the equation is based to the 3.0 per- 

cent lipids that is the weighted average for consumed fish and shellfish in 

order to obtain the weighted average bioconcentration factor for the edible 

oortion of all freshwater and estuarine aquatic organisms consumed by Ameri- 

cans. 

Inhalation 

4n evaluation of the literature (NIOSH, 1978) indicates that occupation- 

al injury and disease associated with exposure to DNOC results primarily 

from inhalation of, and skin contact with, the aerosol form. A large number 

of human intoxications, including fatalities, have been reported resulting 

from such DNOC exposure. Persons at risk include those manufacturing, form- 

ulatina, or aoolying the comoound as an aerosol. Inhalation exoosure to the 

general public is expected to be minimal although data addressing this point 

are not available. 

Dermal 

As mentioned in the preceeding section, occupational intoxication by ex- 

oosure to DNOC has occurred as a result of inhalation and dermal exposure 

where the compound is manufactured, formulated or applied. Dermal exposure 

of the general public is considered unlikely, however, direct data bearing 

on this ooint were not found. 

PHARYACOYIWETICS 

Absorotion 

DNOC is readily and rapidly absorbed through the skin, the qastrointest- 

inal tract and resoiratory tract in humans (NIOSH, 1978). Although most 
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Czjes 3i 3ct2pa ',isnal in+oxic3fi9n r?sLtlting irs"l 318X exposerP cantdin >oin 

a respiratory and a dermal comoonent, human intoxication has been reported 

as a result of dermal contact with ONOC alone. 

In a report from the Russian literature (auchinskii, 1974) a four-year- 

old boy was fatally intoxicated after a rash had been treated with 50 g of 

an ointment to which 25 percent DNOC was added by mistake. Stott (1956) re- 

ported two cases of DNOC poisoning resulting from skin absorption. The two 

men were involved in the cleaning and maintenance of aircraft booms used to 

spray solutions of DNOC. Since neither man worked near the actual opera- 

tion, and both denied blowing into the spray jet to clean them, Scott (1956) 

concluded that the major route of exposure was skin contact. 

Work by Harvey, et al. (1951) indicates that DNOC is rapidly absorbed by 

the human gastrointestinal tract. These investigators described the effects 

of DNOC taken orally by five male volunteers. It was noted the DNOC -levels 

in the blood increased steadily after administration and were maximal from 

two to four hours after ingestion. Van Noort, et al. (1960) investigated 

the effectiveness of personal protective equipment used by 24 sprayers in 

Holland. Serum DNOC levels and the quanitity of DNOC used were determined . 

in a three-week spraying period. Their findings indic.ated that both inhala- 

tion and dermal contact with DNOC can lead to an appreciable absorption into 

the blood stream. 

Experimental animal studies, reviewed by NIOSH (1978), also have con- 

1, inhalation, and firmed the toxicity of DNOC 

dermal routes. 

Distribution 

in humans exposed by the ora 

Whether absorption of DNOC occurs through the skin, gastrointestinal 

tract, or respiratory tract, the compound is transported in and distributed 

by the blood (NIOSH, 1978). Harvey, et al. (1951) described the effect of 
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DNOC taken orally by five male volunteers. Caasules r,ontairling 75 -3 36 

oure DNOC were administered daily for five consecutive days amounting t3 a 

t,otal dose of from 0.95 to 1.27 mglkglday. The concentration of DNOC in the 

blood increased in the first three to four days and reached concentrations 

of 15 to 20 mg/kg. After concentrations of 15 to 20 mg/kg had been ob- 

tained, additional doses aopeared to cause temporary high blood concentra- 

tions which were associated with toxic symptoms. 

Blood analysis of humans displaying symptoms of DNOC toxicity has invar- 

iably revealed concentrations exceeding 10 mg/kg (NIOSH, 1978). 

In studies conducted to determine the kinetics of absorption and distri- 

bution, DNOC has not been shown to accumulate in the blood of Jarious animal 

soecies (King and Harvey, 1953a; Parker, et al. 1951). In rats and rabbits 

that were given two or more daily injections of DNOC subcutaneously, serum 

levels on succeeding days were no higher than they were 24 hours after the 

first dose (Parker, et al. 1951). Serum levels in dogs rose for the first 

three days but then decreased despite the administration of two additional 

doses. 

DNOC is more raoidly eliminated from the blood of animals than from the 

blood of humans (King and Harvey, 1953b; Parker, et al. 1951; Harvey, et al. 

1951). Within a 24-hour period following a single subcutaneous injection of 

DNOC, elimination from the serum of rabbits was nearly complete. Four days 

were necessary for serum clearance in rats and cats, while six days were re- 

auired for elimination from the serum of dogs (Parker, et al. 1951). DNOC 

accumulated only slightly in the blood when given to rats by stomach tube or 

i.p. injection and did not accumulate in the blood of rabbits after adminis- 

tration by stomach tube (King and Harvey, 1953a). 
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The accdnulation of DNDC in the blgod 3 f hunarls foliowin g:KlC exposgre 

has been we!1 documented (uarvey, et al. 1951; Sidstruo, et al. 1952). The 

accumulative effect may reflect the binding of DNOC with albumin in the 

blood and a subsequent slow rate of excretion in humans (Harvey, et al. 

1951). 

DNOC is slowly eliminated from humans, The investigations by !-iarvey, et 

al, (1951) indicated detectable amounts of DNOC in the blood (1 mg/kg) as 

long as 40 days following the last of five consecutive daily oral doses in 

human volunteers. Another study (Van Noort, et al. 1960; reviewed by NIOSH, 

1978) showed that it took two to eight weeks for DNOC to be cleared from the 

serum. 

Parker, et al. (1951) studied the tissue distribution of DNOC following 

subcutaneous injection in the rat. They noted that a single dose of 10 

mg/kg DNOC oroduced very high levels in the serum (100 mg/l at 30 min) but 

no accumulation in other tissues was detected. The lungs and heart con- 

tained high levels of DNOC but the investigators postulated that these 

levels were the highest due to the h.igh blood content of these organs. The 

investigators calculated that within 30 minutes of the injection, 83 percent 

of the DNOC that could be accounted for was present in the blood. Six hours 

after the injection, 0.37 mg of the 1.5 mg dose of DNOC could be accounted 

for, of which 72 percent was in the blood. 

DNOC content of a number of tissues was determined in rats receiving a 

single subcutaneous injection of the compound (Parker, et al. 1951). The 

results, presented in Table 11, clearly indicate the DNOC failed to accumu- 

late in the tissues. 

In another experiment Parker, et al. (1951) failed to detect significant 

DNOC accumulation in liver or kidney tissue of rats after 40 successive 

daily injections of 20 q/kg DNOC. 

c-71 



L n, 
I 

Y L vu 
o~oooom

 
. 

. 
. 

_ 
. 

_ 
_ 

I 

w
 

C
 v m
 

z 



In a single study reviewed by YIOSH (1978) Sovljanski, et al. (1971) 

discussed tissue distribution of DNOC in humans. Autopsy results of two 

victims, who had commmitted suicide by ingestion of DNOC, yielded detectable 

D:JOC in the stomach, intestines, liver, kidneys, heart, and brain, with the 

stomach containing the greatest amount. Neither blood DNOC levels nor quan- 

titative data on tissue levels were reported. 

Steer (1951), on the other hand, demonstrated that the tissues of a 

fatal case of DNOC poisoning contained no more than 5 mg/kg of DNOC and many 

contained 1 mgikg or less. 

According to King and Harvey (1953b) the accumulation of ONOC in man can 

be explained in two ways; either the detoxification and excretion are very 

slow or there is some storage of DNOC in body tissues. Based on their cal- 

culation of excretion kinetics in man, the investigators suggested that de- 

toxification and excretion of DNOC are inefficient and slow in humans. 

None of the availab.le data suggest significant accumulation of DNOC in 

specific tissues of humans or experimental animals (NIOSH, 1978). 

Metabolism 

The metabolism of ONOC in humans has not been studied. However, several 

investigators have conducted experiments to determine the rate of DNOC after 

its administration to animals. 

Truhaut and De Lavaur (1967) reported on the metabolism of DNOC in rab- 

bits. Following the administration of DNOC by gastric intubation, both DNOC 

and 6-amino-4-nitro-o-cresol were detected in liver, kidney, brain, and 

urine of animals. 4-Amino-Gnitro-o-cresol was not detected in the ani- 

mals. It was concluded by the investigators that the ratio of 6-amino-4- 

nitro-o-cresol to DNOC in the tissue and urine was a function of the dose of 

DNOC administered to the animal. When a low dose of DNOC was administered, 
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IL-l- j-amino-Lnitro-o-cresol Has detected in either the Jrine or 

tissues. The authors considered the metabolism of DNOC to 6-amino-4-vitro- 

o-cresol a detoxification mechanism that plays an important role only zrhen a 

tox'c dose of DZOC is administered. They further suggested that the ratio 

of S-amino-4-nitro-o-cresol to DNOC might be a useful indicator in evalua- 

tion of the severity of exposure to DNOC. 

The metabolic fate of DNOC in rabbits was also investigated by Smith, et 

al. (1953). Following administration of 20 to 30 mg/kg DNOC to rabbits by 

stonlach tube, urinary metabolites were identified by paper chromatography 

and spectrophotometry. Less than 20 percent of the dose was recovered in 

the urine in two days. Between 5 and 5.5 percent was detected as free DNOC, 

and 0.7 percent as DNOC conjugates. The conjugates were not characterized 

by the investigators. Most of the urinary metabolites (about 12 percent of 

the dose) were derivatives of 6-amino-4-nitro-o-cresol. About 1.5 percent 

of the dose was excreted as 6-acetamido-4-nitro-o-cresol, and 9 to 10.5 per- 

cent as the hydroxyl group conjugate. Traces of 6-amino-4-nitro-o-cresol, 

4-amino-6-nitro-o-cresol, and 3-amino-5-nitrosalicylic acid were also de- 

tected. 

Since the detoxification and excretion of DNOC in man are very slow com- 

pared to rats or rabbits (King and Harvey, 1953b), the applicability of the 

experimental animal detoxification mechanism to the human situation is un- 

known. The elucidation of DNOC detoxification mechanism in humans awaits 

further investigation. 

Excretion 

Available data indicate that DNOC is rapidly excreted following adminis- 

tration to experimental animals. Parker, et al. (1951) found that DNOC in- 

jected subcutaneously disappeared from the blood at various rates in differ- 
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ent S?"'CiSS. Single 10 mglkg doses of 3XOC 'tiere administered jdbcJtanequs:y 

to an unspecified number of dogs, cats, rabbits, and rats. DNOC given in 

one injection was completely eliminated from the serum of rabbits within 24 

hgurs, while blood DlhrOC levels were between 30 and 40 mg/l in the rats, 

cats, and dogs at this time. It took four days for DNOC blood levels to 

fall to zero in rats and cats, and six days in dogs. The half-time for 

elimination of DNOC from the blood after a single injection of 10 mg/kg 3NOC 

was approximately three hours in the rabbit, 15 hours in the rat, 20 hours 

in the cat, and 36 hours in the dog. 

Lawford, et al. (1954) reported that animals eliminated DNOC from the 

blood in the following descending order of efficiency: mouse, rabbit, guinea 

pig, rat, and monkey. 

DNOC is eliminated in the blood of animals faster than it is from the 

blood of humans (King and Harvey, 1953b; Parker, et al. 1951). King and 

Harvey (1953b) calculated the half-time for elimination of DNOC from the 

blood of rats, rabbits, and humans. The values were 28.5 hours, 6.6 hours, 

and 153.6 hours, respectively. 

Pollard and Filbee (1951) reported on the urinary excretion of DNOC from 

a seriously poisoned man in Great Britain. The man was admitted to the hos- 

pital and full biochemical investigations were performed immediately after 

admission. The man recovered almost totally from the poisoning episode 

within five days. However, DNOC levels of 4 mgll were still detected in the 

blood one month following the exposure. Blood DNOC level was reported to 

fall in an exponential fashion. 

Van Noort, et al. (1960) measured the serum DNOC levels in ten spraymen 

on a weekly basis for two months after the spraying period ended. They 

found the DNOC was eliminated from the serum slowly and that the rate varied 
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fr-on individual to ind'vidual. TAO t.3 ei;it ,deekS e13Dsed before ?IrOC ,qas 

cleared comoletely from the serum of these workers. The amount of ti:e 

needed for DAOC to be totally eliminated was directly related to the quan- 

tity of 3:;OIC in the ser';m on the last day of exposure. 

In exoeriTents where DNOC was orally administered to five human volJn- 

teers, Harvey, et al. (1951) demonstrated that DNOC, absorbed by ingestion 

at 24-hour intervals accumulates in the human body and is excreted slowly. 

Forty days after the last dose of DNOC was orally administered by mouth, 1 

to 1.5 mg/l DNOC was still present in the blood. 

The exoerimental evidence suggests, therefore, that a substantial dif- 

ference in the excretion patterns of humans vs. experimental animals ex- 

ists. Since storage of DNOC in the tissues of humans has not been reported, 

it is concluded that slow and inefficient detoxification or excretion orob- 

ably occurs in humans. 

Occupational studies (NIOSH, 1978) have long utilized serum levels of 

D::OC in order to assess exposure of humans to dangerous amounts of the com- 

pounds. A review of the literature (NIOSH, 1978) indicates that workers 

with DVOC concentrations of 40 mg/kg of whole blood (approximately 80 mg/l 

of serum) or greater will most likely develop toxic effects. In addition, 

in the concentration range between 20 and 40 mg/kg of whole blood (probably 

because of variation in individual susceptibility) some workers are affected 

and others show no adverse effects. Most workers with blood DNOC levels be- 

low 20 mg/kg are not affected, although because of individual susceptibil- 

ity, some exhibited mild effects. The blood level of 20 mg/kg has been used 

as a maximum permissible level for industrial or agricultural workers uti- 

lizing the compound during employment. 
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Sidstruo, et al. (1952) recommeded that a person should be removed frgn 

further contact with DNOC for at least six weeks if the blood level eight 

hours after the last exposure was 20 mg/kg or higher. 

Luther data on the elimination of DNOC from humans were not found. 

EFFECTS 

Acute, Subacute, and Chronic Toxicity 

The acute toxic dose of DNOC with different routes of administration, 

has been determined for a number of different experimental animal species. 

These data have been compiled and presented in Table 12. 

Although the available human toxicity data do not permit the calculation 

of the acute lethal dose for DNOC in humans, it has been estimated (Fair- 

child, 1977) that 5 mg/kg may prove lethal to humans. 

A large number of occupational and nonoccupational poisonings of humans 

by DNOC have been reviewed by NIOSH (1978). The available literature con- 

cerning humans indicates that DNOC may be absorbed in acutely toxic amounts 

though the respiratory and gastrointestinal tracts and through the skin, and 

that it accumulates in the blood. Individuals exposed to DNOC by these 

routes usually demonstrate signs of increased metabolic rate. Symptoms of 

poisoning include profuse sweating, malaise, thirst, lassitude, loss of 

weight, headache, a sensation of heat, and yellow staining of the skin, 

hair, sclera, and conjunctiva. 

In additon to the effects associated with increased metabolism, other 

effects occasionally reported in humans poisoned by DNOC included kidney 

damage, diarrhea, unspecified changes in the gastrointestinal tract, in the 

cardiovascular system, and in the peripheral vascular and central nervous 

systems. 
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TA3LE 12 

Acute Toxicity of 4,6-Dinitro-o-cresol 

Species 
Dose 

hg1kg) 
Route of 

Administration Effects References 

qouse 
Rabbit 
Guinea Pig 
Rat 
Rat 
Rat 
Rat 
Youse 
Youse 
Yare 
Cat 
Pheasant 
Partridge 
Rat 
Rat 
Youse 
Rat 
Goat 
909 
Dog 
Dog 
Pigeon 

187 
1000 
500 

85 
30 
40 
30 
47 
16.4 
24.8 
50 

8.4 

26%i 
20 
24.2 
2a.6 

:z 
5 

10 
5 

Dermal LOSO 
Dermal 

Arustamyan, 1972 
LO50 Burkatskaya, 1965 

Oermal 100% Lethal Spencer, et al. 1948 
Oral LO50 Burkatskay, 1965 
Oral ML0 Ambrose, 1942 
Oral 100% Lethal Ambrose, 1942 
Oral Lb0 Spencer, et al. 1948 
Oral LO50 Burkatsukaya, 1965 
Oral LO50 Arustamyan; 1972 
Oral LOSO Janda, 1970 
Oral LO50 Burkatsukaya, 1965 
Oral LO50 Janda, 1970 
Oral LO50 Janda, 1970 
S.C. LD50 Harvey, 1952 
S.C. MLD Ambrose, 1942 
S.C. LD50 Parker, et al. 1951 
S.C. LOSO Spector, 1956 
S.C. LO50 Ambrose, 1942 
i.v. LD Soector, 1956 
i.m. LD Spector, 1956 
i.p. LD Soector, 1956 
i.m. LD Spector, 1956 

ML0 = Minimum Lethal Dose 
S.C. = subcutaneous 
i.m. =: intramuscular 
i.v. = intravenous 
i.p. = intraperitoneal 
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ability to uncouple the oxidative phosphorylation process. 3:dOC is an ex- 

treqely potent uncoupler of oxidative phosphorylation. This effect results 

in t?e decreased formation of adenosine triphosphate (AT?) and a resulting 

inhibitory effect of enzyme reactions requiring ATP. Such a toxicant is ex- 

pected to have extreme and profound effects on all tissues where the concen- 

tration of the chemical is high enough to severely affect oxidative phos- 

ohorylation. Since energy generated in the body cannot be converted to its 

us*Jal form (ATP) in the presence of DNOC, it is released as heat instead, 

causing many of the commonly observed signs and symptoms of DNOC toxicity. 

Several investigators have correlated blood DNOC levels with the sever- 

ity of toxic effects in humans (Harvey, et al. 1951; Bidstrup, et al. 1952; 

?ollard and Filbee, 1951) and have shown that, unlike the situation in ani- 

mals, 3NOC accumulates in the blood of humans. Accumulation is believed to 

occur as a result of ONOC binding to albumin in the blood (Harvey, et al. 

1965). In one of the few cases where DNOC in the blood of a poisoned human 

94~3s monitored throughout his recovery period, (Pollard and Filbee, 1951) the 

severity of the symptoms decreased as blood levels of DNOC decreased. Data 

on blood DNOC levels in humans and the accompanying effects are compiled and 

presented in Table 13. The data show that workers with DNOC concentrations 

of 40 mglkg of who1 e blood (approximately 80 mg/l of serum) or greater will 

nest likely develop toxic effects. In the concentration range between 20 

and 40 mg/kg of whole blood, some workers are affected and others show no 

adverse effects (probably because of differences in individual susceptibil- 

ity). Yost individuals with blood levels of ONOC below 20 mglkg were not 

affected, although some exhibited mild effects. As the data in Table 4 sug- 

9-b most investigators have concluded that blood ONOC levels are associ- 

sted with the severity of intoxication in humans (NIOSH, 1978). 
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in csrwaring studies on blood 3?JOC levels, certain orecautions must 35 

taken when correlating the results. It has been reported that over 90 per- 

cent of the DFIOC detected in the blood is found in serum (Parker, et al. 

1951) Ind that most of this amount is bound to albumin in humans (Harvey, et 

al. 1951). A comparison of numerically similar blood DNOC levels expressed 

as weight/volume of serum with those expressed as weight/weight of whole 

blood can therefore only be done by approximate conversions. Any given DNOC 

serum level will have a lower value when expressed per unit of whole blood. 

It is impossible to develop a dose-response relationship for occupa- 

tional DNOC poisoning in humans since air concentrations of DNOC are rarely 

reported and the exposure time of poisoned individuals is highly variable. 

In most cases of human poisoning total exposure amounts can only be esti- 

mated. This lack of data make's assessment of a minimum toxic dose for 

humans extremely difficult. Several studies however, where the oral tox- 

icity of ONOC has been assessed in humans, shed some light on this question. 

Harvey, et al. (1951) orally administered DNOC to five male volunteers 

and studied both the resulting blood. levels and toxic effects. Each man was 

given capsules containing 75 mg of pure DNOC daily for five consecutive 

days, amounting to a total dose of 0.92 to 1.27 mg/kg/day. The men exper- 

ienced an exaggerated sense of well-being when blood levels were about 20 

mglkg. Headache, lassitude, and malaise were associated with DNOC blood 

levels of 40 to 48 mg/kg. Although individual variation was evident in 

these experiments, it is obvious that chronic administration of 1 mglkglday 

DNOC to healthy humans may result in signs of toxicity. The eXaggeFated 

sense of well-being described by Harvey, et al. (1951) is a typical sign of 

impending toxic effects among agricultural workers exposed to DNOC. 
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DNOC was introduced in 1933 as an alternative to dinitrophenol for tie 

treatment of obesity (NIOSH, 1978). Many poisonings, and some deaths, re- 

sulting from overdoses were reported, as well as the development of catar- 

acts in some patients, months after they had stopped taking DNOC. Some 

patients developed symptoms of DNOC poisoning at the accepted theraputic 

dose level. Signs and symptoms of DNOC intoxication including thirst, 

fatigue, excessive sweating, decreased appetite, and elevated basal metabol- 

ic rates, appeared in three persons who had taken as little as 0.35 to 1.5 

mglkglday of DNOC for up to 9 weeks (Plott, 1936). Hunter (1950) noted 

that, although, less than one percent of those individuals treated with DNOC 

developed complications, he considered the difficulty of setting a safe dose 

for each individual to be the reason that its use as an aid to weight loss 

was discontinued. 

Although DNOC is considered a cumulative poison in humans, probably as a 

result of slow metabolism and inefficient excretion, true chronic or sub- 

acute effects (with the possible exception of cataract formation) have never 

been reported in either human or experimental animals. Signs and symptoms 

of toxicity occur when the total body burden exceeds a threshold level. The 

toxic effects noted after either acute or chronic administration are similar 

in quality and their severity appears to be correlated. with DNOC blood 

levels (and by inference, total body burden). It is generally agreed that 

the toxic manifestations of DNOC result from its potent effects on metabol- 

ism (NIOSH, 1978). 

Several long-term studies designed to determine dietary levels of DNOC 

necessary to cause toxic symptoms in experimental animals have been con- 

ducted. Spencer, et al. (1948) maintained rats on a diet containing DNOC 

for six months. Growth curves, periodic blood counts, analyses of urea- 
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qitroge'1, aorqa? ;vei:ht,s, and nistrzpaf9o:g;Yca! exa?i?at+3ns twerp Der-igry: 

on a‘1 animals. IO ad,Jerse effects 01 these parameters were detectsd ancr:'; 

r:ts fed diets containing 100 mg 3:rCJCikg food. Figher concentrations in the 

L'iet ,?padaced effects that nay be attributed to the action of Cl:-rOC as a 

vetaSo:ic s:im:ant. Such effects included: weight loss OF poor *weight 

gain, marked emaciation, a hungry, thin, and unkempt appearance, and minor 

h'stooathological effects on the liver, kidneys, and spleen at the highest 

dose level (1,000 mg DNOC/kg food), For water, a concentration of approxi- 

mately one-half the dietary intake *will result in the eouivalent dosage on a 

body weight basis (assuming a fluid intake two times the dry matter in- 

t a,ke) . Thus, the no-observable-effect-level for DNOC in rats, if all 3XlZ 

were derived from drinking water, would be 200 mg/l. 

In a si,milar study, Ambrose (1942) reported no observable effect on rats 

fed diets containing 63 mg OKOC/kg food for 105 days. At DNOC levels of 125 

mg/kg food, 60 percent of the animals died. At necropsy and histopathologi- 

cal examination, the tissues of all rats receiving the drug for 30 days or 

more failed to show any characteristic lesions that could be ascribed to the 

drug. The no-effect-level calculated for DNOC in drinking water was 126 

mg/l. 

When ONOC was administered in the diet of rats by Parker, et al. (1951) 

poisoning was only observed when the calculated daily intake of the drug 

greatly exceeded the single lethal dose. At a level of 200 mg ONOC/kg food, 

rats grew normally during an observation period of 18 weeks. 

A federal workplace environmental 1 imit of 0.2 mg/m3 for DNOC has been 

recommended by NIOSH (1978). The limit was based on the following consider- 

ations: a study from the Russian literature (Burkatskaya, 1965) documented 

the lowest airborne ONOC levels, found in the literature, associated with 
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health effects in iumanS. Exposure to airborne ONOC at concentrations that 

averaged 0.9 mg/m3 oroduced unspecified changes in the cardiovascular sys- 

tem, the central and autonomic nervous systems, the gastrointestinal tract, 

and the cell pattern of the peripheral blood of workers involved in manufac- 

turing and applying DNOC. In agricultural workers exposed to DNOC at an 

average concentration of 0.7 mglm3, slight unspecified changes in the 

blood and autonomic nervous system were observed. 

Another study (Batchelor, et al. 1956) revealed that agricultural spray- 

ers exposed to an airborne DNOC concentration about 0.23 mg/mJ failed to 

demonstrate adverse effects of the compound. No symptoms of poisoning were 

observed and blood DNOC levels were well below those associated with toxic 

effects. 

In the study by Burkatskaya (1965) the effect of airborne DNOC on cats 

was examined. Cats exposed at 0.2 mg/m3 for two or three months had 

slightly increased body temperatures and leucocyte counts and decreased hem- 

oglobin concentrations, erythrocyte counts, and catalase and peroxidase ac- 

tivities. The changes, which were characterized as slight and transient, 

occurred after one to two weeks but further exposure produced no additional 

effects. 

The report by NIOSH (1978) concludes "since only slight effects were 

seen in workers exposed to ONOC at an average concentration as low as 0.7 

mglm-' for an unspecified duration, and since short-term exposure at 0.2 

mglm' had no lasting effect on cats." NIOSH recommends that the current 

federal workplace environmental limit of 0.2 mg/m3 be retained. 

It is possible to calculate the anticipated daily exposure of a 70 kg 

human male exposed to DNOC at 0.2 mg/m3 for an 8-hour period. If one as- 

sumed the average minute volume was 28.6 1 of air/minute (NIOSH, 1973) the 

anticipated daily exposure is 39 ug/kg/day. 
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If one 3sssres '.?a! ?bS?'!l~;?n of 3PJSC 2cfoss the respirator-y tr?c: 'j 

identical to gastrointestinal absorption, and that a 70 kg human male con- 

sumes 2.0 liters of water daily, the following calculation indicates the 

maximum allowable levels of DNOC in drinking water based on the :~I0Sif 

recommendation for workplace air. 

39 uglkgiday x 70 kg = 2.73 mg/day 

2.75 mglday = 1.38 mg/l 
2 l/day 

Although NIOSH (1978) states "the standard was not designed for the pop- 

ulation-at-large, and any extrapolation beyond the occupational environment- 

is not warranted," development of a baseline level for chronic human effects 

using the same data used by NIOSH appears to be a reasonable approach to the 

development of a water criterion. 

In summary, daily human exposure to 0.35 mg/kg ONOC may result in signs 

of intoxication in humans. Some persons develop cataracts as a result of 

chronic exposure to DNOC, but the no-effect-level for cataracts cannot be 

calculated. Although true "chronic" effects of DNOC have never been docu- 

mented, the compound accumulates in the human body and toxic symptoms may 

develop when blood levels exceed 20 mg/kg. Such symptoms have been observed 

in humans receiving as little as 0.35 mglkglday over a period of several 

weeks. The no-observable-effect-level for rats in long-term feeding studies 

has been variously reported as 63 mglkg food, 100 mg/kg food, and 200 mg/kg 

food. Based on the available human and experimental animal data, NIOSH 

(1978) has recommended a federal workplace limited of 0.2 DNOC/m3 air. 

Based on an estimate of rman exposure for an eight-hour work shift, it was 

calculated that a drinking lter level of 1.4 mg/l would result in a similar 

exposure to the general POpulatiod. 
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describing synergistic or antagonis tic effects associated 'with DNOC. 

T?rat7roqjcity -.,-d-I 

Pertinent information could not be located in the available literature 

regarding th e presence or absence of teratogenic properties of DNOC. 

Fluta;?nicity 

Andersen, et al. (1972) reported an evaluation of the ability of 113 

herbicides, including DNOC, to produce point mutations in histidine-depen- 

dent mutants of Salmonella typhimurium, bacteriophage T4, and in two PI1 

mutants of bacteriophage T4. The culture media were prepared by mixing 

freshly grown cultures of the mutants with soft agar and pouring into petri 

dishes. After the agar solidified, DNOC was applied to the surface of each 

plate. They found that the mutation frequency rates produced by DNOC were 

no greater than the spontaneous rates. 

:Ja9y, et al. (1975) tested DNOC for its ability to induce back-mutations 

of her+ and her- derivatives of g. coli WP2 Try- bacteria. DNOC failed to 

induce reverse mutations in this system. 

The difference in growth inhibitions of wild type Proteus mirabilis and 

the corresponding repair-deficient strain has been used by Adler, et al. 

(1976) as an indication of DNA damage. Evidence of DNA damage in the pres- 

ence of DNOC was reported. 

Information on the potential mutagenicity of DNOC for mammals is not 

available. 
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Carcinogenicity 

Spencer, et al. (1948) failed to report tumor formation in rats main- 

tained on diets containing DNOC for six moths. Similarly, no tumors were 

reported in rats maintained on diets containing DNOC for 105 days (Ambrose, 

1942) or 126 days (Parker, et al. 1951). 

No further information was found regarding the presence or absence of 

carcinogenic properties of DNOC. 
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CRITERIA FORMULATION 

Existing Guidelines and Standards 

U.S. standards for exposure to the nitrophenols or dinitrocresols in 

drinking or ambient water have not been set. 

Tie following limits for toxic substances in drinking water have been 

0.06 mg/l 

0.06 mg/l 

0.02 mg/l 

set in the USSR (Stofen, 1973): 

2-nitrophenol 

3-nitrophenol 

4-nitrophenol 

2,4-dinitrophenol 0.03 mg/l 

Based on organoleptic considerations, a limit of 0.5 mg/l for 2,4,6- 

trinitrophenol has been set by the USSR (Stofen, 1973). 

The maximum air concentration established by the American Conference of 

Governmental Industrial Hygienists (ACGIH, 1971) is 0.1 mg/m3 for 2,4,6- 

trinitrophenol and 0.2 mg/m3 for 4,6-dinitro-o-cresol for an eight-hour 

exposure (TLV). 

The Code of Federal Regulations (40 CFR Part 180) establishes a toler- 

ance of 0.02 mg/kg for residues of 4,6-dinitro-o-cresol and its sodium salt 

in or on apples resulting from applications to apple trees at the blossom 

stage as a fruit-thinning agent. 

Current Levels of Exposure 

Human exposure to the nitrophenols or dinitro-o-cresols has not been 

monitored. Unspecified amounts of 4-nitrophenol have been detected in sam- 

ples of urban ambient particulate matter. 

The photochemical reaction between benzene vapor and nitrogen monoxide 

results in the production of 2-nitrophenol, 4-nitrophenol, 2,4-nitrophenol, 

and 2,6-dinitrophenol under laboratory conditions and 4-nitrophenol has been 
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detected in rainwater in Japan. Available data indicate that the general 

public may be exposed to nitrophenols in the atmosphere when severe photo- 

chemical fog conditions develop. Quantitative estimates of such exposures 

are not possible at the present time. 

4-Nitrophenol has been detected in the urine of 1.0 percent of the gen- 

eral population at levels as high as 0.1 mg/l (with a mean urinary level of 

10 µg/l). 

If it is assumed that urinary residues of 4-nitrophenol reflect direct 

exposure to the compound, a pharmacokinetic estimate of exposure based on 

steady-state conditions can be made. The exposure level leading to the 1.0 

µg/l residue can be calculated as follows. 

Exposure = (10 µg/l) (1.4 1 of urine/day) = 0.02 µg/kg/day 

(70 kg/man) 

A similar calculation using the maximum urine residue level observed 

(113.µg/l) gives an exposure of 2.26 µg/kg/day. 

However, these urine levels are not believed to result from direct expo- 

sure to 4-nitrophenol. A number of widely used pesticides, including para- 

thion, are readily metabolized to 4-nitrophenol in the human body and are 

believed to be the source of 4-nitrophenol residues in human urine. 

Current levels of human exposure to the nitrophenols or dinitrophenols 

(with the possible exception of 4-nitrophenol) are either very low, nonexis- 

tent, or have gone undetected. In the absence of data any of the above 

could be operative. 

Special Groups at Risk 

The only individuals expected to be at risk for high exposure to the 

nitrophenols are industrial workers involved in the manufacture of compounds 

for which the nitrophenols are intermediates. Since picric acid (2,4,6-tri- 
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Chl oroohenol) 'nay find some 2se as an explosive, ?sr*nicide, ',anqiqg :<3?:, 

fungicice, tissue fixative, or industrial process material, a higher ris< gt 

exposure exists among personnel engaged in such operations. 

Although 4,6-dinitro-o-cresol (DYOC) is no longer manufactured in the 

U.S., a limited quantity is imported and used as a blossom-thinning agent on 

fruit trees and as a fungicide, insecticide, and miticide on fruit trees 

during the dormant season. Hence, individuals formulating or spraying the 

compound incur the highest risk of exposure to the compound. 

Sasis and Derivation of Criterion 

The cganoleptic thresholds for mononitrophenols in water range from 

0.24 to 359 mg/l. These levels, extracted from the Russian literature, are 

detection thresholds; acceptability thresholds from the standpoint of human 

consumption are not available. 

'rlith the exception of a sing1 

tilt-O -, data on chronic mammalian 

from the literature. 

e study abstracted from the Russian litera- 

effects of the mononitrophenols are absent 

The Russian investigation (Makhinya, 1969) was reported in abstract form 

only. Attempts to obtain the full report proved fruitless. The investiga- 

tors reported distinct cumulative toxic properties of the mononitrophenol 

isomers in mammals. Threshold levels for effects of mononitrophenols on 

conditioned reflexes were reported, but details of the experiment including 

animal species, mode of administration, duration of the experiment, and the 

exact parameters measured are not available. Hence, it does not seem pru- 

dent to develop a criterion based on these results. 

In the absence of data on chronic mammalian effects no water criterion 

for human health can be established for any of th: mononitrophenol isomers 

at this time. 
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Information on the dinitrophenol isomers is limited to 2,4-dinitrs- 

phenol. Spencer, et al. (1948)) in a six-month feeding study with rats ad- 

ministered 5 dietary levels of 2,4-dinitrophenol, demonstrated the no-ob- 

served-effect-level (NOEL) to be between 5.4 mg/kg and 20 mg/kg. Using the 

lower of the two figures and assuming a 70 kg man consumes 2 liters of water 

daily and 6.5 grams of contaminated fish having a BCF of 1.51 the corre- 

sponding NOEL for humans based on the results obtained in tats 

may be calculated as follows: 

5.4 mg/kg x 70 kg = 378 mg 

378 mg = 188 mg/l 
2 liters + (1.51 x 0.0065) x 1.0 

Based on these calculations, no biological effect would be predicted in 

a man drinking water containing 2.,4-ONP at 188 mg/l. 

Experience with the use of 2,4-DNP as an anti-obesity drug in the 1930's 

indicates that adverse, effects, including cataract formation, may occur in 

llclmans exposed to as I ittle as 2 mglkglday. The drug was frequently used in 

an uncontrolled manner and the available data do not allow the calculation 

of a no-adverse-effect-level in humans. It is clear, however, that inges- 

tion of 2,4-ONP at 2 mglkglday for a protracted period may result in adverse 

effects, icluding cataracts, in a small proportion of the population. This 

dietary intake level consitutes a low-observed-adverse-effect-level 

(LOAEL). Assuming a 70 kg man consumes 2 1 of water daily and 6.5 grams of 

contaminated fish having a BCF of 1.51 and assuming 100 percent 

gastrointestinal absorption of 2,4-ONP, a 2 mg/kg dose of 2,4-W? 

would result if drinking water contained 2,4-DNP at 69.7 mg/l. 

2mq/kg/day x 70 kg = 69.7 (or - 70 mg/l) 

(2 liters + (1.51 x 0.0065) x 1.0 
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If exposure is assumed to result from the consumption of contaminated fish 

or shellfish only, the criterion is 14.3 mg/l. 

The available data are insufficient to enable calculation of water cri- 

terion levels for the remaining dinitrophenol isomers. For the present, it 

seems reasonable to assume that the 2,4-dinitrophenol criterion would be ap- 

for the other isomers. propriate 

Chron 

from the 

ic mammalian toxicilogy data for the trinitrophenols are absent 

literature. An outbreak of microscopic hematuria among shipboard 

U.S. Navy personnel exposed to 2,4,6-trinitrophenol in drinking water has 

been reported, however. It is not possible to precisely estimate either the 

2,4,6-trinitrophenol water level or duration of exposure required for the 

development of hematuria. Consequently, criteria for trinitrophenol cannot 

be derived. 

According to currerlt guidelines, extrapolation from a LOAEL rewires ap- 

plying an uncertainty factor of 10. Furthermore, in light of the demon- 

strated bacterial mutagenicity of 2,4-DNP (Demerec, et al. 1951) and the 

suspected ability of the compound to induce chromosomal breaks in mammals 

(Yitra, and Manna, 19711, an additional uncertainty factor of 100 must oe 

used in the criterion formulation. 

The suggested water criterion for 2,4-ONP is, therefore: 

70 mgll = 70 llg/l 
10 x 100 

Although 4,6-dinitro-o-cresol (DNOC) is considered a cumulative poison 

in humans, probably as a result of slow metabolism and inefficient excre- 

tion, true chronic or subacute effects have never been reported in either 

humans or experimental animals. Since ONOC is not a cumulative poison in 

experimental animals, extrapolation to humans from long-term animal studies 

is of questionable value. 
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The no-.~3;~r,/~j:~-~ff~c~-~~~l~~ ('4CEL) fzr s:tZi: pSjj/f3tzry ~s~Jcj4'~ ;*, 

humans has been reported as 0.2 ,mg/,m 3 air (YIOS;i, 1978). ?r;3SH ;13-2. 

has, in fact, recommended that the current federal workplace environmentai 

limit of 0.33 mg/m3 be retained, based on the available data. 

it is possible to calculate the anticipated daily exposure of a 70 kg 

human male exposed to 0.2 mgim3 for an eight-hour period. If one assJ:es 

the average minute volume is 28.5 1 of air/minute (NIOSH, 1978) the an- 

ticioated daily exposure is 39 uglkglday. If the no-observed-effect-levels 

(XOELS) are calculated from long-term experimental animal studies, consider- 

ably higher values are obtained. The NOEL from respiratory exposure to 

D:rOCs therefore is used as a basis for the water quality criterion. 

If one assumes that absorption of DNOC across the respiratory tract is 

identical to gastrointestinal absorption, and that a 70 kg human consumes 2 

1 of water daily and 6.5 g of contaminated fish having a BCF of 5.49, the 

following calculation based on the NIOSH recommendation indicates the 

maximum allowable levels of DNOC in drinking water: 

39 vglkglday x 70 kg = 2.73 mglday 

2.73 mglday = 1.34 mg/l 
2 1 + (5.49 x 0.0065) x 1.0 

In view of the lack of data indicating chronic effects and the ex 

very recent federal guideline for human exposure, an uncertainty 

istence 

of a factor 

of 100 is chosen for the protection of the general public. The suggested 

criterion for 4,6-dinitro-o-cresol is: 

F = 13.4 ug/l 

If exposure is assumed to be from the consumption of contaminated fish and 

shellfish only, the criterion level is 765 ug/l. 
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Suffic'e'lt data is not available *with SwhicCI to derive ?efens:::e I'*- 

terja for other dinitro-o-creso: isomers. 
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