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FOREWORD 

Section 304 (a)(1) 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)(1) 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)(1) 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 

CRITERIA DOCUMENT 

CHLORINATED PHENOLS 

Aquatic Life 

The available freshwater data for chlorinated phenols indicate 

that toxicity generally increases with increasing chlorination, and 

that acute toxicity occurs at concentrations as low as 30 µg/l for 

4-chloro-3-methylphenol to greater than 500,000 µg/l for other com- 

pounds. Chronic toxicity occurs at concentrations as low as 970 

µg/l for 2,4,6-trichlorophenol. Acute and chronic toxicity would 

occur at lower concentrations among species that are more sensitive 

than those tested. 

The available saltwater data for chlorinated phenols indicate 

that toxicity generally increases with increasing chlorination and 

that acute toxicity occurs at concentrations as low as 440 µg/l for 

2,3,5,6-tetrachlorophenol and 29,700 µg/l for 4-chlorophenol. 

Acute toxicity would occur at lower concentrations among species 

that are more sensitive than those tested. No data are available 

concerning the chronic toxicity of chlorinated phenols to sensitive 

saltwater aquatic life. 

Human Health 

Sufficient data are not available for 3-chlorophenol to derive 

a level which would protect against the potential toxicity of this 

compound. Using available organoleptic data, for controlling 

undesirable taste and odor qualities of ambient water, the esti- 

mated level is 0.1 µg/l. It should be recognized that organoleptic 

data as a basis for establishing a water quality criterion have 
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limitations and have no demonstrated relationship to potential 

adverse human health effects. 

Sufficient data are not available for 4-chlorophenol to derive 

a level which would protect against the potential toxicity of this 

compound. Using available organoleptic data, for controlling 

undesirable taste and odor qualities of ambient water, the esti- 

mated level is 0.1 vg/l. It should be recognized that organoleptic 

data as a basis for establishing a water quality criterion have 

limitations and have no demonstrated relationship to potential 

adverse human health effects. 

Sufficient data are not available for 2,3-dichlorophenol to 

derive a level which would protect against the potential toxicity 

of this compound. Using available organoleptic data, for controll- 

ing undesirable taste and odor qualities of ambient water, the 

estimated level is 0.04 ug/l. It should be recognized that organo- 

leptic data as a basis for establishing a water quality criterion 

have limitations and have no demonstrated relationship to potential 

adverse human health effects. 

Sufficient data are not available for 2,5-dichlorophenol to 

derive a level which would protect against the potential toxicity 

of this compound. Using available organoleptic data, for controll- 

ing undesirable taste and odor qualities of ambient water, the 

estimated level is 0.5 ug/l. It should be recognized that organo- 

leptic data as a basis for establishing a water quality criterion 

have limitations and have no demonstrated relationship to potential 

adverse human health effects. 
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Sufficient data are not available for 2,6-dichlorophenol to 

derive a level which would protect against the potential toxicity 

of this compound. Using available organoleptic data, for controll- 

ing undesirable taste and odor qualities of ambient water, the 

estimated level is 0.2 pg/l. It should be recognized that organo- 

leptic data as a basis for establishing a water quality criterion 

have limitations and have no demonstrated relationship to potential 

adverse human health effects. 

Sufficient data are not available for 3,4-dichlorophenol to 

derive a level which would protect against the potential toxicity 

of this compound. Using available organoleptic data, for controll- 

ing undesirable taste and odor qualities of ambient water, the 

estimated level is 0.3 ug/l. It should be recognized that organo- 

leptic data as a basis for establishing a water quality criterion 

have limitations and have no demonstrated relationship to potential 

adverse human health effects. 

For comparison purposes, two approaches were used to derive 

criterion levels for 2,4,5-trichlorophenol. Based on available 

toxicity data, for the protection of public health, the derived 

level is 2.6 mg/l. Using available organoleptic data, for con- 

trolling undesirable taste and odor quality of ambient water, the 

estimated level is 1.0 pg/l. It should be recognized that organo- 

leptic data as a basis for establishing a water quality criterion 

have limitations and have no demonstrated relationship to potential 

adverse human health effects. 

For the maximum protection of human health from the potential 

carcinogenic effects due to exposure of 2,4,6-trichlorophenol 

X 



through ingestion of contaminated water and contaminated aquatic 

organisms, the ambient water concentration should be zero based on 

the non-threshold assumption for this chemical. However, zero 

level may not be attainable at the present time. Therefore, the 

levels which may result in incremental increase of cancer risk over 

the lifetime are estimated at lo-', 10e6, and 10m7. The corres- 

ponding recommended criteria are 12 r(g/l, 1.2 pg/l, and 0.12 pg/l, 

respectively. If the above estimates are made for consumption of 

aquatic organisms only, excluding consumption of water, the levels 

are 36 ug/l, 3.6 pg/l, and 0.36 pg/l, respectively. Using avail- 

able organoleptic data, for controlling undesirable taste and odor 

qualities of ambient water, the estimated level is 2 pg/l. It 

should be recognized that organoleptic data as a basis for estab- 

lishing a water quality criterion have limitations and have no 

demonstrated relationship to potential adverse human health 

effects. 

Sufficient data are not available for 2,3,4,6-tetrachloro- 

phenol to derive a level which would protect against the potential 

toxicity of this compound. Using available organoleptic data, for 

controlling undesirable taste and odor qualities of ambient water, 

the estimated level is 1 pg/l. It should be recognized that organ- 

oleptic data as a basis for establishing a water quality criterion 

have limitations and have no demonstrated relationship to potential 

adverse human health effects. 

Sufficient data are not available for 2-methyl-4-chlorophenol 

to derive a criterion level which would protect against any poten- 

tial toxicity of this compound. Using available organoleptic data, 
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for controlling undesirable taste and odor qualities of ambient 

water, the estimated level is 1,800 ug/l. It should be recognized 

that organoleptic data as a basis for establishing a water quality 

criterion have limitations and have no demonstrated relationship to 

potential adverse human health effects. 

Sufficient data are not available for 3-methyl-4-chlorophenol 

to derive a criterion level which would protect against any poten- 

tial toxicity of this compound. Using available organoleptic data, 

for controlling undesirable taste and odor qualities of ambient 

water, the estimated level is 3,000 ug/l. It should be recognized 

that organoleptic data as a basis for establishing a water quality 

criterion have limitations and have no demonstrated relationship to 

potential adverse human health effects. 

Sufficient data are not available for 3-methyl-6-chlorophenol 

to derive a criterion level which would protect against any poten- 

tial toxicity of this compound. Using available organoleptic data, 

for controlling undesirable taste and odor qualities of ambient 

water, the estimated level is 20 pg/l. It should be recognized 

that organoleptic data as a basis for establishing a water quality 

criterion have limitations and have no demonstrated relationship to 

potential adverse human health effects. 
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INTRODUCTION 

The chlorinated phenols represent a group of commercially pro- 

duced, substituted phenols and cresols referred to as chlorophenols 

and chlorocresols. Chlorinated phenols are used as intermediates 

in the synthesis of dyes, pigments, phenolic resins, pesticides, 

and herbicides. Certain chlorophenols also are used directly as 

flea repellents, fungicides, wood preservatives, mold inhibitors, 

antiseptics, disinfectants, and antigumming agents for gasoline. 

(The compounds 2-chlorophenol, 2,4-dichlorophenol, and penta- 

chlorophenol are discussed in separate criteria documents.) 

The chlorinated phenols represent a group of substituted 

phenols and cresols prepared by direct chlorination or the hydrol- 

ysis of the higher chlorinated derivatives of benzene. Purified 

chlorinated phenols exist as colorless crystalline solids, with the 

exception of 2-chlorophenol which is a clear liquid, while the 

technical grades may be light tan or slightly pink due to impuri- 

ties (Bennett, 1962; Kirk and Othmer, 1964; Heilbron, et al. 1975; 

Sax, 1975; Weast, 1974; Windholz, 1976; Hawley, 1975). As a group, 

the chlorophenols are characterized by an odor which has been 

described as unpleasant, medicinal, pungent, phenolic, strong, or 

persistent (Kirk and Othmer, 1964; Sax, 1975; Lange, 1952). 

A summary of the various pertinent physical properties is pre- 

sented in Table 1. In general, the volatility of the compounds 

decreases and the melting and boiling points increase as the number 

of substituted chlorine atoms increases. The solubility of the 

chlorophenols and chlorocresols, with the exception of 2,4,6-tri- 

chloro-m-cresol, range from soluble to very soluble in relatively 
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TABLE 1 

Physical Properties of Chlorinated Phenols 

A-2 



TABLE 1 (Cont inoed) 

.___ .-_------- --- * -- ---.------------_- .---- ..___.___._. --_.----_____ ____....__-_____ -------- 

Vapor 
Pressure 

Water Sol. (mm Hg/ 
Compound MW PK (de:: C) (de:: C) Density (g/1009) deg. C) 
~-_______----_---.- ____._-_ -_----._-.--- _--_.--_ _ - - 

Chloro-m-cresols 
2---- 
4- 
6- 
2,4-di- 
2,6-di- 
4,6-di- 
2,4,6-tri- 
2,4,5,6-tetra- 

142.59 --- 55 
142.59 --- 43 
142.59 --- 45 
177.03 --- 27 
177.03 --- 58 
177.03 --- 72 
211.48 --- 45 
245.92 --- 189 

196 --- 31. 
220 --- 0.38 
196 --- S. 
241 --- --- 
235 --- --- 
235 --- --- 
265 --- 31. 
--- --- 3. 

Chloro-p-cresols --- 
2- 
3- 
2,6-di- 
2,3,5,6-tetra- 

142.59 --- --- 195.6 --- 31. 
142.59 --- 55 228 --- 3. 
177.03 --- 39 138 --- 31. 
245.42 --- 190 --- --- --- 

_--. _--- ____.____ -__-~.----_---- ___~----- 
l sl = slightly soluble; s = soluble. 
References: 
1. Bennett, 1962 
2. Kirk and Othmer, 1964 
3. Heilbron, et al. 1975 
4. Weast, 1978 
5. Sax, 1975 A-3 
6. Weast, 1974 
7. Wlndholz, 1976 
8. Pearce 6 Simkins. 1968 



non-polar solvents such as benzene and petroleum ether. Although 

chlorophenols are considered weak acids, they are stronger acids 

than phenol and can be converted to the corresponding phenoxide 

salt by various bases including sodium carbonate. The dissociation 

constants (pKa) for the chlorinated phenols progressively decrease 

with increased substitution of chlorine atoms into the aromatic 

ring. Although the solubility of chlorinated phenols in aqueous 

solutions is relatively low, it increases markedly when the pH of 

the solution exceeds the specific pKa, since the more readily sol- 

uble phenoxide salt is formed. The phenoxide salts are also more 

soluble than the corresponding phenol in water at neutral PH. 

A summary of the methods of synthesis and principal uses of 

the commercially most important chlorinated phenols is presented in 

Table 2. Since the hydroxyl group of the phenol molecule exerts a 

relatively strong ortho-para-directing influence over the electro- 

phylic substitution of chlorine atoms, the compounds preferentially 

formed during the direct chlorination of phenol are 4-chlorophenol, 

2-chlorophenol, 2,4-dichlorophenol, 2,6-dichlorophenol, 2,4,6-tri- 

chlorophenol, and 2,3,4,6-tetrachlorophenol. Other positional 

isomers may be synthesized by the hydrolysis of higher chloroben- 

zenes. Many of the chlorinated phenols have no commercial applica- 

tion presently due to their high cost of production, complex syn- 

thetic procedures, or lack of useful chemical, physical, or toxico- 

logical properties (Kirk and Othmer, 1964). These include 

3-chlorophenol, 2,3-dichlorophenol, 2,5-dichlorophenol, 3,4-di- 

chlorophenol, 3,5-dichlorophenol, 2,3,4-trichlorophenol, 2,3,5- 

trichlorophenol, 2,3,4,5-tetrachlorophenol, and 2,3,5,6-tetra- 
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Chlorinated Phenol -----PM 

4-chlorophenol 
(4-CP) 

2,4-dichlorophenol 
(2,4-DCP) 

2,4,5-trichloro- 
phenol (2,4,5- 
TCP) 

2,4,6-trichloro- 
phenol (2,4,6-TCP) 

2,3,4,6-tetra- 
. chlorophenol 

(2,3,4,6-TCP) 

Pentachlorophenol 
(P-1 

4-chloro-o-cresol 
(4-c-o-c) 

TABLE 2 

Summary of the Synthesis and Uses 
of Various Chlorinated Phenols 

Method of *thesis e-m- -.--- 

Direct chlorination 
of phenol 

Direct chlorination 
of phenol 

Hydrolysis of 1,2,4, 
5-tetrachlorobenzene 

Direct chlorination 
of phenol 

Direct chlorination 
of phenol or lower 
chlorophenols 

Direct chlorination 
of phenol or lower 
phenols 

Direct chlorination 
of o-cresol 

Principal Uses 

To produce 2,4-DCP, and a 
germicide 4-chlorophenol- 
o-cresol 

To produce herbicide 
2,4-D, also a mothproofing 
CM., an antiseptic and a 
miticide 

To produce defoliant 2,4,5-T 
and related products. Also 
used directly as a fungicide 
antimildew and preservative 
agent, algicide, bactericide 

To produce 2,3,4,6-TCP and 
PCP. Used directly as 
germicide, bactericide, 
glue and wood preservative 
and antimildew treatment 

Used directly as bac- 
tericide, fungicide, 
insecticide, wood and 
leather preservative 

Used directly as a wood 
preservative, herbicide, 
insecticide and moluscicide 

To produce the herbicide 
MCPA 
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chlorophenol. However, each of these compounds is produced to some 

extent as a oy-product during the production of the commercially 

important chlorophenols. From a commercial standpoint, 4-chloro-o- 

cresol is the most important of the chlorinated cresols (Kirk and 

Othmer, 1964). 

It is well known that the highly toxic polychlorinated 

dibenzo-p-dioxins may be formed during the chemical synthesis of 

some chlorophenols, and that the amount of contaminant formed is 

dependent upon tne temperature and pressure control of the reaction 

(Fishbein, 1973; Milnes, 1971; Schulz, 1968; Higgenbotham, et al. 

1968; Muelder and Shadoff, 1973). The toxicity of the dioxins 

varies with the position and number of substituted chlorined atoms 

and those containing chlorine in the 2,3 and 7 positions are par- 

ticularly toxic (Burger, 1973). The 2,3,7,8-tetrachlorodibenzo-p- 

dioxin (TCDD) is considered the most toxic of all the dioxins 

(Sparschu, et al. 1971). 

TCDD is apparently formed during the synthesis of 2,4,5-tri- 

chlorophenol and before 1968 was reported to be present in the sub- 

sequent product 2,4,5-trichlorophenoxy acetic acid (2,4,5-T) at 

levels up to 10 mg/kg (Kearney, et al. 1973; Fishbein, 1973). By 

1971 TCDD levels in commercial 2,4,5-T were below 1 mg/kg (Greig, 

et al. 1973; Hussain, et al. 1972) and are currently reported to be 

below 0.099 mg/kg (Dow, 1977). 

No TCDD was reported present in samples of commercial grade 

tetrachlorophenol although 28, 80, and 30 mg/kg of the hexachloro-, 

heptachloro-, and octachlorodibenzo-p-dioxins and 55, 100, and 25 

mg/kg of the hexachloro-, heptachloro-, and octachlorodibenzo- 
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furans were present, respectively (Schwetz, et al. 1974a). No TCDD 

has been reported present in commercial pentachlorophenol products 

although hexa-, hepta-, and octochlorodibenzo-p-dioxins have been 

detected at concentrations of 4 to 27 mg/kg, 125 mg/kg, and 50 to 

2,510 mg/kg, respectively (Johnson, et al. 1973; Jensen and Reu- 

berg, 1973; Schwetz, et al. 1974b). 

Evidence has accumulated that the various chlorophenols are 

formed as intermediate metabolites during the microbiological 

degradation of the herbicides 2,4-D and 2,4,5-T and pesticides 

Silve I@ , Ronne @ , lindane, and benzene hexachloride (Kearney and 

Kaufman, 1972; Steenson and Walker, 1957; Fernley and Evans, 1959; 

Loos, et al. 1967; Aly and Faust, 1964; Crosby and Tutass, 1966; 

watts and Stonherr, 1973; Crosby and Wong, 1973; GOtO, et al. 1972; 

Leng, 1976). In veiw of the information presented, it is clear 

that chlorinated phenols represent important compounds with regard 

to potential point source and non-point source water contamination. 

Chlorophenols may be produced inadvertently by chlorination 

reactions which take place during the disinfection of waste water 

effluents or drinking water sources. Phenol bas been reported to 

be highly reactive to chlorine in dilute aqueous solutions over a 

considerable pH range (Carlson and Caple, 1975; Middaugh and Davis, 

1976). The formation of 2- and 4-chlorophenol and higher phenols 

has been reported under conditions similar to those employed during 

the disinfection of waste water effluents (Aly, 1968; Barnhart and 

Campbell, 1972) and the synthesis of 2-chlorophenol took place in 

one hour in aqueous solutions containing as little as 10 mg/l 

phenol and 20 mg/l chlorine (Barnhart and Campbell, 1972). Other 
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studies have demonstratea the formation of up to 1.7 pg/l 2-chloro- 

phenol during the chlorination of sewage effluents and cooling 

tower waters (Jolly, 1973; Jolly, et al. 1975). 

Limited data are available on levels of chlorinated phenols 

present in industrial and municipal wastes, natural waters, drink- 

ing waters, or soils and sediments. 3-Chlorophenol, 4-chloro- 

phenol, and 4-chloro-3-methylphenol (4-chloro-m-cresol) have been 

identified in chlorinated samples of both primary and secondary 

effluents and pentachlorophenol was found in domestic sewage treat- 

ment effluents (U.S. EPA, 1975). However, no quantitative data 

were reported. Examples of some findings are: the presence of 

2,4-dichlorophenol in a local water intake system at a concentra- 

tion of 6.6 ug/l has been noted. Pentachlorophenol concentrations 

of 4.3 ug/l (1 to 5 ug/l range) in some sewage effluent have been 

reported. In another case, a river used as a drinking water supply 

contained 0.10 to 0.70 ug/l pentachlorophenol with 40 percent of 

these levels retained in the finished drinking water. The presence 

of 10 to 18 mg/l pentachlorophenol was found in a study of a small 

stream near a wood preservation site with surface oil slicks con- 

taining 5,800 mg/l pentachlorophenol. In the same study, penta- 

chlorophenol concentrations of 0.1 to 0.2 mg/l and 0.05 mg/l were 

found in samples taken l/2 mile and 2 miles downstream, respec- 

tively. 

It is generally accepted that chlorinated phenols will undergo 

pnotolysis in aqueous solutions as a result of ultraviolet irradia- 

tion and that photodegradation leads to the substitution of hy- 

droxyl groups in place of the chlorine atoms with subsequent poly- 



mer formation. Studies by Grabowski (1961) and Joschek and Miller 

(1966) indicated that UV irradiation of 2-chlorophenol produced 

catechol and/or 2,2-dihydroxydiphenyl. Omura and Matsuura (1971) 

reported that UV irradiation (290 mu) of 2-chlorophenol produced a 

complex mixture of products, including a large quantity of resinous 

material while the photolysis of 3-chlorophenol produced a high 

yield of resorcinol. Photolysis of 2,4-dichlorophenol in dilute 

aqueous solutions at a peak wavelength of 253.7 rnp was virtually 

complete within 2 to 40 minutes depending upon the pH (Aly and 

Faust, 1964). 

Other studies have demonstrated the photodegradation of 

2,4-dichlorophenol following five hours of daily solar irradiation 

for 10 days (Crosby and Tutass, 1966). They observed the formation 

of the intermediates 4-chlorocatechol and 1,2,4-benzenetriol. The 

principal product of degradation recovered was a dark brown residue 

tentatively identfied as a mixture of dechlorinated polyquinoids. 

Although it has been speculated that photolysis of chlorophenols 

may produce dibenzo-p-dioxins, no 2,3,7,8-tetrachlorodibenzo-p- 

dioxin was detected during the riboflavin-sensitized photooxida- 

tion of 2,4-dichlorophenol to tetrachlorinated diphenol ethers 

(Plimmer and Klingebiel, 1971). Pentachlorophenol (PCP) was shown 

to undergo photochemical degradation in aqueous solutions by ultra- 

violet irradiation and sunlight, with the formation of several 

chlorinated benzoquinones, 2,4,5,6-tetrachlororesorcinol, and 

chloranilic acid (Mitchell, 1961; Hamadmad, 1967). Wong and Crosby 

(1977) reported the degradation by sunlight or UV light of dilute 

solutions (100 mg/l) of pentachlorophenol to lower chlorophenols, 
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tetrachlorodihydroxybenzenes, and non-aromatic fragments such as 

dichloromaleic acid. Subsequent irradiation of the tetrachloro- 

diols produced hydroxylated trichlorobenzoquinones, trichloro- 

diols, dichloromaleic acid, and non-aromatic compounds. The irra- 

diation of dichloromaleic acid produced chloride ions and carbon 

dioxide. 

Microbial degradation of chlorophenols has been reported by 

numerous investigators. Loos, et al. (1967) demonstrated the com- 

plete dechlorination and aromatic ring degradation of 2-chloro-, 

4-chloro-, and 2,4-dichlorophenol by 2,4-D-grown cells of an Arth- 

obacter species isolated from silt loam. Evans, et al. (1971), 

reported the degradation of 2-chlorophenol by several Pseudomonas 

species isolated from soil. Nachtigall and Butler (1974), using a 

Warburg respirometric technique, observed the oxidation of all 

monochlorophenols, 2,4- and 2,6-dichlorophenol, and 2,4,6-tri- 

chlorophenol by Pseudomonas sp. obtained through enrichment of, and 

isolation from, activated sludge. Alexander and Aleem (1961) 

reported the resistance of 2,4,5-trichlorophenol to microbial 

decomposition by certain soil bacteria. They observed that com- 

pounds containing a meta-substituted chlorine atom (position 3 or 

5) appeared to be more resistant to microbial degradation. Ingols, 

et al. (1966) reported the complete aromatic ring degradation of 

2,4-dichloro- and 2,4,6-trichlorophenol within five days by micro- 

bial action of an acclimated sludge, while 2,5-dichlorophenol was 

degraded only 52 percent. 

Conversely, the destruction of 2,3,4,6-tetrachlorophenol by 

numerous fungal species of Aspergillus, Penicillium, and Scopu- 
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lariopsis obtained from broiler house litter has been reported (Gee 

and Peel, 1974). In the same study, the tetrachlorophenol was com- 

pletely metabolized by a mixed bacterial suspension also isolated 

from the litter. Although Ingols, et al. (19661, observed no 

alteration of sodium pentachlorophenol (NaPCP) by activated sludge 

microbes after four days of incubation, Watanabe (1973) reported 

the growth of an isolated species of Pseudomonas from PCP-perfused 

culture samples using PCP as the sole carbon source. 

Organoleptic properties manifest themselves in two forms: the 

ability of a compound to impart taste or odor to water, and to cause 

tainting in fish flesh as a result of exposure to chlorophenol- 

contaminated water. The organoleptic properties of chlorophenols 

are well documented. The threshold levels of monochlorophenols 

causing odor in water have been reported to be as low as 0.33 to 2.0 

ug/l for 2-chlorophenol (Hoak, 1957; Burttschell, et al. 1959), 100 

to 1,000 pg/l for 3-chlorophenol (Hoak, 1957; Campbell, et al. 

1958; Ruchoft and Ettinger, 1947), and 33 to 1,000 ug/l for 

4-chlorophenol (Hoak, 1957; Burttschell, et al. 1959; Ruchoft and 

Ettinger, 1947). Threshold odor levels in water have also been 

reported to be 0.65 to 20 pg/l for dichlorophenols, 11 to 1,000 

pg/l for trichlorophenols, 915 to 47,000 pg/l for 'tetrachloro- 

phenols, and 857 to 12,000 ug/l for pentachlorophenol (Hoak, 1957; 

Burttschell, et al. 1959; Kinney, 1960; Ruchoft and Ettinger, 

1947). It is apparent that the odor threshold progressively in- 

creases with an increase in substituted chlorine atoms. 

The odor threshold of the cresols in water has been reported 

to be 71 ug/l, 333 pg/l and 45.4 pg/l for o-, m-, p-cresol, respec- 
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tively, while the odor thresholds of the chlorinated cresols, 

4-chloro- and 6-chloro-o-cresol, have been reported to be 75 pg/l 

and 3 w/l, respectively (Hoak, 1957). 

Several studies have reported the threshold concentrations of 

chlorinated phenols in water that impart unfavorable flavors in the 

edible portions of aquatic organisms (Schulze, 1961; Teal, 1959; 

Shumway, 1966). These threshold values in certain cases are lower 

than the odor threshold levels in water. 

The threshold level of 2-chlorophenol in water causing taint 

in eel flesh and oysters has been reported to be 0.125 ug/l 

(Boetius, 1954). Although no data demonstrating the tainting prop- 

erties of other specific chlorophenols and chlorocresols appears to 

be available, it is likely that they exhibit this property and 

probably follow a dose-effect relationship similar to that observed 

in the case of their odor producing properties. 

Virtually no data are available on the bioconcentration or 

bioaccumulation of the lower chlorophenols and limited data are 

available regarding pentachlorophenol bioconcentration. Studies 

using 14C-labeled 2,4-dichlorophenol (DCP) demonstrated that oats 

and soybean seedlings concentrated DCP from dilute solutions (0.2 

mg/l) by factors of 9.2 and 0.65-fold, respectively (Isensee and 

Jones, 1971). Bioconcentration data on pentachlorophenol may be 

found in the pentachlorophenol criterion document. 

Chlorophenols, their sodium salts, and certain chlorocresols 

have been shown to be toxic to aquatic life, mammals, and man. In 

aquatic organisms it appears that the acute toxicity increases 

directly with the degree of chlorination. In addition, the produc- 
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tion of odors in water and the tainting of fish flesh by the lower 

chlorophenols and chlorocresols has been reported to occur at 

extremely low concentrations. These findings, in conjunction with 

the potential pollution of chlorinated phenols from waste sources, 

inadvertent chlorination of phenols during disinfection, waste 

treatment degradation of herbicides and pesticides, and direct 

industrial and agricultural applications lead to the conclusion 

that chlorinated phenols represent a potential hazard to aquatic 

and terrestrial life. 
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Aquatic Life Toxicology* 

INTRODUCTION 

names used for these compounds. A consistent set of names has been used 

herein and footnotes are used to identify other names that were used in ref- 

erenced publications. 

nols on aquatic life is complicated by the variety of common and scientific 

A review of the available literature on the effects of chlorinated phe- 

The toxicity of chlorinated phenols to aquatic life varies widely as a 

function of the nature and degree of ring substitution with chlorine. In 

general, the toxicity increases with increasing substitution and, in most 

cases, aquatic plants appear to be less sensitive to those chemicals than 

aquatic animals. 

Because the toxicity of chlorinated phenols to various aquatic life 

forms is structuredependent, giving rise to wide variability, it would be 

inappropriate to derive a criterion for these chemicals as a group. In- 

stead, criteria should be derived on the basis of individual chemicals, when 

sufficient information becomes available. 

In general, chlorinated phenols have been shown to impair the flavor of 

the edible portions of fishes at concentrations lower than those at which 

they are toxic to aquatic organisms. 

EFFECTS 

Acute Toxicity 

Daphnia magna was less sensitive than the bluegill for five of the seven 

chlorinated phenols for which a comparison could be made and the acute values 

*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 the appropriate table are calculations for deriving various mea- 
sures of toxicity as described in the Guidelines. 
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for Daphnia magna range from 290 µg/l for 2,3,4,6-tetrachlorophenol to 6,040 

µg/l for 2,4,6-trichlorophenol (Table 1). 

The 96-hour LC50 values for fathead minnows range from 30 µg/l for 4- 

chloro-3-methylphenol (U.S. EPA, 1972) to 9,040 µg/l for 2,4,6-trichloro- 

phenol (Phipps, et al. Manuscript). 

The 96-hour LC50 values for chlorinated phenols and the bluegill (U.S. 

EPA, 1978) are directly related to the degree of chlorination. These values 

decrease from 6,590 µg/l for 2-chlorophenol (see 2-chlorophenol criterion 

document) and 3,830 µg/l for 4-chlorophenol to 60 and 77 µg/l for penta- 

chlorophenol (see pentachlorophenol criteria document). 

All but one of the acute tests were run under static conditions and all 

but three without measured concentrations. Since many chlorinated phenols 

are only slightly soluble in water, and since some of the chemical could be 

expected to be absorbed by the animals and the testing environment, the 

above conditions could result in a low estimate of the toxicity. 

Acute toxicity tests with saltwater invertebrate species consist of 

three 96-hour static tests with the mysid shrimp, and three chlorophenols 

(Table 1). Of these, 2,4,5-trichlorophenol was the most toxic with a 96- 

hour LC50 of 3,830 µg/l; the 96-hour LC50 for the least toxic compound 

was 29,700 µg/l for 4-chlorophenol. 

Toxicity tests with the saltwater sheepshead minnow have also been con- 

ducted with the same three chlorophenols (Table 1). The 96-hour LC50 val- 

ues range from 1,660 µg/l for 2,4,5-trichlorophenol to 5,350 µg/l for 4- 

chlorophenol (U.S. EPA, 1978). 

Comparable data (U.S. EPA, 1978) are available for effects of other 

chlorinated phenols on fishes and invertebrate species (see criteria docu- 

ments for 2-chlorophenol, 2,4-dichlorophenol, and pentachlorophenol for de- 
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tails). In general, toxicity of chlorophenols, except 2,3,5,6-tetraxhloro- 

phenol with the mysid shrimp, appears to increase with increasing chlorina- 

tion. 

Chronic Toxicity 

The only freshwater chronic data found were for 2,4,6-trichlorophenol 

(U.S. EPA, 1978). The chronic value was 720 ug/l from an early life stage 

test with the fathead minnow (Table 2). Additional data on the freshwater 

chronic toxicity of chlorinated phenols may be found in the criterion docu- 

ments for 2-chloropheno1, 2,4dichlorophenol, and pentachlorophenol. 

The only saltwater chronic data were those from an early life stage test 

with the sheepshead minnow and 2,4dichlorodmethylphenol (Table 2). The 

lowest concentration tested, 360 pg/l, affected the fish in a 28day expo- 

sure. Since no acute toxicity test was conducted with this chlorophenol, 

the value of this chronic test in formulating a water quality criterion is 

limited. 

No chronic test has been conducted with any of the chlorinated phenols 

discussed in this document on any aquatic invertebrate species. 

Plant Effects 

The data in Table 3 indicate that freshwater aquatic plants are general- 

ly less sensitive to chlorinated phenols than fish or invertebrate species. 

The LC5o values for chlorosis for a series of ten chlorinated phenols 

(Blackman, et al. 1955) with Lemna minor ranged from 598,584 pg/l for 2- -- 

chlorodmethylphenol and 282,832 ug/l for 4chlorophenol to 603 ug/l for 

2,3,4,6-tetrachlorophenol. Once again, the toxicity is related to increas- 

ing chlorination but not as clearly as noted for the bluegill. As with fish 

and aquatic invertebrate species, the derivation of a single criterion for 

all chlorinated phenols is inappropriate due to the wide variability in tox- 

icity for this group of compounds. 
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Toxicity tests with chlorophenols and the saltwater alga, Skeletonema- 

costatum, also revealed differences in toxicity, depending upon the compound 

tested (Table 3). Reductions in chlorophyll a and cell numbers showed that 

2,3,5,6-tetrachlorophenol was the most toxic and 4-chlorophenol the least 

toxic. 

Comparable test procedures (U.S. EPA, 1978) were used for other chloro- 

phenols and, as with the sheepshead minnow and mysid shrimp, toxicity gener- 

ally increased with increased degree of chlorination. 

Residues 

No measured steady state bioconcentration factors are available for the 

chlorinated phenols discussed in this document and aquatic organisms. 

Miscellaneous 

As stated in the introduction, chlorinated phenols have been shown to 

impair the flavor of freshwater fish flesh at concentrations much lower than 

those at which it has a toxic effect (Shumway and Palensky, 1973). In this 

study, rainbow trout were exposed for 48 hours to a range of concentrations 

of five different chlorinated phenols, and a panel of 15 judges scored the 

flavor of the cooked and coded fish samples on an increasing impairment 

scale of 0 to 6. The results were then plotted against exposure concentra- 

tions and graphically interpreted to arrive at an estimate of the highest 

concentration which would not impair the flavor of the flesh. The resulting 

estimates for five different compounds ranged from 23 pg/l for 2,5dichloro- 

phenol to 84 ug/l for 2,3dichlorophenol (Table 4). 

The additional toxicity data (Table 4) do not appear to differ signifi- 

cantly from the data already discussed. 

Summarv 

The acute values for freshwater fish and invertebrate species ranged 

from 30 ug/l for the fathead minnow and 4-chloro-3methyphenol to 9,040 ug/l 
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for the same species and 2,4,6-trichlorophenol. Freshwater aquatic plants 

are generally less sensitive. One early life stage test yielded a chronic 

value of 720 ug/l for the fathead minnow and 2,4,6-trichlorophenol. Flesh- 

tainting data indicate that the edible portions of freshwater fishes may be- 

come tainted at water concentrations as low as 23 ug/l for rainbow trout and 

2,Sdichlorophenol. In general, the acute toxicity of chlorinated phenols 

increases with amount of chlorination. 

The data base for saltwater organisms is more limited with data only for 

the sheepshead minnow, mysid shrimp, and an algal species. The EC50 and 

LC50 values ranged from 440 to 29,700 pg/l with the algal species being 

the most sensitive. The pattern of increasing toxicity with increasing 

chlorination appears to be generally valid for saltwater species also. 

CRITERIA 

The available freshwater data for chlorinated phenols indicate that tox- 

icity generally increases with increasing chlorination, and that acute tox- 

icity occurs at concentrations as low as 30 ug/l for 4chloro-3methylphenol 

to greater than 500,000 ug/l for other compounds. Chronic toxicity occurs 

at concentrations as low as 970 ug/l for 2,4,6-trichlorophenol. Acute and 

chronic toxicity would occur at lower concentrations among species that are 

more sensitive than those tested. 

The available saltwater data for chlorinated phenols indicate that tox- 

icity generally increases with increasing chlorination, and that acute tox- 

icity occurs at concentrations as low as 440 pg/l for 2,3,5,6-tetrachloro- 

phenol and 29,700 ug/l for 4-chlorophenol. Acute toxicity would occur at 

lower concentrations among species that are more sensitive than those test- 

ed. No data are available concerning the chronic toxicity of chlorinated 

phenols to sensitive saltwater aquatic life. 
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Table I. Acute values for chlorinated phenols 

spec I es 

C ladoceran, 
Daphnia magna 

C iadoceran, 
magna Daphnia 

C ladoceran, 
maqna Daphn la 

Cladoceran, 
Daphnla magna 

Cladoceran, 
magna Daphnia 

Ciadoceran, 
Daphnla _magna 

Ciadoceran, 
Daphnia maqna 

C ladoceran, 
Daphnla magna 

Fathead mlnnow, 
Plmephales prcmelas 

Fathead mlnnow 
(juveni Id, 
Plmephaies promelas 

Fathead minnow, 
Pimephaies promeias 

Bluegill, 
macrochlrus Lepomls 

Bfuegl I I, 
macrochirus Lepomis 

Method* 

s, lJ 

s, u 

s, u 

s, u 

s, u 

s, lJ 

s, iJ 

s, u 

s, M 

fl, M 

s, M 

s, u 

s, u 

LC50/EC50 
Chemical (WI 1 

FRESHWATER SPECIES 

Species Wean 
Acute Value 

(pq/ I ) 

4-ch lorophenol 4,820 

4-ch iorophenoi 4,060 

2,4,5-trichloro- 
phenol 

2,4,6-trlchioro- 
phenol 

2,660 2,660 U.S. EPA, 1978 

6,040 6,040 U.S. EPA, 1978 

2,3,5,6-tetra- 
ch lorophenol 

570 

2,3,4,6-tetra- 
ch lorophenoi 

4-ch loro-2-m& hy I - 
phenol** 

2,4-dichloro- 
6-methy I phenol 

2,4,6-trichloro- 
phenol 

2,4,6-trichloro- 
phenol 

290 

290 

430 

600 

9,040 

4-ch loro-3-methy I - 
phenol 

4-chlorophenoi 

2,4,5-trlchloro- 
phenol 

30 

3,830 

450 

B-6 

4,420 

570 

290 

290 

430 

9,040 

30 U.S. EPA, I972 

3,830 U.S. EPA, 1978 

450 U.S. EPA, I978 

Reference 

Kopperman, et al. 
1974 

U.S. EPA, 1978 

U.S. EPA, 1978 

U.S. EPA, 1978 

U.S. EPA, 1978 

U.S. EPA, 1978 

U.S. EPA, 1972 

Phipps, et al. 
Manuscript 



Table 1. Kant inued) 

SpeClfBS 

f3luegi I I, 
Lepomis macrochirus 

Bluegl I I, 
Lepomis macrochlrus 

Bluegill, 
Lepomis macrochirus 

Bluegi I I, 
Lepomis macrochirus 

Elluegii I, 
macrochlrus Lepcmis 

Mysid shrimp, 
Mysidopsis bahia 

Mysld shrimp, 
Hysldopsis bahla 

Mysld shrimp, 
Mysidopsis bahla 

Sheepshead mlnnou, 
Cyprindon varieqatus 

Sheepshead mlnnou, 
Cyprinodon varlegatus 

Sheepshead minnow, 
Cyprinodon varlegatus 

Method* 
s, u 

s, u 

s, u 

s, u 

s, u 

s, u 

s, u 

s, u 

s, u 

s, u 

s, u 

Cheaicai 

2,4,6-tr ich loro- 
phenol 

2,3,4,6-tetra- 
ch iorophenol 

2,3,5,6-tetra- 
ch iorophenol 

4-ch ioro-2-methy I- 
phenol** 

2,4-d ich ioro- 
6-methy I phenol 

LC5O/EC50 
bl!l/i 1 

320 

140 

170 

2,330 

1,640 

SALTWATER SPECIES 

4-ch lorophenol 29,700 

2,4,5-tr Ich lot-o- 3,830 
phenol 

2,3,5,6-tetra- 21,900 
ch iorophenol 

4-ch iorophenoi 5,350 

2.4,5-trlchloro- 1,660 
phenol 

2,3,5,6-tetra- 1,890 
ch iorophenol 

Species Lkan 
Acuto Value 

(Lg/i) 

320 

140 

170 

2,330 

1,640 

29,700 

3,830 

21,900 

5,350 

1,660 

I.890 

Ref erenco 

U.S. EPA, 1978 

U.S. EPA, 1978 

U.S. EPA, 1978 

U.S. EPA, 1978 

U.S. EPA, 1978 

U.S. EPA, 1978 

U.S. EPA, 1978 

U.S. EPA, 1978 

U.S. EPA, 1978 

U.S. EPA, 1978 

U.S. EPA, 1978 

l S = static, FT = f low-through, U = unmeasured, M = measured 

“Data were reported for 4-ch lorod-methy I phenol 
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Table 2. Chronic values tar chlorinated phenols (U.S. EPA, 19781 

Species Mean 
Llmlts Chronic Value 

Species Method” Chemical (r9/ I 1 (pg/ I 1 

FRESHWATER SPECIES 

fathead minnow, 
Plmephales promelas 

ELS 2,4,6-trich loro- 
pheno I 

530-970 720 

SALTWATER SPEC I ES 

Sheepshead minnow, 
Cyprlnodon variegatus 

ELS 2,4-dlchloro- 
6-methy I phenol 

a60 

l ELS = early I ife stage 

Acute-Chronic Ratio 

Spec I es Chemi ca I 

Fathead minnow, 2,4,6-trichloro- 
Pimephales prcmelas phenol 

Acute Chron I c 
Value Value 
(lJg/l) (w/l) 

9,040 720 

Ratio 

13 
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Table 3. Plant values for chlorinated phenols 

Species 

Alga, 
Chlorella pyrenoldosa 

Alga, 
Chlorella pyrenoldosa 

Alga, 
Selenastrum caprlcornutum 

Alga, 
Seienastrum capricornutum 

A Iga, 
Selenastrum caprlcornutum 

Duckweed, 
Lemna mtnor -- 

Duckweed, 
Lemna minor -- 

Duckweed, 
Lemna minor -- 

Duckweed, 
Lemna minor -- 

Duckweed, 
Lemna minor -- 

Duckweed, 
Lemna minor -- 

Duckweed, 
Lemna minor -- 

Duckweed, 
Lemna ml nor -- 

Chemical Ef feet 

FRESHWATER SPECIES 

Monoch loro- 
pheno I s 

2,4,5- and 2,4,6- 
tr Ich lorophenols 

4-ch lorophenol 

2,4,5-trlchloro- 
phenol 

2,3,5,6-tetra- 
ch iorophenoi 

4-ch lorophenoi 

2,4,5-trich ioro- 
pheno I 

2,4,6-trlch loro- 
phenol 

2,3,4,6-tetra- 
ch iorophenol 

4-ch loro-2- 
methy I pheno I * 

2-ch loro-6- 
methylphenol* 

4-ch loro-3- 
methylphenol* 

2,6-d I ch loro-4- 
methy I phenol * 

Camp I ete 
destruct ion of 
ch lorophy I I 

Ccmp lete 
destruct ion of 
chlorophyl I 

96-hr EC50, 
cell production 

96- hr EC50, 
ch lorophy I I a - 

96-hr EC50, 
ccl I product ion 

Chlorosls (LC50) 

Ch iorosls (LC50) 

Ch lorosls (LC50) 

Ch lorosls (LC50) 

Ch lorosis (LC50) 

Ch lorosls (LC50) 

Ch lorosis (LC50) 

Ch lores is (LC50) 

Result 
(pg/i 1 

500,000 

10,000 

4,790 

1,220 

2,660 

282,832 

1,659 

5,923 

603 

92,638 

598,584 

95,488 

65,479 

Reference 

Huang 8 G loyna, I%8 

Huang 6 G loyna, 1968 

U.S. EPA, 1978 

U.S. EPA, 1978 

U.S. EPA, 1978 

Blackman, et al. 
1955 

Blackman, et al. 
1955 

Blackman, et al. 
1955 

Blackman, et al. 
1955 

Blackman, et al. 
1955 

Blackman, et al. 
1955 

Blackman, et al. 
1955 

Blackman, et al. 
1955 
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Table 3. G3tlt inued) 

Spec I es 

Duckweed, 
Lemna minor -- 

Duckweed, 
Lemna minor -- 

Alga, 
Skeletonema costatum 

Alga, 
Ske I etonema costatum 

Alga, 
Ske letonema costatum 

Alga, 
Skeletonema costatum 

Alga. 
Skel8tOnema costatum 

Alga, 
Ske I etonema costatum 

Chemica I 

2,4,6-trlchloro-3- 
methylphenol” 

Effect 

Ch lorosis (LC50) 

2,4,5,6-tetrachloro- Ch lores Is (LC50) 
3-methy I phenol * 

SALTWATER SPECIES 

4-ch loropheno I 96-hr EC50, 
ch lorophy I I 2 

4-ch loropheno I 96-k EC50, 
ce I I count 

2,4,5-trlchloro- 96-hr EC50, 
pheno I ch lorophy I I 2 

2,4,5-trlchloro- 96-hr EC50, 
pheno I ce It count 

2,3,5,6-tetra- 96hr EC50, 
ch lorophenol chlorophyll2 

2,3,5,6-tetra- 96-hr EC50, 
ch lorophenol ccl I count 

Result 
olQ/ I 1 

6,131 

1,107 

3,270 

3,560 

890 

960 

440 

550 

Reference 

Blackman, et al. 
1955 

Blackman, et al. 
1955 

U.S. EPA, 1978 

U.S. EPA, 1978 

U.S. EPA, 1978 

U.S. EPA, 1978 

U.S. EPA, 1978 

U.S. EPA, 1978 

* In the orlglnal report, the methyl substituent was named flrst, and the chloro second. 
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Table 4. Other data for cbiorinated ptm~~~ir 

SpOCbS 

Lymnaeld snai Is, 
Pseudosuccinea coiumeiia 
and Fossaria cubensis 

Lymnaeld snails, 
Pseudosuccinea columelia 
and Fossaria cubensis 

Lymnaeid snails, 
Pseudosoccinea coiumella 
and rossaria cubensis 

Rainbow trout, 
Salmo gairdneri 

Ra I nbow trout, 
Salmo gairdneri 

Ra I nbow trout, 
Salmo gairdneri 

Ra I nbcw trout, 
Saimo gairdnerl 

Ra I nbow trout, 
Salmo gairdnerl 

Ra I nhcu trout, 
Saimo gairdneri 

Ra I nbow trout, 
Salmo gairdnerl 

Goldfish, 
Carassius auratus 

Chemical 

FRESWATER SPECIES 

2,4,Etrich loro- 
pheno I 

Sodium 2,4,5tri- 
ch lorophenate 

(85% 1 

2,4,6-trichioro- 
phenol 

3-ch I oropheno I 

4-ch iorophenol 

2,3-d ich loro- 
pheno I 

2,5-dlchloro- 
pheno I 

2,6-dlch Ioro- 
phenol 

2,4,5-tr Ich ioro- 
phenol 

2,4,6-trlch ioro- 
phenol 

3-ch lorophenol 

24 hrs 

24 hrs 

24 hrs 

48 ill-s 

48 hrs 

48 hrs 

48 hrs 

48 hrs 

48 hrs 

48 hrs 

8 hrs 

i00~ RIortal I ty 

lOOl mortality 

1OOl mortality 

Lowest concentra- 
tion which killed 
50s or rnxe of 
the test fish 

ElC’ 

ETC” 

ETC* 

ETC* 

Lowest concentra- 
tion which kii led 
501 or more of 
the test fish 

ETC” 

62s mortality 

Resu It 
(P9/l) 

10,000 

2,500 

5,000 

10,000 

45 

84 

23 

35 

1,000 

52 

20,600 

Reference 

Batte & Swanson, 1952 

Ratte & Swanson, 1952 

8atte h Swanson, 1952 

Shumay d Palensky, 
1973 

Shumvay & Palensky, 
1973 

Shunuay 6 Paiensky, 
1973 

~g~~ay h Palensky, 

Shumay 6 Paler&y, 
1973 

Shunmay 6 Palensky, 
1973 

Shunway h Palensky, 
1973 

Gersdorff 6 Smith, 
1940 
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Table 4. (Co& inued) 

Species 

Goldf Ish, 
Carasslus auratus 

GoldfIsh, 
Carassius auratus 

Goldf Ish, 
Carasslus auratus 

Goldfish, 
Carassius auratus 

Goldflsh, 
Carassius auratus 

Chemical 

4-ch lorophenol 

4-ch lorophenol 

2,4,5-trichloro- 
phenol 

2,4,6-trlchloro- 
phenol 

2,3,4,6-tetra- 
ch lorophenol 

Duration Effect 
Result 
(w/i) Reference 

8 hrs 545 mortality 6,300 Gersdorff 6 Smith, 
1940 

24 hrs LC50 9,000 Kobayashi, et al. 
1979 

24 hrs LC50 1,700 Kohayashl, et al. 
1979 

24 hrs LC50 10,000 Kobayashi, et al. 
1979 

24 hrs LC50 750 Koteyashl, et al. 
1979 

l ETC = the highest estimated concentration of material that WI I I not impalr the flavor of the flesh of exposed 
fish. 
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3-CHLOROPEENOL AND 4-CHLOROPHENOL 

Mammalian Toxicology and Human Health Effects 

INTRODUCTION 

Monochlorophenol has three isomeric forms, each distinguished 

by the position of the chlorine atom relative to the hydroxyl group 

on carbon one of the benzene ring. The three isomers are 2-chloro- 

phenol or p-chlorophenol; 3-chlorophenol or m-chlorophenol; and 

4-chlorophenol or p-chlorophenol. This document will discuss only 

3-and 4-chlorophenol since 2-chlorophenol was addressed in a sepa- 

rate criteria document. 

Monochlorophenols have been used as antiseptics since 1893 

(von Oettingen, 1949). They occur as intermediates in the forma- 

tion of other chlorophenol-containing products and as metabolic 

breakdown products of other chlorophenols or chlorobenzene. They 

may also be formed by the chlorination of water containing natural 

phenol or phenolic wastes. 

The chemical properties of 3- and 4-chlorophenol are listed in 

Table 1. One important property is the ability of relatively low 

concentrations of chlorophenols to produce a medicinal odor and 

taste in water. This low organoleptic threshold may call attention 

to a state of contamination and aid in protecting humans from un- 

acceptable levels of exposure. 

Phenols are known to occur naturally in the environment (Hoak, 

1957). For example, some aquatic plants release sufficient phenol 

to establish water levels of 300-960 µg/l. Phenols are found in 

raw domestic sewage at levels of 70-100 µg/l. Complex phenols are 
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TABLE 1 

Properties of Monochlorophenols 

3-Chlorophenol 

Alternate name 
Molecular weight 
Specific gravity 
Form at room temperature 
Melting point 
Boiling point 

m-chlorophenol 
128.56 
1.268 
needles 
32°C 
214°C 

Solubility 
water 
alcohol 
ether 
benzene 

Vapor pressure 
CAS number 
Odor threshold in 

water-20 to 22°C 

Taste threshold in 
water-20 to 22°C 

slightly soluble 
soluble 
soluble 
very soluble 
1 mm Hg at 44.2°C 
000108430 

50 µg/l (Deitz and Traud, 
1978) 

0.1 µg/l (Deitz and Traud, 
1978) 

4-Chlorophenol 

Alternate name 
Molecular weight 
Specific gravity 
Form at room temperature 
Melting point 
Boiling point 

p-chlorophenol 
128.56 
1.306 
needles 
41°C 
217°C 

Solubility 
water 
alcohol 
ether 
benzene 

Vapor pressure 
CAS number 
Odor threshold in 

water-30°C 
Taste threshold in 

water-20 to 22°C 

very slightly soluble 
very soluble 
very soluble 
very soluble 
1 mm Hg at 49.8°C 
000106489 

33 µg/l (Hoak, 1957) 

0.1 µg/l (Dietz and Traud, 
1978) 
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at leaat partially roleaeed by bacterial action in ravage treatment 

trickling filterr. The decompo8itlon of rurface vegetation such ae 

oak leave8 al80 rolea phenol. 

Burtt8chel1, et al. (1959) propored a mechanism for the chlo- 

rination of phenol in water. According to their Ichme, 2- and I- 

chlorophenol l r e formed early . There molecule8 are further chlo- 

rinated to 2,6- or 2,4-dichlorophenol. The final product ia 

2,4,6+richlorophenol. After 18 hours of reaction, the chloro- 

phenol product8 in Burttrchell’8 rtudy conrirted of le88 than 5 

percent each of 2- and I-chlorophenol8, 25 wrcent 2,6-dichloro- 

phenol, 20 percent 2,4-dichlorophenol and 40 to 50 percent 

2,4,6=trichlorophenol. 

Ingestion frar Water 

Burttschell, et al. (1959) demonrtrated that the chlorination 

of water containing phenol could rcrult in the formation of chloro- 

phenols including mono-, di-, and trichlorophenol ircmaro. Piet 

and De Grunt (1975) found monochlorophenolr in rurface water8 in 

the Netherlande at concentration8 of 2 to 20 vg/l (ppb). A level of 

20 pg/l in water, conrumed at a rate of 2 l/day by a 70 kg indi- 

vidual, would rerult in a daily l xpomre of 0.57 vg/kg. 

Another 8ourca of chlorophenolo in water i8 the chlorination 

of sewage. Jolley, et al. (1975) analyred chlorinated rewagc 

treatment plant effluent8 and found Wzhlorophenol at 0.5 ug/l and 

4-chlorophenol at 0.7 pg/l. Ingol8, et al. (1966) rtudied the bio- 

logical degradation of chlorophenol8 in activated rludge. Both 
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39 and 4-chlorophenol at levela of 100 mg/l were c-lately dp 

graded in three day8 with 100 percent ring degradation. 

Alexander and Aleea (1961) studied the microbial decoroporition 

Of chlorophenolr in 8011 8U8pen8iOn8. 3-Chlorophenol did not dir- 

appear ql8t8ly in 47 or 72 day8 when te8ted with two roil typer. 

4-Chlorophenol dirappeared in 3 or 9 day8 in the ram8 two soil 

types. 

The areociation of unplcaeant taste or odor of tap water with 

chlorophenolr ha8 been of interest for a number of years (Hoak, 

19571 Burttschell, et al. 1959; Campbell, et al. 1958; Deitx and 

Traud, 1978). Hoak (1957) reviewed aepectr of thir problem. Some 

chlorophenola have odor threshold8 in the ppb concentration range. 

The addition of 0.2-0.7 pgr chlorine to water containing 100 ppb 

phenol reeulte in the develmnt of a chlorophenol taete. In- 

crea8ing the level of chlorine or increaring the reaction time 

reduce8 the tarte. Odor threaholdr for chlorophenol8 in water are 

8hown in Table 2. 

Odor and tart8 threohold8 for chlorophenol8 in water have been 

reported by a number of investigator8 (Hoak, 19571 Diets and Traud, 

1978; Burttrchell, et al. 19S9). Hoak (1957) reported the odor 

threshold of phenol and 19 phenolic compounds. In a rtudy con- 

ducted at the Mellon Inrtitute in Pitt8burgh, Penn8ylvania, a panel 

Of 2 or 4 perronr 8niffed 8axIpl88 Of pure phenolic colPgound8 in 

odor-f rem water, which had been heated to 30 or 60°C. A flark of 

plain odor-free water war provided for comparieon. The var four 

rampler were placed in random order before the tart mrronr, and 

the flack with the lwert perceptible odor war noted by each 
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TABLE 2 

Sumary of Odor Threrholds for Honochlorophenol8 in Water 

Thre8hold-ppb 
(w/l) ( Oc> 

Reference 

2-chlorophenol 0.33 30 

1X z-22 

3-chlorophenol 200 
50 E-22 

4-chlorophenol 
2:; 

30 
25 

60 20-22 

1 

3' 

31 

1 - Hoak, 1957 
- Burttachell, et al. 1959 
- Deitz and Traud, 1978 
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individual sniffer. The lwe8t concentration detected was con- 

sidered to be the threrhold of the chemical8 terted. Chlorinated 

phenol8 were the campound mrt earily detected. The odor thresh- 

old8 reported for 3-and I-chlorophenol were 200 vg/l and 33 vg/l, 

rerpectively (Teble 2). 

Deitr and Traud (1978) ured a pen81 cmpo8ed of 9 to 12 per- 

80x18 of both 88x88 and various age group8 to tart the organoleptic 

detection threrrhold8 for 126 phenolic cmpmndr. To tart for odor 

threrbold8, 200 ti 8aBpl88 Of the different t88t COnWntratfOn8 

were placed in 8twrsd Odor-free gla88 bottles, rhaken for 

approximately five minutes, and miffed at room temperature (20 to 

22OC). For l ech te8t, water without the phenolic additive wa8 u8ed 

as a background r-18. The odor te8ts took place in reveral indi- 

vidual room8 in which phenol8 and other rubrtancer with intenre 

odor8 had not been ured previourly. Geametric mean value8 were 

ured to determine threrhold levels. Odor detection thr88hOld8 are 

8umarited in Table 2. To determine tart8 threrhold concentration8 

of relected phenolic compoundl, a penal of four tart individual8 

tarted water remples containing various amount8 of phenolic addi- 

tiver. A8 a point of comparison, water without phenolic additive8 

wa8 ta8ted firrt. Sampler with increaring phenolic concentration8 

were then terted. Between remples, the south wao rin8ed with the 

corpariron water and the tart person ate reverrl bite8 of dry white 

bread to mneutralitem the tarte. Geometric mean detection level 

value8 for 3- end 4-chlorophenol indicated thre8hold level8 of 0.1 

pg/l for tarts for both Ch8miCel8. 
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Burttschell, et al. (1959) made dilutions of chlorophenols 

including 3- and 4-chlorophenol in carbon-filtered tap water and 

used a panel of from 4 to 6 psrsone to evaluate odor and taste. 

Tests were carried out at room temperature, which the investigator 

estimated to be 25OC. If a panel member’s response was doubtful, 

the sample was considered negative. The geometric mean of the 

panel responses was used as the odor threshold. The odor detection 

threshold for 4-chlorophenol was 250 ug/l (Table 2). 

Ingertion from Food 

The threshold concentration8 of the monochlorophenols in water 

that impart an offensive flavor to the edible portion of the flesh 

of aquatic organism8 have been reported. A summary of the data ie 

presented in Table 3. 

A bioconcentration factor (BCF) relates the concentration of a 

chemical in aquatic animals to the concentration in the water in 

which they live. The steady-state BCFs for a lipid soluble com- 

pound in the tissues of various aquatic animals seem to be propor- 

tional to the percent lipid in the tissue. Thus, the per capita 

ingestion of a lipid-soluble chemical can be estimated from the per 

capita consumption of fish and shellfish, the weighted average per- 

cent lipids of consumed fish and shellfish, and a steady-atate RCF 

for the chemical. 

Data from a recent survey on fish and shellfish consumption in 

the United States were analyxed by SRI International (U.S. EPA 

1980). These data were used to estimate that the per capita con- 

sumption of freshwater and estuarine fish and shellfish in the 

United States is 6.5 g/day (Stephan, 1980). In addition, these 
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TABLE 3 

Summary of Threrhold Concentration8 of Monochlorophenolr 
in Water that Caure Tainting of the Blerh of Aquatic Organi8mr 

Threrhold (vg/l) Reference 

2-chlorophenol 15.0 
15.0 i 

3-chlorophenol 60.0 1 

I-chlorophenol 60.0 1 
SO.0 2 

1 - Schulre, 1961 
2 - Teal, 1959 
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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 meaeured 8teady-8tate BCF is available for 3- or I-chloro- 

phenol, but the equation Xog BCF - (0.85 Log P - 0.70” can be used 

(Veith, et al. 1979) to estimate the BCF for aquatic organisms that 

contain about 7.6 percent lipid8 frau the octanol-water partition 

coefficient (P). A mearured log P value of 2.4 for 4-chlorophenol 

wa8 obtained from Hanach and Leo (1979). The adjurtment factor of 

3.0/7.6 - 0.395 can be used to adjust the 88timated BCF from the 

8.0 percent lipid8 on which the equation 18 bared to the 3.0 per- 

cent lipid8 that is the weighted average for consumed fish and 

shellf ieh. Thue, the weighted average BCF for the edible portion 

of all frerhwater and estuarine aquatic organism8 consumed by 

American8 18 calculated to be 8.6. 

Inhalation 

Pertinent data could not be located in the available litera- 

ture regarding the prerence of monochlorophenolr in air. 

Dermal 

Roberte, et al. (1977) used human l pidermal membranes obtained 

at autopsy in an in vitro teet syrtem to determine the permeability -- 

of the human akin to various chemicalr. I-Chlorophenol was shown 

to permeate the skin, and to produce damage at a threrhold concen- 

tration of 0.75 percent (w/v). 
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PHARMCOKINETICS 

HO 8y8teMtiC rtudiea of the pharmacokinetics of 3- or 

I-chlorophenol in man or laboratory animals were found. However, 

Karpow (1693) reported that 87 percent of I-chlorophenol was ex- 

creted in urine of dog8 a8 sulfuric and glucuronic acid conjugater. 

The inge8tion of chlorobenzene MY aleo give rise to an inter- 

nal metabolic expo8ure to chlorophenol. The mammalian netabolirn 

of chlorobenrene yield8 20, 30, and I-chlorophenol as the major 

product8 (Smith, et al. 1972). 

Acute, Subacute, and Chronic Toxicity 

The acute oral, rubcutaneou8 (8.c.), dermal, intraperitoneal 

(i.p.), and inhalation LDso 8 for 3- and 4-chlorophenol are rhwn in 

Table 4. Becaure 3-chlorophenol ir a liquid at room temperature, 

some of the early worker8 reported Los08 a8 al/kg. The oral IDsO 

for each iroaer ir on the order of SO0 to 900 aq/kg. The dermal 

LDSO for I-chlorophenol ir 1,500 mg/kg, indicating dermal abrorp- 

tion. Intere8tingly, both 3- and I-chlorophenol are la88 toxic 

when given subcutaneou8ly than when taken orally. Thir may reflect 

a dower absorption fror the injection site and/or rapid retaboli8m 

of the abrorbed coRpound8. 

4-Chlorophenol applied dermally cau8e8 skin irritation and 

necrosis in rabbits, rats, and guinea pigr. Dermal exporure can 

reeult in convulsive reiture8 (Gurova, 1964). 

Cat8 survived four doree of 40 &kg of I-chlorophenol admin- 

irtered intraper itoneally at 3-hour intervals (Miller, et al. 

1973). 
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TADLB 4 

Mute Toxicity of Honochlorophenols 

- 
Chemical 

-- -- - ---0- --- 
Solvent Species Toxic Response Reference 

3-chlorophenol olive oil rat oral LDso - 0.56 ml/kg Deichmann and Hergard, 1948 

olive oil rat S.C. LDsO - 1.39 ml/kg Deichmann and Mergard, 1948 

olive oil rat 1.p. LDso - 335 w/kg Farquharson, et al. 1958 

4-chlorophenol not stated rat oral LDsO = 500 w/kg Gurova, 1964 

olive oil rat oral LDsO P 660 IPq/kg Deichmann and nergard, 1948 

not stated mouse oral LDso I 860 cMw Schrotter, et al. 1977 

olive oil rat S.C. LDso - 1,030 Aig/kg Deichmann and Mergard, 1948 

not stated rat der. LDsO - 1,500 mg/kg Gurova, 1964 

olive oil rat 1.p. mso = 250 wk9 Farquharson, et al. 1958 

muse inh. LCsO P 11 I@2 Gurova, 1964 
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The monochlorophenols act on the nervous system to produce 

tremors and convulsions, an effect reported several times in the 

literature. The monochlorophenols with a pRa of 8 or greater are 

convul8ant8. At body pH (7.0 to 7.4), these chlorophenols are 

largely undirsociated. 

Binet (1896) reported that subcutaneour injection8 of mono- 

chlorophenol8 in rats and guinea pig8 caused muscle twitching, 

8pasm8, generalixed tremor8, weaknesr, staggering, and finally col- 

lapse. Kuroda (1926) found that intravenous dose8 of 100 mg/kg of 

any of the three monochlorophenol isuuers caused convulsions in 

rabbitr. In acutely tOXiC dO888, 3-chlorophenol cau8es restless- 

ne88 and increared respiration followed by rapidly developing motor 

W8akne88 (DeiChMnn, 1943). Chronic convulsive reixures follow and 

continue until death. The clinical signs are similar with 

4-chlorophenol but the convulsion8 are more revere. 

Farquhar8on, et al. (1958) also reported that 2-, 30, or 

I-chlorophenol produced convulsive seixures in rats. Body tempera- 

ture was reduced 2 to S°C, and rigor mortis did not develop within 

five minutes of death as with tri-, tetra-, and pentachlorophenols. 

Death occurred one hour after administration of the I+ to rats. 

At higher doSeI, death8 occurred in 5 to 15 minutes. There were no 

further deaths in rats surviving three hours. Convulsions occurred 

as 8wn a8 1 to 2 minute8 following intraperitoneal injection. 

4-Chlorophenol and 3-chlorophenol also stimulated oxygen uptake by 

rat brain homogenate at concentrations between 2.5 x 10” and 1 x 

lO’%L 
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Angel and Rogers (1972) U88d urethane-•ne8thetized mice to de- 

termine the intraperitoneal dorm required to produce convulrions in 

50 percent of the tart ani~l8, i.e., the CDso. The CD508 were 

100.6 ag/kg for 3-chlorophenol and 115.7 mg/kg for I-chlorophenol. 

Both of there wnochlorophenolr have approximately 1.2 tiur the 

convul8ent potency of phenol. There CDs0 value8 are approximately 

one-half to one-third of the intraperitoneal IDso. 

Gurova (1964) conducted inhalation 8tUdf88 of I-chlorophenol 

uring mice end ratr. The inhalation LC50 for mice war 11 mg/m3, 

with the duration of exporure not reported. Single inhalation8 of 

20 q/m3 did not produce acute poironing in ratr. mt8 8Xp8ed to 

13 as/r' for tro hour8 rhowed increared neurau8cular excitability 

ba8ed on rerpon8e to peripheral nerve electrical rtinulation. 

Theu an-18 al- experienced increared oxygen con8umption. nice 

were 31038 8en8itive rince 2 mg/m3 increared their oxygen con- 

rumption. 

Gurova (1964) additionally reported a rtudy in which rat8 and 

mice inhaled I-chlorophenol in rupralininal concentration8 for 

I-hour period8 for 28 dayr. Cm8iderable change8 in the morphology 

of the internal organ8 of killed animal8 were obrerved. These 

change8 included congertion and focal hemorrhage8 in the brain, 

lungr, liver, and ayocardium, as well a8 thickening of the alveolar 

rapt8 and W atelectarir end e1@y8em in the lungr. 

Rat8 8xp08ed 6 hr8/day for four wnthr to 2 mg/m3 rhowad a 

weight lo88 during the firrt 30 day8 followed by an increared 

might gain. Th8W adma al80 rhwed an fnCr888ed IEyoiIeUral ex- 

citability. Body texqerature, hemglobin, REE, UBC, and udinenta- 
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tion rate were not altered. Microscopic examination of organs of 

killed animals revealed only slight congestion; minor fibrotic 

change8 in the alveolar septa which were noted in some animals. 

Banna and Jabbur (1970) rtudied the effects of phenols on 

nerve rynaptic tran8d88ion in cats. Phenol, like the =nochloro- 

phenols, is a convulsant. The mechanism of action apparently in- 

volves an increase in the amount of neurotransmitter released at 

the nerve synapse. 

In term8 of mechanism of action studies, molt efforts have 

been directed toward effect8 on oxidative phoephorylation and enty- 

me8 involved in carbohydrate and intermediary metabolism and ATP. 

Parker (1958) studied the effect of chlorophenols on isolated 

rat liver mitochondria metabolism. 2,4-Dinitrophenol was u8ed a8 a 

reference compound because of its known ability to uncouple oxida- 

tive phosphorylation. 4-Chlorophenol at 2.8 x loo413 had 21 percent 

of the activity of 2 x 10”~ of 2,4-dinitrophenol. 

Hitsuda, et al. (1963) studied the effects of various chloro- 

phenols on oxidative phosphorylation of 18olated rat liver mito- 

chondria. The test system used a 2.75 ml reaction medium at pEI 7.0, 

with 0.05 ml of mitochondrial suspension containing 0.43 mg N. The 

IDS0 (concentration of chlorophenol required to produce a 50 per- 

cent inhibition in the production of ATP) was determined. The IDS0 

values for the monochlorophenols were 520 @¶, 150 LIH, and 180 PM 

for 20, 30, and I-chlorophenol, respectively. For comparison, the 

IDS08 for pentachlorophenol and 2,4-dinitrophenol are 1 uM and 17 

M, respectively. 
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Weinbech end Garbus (1965) tested the ability of variour rub- 

8titut8d phenol8 to completely uncouple oxidative pho8phorylation 

& vitro. 3-Chlorophenol and I-chlorophenol caured complete un- 

coupling at 2.5 prll. Bor compari8on, the known uncoupler 2,4=dini- 

trophenol completely uncoupled the tart ryrtem at 0.1 IM. There 

was a po8itive relation8hip between mitochondrial protein binding 

and uncoupling propertie8. 

During the pe8t year8, one rerearch group ha8 developed a 

novel approach to studying the potential effect8 of chemical8 on 

the eye. Imail, et al. (1976) rtudied the permeation of a number 

of chericalr, including 2-chlorophenol into the bovine lens capeule 

and examined the 8Ub8qU8nt effect8 on lenr l nzyme8. Their hypoth- 

8818 war that environmental Chemical8 may be rerpon8ible for eye 

di88a888' Or len8 mCitie8. 3,4=Dichlorophenol wa8 found to 

rapidly permeate the lene cap8ule. U8ing a 3,4-dichlorophenol con- 

centration of 10°4W (16 mg/l), the activitie8 of variour enzymes in 

the bovine len8e8 were c-red with tho8e of the control lenses. 

No 8tatirtical analyris wa8 repor.tedI the rerultr are prerented in 

Table 5. ?or Bri8on, the activity of 2-chlorophenol, the only 

other chlorophenol te8t8d, 18 also presented. The reqonre pattern 

18 complex and difficult to interpret in the abrence of rtatirtical 

analysi8. 

Aorta, et al. (1976) have ured the isolated bovine lenr 8yrtem 

to 8tudy the metabolic effect8 of various chemical8 on thi8 part of 

the eye. One lenr 18 ured a8 a control and the other a8 the experi- 

mental. I-Chlorophenol at 10°3H reduced ATP, gluco8e-6-pho8phat8, 

and glucose and fructore level8 after a 480hour incubation. 

3-Chlorophenol reduced level8 of fructo88, ATP and ADP, and 

c-15 



TABLE 5 

Effecta of Chlorophenols on Enryme Activities of Isolated Bovine Lenses* 

--- 

Enxyme 2-chlorophenolb 3,4-dichlorophenolb 

Lactic dehydrogenase 94.0 85.5 
Halate dehydrogenase 64.4 86.3 
Sorbitol dehydrogenase 91.9 107.3 
Glucose-6-phosphate dehydrogenase 129.9 70.0 
Fructose-diphosphate aldolase 80.4 85.7 
Fyruvate kinase 92.9 99.0 
Glutamate-oxalacetate-transaminase 92.7 111.9 
Flutamate-pyruvate-transaminase 142.9 92.9 

_--- 
*Source: Ismail, et al. 1976 
‘The effect is expressed as percent of control 
bEach chemical was tested at lo-It4 
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increared AMP levels. Aorta, et al. (1976) did not find changes in 

the following dehydrogenasesr lactate, nalate, rorbitol, glucoae- 

6-phosphate, or in fructose 1,6=diphoephate aldolaae or pyruvatc 

kinaae. 

Harriron and Hadonia (1971) pointed out that I-chlorophenol 

ha8 been used rincs the ninetesnth century at a concentration of 35 

psrcent in camphor for endodontic therapy in dentirtry. They con- 

ducted ocular and dermal toxicity tests with 1 or 2 percent aqueour 

rolutionr of I-chlorophenol and 35 percent. camphorated I-chloro- 

phenol. Tbs. 1 psccent aqueous solution caused alight hyperenia 

when 0.15 ml was placed on the cornea of white rabbits. A 2 percent 

aqueous solution (0.15 ml) produced a more severe response, char- 

acterized by moderate to severe hyperemia, mild to moderate edema, 

cloudy cornea and exudation. The 35 percent camphorated I-chloro- 

phenol produced a severe responre. The changes inducsd by the 1 

percent and 2 percent aqueour solution8 became evident after five 

minutes, were mat intense after five houra, and subsided by 96 

hours post-administration. Harriron and Madonia alro injected 0.1 

ml of each solution intradermally in rabbits. The 1 and 2 percent 

aqueous parachlorophenol solution8 produced mild inflammation 

after 24 and 72 hourr. The 35 percent camphorated I-chlorophenol 

caused a severe inflammatory responre including necrosis. 

Gurova (1964) reported the effects of 4-chlorophenol in indus- 

trial worker8 in an aniline dye plant in Ru88ia. Air levels ranged 

from 0.3 to 21 lag/a3 depending on the work eite and operation. Two 

accidental acute poisonings were reported with clinical signs con- 

sisting of headache, dirxinses, respiratory disorder, vomiting, 

lore of coordination, tremor and, in one case, liver enlargement. 
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Other worker8 not acutely affected repotted experiencing headache, 

ditrinmmr, weaknear, nauaea, vomiting, and perertheria (abnormal 

prickling eemation) . A health rurvey war done ccmpar ing worker8 

oxpored to I-chlorophenol with unerpored worker8 in the 8ame plant. 

The I-chlorophenol worker8 had a eignificantly higher incidence of 

neurolcgic dieorderr. Symptm8 reported included neura8thenia 

(nervou8 exheu8tiOn), imcenia, irritability, frequent mod 

changer and rapid fatigability. Peripheral nerve rtimulation etud- 

ier rtmmd increa8ed ryoneural excitability in expo8ed workerr. A 

decreared re8ponu to a two-pint touch dircrinination wa8 appar- 

ent, in that the minim8 detection dirtance ktween the point8 wa8 

increa8ed. Changer in the capillaries of the nail fold of the fin- 

germ mre raid to occur, but were not described. An average per- 

ni88ible air concentration of 3 m/m’ wa8 reported for industrial 

workerr. 

Synergiem end/or Antagonim, Teretcqenicity, and Hutagenicity 

Pertinent data could not be located in the available liter- 

ature. 

Carcinogenicity 

Adequete information ua8 not found to determine whether 3- or 

I-chlorophenol pm8088 carcinogenic properties. 

Boutwell and Bo8ch (1959) conducted a eerier of experiment8 on 

the tumr prwting ection of rubrtituted phenol8 uring repeated 

application8 of concentr8ted solution8 to the back8 of mice. A 20 

percent rolution of 3-chlorophenol in bmtene increa8ed the number 

Of papi11Ora8, but no carcincmer were found after 15 weeks 

(Table 6). The tumor initiator WIBA (9,10-dimethyl-1,2-benren- 

thracene) wa8 U8ed. Papillaar occurred at the application rite. 
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TABLE 6 

Papilloma Promoting Action of 3-Chlorophenola* 

Group 
Control 3-chlorophenol (20%) 

Number of mice 
(survivors/original) 15/20 21/33 

Average number of 
papillomas per survivor 

Percent survivors with 
papillomas 

0.07 1.38 

7 67 

Percent survivors 
with carcinomas 0 0 

*Source: Boutwell and Bosch, 1959 
aPromoter applied twice weekly. Initiator 0.3% DMBA in benzene. 
Promoter in benzene. 
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CRITERION E’ORMLJLATION 

Exi8ting Guideline8 and Standard8 

Standard8 have not yet been established for 3-chlorophenol or 

I-chlorophenol. 

Current Level8 of Exporure 

Pertinent data could not be located in the available litera- 

ture concerning current exposure levels of 3- and I-chlorophcnol. 

Special Group8 at Rirk 

Pertinent data could not be located in the available litera- 

ture concerning group8 at special risk of l xporure to 3- or I-chlo- 

rophenol. 

Basis and Derivation of Criterion 

In8ufficient data exist to indicate that 3-chlorophenol is 

carcinogenic. The only study performed (Boutrwell and Bosch, 1959) 

was de8igned to detect the promoting activity of 3-chlorophenol 

with dinethylbenzanthracene (DMBA). In this study, 3-chlorophenol 

exhibited promoting activity in the formation of papillomas. 

A peucfty of information pertaining to the acute or chronic 

effects of 3-chlorophenol or I-chlorophenol precludes the possibil- 

ity of deriving a health ef fecte-bared criterion level for these 

caqounde. Conseguently, the recommended criterion ia based on 

organoleptic properties. 

Monochlorinated phenol8 have been shown to impart a medicinal 

tarte and odor to water and to fish re8iding in contaminated waters 

(Schultxe, 19611 Teal, 1959; Dictx and Traud, 1978; Burtt8chel1, et 

al. 1959; Hoak, 1957). Data frolr the available studies of odor 

detection threrholds of 3- and I-chlorophenols indicate threrhold 
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range8 of 50 to 200 ug/l and 33 to 250 ug/l, re8pectively (8ee 

Table 2). Within there range8, aleo lie the threrhold concentra- 

tionr for tainting of the flesh of aquatic organism8 reriding in 

contaminated water8 (rem Table 3). Dietx and Traud (1978) have 

alro determined the taste and odor threehold concentration8 of 36 

phenolic ccmpound8, including 3- and I-chlorophenols, in water. 

The odor threrhold value8 obtained for the86 compound8 were 50 and 

60 ug/l, re8pectively. The ta8te threshold value obtained by the88 

author8 for both 3- and I-chlorophenol8 wa8 0.1 pg/l. 

The tarte threrhold determined by Dietx and Traud (1978) for 

the detection of 3-chlorophenol and I-chlorophenol in water ir ured 

a8 the baris for the ambient water quality criterion. The Deitr 

and Traud rtudy wa8 choren for a number of rearonr. There author8 

prerent a recent 8tudy involving well-defined procedure8 and a num- 

ber of documented controls. Thir etudy utilized .fre8hm water frotp 

the base outlet of the Verse Dam (Germany) for all experiments. 

The water wa8 described a8 clear and neutral with respect to both 

odor and tarte. There condition8 are conridered to aore clorely 

approximate the condition8 of ambient water found in lakel, rivers, 

and rtreanr than would tho8e of the Hoak (1957) and Burttachell, et 

al. (1959) 8tUdie8, which utilized carbon-filtered laboratory 

dirtilled water. The 20 to 22OC temperature of the water in the 

Dietr and Traud odor and tarte tests might also more closely 

approximate the temperature at which water la normally consumed 

than do the 30°C or 25OC temperature8 u8ed in the studies of Hoak 

(1957) and Burtt8chel1, et al. (1959), respectively. However, it 

is recognired that the temperature of water coneumed by humans ia 
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quite obviourly variable, and no etudy will represent the tempera- 

ture of water conrumed by all Americanr. 

Thub, bared on the prevention of adverae organoleptic effecta, 

the criterion recmmended for 3-chlorophcnol and I-chlorophenol is 

0.1 ug/l. It 18 emphaeited that this is a criterion bared on 

aerthetic rather than health effects. Data on human health effect8 

must be developed a8 a pore sub8tantial b88i8 for recaemending a 

criterion for the protection of human health. 
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2,3-DICHLOROPHEHOL 

2,5-DICHLO~PHWOL[ 2,6-DICHLOROPHBWOL[ 

3,4-DICEWFlOPHEHOL AND 4,6-DICHLOROPHEWOL 

Mammalian Toxicology and Human Health Effect8 

IHTRODUCTIOB 

There are several iraerr of dichlorophenol. The mart cmmon 

18 2,4-dichlorophenol, which 18 reviewed in another document in 

thi8 rerier. The remaining dichlorophenol 18omerr apparently have 

not found u8e a8 primary chemicals. The following i8omr8 are dir- 

cu88ed in this document: 2,3-, 2,5-, 2,6-, 3,4-, and 4,6-dichloro- 

phenol. Phy8iochemicalpropertie8 of the88 compounds are lirted in 

Table 1. The dichlorophenol8 can be formed either as intermediate8 

in the chlorination of phenol to higher chlorophenols, or as de- 

gradation products. A limited amount of work ha8 been reported on 

dichlorophenols other than the 2,4-hamor. 

Phenol8 are known to occur naturally in the environment (Hoak, 

1957). For example, Mwe aquatic plant8 release oufficient phenol 

to eatablirh water level8 of 300 to 960 ug/l. Phenol8 are found in 

raw domertic sewage at level8 of 70 to 100 ug/l. Complex phenol8 

are at leaat partially released by bacterial action in sewage 

treatment trickling filters. The decwporition of surface vegeta- 

tion such a8 oak leave8 also relea8e8 phenol. 

Burttschell, et al. (1959) propored a mechanislr for the chlo- 

rination of phenol in water. According to their scheme, 2- and 

I-chlorophenol are formed early. There molecules are further chlo- 

rinated to 2,6- or 2,4-dichlorophenol. The final product is 
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TABLE 1 

Physiocherical Properties* 

Property Dichlorophenol Isomer 

Molecular weight 
Formula 

Melting point OC 
Boiling point OC 

Solubility 
water 
alcohol 
ether 
benzene 

Vapor pressure 

CAB number 

2,5- 

163 
C6H4C120 

21'; 

slightly 
very 
very 

soluble 

2,6- 

163 
C6H4Cl2O 

68-9 68 
219 253 

very 
very 

soluble 

ha Hg, 59OC 

87-65-O 

3,4- 

163 
C6H4C120 

slightly 
very 
very 

soluble 

3,5- 

163 
C6H4C120 

2:: 

slightly 
very 
very 

*Weast, (ea.) 1978 
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2,4,6-trichlotopheno1. After 18 hour8 of reaction, the chloro- 

phenol products in Burttschell’s study consisted of less than 5 

percent each of 2- and I-chlorophenols, 25 percent 2,6-dichloro- 

phenol, 20 percent 2,4=dichlorophenol and 40 to 50 percent 

2,4,6-trichlorophenol. 

Crorby and Wong (1973) reported that the photodecompo8ition of 

the herbicide 2,4,5-T (2,4,5-trichlorophenoxyacetic acid) rerult8 

in the formation of small araountr of 2,5-dichlorophenol. 

EXPOSURE 

Inge8tion from Water 

Piet and DeGrunt (1975) found unrpecified dichlorophenol iso- 

mers in Dutch rurface water6 at concentrations of 0.01 to 1.5 ug/l. 

Burttrchell, et al. (1959) dmn8tretad that the chlorination of 

phenol-laden water could rerult in the formation of mono-, di-, and 

trichlorophenol i-err. 

Ingola, et al. (1966) studied the biological degradation of 

chlorophenol8 in activated rludge. 2,5-Dichlorophenol was more re- 

8irtent to degradation than 2,4-dichlorophenol. While 2 ,I-di- 

chlorophenol war 100 percent degraded, including ring degradation, 

in five d8y8, 2,5-dichlorophenol was only 52 percent ring-degraded 

in four daya. 

Alexander and Aleem (1961) determined the microbial decompo8i- 

tion of 2,5-dichlorophenol in a Dunkirk soil surpenrion. Dirag- 

pearance wa8 not complete at the end of 72 dayr. 

The association of unplearant tarte or odor of tap water with 

chlorophenols ha8 been of interert for a number of year8 (Hoak, 

19571 Burttrchell, et al. 1959; Campbell, et al. 1958). Hoak 

(1957) reviewed aspects of this problem. Some chlorophenol8 have 
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odor thresholds in the ppb concentration range. The addition of 

0.2 to 0.7 ppm chlorine to water containing 100 ppb phenol results 

in the development of a chlorophenol taste. Increasing the level 

of chlorine or increasing the reaction time reduces the taste. 

Odor threrholda for dichlorophenols in water are shown in Table 2. 

Taste threshold data are Bummarized in Table 3. 

Odor and taste thresholds for chlorinated phenols in water 

have been reported by a number of authors (Hoak, 1957; Dietz and 

Traud, 1978; Burttschell, et al. 1959). These studies are dis- 

cussed in the Honochlorophenols portion of this document (see In- 

gestion from Water). 

Inqestion fran Food 

Pertinent data could not be located in the available litera- 

ture. 

Inhalation 

Olie, et al. (1977) reported finding di-, tri- and tetra- 

chlorphenols in flue gas condensates fran municipal incinerators. 

The levels were not quantified. 

Dermal 

Pertinent data could not be located in the available litera- 

ture. 

PHARMCOKINETICS 

Pharmacokinetic data specific to the dichlorophenol isomers 

discuseed in this document were not available. It is reasonable to 

assume that dichlorophenol isomers are absorbed through the skin 

and from the gut, and rapidly eliminated frm the body, as are 

other chlorophenols. 
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CapUirm of Odor ThterbOldr for Dichlorophenolr in Water 

Reference 

2,3=dicbloropbenol 

2,4=dfchloropbonol 

30 

0.65 

4: 

2,5-dicblorophenol 
38 

2,6-dichlotophenol 
20: 

3,4-dicblorophonol 100 20-22 3 

20-22 

30 

z-22 

100-22 

E-22 

1 - Hoak, 1957 

3 
- lutttrcbell, et al. 1959 
- kitt and Ttaud, 1978 
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TABLE3 

Sumary of Tarte Threrhold Concentrationa 
of Dichlorophenols in Water 

Ctmpuund Thrrrhold (vg/l) Bef trance 

2,3=dichlorophenol 0.04 1 

2,4-dichlorophenol 0.3 
8.0 f 

2,5-dichlorophenol 
2,6=dichlorophenol X:Z i 

2.0 2 

3,4-dichlorophenol 0.3 1 

i 
- Deitr and Traud, 1978 
- Burttrchell, et al. 1959 
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Dichlorobemcnes are metabolized by mammals to dichloto- 

phenols (Kohli, et al. 1976). For example, 1,2-dichlorobenzene 

gives rise to 3,4-dichlorophenol and smaller amounts of 2,3- and 

4,5-dichlorophenols and 3,4-dichlorophenylmercapturic acid. 

Foster and Saha (1978) reported that chicken liver hmogenates 

would metabolize lindane and the alpha and delta but not the beta 

ismers of 1,2,3,4,5,6, hexachlorocyclohexane. The metabolic pro- 

ducts included 2,4,6-trichlorophenol, 2,3-dichlorophenol as well 

as di- and trichlotobenxenes. 

EFFECTS 

Acute, Subacute, and Chronic Toxicity 

Farquhar son, et al. (1958) reported that 2,6-dichlorophenol 

produced convulsions in rata. The intraperitoncal IDso was 390 

w/kg. Pats given the IDso died within one hour; deaths did not 

occur later in rats surviving at least three hours. Body testpera- 

ture was depressed by 0.7OC, and rigor mortis did not occur within 

five minutes of death as it does with higher chlorinated phenols. 

Oxygen consumption by rat brain homogenate was stimulated at con- 

centrations between 2.5 x 10” and 1 x loo3 M. 

Banna and Jabbur (1970) studied the effects of phenols, but 

not chlorophenols directly, on nerve synaptic transmission in cats. 

Phenol is a convulsant, as are the lower chlorinated phenols. Ex- 

perimental results suggest that the mechanism of action involves an 

increase in the amount of neurotransmitter released at the new syn- 

apse. 
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Studies on the mechanism of action of chlotophenols have pri- 

marily focused on effects on oxidative phosphorylation. Korte, et 

al. (1976) studied the effect of 3,4-dichlorophcnol on carbohydrate 

metaboli8m and enzyme activity in the incubated bovine lens. At a 

concentration of loo3 M, 3,4=dichlorophenol decreased ATP and ADP 

levels while increasing AMP levels. There was no effect on glucose 

or fructose-6-phosphate levels. Activities of malate dehydro- 

genase, glucose-6-phoephate dehydrogenase and pyruvate kinass were 

reduced. The dichlorophenol cawed swelling of the lens. 

Ismail, et al. (1976) studied the permeation of chemicals into 

the bovine lens capsule and the effects on lens enxymes. Their 

hypothesis was that environmental chemicals may be responsible for 

eye diseases or lens opacities. 3,4-Dichlorophenol was found to 

permeate the lens capsule rapidly. Using a concentration of loo4 H 

(16 mg/l) of 3,4-dichlorophenol, the activity of various enzymes in 

the bovine lenses was compared with control lenses. The results 

are presented in Table 4. For comparison, data on the effect of 

2-chlorophenol, the only other chlorophenol tested, are presented. 

The response pattern is complex and difficult to interpret in the 

absence of statistical analysis. 

Svnerqism and/or Antagonism and Teratogenicity 

Pertinent data could not be located in the available litera- 

ture. 

Mutagenicity 

Rasanen and Hattula (1977) tested chlorophanols for muta- 

genicity using the Salmonella-mammalian microsome Ames assay in 

both activated and nonactivated systems. The following 
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TABLE 4 

Effecta of Chlorophenols on Ensyme Activities of Isolated Bovine Lenres* 

Enrym! 2-chlorophcnolb 3,1-dichlorophenolb 

Lactic dehydrogenase 94.0 85.5 
Malate dehydrogenase 64.4 86.3 
Sorbitol dehydrogenase 91.9 107.3 
Glucose-6-phosphate dehydrogenase 129.9 70.0 
Fructose-diphosphate aldolase 80.4 85.7 
Pyruvate kinase 92.9 99.0 
Glutamate-oralacetate-transaminase 92.7 111.9 
Flutamate-pyruvate-ttansaminase 142.9 92.9 

*Sources Issail, et al. 1976 
aThe effect is expressed as percent of control 

bEach chemical was tested at 1O”H 
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dichlorophmol I’CY’rm uarr tartaU and trpettad aa non-autaganic in 

both tort syrtamsr 2,3-, 2,4-, 2,s~, 2,6-, 3,4-, an4 3,%diahloro- 

phonolr . Nutrgrnicity in ‘Csrrlian tart 8yrtua bar not boon 

evaluated. 

~aroirmanicity 

Partinont data aould not be lourtad in the available litrra- 

tura. 
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CRITERION FOIWJLATION 

Existing Guidelines and Standards 

Standards have not been establiahed for the dichlorophenols. 

Current Lsvels of Exposure 

Pertinent data could not be located in the available litera- 

ture concerning current exposure levels of dichlorophenols. 

Special Groups at Risk 

Pertinent data could not be located in the available litera- 

ture concerning groups at special risk of exposure to dichloro- 

phenols. 

Basis and Derivation of Criterion 

A paucity of information pertaining to the acute or chronic 

effects of dichlorophenols precludes the possibility of deriving a 

health effects based criterion level for these compounds. Conse- 

quently, the recommended criteria are based on organoleptic ptoper- 

ties. 

Dichlorophenols have been shown to impart a medicinal taste 

and odor to water (Hoak, 1957; Deitz and Traud, 1978). Details of 

the Boak (19571, Burttschell, et al. (1959), and Deitx and Traud 

(1978) studies are discussed in the section of this document deal- 

ing with monochlorophenols. Data fran the available studies of 

odor detection thresholds of dichlorophenols are summarized in 

Table 2. Deitx and Traud (1978) have determined the taste and odor 

threehold concentrations of 36 phenolic compounds, including 

dichlorophenols, in water. The taste and odor threshold values for 

dichlorophenols are summarized in Tables 2 and 3. 
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The ta8te threshold8 determined by Dietz and Traud (1978) for 

the detection of the various dichlorophenols in water are used aa 

the baser for the &lent water quality criteria. The Dietr and 

Traud study wa8 chosen for a number of rearonr. There author8 pm- 

rant a recant rtudy involving well-defined procedures and a number 

of documented control8. This rtudy utilized .fre8h” water fror tha 

ba8o outlot of the Verre Dam (Garmany) for all experimantr. The 

water wa8 da8cribed am clear and neutral with rerpect to both odor 

and taste. Thaso conditions are con8iderad to more closely approx- 

imatr tha condition8 of ambient water found in lakea, rivers, and 

straamr than would those of the Hoak (1957) and Burttschell, at al. 

(1959) studies, whiah utilioed carbon-filtered laboratory dis- 

tilled water. The 20 to 22OC temperature of the water in the Diatr 

and Traud odor and taste test8 right al8o more closely approximata 

the tmporature at which water is normally consumed than do the 

30°C or 25’C temperatures ured in the studies of Hoak (1957) and 

Burtt8chel1, et al. (1959), respectively. However, it is racy- 

nired that the temperature of water consumed by human8 18 quite 

obviou8ly variable, and no study will represent the temperature of 

water conrumad by all Americana. 

ThU8, based on the prevention of undesirable org8nolaptic 

qualitio8, the criteria reccmmendad for 2,3-, 2,5-, 2,6-, and 

3,4dichlorophenol8 are 0.04 pg/l, 0.5 pg/l, 0.2 pg/l, and 0.3 

pg/l, rerpectively. It is emphasised that these are criteria ba8ed 

on aerthetic rather than health effects. Data on human health 

effect8 q u8t be developed a8 a more rubstantial basis for reca- 

mending a criterion for the protection of human health. 
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Mammalian Toxicology and Human Health Effects 

INTRODUCTION 

Trichlorophenols are used as antiseptics and disinfectants, as 

well as being intermediates in the formation of other chemical pro- 

ducts. The most widely recognized of a number of possible isaners 

is 2,4,5-trichlorophenol. Other isomers include: 3,4,5-, 2,4,6-, 

2,314., 2,3,5-, and 2,3,6-trichlorophenols. The physiochemical 

properties of these isomers are listed in Table 1. 

In the evaluation of the trichlorophenols there is a related 

contaminant that is the subject of separate consideration by regu- 

latory agencies, including the U.S. EPA. A major use of 2,4,5-tri- 

chlorophenol is as a feedstock in the synthesis of various pesti- 

cider, including the herbicides 2,4,5-trichlorophenoxyacetic acid 

(2,4,5-T), Silve $3 , Erbo @ , and the insecticide Ronne @ . All of 

these products involve 2,4,5-trichlorophenol in their manufactur- 

ing processes and may contain 2,3,7,8-tetrachlorodibenxo-p-dioxin 

(1”CDD) l This highly toxic contaminant caused the U.S. EPA to pub- 

lish a Rebuttable Presumption Againat Registration (RPAR) and Con- 

tinued Registration of Pesticide Products Containing 2,4,5-T (43 FR 

17116). The published RPAR indicated that 2,4,5-trichlorophenol is 

also the subject of a separate potential RPAR. 

TCDD is a known teratogen (Courtney, 1976) and carcinogen (Van 

Miller, et al. 1978). Its extreme toxicity is not disputed. The 

water solubility of TODD is 0.2 pg/l. TCDD is produced during the 

formation of 2,4,5-trichlorophenol. Mmt documented cases of ad- 

verse health effects have involved industrial accidents where 
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TABLE1 

Physiochemical Properties of Trichlorophenols* 

Properties Trichlorophenol Isomers 

Moleclar Weight 

Formula 

Melting point OC 

Boiling point OC 

Solubility 

water 

alcohol 

ether 

benrene 

Vapor pressure 

CASNumber 

2,3,4- 2,3,5- 

197.45 197.45 

C6H3C130 C6H3C130 

83.5 62 

sublimes 248.5 

-- 

soluble 

soluble 

soluble 

-- 

-- 

slightly 

soluble 

soluble 

-- 

-- 

2,3,6- 2,4,5- 

197.45 197.45 

C6a3C130 

58 

slightly 

very 

very 

very 

mm 

933-75-5 

C683C130 

68-70 

sublimes 

slightly 

soluble 

-- 

I- 

luBg, 72OC 

95-95-4 
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TABLE 1 (Continued) 

Properties Trichlorophenol Ieorets 

Molecular weight 

Formula 

Melting point OC 

Boiling point OC 

Density 

Solubility 

water 

al&o101 

ether 

Vapor pressure 

CAS#umber 

2,4,6- 

197.5 

C6a3C130 

69.5 

246 

1.490 

slightly 

soluble 

soluble 

lm Hg, 76O 

88-06-2 

3,4t5- 

197.5 

C683C130 

101 

271-7 

-- 

slightly 

we 

soluble 

mm 

609-19-a 

*east (ed.), 1978 
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exothermic reactions resulted in explosions and exposure of humans 

and the environment. Whiteside (1977) described a 1949 explosion 

of a 2,4,5-T proceos that resulted in 228 cases of chloracne. 

Chloracne is genorally recognired as one of the outward and early 

symptams of TCDD toxicosis. Others have reported chloracne in em- 

ployees in 2,4-D and 2,4,5-T plants (Bleiberg, et al. 1964). The 

1976 explosion in Seveso, Italy in which 1 to 5 kg of TCDD were re- 

leased has received much attention. 

A complete assessment of the toxicity of TCDD in trichloro- 

phenol-derived chemical8 is beyond the scope of this document. The 

RPAR published in the Federal Register presents the critical stud- 

ies for evaluation. No tolerance level has yet been established 

for TCDD. 

Crosby and Wang (1973) found that 2,4,5-trichlorophenol is a 

photodecmpcsition product of the herbicide 2,4,5-T. About 38 per- 

cent of the 2,4,5-T was converted to the trichlorophenol. 

EXPOSURE 

Ingestion frau Water 

Piet and DsGrunt (1975) found unspecified trichlorophenol iso- 

mers in surface waters in The Netherlands, at concentrations from 

0.003 to 0.1 vg/l (ppb). 

Phenols are known tc occur naturally in the environment (Hoak, 

1957). For example, sme aquatic plants release sufficient phenol 

to result in water concentrations of 300 to 960 pg/l. Phenols are 

found in raw doaertic sewage at levels of 70 to 100 Irg/l. Complex 

C-46 



phenol8 are at least partially released by bacterial action in sew- 

age treatment trickling filters. The decomposition of surface veg- 

etation such as oak leavas also releases phenol. 

The association of unpleasant taste or odor of tap water with 

chlorophenols has been of interest for a number of years (Hoak, 

1957; Burtt8ch.11, et al. 1959; Campbell, et al. 1958). Hoak (1957) 

reviewed aspects of this problem. Some chlorophenols have odor 

thresholds in the ppb concentration range. The addition of 0.2 to 

0.7 ppm chlorine to water containing 100 ppb phenol results in the 

development of a chlorophenol taste. Increasing the level of 

chlorine or increaring the reaction time reduces the taste. OdOf 

threeholds for trichlorophenols in water are shown in Table 2. 

Table 3 contains a summary of ta8te threshold data for the tri- 

chlorophenols in water. 

Burttrchell, et al. (1959) proposed a mechanism for the chlo- 

rination of phenol in water. According to their scheme, 2- and 

4-chlorophenols are formed early. These molecules are further 

chlorinated to 2,6- or 2,4-dichlorophenol. The final product is 

2,4,6-trichlorophenol. After 18 hours of reaction, the chloro- 

phenol prtiucts in Burttschell’s study consisted of less than 

5 percent each 2- and I-chlotophenol, 25 percent of 2,6-dichloro- 

phenol, 20 percent 2,4-dichlorophenol and 40 to 50 percent 

2,4,6-trichlorophenol. 

Ingestion fraa Food 

One possible source of trichlorophenol exposure for humans is 

through the food chain, as a result of the ingestion by grazing 
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TABLE2 

Odor Throrhold6 for Trichlorophonols in Water 

Thrmrhold 
Ml/u ( OC) 

Refermco 

- 

300 20-22 3 

2,4,5=Trichlorophenol 
20': z-22 3' 

2,4,6=Trichlorophenol 100 30 
1,000 ?' 

300 fi-22 3 

l- Beak, 1957 

: 
- Burttachell, et al. 1959 
- Dimts and Traud, 1978 
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TABLE 3 

Summary of Taste Threahold Concentrations of 
Trichlorophenol8 in Water 

Compound 
Threshold 

NJ/l) Rcf srence 

2,3,6-Trlchlorophcnol 0.5 

2,4,5=Trichlorophenol 1.0 

2,4,6-Trichlorophenol 2.0 

Deitx and Traud, 1978 

Deits and Traud, 1978 

Deitt and Traud, 1978 
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animals of the chlorophenoxy acid herbicides 2,4,5-T (2,4,5-tri- 

chlorophcnoxy-acid) or Silve R D (2-(2,4,5-trichlorophenoxy) pro- 

pionic acid). Residues of the herbicides on sprayed forage are 

estimated to be in the range of 100 to 300 ppla. In view of this, 

Clark, et al. (1976) fed Silve Q R cattle at levels of 300, 1,000, 

and 2,000 ggm in the diet for 28 days, and fed 2,4,5-T or Silve P R to 

sheep at 2,000 pprp in the diet for 28 days. Baaed on feed consump- 

tion, the exposures were equivalent to 9 nq/kg (300 ppm), 30 q/kg 

(1,000 m) and 60 q/kg (2,000 ppm). Before tissue samples were 

obtained scae animals were fed a clean diet during a 7-day with- 

drawal. nusc1e, fat, liver, and kidney were analyxed for 2,4,5- 

trfchlorophenol. In the sheep fed 2,000 ppm 2,4,5-T and killed at 

the end of the 28-day feeding period, the 2,4,5-trichlorophcnol 

residues were 0.13 ppm in muscle, less than 0.05 ppm in fat, 6.1 ppm 

in liver, and 0.9 ppm in kidney. Sheep held for the ‘I-day with- 

drawal period had 2,4,5+richlorophenol residues of 4.4 ppm in 

liver and 0.81 pp in kidney, and less than 0.05 ppo In fat and 

muscle. Levels of the 2,4,5-T herbicide at the end of 28 days 

ranged from 0.27 ppm in fat to 27 ppm in kidney. In sheep and 

cattle fed 2,000 ppm of Silve R, P 2,4,5-trichlorophenol was not 

detected in muscle or fat at the end of 28 days. Residues in the 

liver were 0.2 to 0.5 pgm and in kidney were 0.1 to 0.17 ppm. 

Bjerke, et al. (1972) fed lactating cows 2,4,5-T and analyxed 

the milk for trichlorophenol. At feeding level8 of 100 ppm 

2,4,5-T, an occasional residue of 0.06 ppm or less of trichloro- 

phenol was detected. At 1,000 ppm 2,4,5-T in the diet, residues of 

0.15 to 0.23 ppm trichlorophenol were found in milk and cream. 

Three days after 2,4,5-T feeding at the l,OOO.ppra level was stopped, 
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trichlorophenol residues in milk and cream were below detection 

limits of 0.05 ppm. Acid hydrolysis of milk samplss indicated that 

there was no binding of the trichloropbenol. 

Wright, et al. (1970) found that sheep metabolize the herbi- 

cide Erbo R D (2-(2,4,5-trichlorophenoxy)athyl-2,2~d~chlor~ropion- 

ate). Two netabolitos were found in urine, 2-(2,4,5=trichloro- 

phenoxy)-ethanol and 2,4,5=trichlorophenol. About 33 percent of 

the administered Erbo @ dose was eliminated as 2,4,5-trichloro- 

phenol in urine in 96 hours. A dose of 100 sg Erbo Ip/ R kg in sheep 

for seven days proved lethal. 2,4,5-Trichlorophsnol residues in 

tissue were 0.21 ~pn in brain, 5.54 plpl in kidney, 3.14 ppm in 

liver, 2.06 pp~ in rental fat, and 1.00 ppp in muscle. Dosagos of 

SO mg Erbo @ /kg for 10 days followed by slaughter on day 11 re- 

sulted in no detectable 2,4,5-trichlorophenol residues in tissues. 

Stannard and Scottar (1977) free Hew Zealand determined the 

residues of various chlorophenols in dairy products following the 

use of chlorophenol-containing dairy teat 6prays, dairy soaps, and 

antiseptics. The cmpound 3,5-dimethyl-I-chlorophenol was shown to 

carry over into milk following application to the cow udder. While 

this particular coagound is not of direct interest in this docu- 

ment, the posriblo Iwchanism of exposure deserves recognition. 

Exposure to other chemicals could result in exposure to tri- 

chlorophanolr via metabolic degradation of the parent conpound. 

Kohli, et al. (1976) found that the major rabbit urinary notabo- 

lites of 1,2,4=trichlorobenrene were 2,4,5- and 2,3,5-trichloro- 

phenol. 1,2,3=trichlorobensene was metabolized to 2,3,4=tri- 

chlorophenol and smaller amounts of 2,3,6- and 3,4,5=trichloro- 
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phenol. 1,3,5=trichlorobenxene was metabolized to 2,3,5- and 

2,4,6-trichlorophenol. The yields of metabolites ranged from 1 to 

11 parcent. Foster and Saha (1978) reported that chicken liver 

hanogenates would metabolize lindane and the alpha and delta but 

not the beta iMllaers of 1,2,3,4,5,6-hoxachlorocyclohexane. The 

metabolic products included 2,4,6=trichlorophenol, and 2,3-di- 

chlorophenol, as well as di- and trichlorobensenes. Tanaka, et al. 

(1977) found that isolated rat liver microsomes metabolized the 

alpha, beta, gannra, delta, and epsilon isomers of hexachlorocyclo- 

hexane to 2,4,6-trichlorophenol. 

Shafik, et al. (1972) showed that in 1 to 2 days, 30 to 50 

percent of the insecticide Ronne @ (O,O-dimethyl-O-(2,4,5-tri- 

chlorophenyl)phosphorothioate) was excreted in the urine of rats as 

2,4,5-trichlorophenol. 

Even plants can metabolfxe another chemical to form a tri- 

chlorophenol metabolite. Uoza, et al. (1974) demonstrated that 

corn and pea plants could matabolixe pentachlorocyclohexene to the 

2,4,6-, 2,3,5-, and 3,4,6=trichlorophenol isomers. 

A bioconcentration factor (BCF) relates the concentration of a 

chemical in aquatic animals to the concentration in the water in 

which they live. The steady-state BCFs for a lipid-soluble com- 

pound in the tissues of various aquatic animals seem to be propor- 

tional to the percent lipid in the tissue. Thus, the per capita 

ingestion of a lipid-soluble chemical can be estimated frara the per 

capita consumption of fish and shellfish, the weighted average per- 

cent lipids of consumed fish and shellfish, and a steady-state BCF 

for the chemical. 
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Data from a recent survey on fish and shellfish consumption in 

the United States were analysed by SRI International (U.S. EPA, 

1980). These data wsre used to estimate that the per capita con- 

sumption of freshwater and estuarine fish and shellfish in the 

United States is 6.5 g/day (Stephan, 1980). In 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 BCF is available for trichloro- 

phenols, 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 organisms that contain about 7.6 percent lipids from the 

octanol-water partition coefficient (P). lIeasured log P values 

were obtained frao Hansch and Leo (1979). An adjustment factor of 

3.0/7.6 - 0.0395 is used to adjust the estimated BCF from the 7.6 

percent lipids on which the equation is based to the 3.0 percent 

lipids that is the wsighted average for consumed fish. and shell- 

fish. Thus, the weighted average BCF for the edible portion of all 

aquatic organisms consumed by Americans can be calculated. 

Compound 
LogP 

Heae. Calc. Weighted BCF 

2,4,5-trichlorophenol 3.72 290 110 

2,4,6-trichlorophenol 3.87 389 150 
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Inhalation 

No quantitative data on inhalation studies were found. From 

Table 1 it is noted that the vapor pressures of 2,4,5- and 

2,4,6=trichlorophenol are about 1 Hg at 72 to 76OC. Consequently 

the trichlorophenols can be expected to vaporize to s-e extent. 

Olie, et al. (1977) reported finding di-, tri- and tetra- 

chlorophenols in flue gas condensates frcxa municipal incinerators. 

The levels were not quantified. 

Dermal 

Roberts, et al. (1977) used human epidermal membranes obtained 

at autopsy in an & vitro test system to determine the permeability 

of human skin to various chemicals. 2,4,6-Trichlorophenol per- 

meated the skin membrane and did not cause damage when tested at 

the maximum aqueous solubility of 0.09 percent (w/v) concentration. 

PHAPMACOKINETICS 

Absorption, Distribution, and Hetabolism 

Chlorophenols as a chemical class tend to be rapidly elimi- 

nated in the urine. Hence, analyxing urine for trichlorophenol 

residues is a reasonable approach to estimating exposure, regard- 

less of the source and route of exposure. Dougherty and Piotrowska 

(1976) ussd negative chemical ionization mass spectrometry to ana- 

lyze urine samples for chlorophenols. Evidence was obtained sug- 

gesting the presence of trichlorophenol or .trichlorophenoxy herbi- 

cides in 9 to 67 percent of the 57 samples analyzed. The concentra- 

tions were not quantified. 

Kutx, et al. (1978) analyzed 418 samples of human urine col- 

lected from the general population via the Health and Nutritional 
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Examination Survey. Residues of 2,4,5-trichlorophenol were found 

in 1.7 percent of the samples. The average level found was less 

than 5 pg/l (ppb) and the maximum value found was 32.4 ug/l. 

Excretion 

2,4,5-Trichlorophenol is cleared rapidly from blood. Wright, 

et al. (1970) dosed sheep with Erbo R, IQ a herbicide that is metabo- 

lixsd to 2,4,5-trichlorophenol, and observed the disappearance of 

2,4,5-trichlorophenol from the blood. An approximate blood half- 

life of 20 hours was estimated frown the graphed data. 

Another study showed the rapid clearance of 2,4,6-trichloro- 

phenol, predominantly in urine. Korte, et al. (1978) administered 

1 ppm 2,4,6+richlorophenol in the diet to rats for three days and 

then studied elimination. Eighty-two percent of the dose was 

eliminated in the urine and 22 percent in the feces. Radio-labeled 

trichlorophenol was not detected in liver, lung or fat obtained 

five days after the last dose. 

EFFECTS 

Acute, Subacute, and Chronic Toxicology 

Tabls 4 praaents data regarding acute toxicity of several tri- 

chlorophenol isomers. Differences in observed IDso values may be 

due to the use of different solvents. 

The clinical signs of acute poisoning with 2,4,5-trichloro- 

phenol include decreased activity and motor weakness (Deichmann, 

1943). Convulsive seizures also occur, but are not as severe as 

with the monochlorophenols, which at physiological pH (7.0 to 7.4), 

are mainly undissociated. The tri- and tetrachlorophenols have 

lower pk, values and, hence, are more extensively dissociated at 
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hcuta toxlolty of ~cIcblorc#mol~ 

-- -.-. .__. ----__.-.-_- e-m-._-- - --- .--._ - _--- _--. .-.__ ----. _-- -- --- .--.---. 

ChsliO81 Bolvmnt BpeCi88 Wmla R88pon88 ~L.C.na8 
-a-- 

Daiclmmn 6 
hrgard, 1146 

lubautmmaw m50 - 2,260 q/kg 

Olive oil Rat IntrqmrLtcmal IBso - 355 mg/kg C8cqubarwrr, et 
al. 1956 

3,4,5-Trichloco@uml Oliva 011 R8t Intr8p8cItam8l LDso - 372 -fig Carquharum, et 
81. lY56 

2,4,6-Trichlora@mml Ollvm 011 8at Intrapecitamal LDso n 276 q/kg ~8rqubacmon, 8t 
81. 1958 

2,3,6-Trlchlocopbenol Olive oil R8t 
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physiological pH. These compounds, with the exception of 

2,4,6-trichlorophenol tend not to be convulsants. 

Farquharson, et al. (1958) determined Us0 values of isomers 

of trichlorophenol (Table 4). 2,4,6-Trichlorophenol produced con- 

vulsions when injected intraperitoneally. The 2,3,6-iso(ner occa- 

sionally caused convulsions when dosed animals were handled. All 

of the trichlorophenol isomers (3,4,5-, 2,4,5-, 2,4,6-, and 2,3,6-I 

elevated boay temperature by O.S°C. Onset of rigor mortis occurred 

within five minutes of death as compared to 50 minutes for con- 

trols. Rats dosed with 2,3,6-, 3,4,5-, or 2,4,5-trichlorophenol 

developed hypotonia in the hind limbs 2 to 3 minutes after intra- 

p8ritoneal injection. The hypotonia then spread to the forelimbs 

and neck. All of the trichlorophenol isomers stimulated oxygen 

consumption of rat brain homogenate at concentrations of 5 x lo-’ 

to lo-3J4. 

&C!ollister, et al. (1961) conducted a variety of toxicologic 

studies on 2,4,5-trichlorophenol in rats. The 2,4,5-trichloro- 

phenol used in the acute studies was 97 to 98 percent pure; and, for 

the go-day study, it was 99 percent pure. The acute oral LD50 was 

2,960 log/kg. 

Rabbits were given 28 daily oral doses of 2,4,5=trichloro- 

phenol in 5 percent gum acacia sclution (HcCollister, et al. 1961). 

No effect was observed at doses of 1 or 10 mg/kg. At 100 mg/kg, 

slight renal pathology was reported. At 500 sq/kg, slight kidney 

and liver lesions were noted. 

In rats, 18 daily dose8 of 1,000 lag/kg during 24 days caused a 

transient weight loss that disappeared within 14 days (McCollister, 
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et al. 1961). Dosages of 30, 100, 300, or 1,000 4/kg for 18 of 24 

days did not affect mortality, hematological variables (unspeci- 

fled), blood urea nitrogen, final body weight, or organ weight 

ratios. There were no microscopic lesions in lung, heart, liver, 

kidney, spleen, adrenal, pancreas or testes. 

Rats in groups of 10 males and 10 females were fed 2,4,5=tri- 

chlorophenol at dietary levels of 100, 300, 1,000, 3,000, or 

10,000 4 of compound per kg of feed for 98 days (McCollister, et 

al. 1961). Assuming that an average rat consumes an amount of feed 

equivalent to 10 percent of its body weight daily, the equivalent 

doses were 10, 30, 100, 300, and 1,000 4/kg body weight. 

Dosages of 100 4/kg body weight or less produced no adverse 

effects as judged by behavior, mortality, food consumption, growth, 

terminal hematology, body and organ weights, and gross and micro- 

scopic pathology. 

At 1,000 mg/kg (10,000 4/kg in diet) , growth was slowed in 

fe males. There were no significant hematologic changes. Changes 

were noted in kidney and liver on histopathologic examination. The 

kidneys showed moderate degenerative changes in the convoluted tu- 

bular epithelium and early proliferation of interstitial tissue. 

The liver showed mild centrilobular degenerative changes character- 

ized by cloudy swelling and occasional focal necrosis. There was 

slight proliferation of the bile ducts and early portal cirrhosis. 

The rats fed 300 4/kg (3,000 4/kg feed) also showed histopatho- 

logic changes in ki’dney and liver that were milder than those ob- 

served in the higher dose. The histopathologic changes were con- 

sidered to be reversible. 
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Anderson, et al. (1949) fed steers various levels of 

2,4,5-trichlorphenyl acetate or zinc 2,4,5-trichlorophenate, as 

shown in Table 5. Feed consumption, daily weight gain, hemoglobin, 

and packed cell volume were determined. The results are summarixed 

in Table 6. Because of the limited number of animals per group, 

statistical analysis was not done. Additionally, for day 154, 

there was only one control animal per compound. The authors con- 

cluded that the conrpounds were relatively nontoxic to the animals. 

Examination of Table 6 shows no clinically significant changes in 

hemoglobin’ or packed cell volume values. No gross lesions were 

observed at slaughter. The feed consumption data suggest that with 

both compounds, the high dose groups were consuming less 

feed/kg/day. Tissues were not analyzed for the active agents. 

Tissue analyses showed an increase in zinc, but phenol was not 

detected. Meat prepared from the animals did not have any unusual 

taste or odor. 

~XcCollister, et al. (1961) reported on skin irritation and 

sensitization studiea in 200 humans. A 5 percent solution of 

2,4,5-trichlorophenol in sesame oil was mildly irritating in a few 

individuals upon prolonged contact, but there was no evidence of 

sensitization. 

Bleiberg, et al. (1964) described various adverse health ef- 

fects in 29 workers involved in the manufacture of 2,4-D and 

2,4,5-T. The workers had varying degrees of chloracne, hyperpig- 

mentation, and hirsutism. Eleven had elevated urinary uropor- 

phyrins. Eleven of the 29 were diagnosed as having evidence of 
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Table 5 

Steer Feeding Study Design* 

-m.- --- 

Group N 

- - -,--- 

Compound 
-- ----- e- 

Dose-ag/kg Duration-days 

1 2 zinc 2,4,5 trichlorophenate 0 B-B 

2 2 . 17.64 78 

3 2 a 52.92 154 

4 2 l 158.77 78 

5 2 2,4,5-trichlorophenyl acetate 0 B-m 

6 2 . 17.64 78 

7 2 n 52.92 154 

8 2 . 158.77 78 
--- ----- - -.- .-_- A. -.-- -.----- - -..-.__ - -- .-.---__._.- __ ------ .-----.-- 
*Anderson, et al. 1949 
N - Number of animals tested 
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Table 6 

Average Results of Trichlorophenol Steer Feeding Study* 

-- - 

Part 1: Results of feeding zinc 2,4,5-trichlorophenate 
-- 

- 0 17.64==+!92 158.77 

Daily gain - 78 day 0.73 0.97 0.83 0.68 
(kg/day) 

Daily gain - 154 day 
(kg/day) 0.77 -- 0.71 -- 

Feed consumption 
(gn/kg/day) l- 78 day 35 32 33 24 
(gm/kg/day) 1-154 day 30 -- 37 -- 

Hemoglobin 
(gm/lOO ml) 78 day 10.3 11.1 10.3 10.9 
(gn/lOO ml) 154 day 10.9 -- 10.4 -- 

Packed cell volume 
Pcv- 78 day 
xv - 154 day 

34 37 34 37 
36 -- 35 -- 
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TABLE 6 (Continued) 

--v-e- --- --- - _ ._- __--_.--- ----m-- 

Part 2: Results of feeding 2,4,5-trichlorophenyl acetate 
----e- - -- ---- --.-- ---- 

--- 

_-.- 

Daily gain 
(kg/day) 78 day 

0 

1.05 

17.64-92 

0.37 0.84 

158.77 

0.65 

Daily gain 
(kg/day) 154 day 0.77 -- 0.68 -- 

Peed consumption 
(gm/kg/day) l- 78 day 36 37 37 30 (gm/kg/day) 1-154 day 30 -- 39 -- 

Heraoglobin 
(gm/lOO ml) 78 day 9.1 12.1 11.1 11.7 (gm/lOO ml) 154 day -- -- 11.3 -- 

Packed cell volume 
PCV - 154 day 
Pcv - 154 day 

31 40 38 
-- mm em 

-----em ---_-- ---.- 
*Source: Anderson, et al. 1949 

-- -- --- -- 
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porphyria cutanea tarda, which is associated with liver dyefunc- 

tion, porphyrinuria, and bullous skin lesions. It is likely that 

8oae of theee symptoms represent TCDD toxicosis. 

Studie8 on the mechanism of action or subcellular effects of 

the8e cunpoundr have primarily focused on effecta on oxidative 

phorphorylation. Weinbach and Garbus (1965) terted the ability of 

VariOU8 8ub8titUted phenol8 to completely Uncouple oxidative phos- 

phorylation &J vitro. 2,4,5=Trichlorophenol caused complete un- 

coupling at 0.05 mH. The known uncoupler 2,4-dinitrophenol com- 

pletely uncoupled the teet system at 0.1 mC4 for compariron. There 

wa8 a pO8itiVe relation8hip between mitochondria protein binding 

and uncoupling properties. 

Parker (1958) studied the effect of chlorophenols on i8olated 

rat liver mitochondria. 2,4=Dinitrophenol was used as a reference 

compound because of its known ability to uncouple oxidative phoa- 

phorylation. An unspecified iaolner of trichlorophenol, at 1.8 x 

10w4W, had 70 percent of the activity of 2,4-dinitrophenol at 2.0 x 

10-5M. Mitsuda, et al. (1963) studied the effects of various 

chlorophenols on oxidative phoephorylatfon in isolated rat liver 

mitochondria. The test rystem used a 2.75 ml reaction medium at pH 

7.0, with 0.05 ml of mitochondrial suspension containing 0.43 mg N. 

The concentration of chlorophenol required to produce a 50 percent 

inhibition in the production of ATP was determined (Iso). The I5o 

was 3 uM for 2,4,5-trichlorophenol and 18 uM for 2,4,6-trichloro- 

phenol. 

Stockdale and Selwyn (1971) reported that 2,4,6-trichloro- 

phenol at 0.005 M resulted in 50 percent inhibition of lactate de- 

hydrogenase, and that 0.0028 H resulted in 50 percent inhibition of 
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hexokinase in vitro. Isolated ATPaae was stimulated by 60 uM and 

inhibited by 1,120 M 2,4,6-trichlorophenol. 

Arrhenius, et al. (1977) studied the effects of chlorophenols 

on microsomal detoxication mechanisms using rat liver preparations. 

The experimental system examined the effects of each tested chloro- 

phenol on the microeoanal metabolism of N, N-dimethylaniline (MA) 

to formaldehyde and N-methylaniline (C-oxygenation) or to N, 

N-dimethylaniline-N-oxide (N-oxygenation). In essence, the study 

examined disturbances in the detoxification electron transport 

chain. The concern a8 rtated by Arrheniur, et al. (1977) was that 

compounds that could increase N-oxygenation could alao influence 

the metabolism of other chemical toxicants, such as aromatic 

amine8, which are formed by N-oxygenation. It was suggested that 

agents which increase N-oxygenation could be considered as syner- 

gists for the carcinogenic action of aromatic amines. A concentra- 

tion greater than lEa13 of 2,4,6-trichlorophenol inhibit8 C-oxygena- 

tion of DMA. A 3 mM concentration produces a small increase in 

N-oxygenation of DMA. In order to set this in a dose-response con- 

text, a concentration of 1 mM is equivalent to 197.46 rag trichloro- 

phenol per liter and 3 IBM is equivalent to 592.38 mg/l. 

Two studies have examined the effect of trichlorophenol on the 

biochemistry of the lens of the eye. Korte, et al. (1976) showed 

that 10m3 H 2,4,5-trichlorophenol would reduce the bovine lens con- 

tent of ATP, ADP, glucose-6-phosphate and fructose following a 

48-hour incubation. Levels of AXP and glucose were increased. 

Trichlorophenol decreased glucose-6-phosphate dehydrogenase activ- 

ity but had no effect on lactate dehydrogenase, malate dehydro- 
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genase, sorbitol dehydrogenase, fructose-1,6-diphosphate aldolase, 

or pyruvate kina8e. Ismail, et al. (1975) showed that small 

amounts of 2,4,6=trichlorophenol would penetrate the rabbit eye. 

Small amounts of the chemical were placed in the eye and one hour 

later variour part8 of the eye were analyred for the chemical. 

Highest amount8 of the administered do8e were found in the cornea 

(2.4 percent) and conjunctiva (2.49 percent). The aqueou8 and 

vitreour humor, lens, iris, and choroid contained le88 than 0.17 

percent each. 

Synerqism and/or Antagonism and Teratogenicity 

Pertinent data could not be located in the available litera- 

ture. 

Mutagenicity 

Fahrig, et al. (1978) found that 400 mg 2,4,6=trichlorophenol 

increased the mutation rate in a strain of Saccharomyce8 cere- 

vi8iae. There was no effect on the rate of intragenic recombi- 

nation. 

In a mou8e spot test, female8 were administered an intraperi- 

toneal doee of tsrt chemical on day 10 of gertationr the response 

was a change in hair coat color representing a genetic change in 

the offspring (Fahrig, et al. 1978). At 50 mg/kg, 2,4,6-trichloro- 

phenol produced two spots in 2 of 340 animals from 74 females. At 

100 mg/kg, there was one spot in 175 mice from 42 females. 

Ra8anen, et al. (1977) terted chlorophenol for mutagenicity 

using the Salmonella-mama lian microsome Ames test with both the 

nonactivated and activated systems. The following trichlorophenol 

C-65 



i8omerr were terted and reported as non-mutagenic in both test sys- 

tern82 2,3,5-, 2,3,6-, 2,4,5-, and 2,4,6-trichlorophenol. 

Carcinogenicity 

Boutwell and Bo8Cb (1959) conducted a reriea of experiment8 on 

the tumor promoting action of substituted phenol8 using repeated 

application8 of concentrated rolution8 to the shaved back8 of mice. 

The tumor initiator MBA (9,10-dimethyl-1,2=benzanthracene) wa8 

used. A 20 percent solution of 2,4,6-trichlorophenol in benzene 

did not increase the incidence of papilloma8 in mice pretreated 

with MBA. No carcinooar developed during the 15-week experiment. 

A 21 percent rolution of 2,4,5-trichlorophenol in acetone increased 

the incidence of papillara in mice pretreated with DMBA. Carcin- 

OM8 did not develop during the 160week experiment. 

Inner, et al. (1969) dored two rtrainr of mice with 2,4,6-tri- 

chlorophenol for 18 monthr. Eighteen male8 and 18 female8 of each 

strain were uled, for a total of 72 animalr. Beginning at seven 

day8 of age and continuing through 26 days, the mice were gavaged 

daily with the compound at 100 mg/kg. Fran 1 to 18 month8 the mice 

were fed a diet containing 260 ppm, which rerulted in an estimated 

exprure of 20 to 25 mg/kg. The results w8re inconclusive. In this 

etudy, which involved 120 pc8tfCfde8, each chemical was grouped in- 

to 1 of 3 categor ie8. If the incidence of tumrs was significantly 

increased, it wab clasrified a8 a carcinogen. If the incidence of 

tumor8 wa8 low and rtatistically in8ignificant, it wa8 Classified 

a8 a noncarcinogen. The third category, in which 2,4,6-trichloro- 

phenol was placed, comprised compound8 requiring further study. 

The authors did not provide the actual data, but indicated that 
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there was an elevation of tumor incidence in an uncertain range, 

and that additional statistical evaluation or experimentation would 

be required before an interpretation could be made. 

A bioassay of 2,4,6-trichlorophenol for po88ible carcinogeni- 

city was conducted for the National Cancer Institute (NCI) by Lit- 

ton Bionetics, Inc. The tert chemical was administered in feed to 

groups of F344 rats and B6C3Fl mice using standard NC1 protocol8 

(Table 7 and Table 8). 

The mean body weights of dosed rats and mice of each sex 

showed a dose-related decrease when compared to the corresponding 

controls. However, the dose-related trends in mortality were not 

obeerved in rat8 or mice; nor were other clinical signs of toxicity 

found. 

The significant positive effects of dietary 2,4,6-trichloro- 

phenol on tumor incidence in male rats, male mice, and female mice 

are summarized in Table 9 and Table 10. In male rats, increases in 

lymphoma or leukemia were dose-related (4/20 controls, 25/50 low 

dose, 29/50 high dose). However, in female rats, the incidence of 

these tumors was not significantly elevated. Laukocytosis and 

monocytosis of the peripheral blood and hyperplasia of the bone 

marrow occurred in both male and female rats. In both the male and 

female mice, the incidence of hepatocellular carcinomas or adenomas 

was increased significantly over the controls and wa8 also dose- 

related (males: controls 4/20, low dose 32/49, high dose 39/47; 

females: controls l/20, lw dose 12/50, high dose 24/48). 

Based on the results of this study, the National Cancer Insti- 

tute concluded that 2,4,6-trichlorophenol was carcinogenic in male 
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TABLE 7 

2,4,6-Trichlorophenol Chronic Feeding Studies in Rats’ 

Sex and 
Test Group 

Initial Nob of 
Animals 

2,4,6-TrichEorophenol 
in Diet (pm) 

Time on 
Study (Weeks) 

Hale 

Matched-control 

Low-dose 

High-dose 

20 0 107 

50 5,000 106 

50 10,000 106 

Female 

Matched-control 

Low-dose 

High-dose 

20 0 107 

50 5,000 106-107 

50 10,000 106 

‘National Cancer Institute, 1979 
bAll animals were 6 weeks of age when placed on study 
CTest and control diets were provided ad libitum 7 days per week 
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TABLE 8 

2,4,6-Trichlorophenol Chronic Feeding Studice in Micea 

Sex and 
Test Group 

Time-Neighted 
Initial Nob of 

Animals 
2,4,6-Tric$lorophenol Time on 

in Diet (ppr) Study (Weeks) 
Average pse 

(PFm 
-- 

Male 

Matched-control 20 0 105 

Low-dose 50 5,000 105 

High-dose 50 10,000 105 

Female 

Matched-control 20 0 105 

Low-dose 50 10,000 
2,500 it 5,214 

High-dose 50 20,000 38 
5,000 67 10,428 

‘National Cancer Institute, 1979 

b All animals were 6 weeks of age when placed on study 

‘Test and control diets were provided ad libitum 7 day8 per week 

dTime-weighted average dose - stdose in pm ’ noo of weeks at that dose) 
s(no. of weeks receiving each dose) 
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TABLE 9 

Analysis of the Incidence of Lymph- or Leukemia in 
F344 Pats Admini8tered 2,4,6-Trichlorophenol in the Diet* 

Sex Matched Control b-DO8a High-Dose 

Female 3/20 (15)’ 11/50 (22) 13/50 (26) 

N.S.b N.S. N.S. 

103c 69 55 

Male 4/20 (20) 

P - 0.006 

107 

25/50 (50) 

P - 0.019 

64 

29/50 (58) 

P = 0.004 

69 

*Source: Wified from the National Cancer Institute, 
1979 

‘Number of tumor-bearing animals/number of animal8 exam- 
ined at site (percent) 

$eneath the incidence of tumors in the control group is 
the probability level for the Cochran-Arnitage test when P 
is lea8 than 0.051 otherwise, not significant (N.S.) is 
indicated. Beneath the incidence of tumors in a doecd 
group is the probability level for the Fisher exact test 
for the comparison of that dose group with the matched- 
control group when P is less than 0.05; otherwise, not 
significant (N.S.) is indicated 

‘Time to first tumor (weeks) 
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TABLE 10 

Analysis of the Incidence of Hepatocellular 
Carcinasa or Adenoma in B6C3F1 WiCs Administered 

2,4,6=Trichlorophenol in the Diet* 

Sex Xatched Control Low-Dare High-Dose 

Female l/20 (5)’ 12/50 (24) 24/48 (50) 

P less than O.OOlb N.S. P la88 than 0.001 

105c 105 105 

Male 4/20 (20) 32/49 (65) 39/47 (83) 

P less than 0.001 P - 0.001 P lese than 0.001 

97 102 95 

*Source: Modified from the National Cancer Institute, 1979 
%umber of tumor-bearing animals/n&er of animals examined at 

site (percent) 
bBeneath the incidence of tumor8 in the control group is the 
probability level for the Cochran-Armitage test when P is less 
than 0.05; otherwise, not significant (N.S.) is indicated. 
Beneath the incidence of tumors in a dosed group is the prob- 
ability level for the Fisher exact test for the comparison of 
that dosed group with the matched-control group when P is less 
than 0.051 otherwiee, not significant (N.S.) is indicated 

‘Time to first tumor (weeks) 
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F344 rat8 (including lymphomar or leukemias), and wa8 alro carcino- 

genic in both 8exeb of B6C3F1 mice (inducing hepatocellular carcin- 

oma8 or adencriar) . 
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CRITERION FORMJLATION 

Existing Guideline8 and Standards 

Existing 8tandards were not found for the trichlorophenols in 

the available literature. 

Current Level8 of Exposure 

Pertinent data could not be located in the available litera- 

ture concerning current levels of exposure to the trichlorophenols. 

Special Group8 at Rirk 

No special group ha8 been identified a8 being at increased 

risk of exposure to the trichlorophenols. 

Basis and Derivation of Criteria 

The only trichlorophenol isomer for which adequate data exist8 

for calculation of a toxicity based criterion is 2,4,5-trichloro- 

phenol. McColliater, et al. (1961), in a 98-day feeding 8tudy on 

rats, demonstrated the no-obeerved-effect level (~=I for 

2,4,5-trichlorophenol to be 100 mg/kg. Using the National Academy 

of Sciences (1977) recommended uncertainly factor of 1,000, assum- 

ing an average human body weight of 70 kg, an allowable daily in- 

take (ADI) can be calculated, as follows: 

For the purpose of establishing water quality criteria, it is 

assumed that on the average, a person ingest8 2 liters of water per 

day and 6.5 grams of fish. Since fish may bioaccumulate sub- 

stances, a BCF is used on the calculation. The BCF for 2,4,5-tri- 

chlorophenol is 110. The acceptable concentration of 2,4,5-tri- 

chlorophenol in water is calculated, as follows: 
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c’21 
AD1 

+ (0.0065 x7 

mg e - 2 + (0 Ll6, x 110) . 

C- 2.58 mg/l (dr 2.6 mg/l) 

where: 

21- 2 liters of drinking water 

0.0065 kg - amount of fish consumed daily 

F - bioconcentration factor - 110 

AD1 - Acceptable Daily Intake (mg/kg for a 
70 kg person) 

This criterion can alternatively be expressed as 9.8 mg/l if expo- 

sure is assumed to be from the consumption of fish and shellfish 

alone. 

Under the Consent Decree in NROC v. Train, criteria are to 

state “recommended maximum permissible concentrations (including 

where appropriate, zero) consistent with the protection of aquatic 

organisms, human health, and recreational activities.. 2,4,6=Tri- 

chlorophenol is suspected of being a human carcinogen. Because 

there is no recognized safe concentration for a human carcinogen, 

the recommended concentration of 2,4,6-trichlorophenol in water for 

maximum protection of human health is zero. 

Because attaining a zero concentration level may be infeasible 

in acme cases and in order to assist the Agency and states in the 

possible future development of water quality regulations, the con- 

centrations of 2,4,6-trichlorophenol corresponding to several in- 

cremental lifetime cancer risk levels have been estimated. A can- 

cer risk level provides an estimate of the additional incidence of 
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cancer that may be expected in an exposed population. A risk of 

10-5 for example, indicates a probability of one additional case of 

cancer for every 100,000 people exposed, a risk of 10e6 indicate8 

one additional ca8e of cancer for every million people expoBed, and 

80 forth. In the Federal Register notice of availability of draft 

ambient water quality criteria, EPA etated that it is con8idsring 

setting criteria at an interim target risk level of 10w5, 10°6, Or 

10-7 as shown in the table following. 

Exgo8Urfl A88umptiOn8 
(per day) 

2 liter8 of drinking 
water and consumption 
of 6.5 grams fish and 
ahellf ieh (2) 

Consumption of fish 
and rhellfish only. 

Rick Level8 
and Corresponding Criteria (1) 

1o-7 10-6 1o-5 

0.12 llg/l 1.2 w/l 12 w/l 

0.36 ug/l 3.6 w/l 36 w/l 

(1) Calculated by applying a linearixed multistage model, as 

described in the Human Health Methodology Appendices to 

the October 1980 Federal Register notice which announced 

the availability of thi8 document to the animal biOa88ay 

data presented in the Appendix and Table 9. Since the 

extrapolation m&e1 is linear at low doSal, the addi- 

tional lifetime risk ia directly proportional to the 

water concentration. Therefore, water concentration8 

corre8ponding to other risk level8 can be derived by 

multiplying or dividing one of the risk levels and cor- 

responding water concentrations ehoun in the table by 

factor8 euch a8 10, 100, 1,000, and 8o forth. 
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(2) Thirty-three percent of the 2,4,6-trichlorophenol expo- 

sure result8 from the consumption of aquatic organisms 

which exhibit an average bioconcentration potential of 

1500fold. The remaining 67 psrcent of 2,4,6-trichloro- 

phenol exposure result8 from drinking water. 

Concentration levels were derived assuming a lifetime exporure 

to various amount8 of 2,4,6-trichlorophenol, (1) Occurring from the 

consumption of both drinking water and aquatic life grown in waters 

containing the corre8ponding 2,4,6-trichlorophenol concentrations 

and, (2) occcurring solely from consumption of aquatic life grown 

in the waters containing the corresponding 2,4,6-trichlorophenol 

concentrations. Because data indicating other source8 of 

2,4,5-trichlorophenol exposure and their COntrfbUtiOn8 to total 

body burden are inadsquate for quantitative me, the figure8 re- 

flect the incremental risk8 associated with the indicated route8 

only. 

The data of Hoak (1957), Burttschell, et al. (1959), and Dietz 

and Traud (1978) indicate that 2,4,5- and 2,4,6-trichlorophenol 

impart disernable organoleptic characteristic8 to water. (These 

studies have been discuesed previously in the 8sction of this docu- 

ment dealing with monochlorophenols.) The organoleptic detection 

threrholds for the trichlorophenols are preeented in Table8 2 and 3 

for odor and taste, respectively. 

Since the organoleptic detection threshold concentrations for 

2,4,5- and 2,4,6-trichlorophenol are well below any toxicity-based 

criterion level8 that may be derived, the ambient water quality 

criteria are based on organoleptic data. It should be emphasized 
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that these criteria are based on aesthetic qualities rather than 

health effects. However, to the extent that these criteria are 

below the levels derived for 2,4,5-trichlorophenol and 2,4,6-trl- 

chlorophenol from toxicity and carcinogenicity data, respectivelf., 

they are likely to also be protective of human health. 

The taste thresholds determined by Dietz and Traud (1978) fcr 

the detection of 2,4,5-trichlorophenol and 2,4,6-trichlorophencl 

in water are used as the bases for the ambient water quality cri- 

teria. The Dieta and Traud study was chosen for a number of rec- 

sons. These author8 present a recent study involving well-defined 

procedures and a number of documented controls. This study uti- 

lized “fresh’ water from the base outlet of the Verse Dam (Germany 

for all experiments. The water was described as clear and neutra _ 

with respect to both odor and taste. These conditions are con.. 

sidered to more closely approximate the conditions of ambient water 

found in lakes, rivers, and streams than would those of the Hoa 

(1957) and Burttschell, et al. (1959) studies, which utilize< 

carbon-filtered laboratory distilled water. The 20 to 22OC tem- 

perature of the water in the Dieta and Traud odor and taste testr 

might also more closely approximate the temperature at which water 

is normally consumed than do the 30°C or 25OC temperatures used in 

the studies of Hoak (1957) and Burttschell, et al. (1959), respec- 

tively. However, it is recognized that the temperature of water 

consumed by humans is quite obviously variable, and no study wil: 

represent the temperature of water consumed by all Americans. 

Therefore, based on the prevention of undesirable organoleptic 

qualities, the criterion levels for 2,4,5- and 2,4,6-trichloro- 
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phenol in water are 1.0 vg/l and 2.0 vg/l, respectively. There 

levels rhould be low enough to prevent detection of objectionable 

organoleptic characteristics and far below minimal no-effect con- 

centration deterlained in laboratory animals. 
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TETRACHLOROPHENOL 

Mammalian Toxicology and Human Health Effects 

INTRODUCTION 

Tetrachlorophenol is a fungicide and wmd preservative. As 

either a spray or dip treatment, it is used as a water soluble salt 

to treat freshly cut lumber. The treatment prevents sap stain or- 

ganisms from growing in wood while it is drying or waiting further 

processing. 

Commercial pentachlorophenol contains 3 to 10 percent tetra- 

chlorophenol (Goldstein, et al. 1977; Schwetx, et al. 1978). Since 

the annual production of pentachlorophenol is 25 million kg, 0.75 

to 2.5 million kg of tetrachlorophenol are produced concurrently. 

There are three tetrachlorophenol isomers the most important 

of which is 2,3,4,6-tetrachlorophenol. Table 1 lists the physio- 

chemical properties of the three isomers. 

Like tri- and pentachlorophenols, tetrachlorophenols contain 

toxic nonphenolic impurities. Schwetn, et al. (1974) reported that 

cctnmercial grade 2,3,4,6-tetrachlorophenol contained chlorodioxin 

isomers at levels of 28 ppm (hexa-), 80 pm (hepta-), and 30 ppm 

(octachlorodibenzo-p-dioxin) as well as chlorodibeneofurans at 

levels of 55 ppm (hexa-), 100 ppm (hepta-), and 25 ppm (octachloro- 

dibenzof uran) . The commercial tetrachlorophenol was composed of 73 

percent tetra- and 27 percent pentachlorophenol. 

EXPOSURE 

Ingestion from Water 

There are reports suggesting the presence of lower chloro- 

phenols occurring in drinking water, but the presence of 
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TABLE1 

Physiochemical Properties of Tetrachlorophsnol* 

Property Tetrachlorophenol Isaer 

Molecular weight 

Formula 

Melting point OC 

Boiling point OC 

Solubility 
water 
alcohol 
benzene 

Vapor pressure lmm Hg, 100°C 

CAS Number 

2,3,4,5- 2,3,4,6- 

231.89 231.89 

cfjH$l,o C6H2Cl40 

116-7 70 

sublines sublimss 

very 
slightly 
soluble 
soluble 

58-90-2 

2,3,5,6- 

231.89 

C6H2Cl4O 

115 

150 

slightly 

very 

935-95-5 

l Sourcet Weast, (ad.), 1978 
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tetrachlorophenol has not been documented. The odor threshold for 

2,3,4,6-tetrachlorophenol has been reported by Hoak (1957) to be 

915 pg/l at 30°C and by Deitz and Traud (1978) to be 600 pg/l. The 

taste threshold of 1 ug/l for 2,3,4,6-tetrachlorophenol in water 

has been reported by Deitt and Traud (1978). These studies are 

described in the monochlorophenols portion of this document (see 

Ingestion from Water). 

Ingestion from Food 

There is no evidence to suggest that tetrachlorophenols may be 

ingested fran f&da. If such compounds were present in foods, they 

could probably be absorbed from the gut. 

One interesting problem associated with exposure of poultry to 

tetrachlorophenol-treated wood shavings has been the resulting 

musty taint that develops in meat and eggs. Parr, et al. (1974) 

conducted a small survey on the amount of tetra- and pentachloro- 

phenol entering poultry housing as a result of using treated wood 

shavings. The problem developed when a musty taint was observed in 

broiler chickens. The musty taint was due to the fungal formation 

of tetra-and pentachloroanisoles formed by the methylation of the 

parent chlorophenol. The average 2,3,4,6-tetrachlorophenol con- 

centration in fresh shavings was 54 ug/g (ppm). The spent litter 

contained 0.7 ug/g tetrachlorophenol and 0.5 pg/g tetrachloroani- 

sole. The tetrachloroanisole was only occasionally detected in 

fresh shavings. The &or threshold for 2,3,4,6-tetrachloroanisole 

was reported to be 4 x 10 -6 w9 (4 PPt) l 

Harper and Balnove (1975) analyzed tissues from chickens 

raised in contact with tetrachlorophenol-treated wood shavings. 
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The levels of tetrachloroanisole in the chickens ranged from 1.2 

rig/g in the edible portion to 7.6 rig/g in bone. 

Engel, et al. (1966) fed 1 mg of 2,3,4,6-tetrachloroanisole/kg 

to chickens. A musty taint developed in eggs and broiler meat sim- 

ilar to that associated with housing chickens over tetrachloro- 

phenol-treated Wooa shavings. 

There is a possibility that the metabolism of other compounds 

could result in the formation of tetrachlorophenols. angst, et al. 

(1976) reported that rats partially metabolixcd pentachlorophenol 

to 2,3,4,6- and 2,3,5,6-tetrachlorophenols. Ahlborg (1978) could 

not replicate the Angst results but rather found that rats metabo- 

lized pentachlorophenol to 2,3,5,6=tetrachlorohydroquinone and 

trichlorohydroquinone. 

Rohli, et al. (1976) studied the metabolism of tetrachloro- 

benzene in rabbits. 1,2,3,4- and 1,2,3,5=Tetrachlorobenzenes were 

metabolized to 2,3,4,5- and 2,3,4,6-tetrachlorophenols, respec- 

tively. In addition, 1,2,3,5-tetrachlorobensene resulted in 

2,3,4,6+etrachlorophanol. 1,2,4,5-Tetrachlorobenzene resulted in 

only one metabolite, 2,3,5,6-totrachlorophenol. All retabolites 

were isolated from urine. 

A bioconcentration factor (BCF) relates the concentration of a 

chemical in aquatic animals to the concentration in the water in 

which they live. The steady-state BCFs for a lipid-soluble com- 

pound in the tissues of various aquatic animals seem to be propor- 

tinal to the percent lipid in the tissue. Thus, the per capita 

ingestion of a lipid-soluble chemical can be estimated from the per 

capita consumption of fish and shellfish, the weighted average per- 
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cent lipids of consumed fish and shellfish, and a steady-state BCF 

for the chemical. 

Data from a recent survey on fish and shellfish consumption in 

the United States were analyzed by SRI International (U.S. EPA, 

1980). These data wre used to estimate that the psr capita con- 

sumption of freshwater and estuarine fish and shellfish in the 

United States is 6.5 g/day (Stephan, 1980). In 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 msasured steady-state BCF is available for any tetrachloro- 

phenols, 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 organisms that contain about 7.6 percent lipids from the 

octanol/water partition coefficient (P). A measured log P value of 

4.10 was obtained frwr Hansch and Leo (1979). The adjustment 

factor of 3.0/7.6 - 0.395 can be used to adjust the estimated BCF 

from the 7.6 percent lipids on which the equation is based to the 

3.0 percent lipids that is the weighted average for consumed fish 

and shellfish. Thus, the weighted average BCP for the edible por- 

tion of all aquatic organisms consumed by Americans can be calcu- 

latsd. 

Coppound LogP Weighted BCF 

2,3,4,6-tetrachlorophenol 4.10 610 240 
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Olie, et al. (1977) reported finding di-, tri-, and tetra- 

chlorophenols in flue gas condensates from municipal incinerators. 

The levels were not quantified. 

Dermal 

Pertinent data could not be located in the available liter- 

ature. 

PEIARMACOAINETICS 

Absorption and Distribution 

Pertinent data could not be located in the available liter- 

ature. 

Metabolism and Excretion 

Ahlborg and Larsson (1978) studied the urinary metabolites of 

tetrachlorophenol in rats following intraperitoneal doses of 

10 mg/W- 2,3,5,6-Tetrachlorophenol was excreted as unchanged 

tetrachlorophenol and as tetrachloro-p-hydroquinone. No tri- 

chloro-p-hydroquinone was found in the urine of rats given the 

2,3,5,6-tetrachlorophenol isomer. In a quantitative study, rats 

were given 5.3 mg of 2,3,5,6-tetrachloropbanol, and the urine was 

collscted for 24 hours. Over 98 percent of the administered dose 

was recovered in the urine in 24 hours, indicating an excretion 

half-life of less than one day. About 66 percent of the chloro- 

phenol was excreted as unchanged 2,3,5,6-tetrachlorophenol and 35 

percent was eliminated as tetrachlorep-hydroquinone. After 24 

hours, neither parent compound nor metabolite could be found in the 

urine. This may indicate a 1 to 2 percent fecal excretion. The 

2,3,4,5,- and 2,3,4,6 tetrachlorophenol isomers are not metabolized 

to any large extent. The 2,3,4,5-isomer is primarily excreted as 
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unchanged chlorophenol with trace amounts of trichloro-p-hydro- 

quinone appearing in the ur inc. Fifty-one percent of the admin- 

istered dose was recovered in the urine in 24 hours. During the 

second 24 hours, an additional 7 percent of the dose appeared in 

the urine. Altogether, 59 percent of the intraperitoneal dose was 

recovered in the urine with the disposition of the remainder of the 

dose not identified. 

The 2,3,4,6-tetrachlorophenol isomer is rapidly eliminated in 

the urine as unchanged chlorophenol. About 94 percent of the in- 

traperitoneal dose was recovered in the urine in 24 hours. Trace 

amounts of trichloro-p-hydroquinone were found in the urine. In 

the experiments of Alhborg and Larsson (1978), the urine was boiled 

in HCl to split any conjugates such as glucuronides. 

EFFECTS 

Acute, Subacute, and Chronic Toxicity 

The acute toxicity of tetrachlorophenol isomers via various 

routes and in several species is shown in Table 2. Tetrachloro- 

phenol appears to be less acutely toxic orally than pentachloro- 

phenol. In the studies of Ahlborg and Larsson (1978), pentachloro- 

phenol had an oral LDSO of 150 mg/kg in mice and 294 mg/kg in ger- 

bils. The comparative tetrachlorophenol LDsos ranged from 533 to 

979 mg/kg. This point will be important in setting the criterion. 

Tetrachlorophenol toxicosis consists of depressed activity 

and motor weakness (Deichmann, 1943). Tremors and convulsions do 

not occur except in extremes. 

Ahlborg and Larsson (1978) determined the acute oral and in- 

traperitoneal IDsO of three isomers of tetrachlorophenol and 
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TABLE 2 

Acute Toxicity of Tetrachlorophenol and Hetabolites+ 

Chemical Solvent AniMl Toxic Response 

2,3,4,6-Tetrachlorophenol propylene 
9lY-1 

propylene 
9lY-1 

ethanol 

ethanol 

e than01 

propylene 
9lY-1 

2,3,5,6-Tstrachlorophcnol propylene 
9lY-1 

propylene 
9lYcol 

ethanol 

propylene 
glycol 

muse, C57 
female 

gerbil, 
female 

muse, C57 
female 

muse, C57 
male 

Bouse, c57 lntraperitoneal 
female mso - 82 w/kg 

muse, C57 
female 

muse, C57 
female 

gerbil, 
C57, female 

mouse, C57 
female 

wuse, C57 
female 

ora1 m50 - 150 w/kg 

Ora1 mso - 698 &kg 

oral LDso - 131 mg/kg 

oral LDso - 163 rg/kg 

intraperftoneal 
mso - 121 w/kg 

Oral LDso - 543 mg/kg 

oral IDso = 979 q/kg 

intraperitomal 
Lo50 - 48 w/kg 

intraperitoneal 
rn50 - 109 mg/kg 
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TABLE 2 (Continued) 

Chemical Solvent AniMl Toxic Response 

2,3,4,5-Tetrachlorophenol 

2,3,5,6-Tetrachlorophenol ethanol 

ethanol 

propylene 
glycol 

propylene 
9lYW1 

ethanol 

e than01 

ethanol 

Tetrachloro-p-hydrcquinone 

Tetrachloropyrccatechol 

Tetrachloro-p-hydroquinone 

Tetrachloropyrocatechol 

propylene 
9lY-1 

ethanol 

ethanol 

ethanol 

ethanol 

muse, C57 
f eMle 

lotme, C57 
male 

muse, c57 
f eMle 

gerbil, 
female 

mwe, C57 
female 

mouse, C57 
rale 

Bouset, c57 
ferale 

mouse, C57 
female 

mouse, C57 
female 

muse, C57 
female 

mowe, C57 
male 

mouse, C57 
male 

oral LDso - 109 mg/kg 

oral LDso - 89 mg/kg 

oral LDso - 677 w/kg 

oral LD50 - 533 &kg 

oral LDso - 400 rg/kg 

ora1 LD50 - 572 &kg 

intraperitoneal 
mso - 97 w/kg 

intraperitoneal 

m50 - 133 mg/kg 

oral LDsO - 500 mg/kg 

ora1 mso - 612 mq/kg 

oral LDso - 750 l g/kg 

oral LDso - 750 mg/kg 
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TABLE 2 (Continued) 

Chemical Solvent AltiM Toxic Response 

Tetrachloro-p-hydroquinone ethanol 

Tetrachloropyrocatechol ethanol 

Pentachlorophenol propylene 
9lY-1 

propylene 
glycol 

ethanol 

ethanol 

ethanol 

propylene 
glycol 

mouse, C57 
f emle 

wuae, C57 
female 

mouse, C57 
female 

gerbil, 
female 

mouse, C57 
female 

mouse, C57 
male 

mouse, C57 
female 

mouse, C57 
f erale 

intreaperitoneal 

rn50 - 35 rg/kg 

intraperitoneal 

m5o - 136 w/kg 

oral LDso - 150 mg/kg 

oral LDso - 294 q/kg 

oral LDso - 74 mg/kg 

oral LDso - 36 mg/kg 

intraperitoneal 
LQso - 32 w/k9 

intraperitoneal 

m50 - 59 w/kg 

*Source: Ahltmrg and Larson, 1978 
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related compounds in mice and gerbils (Table 2). The effect of 

solvent is shown by the increased toxicity of the chlorophenols 

when dissolved in ethanol versus propylene glycol. 

Ahlborg and Larsson (1978) also determined the acute oral and 

intraprritoneal toxicity of tetrachloro-p-hydroquinone, which is 

the major urinary metabolite of 2,3,5,6-tetrachlorophenol in rats. 

When administered orally, the metabolite was less toxic than any of 

the thres tstrachloropbenol isamrs in either male or female mice. 

However, when the mstabolite was administered intraperitoneally in 

female mice it was more toxic than any of the three tetrachloro- 

phenol iscmers, and the LDso was similar to the intraperitoneal 

LDso of pentachlorophsnol (Table 2). 

Farquhar son, et al. (1958) showsd that the intraperitoneal 

LDso of 2,3,4,6=tetrachlorophenol in rats was 130 q/kg. Convul- 

sions did not occur, but there was a rapid r°C rise in body tempera- 

ture, and rigor mortis occurred within five minutes of death. 

Brain homogenate oxygen consumption was stimulatrd in the presence 

of 2,3,4,6=tetrachlorophenol at 5 x 10” M. 

Schwetr, st al. (1974) reported that the 10 day maximum tol- 

erated dose for comercial 2,3,4,6=tetrachlorophenol in rats was 30 

WWdw l Deaths occurred in groups given 100 or 300 mg/kg/day. 

Several investigators have examined the effect of tetrachloro- 

phenol on cellular mtabolism. Hitsuda, et al; (1963) studied the 

effects of various chlorophenol8 on oxidative phosphorylation in 

isolated rat liver mitochondria. The test system used a 2.75 ml 

reaction medium at pEl 7.0, with 0.05 ml of mitochondrial suspension 

containing 0.43 mg 1. The concentration of chlorophcnol required 
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to produce a 50 percent inhibition in the production of ATP was de- 

termined (IsO). 2,3,4,6-Tetrachlorophenol had an Iso of 2 uM. For 

comparison, the Iso for pentachlorophenol was 1 m and for 2,4=di- 

nitrophenol the I50 was 17 @L 

Weinbach and Garbus (1965) tested the ability of various sub- 

stituted phenols to c-lately uncouple oxidative phosphorylation 

& vitro. There was a positive relationship between mitrochondrial 

protein binding and uncoupling properties. 2,3,4,6=Tetrachloro- 

phenol caused complete uncoupling at 0.05 I&L For comparison, the 

known uncoupler P,l-dinitrophenol completely uncoupled the test 

system at 0.1 mM. 

Arrhenius, et al. (1977) studied the effects of chlorophenols 

on microsaual detoxification mechanisms using rat liver prepara- 

tions. The experinsntrl system examined the effects of the trst 

chlorophenol on the microsmal metabolism of N, N-dimethylanillne 

(MA) to formaldehyde and N-methylaniline (C-oxygenation) or to N, 

N-dimethylaniline-N-oxide (N-oxygenation). In summary, the study 

examined disturbances in the detoxification electron transport 

chain. The concern as stated by Arrhenlus, et al. (1977) was that 

compounds that increased N-oxygenation could influence the metabo- 

lism of other chemical toxicants, such as armatic amines, which 

are formed by N-oxygenation. Agents that increase N-oxygenation 

could be considered as synergists for the carcinogenic action of 

aromatic amines. 

At a concentration greater than 0.3 mW, 2,3,4,6-tetrachloro- 

phenol inhibits C-oxygenation of LMA and stimulates N-oxygenation 
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of mA. To help put this in a dose-response context, a tetra- 

chlorophenol concentration of 0.3 IM¶ is eguivalent to 69.57 mg/l. 

Butler (1937) reported 21 cases of chloracne in workers 

handling a mixture of 2-chlorophenyl and tetrachlorophenol sodium. 

hoin and Nilsson (1977) analyzed wood dust from sawmills in 

Sweden where chlorophenol fungicides are applied to green timber 

after sawing to prevent sapstain. The fungicide used consisted of 

10 percent 2,4,6=trichlorophenol, 70 percent 2,3,4,6-tetrachloro- 

phenol, and 20 percent pentachlorophenol, and contained 1,600 ppa 

chlorophenoxyphenols, 70 ppm (Cl6, C17) chlorcdibenxofurans, and 

less than 1 ppm chlorodibenxodioxins. The sawdust was obtained 

from the milling operations where the wocxl was trimmed after dry- 

ing. The sawdust (four samples) contained 100 to 800 ppm 

2,3,4,6=tetrachlorophenol, 30 to 400 ~pm pentachlorophenol, 10 to 

50 B~I chlorophenoxyphenols, 1 to 10 ppm chlorodibenzofurans, and 

less than 0.5 m chlorodibenxodioxins. Occupational health prob- 

lems such as severe skin irritation, respiratory difficulties and 

headache had been reported (Levin, et al- 1976). Sweden has banned 

the use of chlorophenols (Levin and Nilsson, 1977). 

No toxicity studies of 90 days or longer were found. One long 

term study with pentachlorophenol is of some value in assessing the 

potential long term toxicity of tetrachlorophenol. Schwetx, et al. 

(1978) fed rats a low non-phenolic content commercial pentachloro- 

phenol containing 10.4 + 0.2 percent tetrachlorophenol and 90.4 2 

1.0 percent pantachlorophenol at levels of 1, 3, 10, or 30 mg/kg 

for 22 months (males) and 24 months (females). The results showed 

a no-obsered-effect level (#oEL) of 3 mg/kg (females) and 10 mg/kg 
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(males) based on clinical chemistry, hematology, pathology and 

organ weight changes. This represents a tetrachlorophenol exposure 

of 0.312 tug/kg for females and 1.04 mg/kg for males. 

Synergism and/or Antaqonism 

Pertinent data could not be located in the available liter- 

ature. 

Tcratcgenicity 

Schwetn, et al. (1974) adminiatsred commercial or purified 

tetrachlorophenol to rats on days 6 through 15 of gertation. ~)os- 

age levels used were 10 or 30 mg/kg. Neither grade of tetrachloro- 

phenol was embryolethal or teratogenic. Both forms were fetotoxic 

at 30 mg/kg, with the effect being delayed ossification of the 

skull bones. The only fctotoxic effect observed ‘at 10 mg/kg was 

subcutaneous edema, which was not observed at 30 mg/kg. The non- 

phenolic impurities in commercial grade tetrachlorophenol did not 

alter the prenatal effects. 

Mutaqenicity 

Rasanen, et al. (1977) tested chlorophenols for mutagenicity 

uaing the Salmonella-mammalian microsome Ames test in both nonacti- 

vatcd and activated systems. 2,3,4,6-Tetrachlorophenol was re- 

ported as nonmutagenic in both test systems. 

Carcinoqenicity 

No etudies were found that were specifically designed to de- 

termine the carcinogenic properties of tetrachlorophenol. The 

study of Schwetx, et al. (1978) is of indirect value. This study is 

described in the effects section. The incidence of tumors is shown 

in Table 3. The authors concluded that low nonphenolic content 
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TABId 3 

IWld8nc8 or Priury ruocm (ad cm Yl8top8tbokqIo8l Dlagmoalm) In Rata rod 
Pentachlocopbmol (FCP) Lot 22 Bbnthm (ulmm) and 24 Ilonthm (fmlem)* 

----- ___._ ._ _ .___ ___ __.- -.... - _--_-_ -- - ----e--v.-- .-- --__-_ --- ---- -.-----.-..-- .--. 

k1.m -lam -- 

-1 rJpCP/kg/&y 0 1 3 1e 30 0 1 3 10 30 

WlJdm of c8tm 8XYiMdI 27 26 27 27 27 27 27 27 27 27 

Nukr oC rmtm with turm: 11 13 13 12 11 27 26 25 25 25 

Nurkr of tmorm: 17 14 17 15 61 62 67 42 63 63 

N&r of tmorm/rrtm rlth t-m: 1.6 1.1 1.3 1.4 2.3 2.6 1.7 1.7 2.5 2.5 

Nukr of rorpbolagic maligrunt tmorma 1 3 2 1 0 2 7 2 3 2 
_____ ._.-- _ -- - _-_ --. .--.. m-m. --m-w- _-_-.__ .----. -- -_ ---.- - --- - .---._ _..-.- 
+lourco~ 6chwtr, at al. 1970 
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pentachlorophenol containing 90.4 fr 1.0 percent pentachlorophenol 

and 10.4 2 0.2 percent tetrachlorophenol was noncarcinogenic when 

tested at doses of 1, 3, 10, or 30 mg/kg in a rat life-time feeding 

study. The high dose represents a tetrachlorophenol exposure of 

0.312 mg/kg. 

While the data base is limited and less direct than desired, 

thsre is presently no indication that tetrachlorophenol is carcino- 

genic. The obvious long term consideration is the potential car- 

cinogenicity of the chlorodibenro-p-dioxin8 that may be present as 

impurities in comercial tetqachlorophanol. 
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CRITERION PORMUIATION 

Existing Guidelines and Standards 

Standards have not been established for the tstrachloro- 

phenols. 

Current Levels of Exposure 

Pertinent data could not be located in the available litera- 

ture concerning levels of current exposure to tetrachlorophenols. 

Special Groups at Risk 

Groups at increased risk of exposure to the tetrachlorophanols 

include manufacturers, users in sawmills, and those who use the 

compound for wood treatment. 

Basis and Derivation of Criterion 

There are no suitable data from which to derive a toxicity- 

based criterion for any of the tetrachlorophenols. Consequently, 

the organoleptic properties of 2,3,4,6-tetrachlorophenol, the only 

tetrachlorophenol isomer for which any data exist, must be used as 

the basis for the criterion. Two studies report the odor threshold 

for 2,3,4,6=tetrachlorophenol. Hoak (1957) found the odor thresh- 

old to be 915 pg/l at 30°C, while Deitx and Traud (1978) reported 

600 pg/l at 20 to 22OC. These two organoleptic studies were 

described earlier in this document in the section dealing with 

monochlorophenols. The taste threshold concentration was also 

determined by Deitz and Traud (1978) to be 1 pg/l. 

The taste threshold determined by Diets and Traud (1978) for 

the detection of 2,3,4,6-tetrachlorophenol in water is used as the 

basis for the ambient water quality criterion. The Deitz and Traud 

study was chosen for a number of reasons. These authors present a 
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recent study involving well-defined procedures and a number of 

documented controls. This study utilixed “fresh” water from the 

base outlet of the Verse Dam (Germany) for all experiments. The 

water was described as clear and neutral with respect to both odor 

and taste. These conditions are considered to more closely approx- 

imate the conditions of ambient water found in lakes, rivers, and 

streams than would those of the Hoak (1957), which utilixed carbon- 

filtered laboratory distilled water. The 20 to 22OC temperature of 

the water in the Dietz and Traud odor and taste tests might also 

more closely approximate the temperature at which water is normally 

consumed than does the 30°C temperature used in the Hoak (1957) 

study. However, it is recognized that the temperature of water 

consumed by humans is quite obviously variable, and no study will 

represent the temperature of water consumed by all Americans. 

Thus, based on the prevention of adverse organoleptic effects, 

the criterion for 2,3,4,6-tetrachlorophenol is 1 ug/l. It is 

emphasized that this is a criterion based on aesthetic rather than 

health effects. Data on human health effects must be developed as 

a mOrc substantial basis for recommending a criterion for the pro- 

tection of human health. 
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CHKN3OCHESOLS 

Hamalian Toxicology and Human Health Effect8 

INTRODUCTIOW 

The chlorocr88ola structurally consist of a bmxene ring with 

the 8ub8titution of one hydroxyl group, one methyl group and one or 

more chloriner. They are rimed either chlorocrerol8 or chlorohy- 

droxytoluenes. It ir pO88ible to have mono-, di-, tri- or tetra- 

ChlOroCr88018. No information was found on the chemical properties 

of trichlorocre8olr. Table8 1, 2, and 3 list the phy8icochemical 

properties of the chlorocre8ol8. Gomelin, et al. (1976) indicate 

that 6-chloro-m-cm-1 (30methyl-6-chlorophenol) and p-chloro-m- 

crerol (3-methyl-l-chlorophenol) say be ueed a8 antiseptics and 

di8inf eCtant8. The Unit88 State8 Pharmacopeia doe8 not list any of 

the ChlOrOCre8018. Goodman and Gilman (1975) al80 do not discuss 

any of the chlorocre8ol8. An unepecified iscxner of chlorocresol 

ha8 been used in England a8 a pre8ervativa in pharmaceutical8 (Ain- 

Icy, et al. 1977). 

4=Chloro-m-cresol (3-methyl-4-chlorophenol) is a cO8iMrcial 

microbicids marketed as Prevent01 cx4@ (Bayer) (Voets, et al. 

1976). 

Rapps (1933) found that p-chloro-m-cresol had antiseptic prop- 

ertier with a phenol coefficient of 13 to 25. 

EXPOSURE 

In general, there are no publirhed data available for the de- 

termination of current human exporure to ChlOroCr88018. Although 

this fact may reflect an actual lack of expoIurc, it is al80 
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--..--- ---_.. - -__--._ .--. .- -.------ .-- - 
l l3ollrccl Yema, (ad.), 197B 
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chemical f'rqectlm of DlchLococrerulm* 

- _.. - - -- _._.- _.____ _.. ---. -Wm. ---. -.-_ - _----. -.- -_.. - .---- --_---.-..-. -----.-..-..-. --. - 
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MY 
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72-4 
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m-m 

m-m 

--- 

--- 
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TABLE 3 

Chemical Properties of Tetrachlorocreeols* 

Property 
3,4,5,6-Tetra- 2,4,5,6-Tetra- 
chloro-o-cresol chloro-r-creaol 

2,3,5,6-Tetra- 
chloro-pcresol 

Molecule wt. 245.92 245.92 

Formula C7H4C140 C7H4C140 

Melting point (OC) 190 189-90 

Solubility 

alcohol 

ether 

acetone 

bentcne 

Alternate 
nam3 

soluble 

soluble 

m-B 

soluble 

2-Hydroxy- 
3,4,5,6-tetra- 
chlorotoluene 

soluble 

soluble 

soluble 

soluble 

3-Hydroxy- I-Hydroxy- 
2,4,5,6-tetra- 2,3,5,6-tetra- 
chlorotoluene chlorotoluene 

245.92 

c7li4c140 

190 

soluble 

a-- 

-m- 

soluble 

*Source: Ueaet, (ed.), 1978 
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p88ible that exporures are simply going undetected and unquanti- 

fied. Soae studies have been done on the occurrence and u8c of 

chlorocre8ol8. 

An unrpecified ieomer of chlorocre8o1, arrumed to be p-chloro- 

a-cre8o1, ir ured at a concentration of 0.15 percent to prererve 

OLUCOU~ heperin in England (Ainley, et al. 1977). The intravenous 

u8e of thir product in anticoagulation therapy result8 in human ex- 

posure. Heparin solutiona merketed in the United States are pre- 

rerved with benxyl alcohol or thimerolal. 

The potential occurrence of ChlOrCXre8018 in the environment 

was ruggested by Jolley, et al. (1975) who reported 1.5 vg/l of 

4-chloro-3-methylphenol (p-chloro-m-cre8ol) in chlorinated mewage 

treatment effluent. Another potential 8ource ir roil degradation 

of the hormone herbicide EPA (I-chloro-2-nethylphenoxyacetate). 

One metabolite of MCPA ir 5-chlorc+o-cre8ol (Gaunt and Evan8, 

1971). Ha8anen, et al. (1977) found that technical MCPA contain8 

4 percent I-chloro-o-cre8ol a8 an impurity. 

VOet8, et al. (1976) reported that p-chloro-m-cresol at 

20 mg/l war degraded 30 percent in two week8 in an aerobic minimal 

tert (M&test) and degraded 100 percent in two week8 in an aerobic 

activated rludge test ayrtem. There war no degradation in either 

tert ryrtem under anaerobic condition8. 

Ingertion frolr Water and Food 

Pertinent data could not be located in the available liter- 

ature concerning ingestion from water and food. 

Inhalation and Dermal 

Pertinent data could not be located in the available liter- 

ature. 
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Absorption 

PHARMCOKINETICS 

Roberts, et al. (1977) used human l pidermal membrane8 obtained 

at autopay in an in vitro test system to determine the permeability -- 

of chemicals through human skin. Chlorocre601, isomer not opeci- 

fied, permeated the membrane at a 0.4 percent (u/v) concentration 

after a 17-minute time lag. A concentration of 0.5 percent (w/v) 

damaged the membrane. Chlor=resol permeated more readily than 

either 2- or I-chlorophenol but leas readily than 2,4,6=trichloro- 

phenol. 

Distribution and Metabolism 

Pertinent data could not be located in the available liter- 

ature. 

Excretion 

2ondek and Shapiro (1943) injected 1,000 mg of p-chloro-m- 

cresol subcutaneously into a 1 kilqram rabbit. Little detail was 

provided on effects. Fifteen to 20 percent of the dose was re- 

covered in the urine. The same canpound was given intramu8cularly 

to humans and was not recovered in the urine to any appreciable ex- 

tent. The dose was not specified but in a companion study, 7 to 12 

grams of p-chloro-m-xylenol was injected into humans. 

KFPKCTS 

Acute, Subacute, and Chronic Toxicity 

Von Oettingen (1949) reviewed the use and toxicity of the 

chlorocresols as part of an effort for the Experimental Biology and 

Medicine Institute, National Institutes of Health. 
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In 1939, Wien reported on acute toxicity studies with 

p-chloro-m-cresol. It was suggested that 0.3 to 0.25 percent 

p-chloro-m-cresol bs used in place of 0.5 percent phenol for ster- 

ilization of solutions of thermlabile substances. 

Tables 4 and 5 list the available toxicity data. 

Like the monochlorophenols, p-chloro-m-cresol produced severe 

muscle tremors and death in a few bours. Damage to renal tubules 

was noted at high dosages (Men, 1939). 

Wien (1939) also conducted sum short term toxicity studies. 

A dose of 80 log/kg given subcutaneously for 14 days did not ad- 

versely affect the growth of young rats. No lesions were found in 

kidney, liver, or spleen. Mild inflsanation was ragortsd at the 

injection site. Rabbits weighing 1.5 to 2.3 kg were injected sub- 

cutaneously with 12.5 mg p-chloro-la-cresol daily for four .weeks. 

The dose represented 5 ml of a l/400 (v/v) solution, such as might 

be ursd to preserve pharmaceutical products. Only three experi- 

xental rabbits and no controls were used, making interpretation of 

the clinical data tenuous. No obvious changes were noted. Liver 

and kidney were normal histologically. 

In the one report found on trichlorocresol (Bichholz and 

Wigand, 1931, cited by von Gettingen, 1949), trichlorocrssol, fso- 

mer not stated, was an effective Intestinal antioeptic as a 0.25 

parcent solution. Rabbits tolerated 500 q/kg oral doses for four 

consecutive days, but 600 q/kg killed 2 of 3 rabbits. Clinical 

signs includsd convulsions. 

Para-chloro-m-cresol has been rsported to cause vesicular der- 

matitis in humans (Guy and Jacob, 1941). Concentrations of 1.5 
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TABLE 4 

Acute Toxicity of p-Chloro-m-cresol* 

Animal Route 

Mouse 

Mouse 

Rat 

Subcutaneous 360 mg/kg 

Intravenous 70 w/kg 

Subcutaneous 400 mg/kg 

*Source: Wein, 1939 
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TABLE5 

Acute Toxicity of l&anochlorocresol* 

Chenicel AninUl 

p-Chloro-u=crerol muse 

m-Chloro-o-crerol MOUSO 

1330 mg/kg 

710 w/kg 

Wourcer Schrotter, et l l. 1977 
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percent (aqueous) cause a pruritic vesicular dermatitis in sensi- 

tive individuals. Symptoms occur within four hours and regress 

within a week. 

Hancock and laysmith (1975) reported two cases of generalfred 

and seven cases of local reactions to mucous heparin preserved with 

0.15 percent chlorocresol. The systemic reactions included col- 

lapse, pallor, sweating, hygotension, tachycardia, and generalized 

urticarial rash. Intradermal testing with chlorocresol-preserved 

heparin and non-chlorocresol heparin identified the cause to be the 

chlorocresol-preserved heparin. 

Ainley, et al. (1977) also reported an adverse reaction in- 

volving heparin preserved with 0.15 percent chlorocresol. The re- 

action involved a local severe burning pain at the injection site 

that radiated up the arm. Shortly afterwards nausea and light- 

headedness followed. The patient then became drowsy with pallor 

and sweating. Formal intradermal skin terting produced a reaction 

to the preserved heparin but not to the preservative-free heparin. 

Synergism and/or Antagonism 

Pertinent data could not be located in the available liter- 

ature. 

Teratogenicity 

Information could not be located reporting the presence or ab- 

sence of teratogenic properties of any member of the chlorocresols. 

Blutaqenici ty 

Rasanen, et al. (1977) tested sane chlorocresols for mutagen- 

icity using the Salmonella-mssmalian microsome Ames test with both 

the nonactivated and activated systems. The following chloro- 
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cresols were tested and reported as nonmutagenic in both test sys- 

tems : 3-chloro-o-cresol, I-chloro-o-cresol, and S-chloro-o- 

creaol. 

Carcinogenicity 

Information could not be located reporting the presence or ab- 

sence of carcinogenic properties of any member of the chloro- 

cresols. 
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CRITERION E’GRMUIATION 

Existing Guidelines and Standards 

Standards have not been established for the chlorocresols. 

Current Levels of Exposure 

Pertinent data describing current levels of exposure to 

chlorocresols could not be located in the available literature. 

Special Groups at Risk 

There are no groups at increased risk of exposure to the 

chlorocresols. 

Basis and Derivation of Criterion 

Insufficient data exist upon which to base a toxicity cri- 

terion for any of the chlorocresols. 

The data of Dietx and Traud (1978) indicate that 2-methyl-4- 

chlorophenol (40chloro-o-cresol) , 3-methyl-4-chlorophenol (4- 

chloro-m-cresol) , and 3-methyl-6-chlorophenol (6-chloro-m-cresol) 

are individually capable of imparting a discernable odor to water 

when present in sufficient quantities. (This Diet2 and Traud study 

has been described previously in the section of this document deal- 

ing with monochlorophenols.) The odor detection thresholds re- 

ported were 1,800 ug/l for 2-methyl-l-chlorophenol, 3,000 pg/l for 

3-methyl-4-chlorophenol, and 20 ug/l for 3-methyl-6-chlorophenol. 

These thresholds were used to arrive at criterion levels for these 

three chlorocresols. 

Therefore the re commended criterion levels for 2-methyl-l- 

chlorophenol (40chloro-o-cresols) , 3-methyl-4-chlorophenol (I- 

chloro-m-cresol) , and 3-methyl-6-chlorophenol (6-chloro-m-cresol) 

are 1,800, 3,000, and 20 us/l, respectively. It is emphasized that 
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these criteria are based on asethetic quality rather than health 

effects. Data on human health effects must ba developed as a more 

substantial basis for recommending criteria for the protection of 

human health. 

c-120 



Ainley, E.J., et al. 1977. Adverse reaction to chlorocresol- 

preserved heparin. Lancet. 18038 705. 

Eichholr, P. and B. Wigand. 1931. Ubar die wirkung van darmdesin- 

fektion milleln. Bingegangen. 159: 81. Ser.1 

Gaunt, J.K. and W.C. Evans. 1971. Metabolism of I-chlor-2-methyl- 

phenoxyacetate by a soil pseudmonad. Biochem. Jour. 122: 519. 

Goodman, L.S. and A. Gilman. 1975. The Pharmacological Basis of 

Therapeutics. )Iladtillian Publishing Co., Inc., Wew York. 

Gosselin, et al. 1976. Clinical Toxicology of Commercial Pro- 

ducts. Williame and Wilkins, Co., Baltimore. 

Guy r W.H. and F.M. Jacob. 1941. Occupational dermatitis due to 

parachlorotnetacresol. Jour. Am. Med. Assoc. 116: 2258. 

Hancock, B.W. and A. Naysmith. 1975. Hypersensitivity of chloro- 

cresol preserved heparin. Br. Med. Jour. 746. 

c-121 



Jolley, R.L., et al. 1975. Analysis of soluble organic conatit- 

uents in natural and process waters by high-pressure liquid chroma- 

tography. Trace Subs. Environ. Hlth. 9r 247. 

Rapps, N.F. 1933. The bactericidal efficiency of chlorocresol and 

chloroxylenol. Jour. Sot. Chem. Ind. 52: 175. 

Rasanen, L., et al. 1977. The mutagenicity of MCPA and its soil 

metabolitea, chlorinated phenols, catechols and some widely used 

slimicides in Finland. Bull. Environ. Contam. Toxicol. 18: 565. 

Roberts, M.S., et al. 1977. Permeability of human epidermis to 

phenolic compounds. Jour. Pharm. Pharmac. 29t 677. 

Schrotter, E., et al. 1977. Organische synthetica und ihre ver- 

xixden eigenschaften. Pharmaxie. 32: 171. 

Voeta, J.P., et al. 1976. Degradation of microbicides under dif- 

ferent environmental conditions. Jour. Appl. Bact. 40: 67. 

von Oettingen, W.F. 1949. Phenol and its derivatives: The rela- 

tion between their chemical constitution and their effect on the 

organism. National Inst. Health Bull. 1902 193. 

Xeaat, R.C. (ea.) 1978. Handbook of Chemistry and Physics. 59th 

ed. CRC Press. 

c-122 



Wien, R. 1939. The toxicity of parachlorometacreeol and of 

phenylmercuric nitrate. Quarterly Jour. and Yearbook of Pharmacy. 

12: 212. 

Zondek, B. and B; Shapiro. 1943. Fate of halogenatcd phenols in 

the organism. Biochem. Jour. 37: 592. 

c-123 



SUMMARY-CRITERION E’OR.MULATION 

Existing Guideline8 and Standard8 

Standards have not yet been established for the mnochloro- 

phenols, dichlorophenols, trichlorophenols, tetrachlorophenols, or 

chlorocresols. 

Current Levels of Exposure 

Pertinent data could not be located in the available liter- 

ature concerning current levels of exposure. 

Special Groups at Risk 

There are no special groups at risk for the mnochlorophenols, 

dichlorophenols, trichlocophenols, or chlorocresols. 

Special groups at risk for the tetrachlorophenols include 

workers in tetrachlorophenol manufacturing plants and those who use 

the compounds in sawmills and for wood treatment. 

Basis and Derivation of Criteria 

The chlorinated phenols which are the subjects of this docu- 

ment are the monochlorophenols (3- and 4-chlorophenol) ; the 

dichlorophenols (2,5-, 2,6-, 2,3-, 4,6-, and 3 ,I-dfchlorophenols) ; 

the trichlotophenols (2,4,5-, 3,4,5-, 2,4,6-, 2,3,4-, 2,3,5-, and 

2,3,6+richlorophenol) t and the tetrachlorophenols (2,3,4,5-, 

2,3,4,6-; and 2,3,5,6-tctrachlorophenols). In addition, the mono- 

chlorocrcsols are discussed. Three chlorinated phenols have been 

the subject of separate criteria documents: 2-chlorophenol, 2,4-di- 

chlorophenol, and pentachlorophenol. 

For mat of these compounds, there are very few data concern- 

ing chronic effects in mammals. H&ever, the organoleptic effects 

of these compounds have been well documented. There compounds have 
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