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1. SUMMARY and CONCLUSIONS 

l .1 Background 

In the fall of 1970, the.o.s. Department of Agri­
culture (USDA) expressed concern about the presence O·f 
certain ehlorodioxins in some "economic poisons." In · 
January 1971,.the USDA held a meeting with industry 
officials to discuss the problems of these chlorodioxins in 
pentachlorophenol (PCP). At that time the hexa- and 
heptachlorodibenzo-p-dioxins (dioxins) were identified as 
the contaminants of major concern in PCP. Since that time 
the intensity and breadth of concern about the health 
implications of polychlorinated dibenzo~p-dioxins have 
increased. 'Ibis concern has no doubt been stimulated py 
the development and widespread publication of knowledge of 
the extremely high toxicity of 2,3,7,8-tetraehlorodibenzo­
p-dioxin (TCDO). Although TCOO is or has been a contaminant 
of great concern in several well publ ieized .cases, it 
should be noted that TCDO has not been identified as a 
contaminant of pentachlorophen~manufactured in the united 
States. Frequen.t references to TCDO in subsequent 
discussions are because it is the only polyehlorinated 
dibenzo-p-dioxin that has been the object of comprehensive 
toxieologic research. several other polychlorinated 
dibenzo-p-dioxins and related polychlo-rinated dibenzofurans 
have now, however, been identified as contaminants of 
comrnercial samples of pentachlorophenol. A commercial 
process. _has been· developed and patented whi.ch en.ables 
production of pentachloropheno1·with greatly reduced 
concentrations of these contaminants. This developnent, as 
well as the scheduled reregistration procedures required 
under the amended Federal Insecticide, Fungicide, 
Rodentieide Act C FIFRA) ,' stimulated the. EPA to 9 ive 
extensive consideration to whether or not the 
polychlorinated dibenzodioxins present in PCP have 
contributed to increased health hazards or environmental 
degradation associated.with PCP use.· 

The EPA requested that the Science Advisory Soard 
(SAB) consider this issue. 'l'he request was referred to the 
Environmental Health Advisory committee of the SAB• on 
January 12, 1977, the Chairman of the Environmental Bealth 
Advisory committee appointed an Ad Hoc: Study Group on 
Pentachlorophenol Contaminants and charged it to review and 
report on available information about the chemistry and 
toxicology of the chlorinated dibenzodioxins and 
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dibenzofurans. Additionally, to the extent possible, the 
study group was asked to comment on the potential hazard to 
humans which could be attributed to registered uses of PCP 
and the extent to which this ha2ard might be mitigated 
by use of a commercial process which results in lower 
levels of chlorinated dibenzodioxins and related 
contaminants (see Charge to Study Group--Appendix B). 

Early in its deliberations the Study Group recognized 
that the breadth of the charge, as well as the relative 
paucity of information on the chemistry and toxicology of 
polychlorinated dibenzo-p-dioxins and dibenzofurans, 
precluded an early or comprehensive response. Sy 
consensus, the Study Group agreed to respond to the charge 
by attempting to identify the areas of information needs 
required to evaluate the problem of PCP contamination with 
dioxins and related compounds. 'nle Study Group would 
supply specific information when possible and would attempt 
to identify the information gaps which limit conclusions 
regarding both specific regulatory questions concerning PCP 
and the broad issues of total environmental contamination 
by chemical,ly and. toxicologically related halogenated 
dioxin-like substances. 

1.2 Discussion 

Pentachlorophenol is produced and used extensively. 
Production in the u.s. is estimated at approximately 50 
million pounds per year: the vast majority of which is used 
as a wood preservative. However, there are other uses 
including use as an herbicide, a fungicide, a bacteriocide, 
a slimicide and as a preservative for leather. 

Numerous contaminants have been identified and 
quantified in samples of pentachlorophenol from several 
major comme~cial p~oducers •. The quantity and proportions 
of the contaminants differ somewhat from batch-to-batch of 
the technical grade product and are discussed in more 
detail in Appendix c. The contaminants include 
tetrachlorophenol (5-10%), trichlorophenol (1%), 
chlorinated phenoxyphenols (about 5%) and polychlorinated 
dibenzo-p-dioxins and dibenzofurans ran9ing in 
concentration from thousands of ppm in the case of 
octachlorodibenzo-p-dioxin to tens to hundreds of ppm for 
the hexa- and heptachlorinated dibenio-p-dioxins and for the 
octa-, hepta- and hexachlorodibeniofurans. 
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While it is technically feasible to produce 
commercially purified PCP that can meet reasonable 
regulatory constraints relative to chlorinated dibenzo-p­
dioxins and dibenzofurans, the production of this more 
purified ·product entails increased production costs and, 
according to some industry representatives, results in a 
product that may be more difficult to handle. A patented 
commercial process exists which enables the production of 
PCP which contains-much lower concentrations of 
contaminants reducing the hepta- and octachlorodibenzo-p­
d ioxins to 10 to 20 ppm and most of the other 
polychlorinated dibenzo-p-dioxin and dibenzofuran 
concentrations to l or 2 ppm. Ho·wever, the production of 
the purified product results in ano~her serious problem of 
how to safely handle and dispose of the concentrated 
residual waste created in the removal of the contaminants. 
The matter of disposal has been a subject of serious 
considera.tion by a previous advisory committee and by 
industry representatives. (see Appendix o.) There is no 
question that the handling, transport and disposal of any 
residual toxic product from the purification process must 
proceed. under the strictest standards. Possible disposal 
methods include a suitable licensed disposal· site (none is 
known according to Reichhold, Appendix D) and either land 
or sea incineration. Presently, the oow Chemical Company's 
Midland, Michi<;an petrochemical complex u~es incineration 
to destroy the wastes associated with PCP purification. 
(See letter of Robert Johnson to·Ernst Linde, Appendix o.) 

With regard ·to the possibility of human·exposure to 
PCP and/or its contaminants, it is useful to consider 
certain physico-chemical properties of PCP relative to its 
contaminants. The chlorinated dibenzo-p-dioxin and 
dibenzofuran contaminants are less volatile and less water­
soluble than the un-ionized form. of PCP and are, therefore, 
less readily transported by vaporization and air transfer 
or by surface water. Furthermore, the dioxins tend to bind 
strongly to soil and wood, which further limits their 
transport. On the other hand, the contaminants are 
generally more persistent than PCP, as they are only slowly 
biodegradable with half-lives in soil on the order of a 
year or longer. Although there are considerable data on 
the environmental persistence of TCI>O, for "1hich 
photodecomposition on. surfaces and microbial metabolism are 
major factors in its environmental degradation; data are 
very sparse on the environmental persistence and transport 
of the chlorinated dibenzo-p-dioxin and dibenzofuran 
contaminants of pentachlorophenol. 
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A key problem to overcome in order to make an adequate 
evaluation of the relative hazard of PCP and its 
contaminants is the lack of ready availability of suitably 
sensitive and specific analytical methods. Although much 
progress has been made in developing appropriate analytical 
capability, routine analysis has been hampered by the 
unavailability of suitable analytical standards for some of 
the isomers. In fact, the availability of appropriately 
specific analytical methods may be the rate limiting factor 
in assessing the hazard of dioxins and related chemicals. 
Thus, when there are several isomers with widely differing 
toxicities, as is the case with hexachlorodibenzo-p­
d'ioxins, analyses of the isomers as a group only permit 
assessment of hazard based upon the most toxic isomer. 'Ibis 
approach may, indeed, lead to overestimates of hazard, but, 
in the absence of more definitive analyses of specific 
toxic chemical species, it is necessary to treat 
contamination data on a toxicologically worst-case basis. 

The toxicological information necessary to make the 
evaluation of relative hazard of purified versus standard 
commercial PCP is also def icie~t. Pentachlorophenol is a 
toxic chemical in its own right. A set of signs and 
symptoms characteristic of uncouplers of oxidative 
phosphorylation has been described in several cases of 
accidental or suicidal poisonings. The chlorinated 
dibenzo-p-dioxins and ·dibenzofurans, on the other hand, 
have quite a different syndrome in acute poisoning. This 
syndrome is characterized by a delayed onset and involves 
widespread degenerative changes in several organs, in 
particular the liver, thymus, and skin. There are limited 
d~ta on the.ac~te toxi~ity CL050 ) of the_ chlorinated 
d1benzo-p-dl.ox1n and d1benzofuran contaminants of PCP, but 
there are virtually no data on the chronic toxicity of ·the 
contaminants. Although the acute toxicity of purified PCP 
is generally less than that of contaminated technical 
samples, there are insufficient data to permit such a 
comparison for chronic toxicity. Studies of acute toxicity 
of technical PCP suggest that some of the effects, e.g., 
liver damage, are more consistent with a dioxin effect than 
with purely a PCP effect. .Induction of aryl hydrocarbon 
hydroxylase (AHH) activity appears to offer a means of 
comparing the relative biological activity of poly­
chlorinated diben20-p-dioxins and dioenzofurans and cor­
relates quite well with acute toxicity measurements. How­
ever, a problem is that this test has not been validated 
for assessing relative potential for chronic injury from 
the contaminants. Recent reports of the induction of 
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neoplasms by TCOO (Van Miller et al., 1977; Rocib·a, 1977) 
raises the specter that the polychlorinated dibenzo-p-
d ioxin contaminants of PCP may also have this potential. 
At least some of these contaminants, e.g., 
6ctachlorodibenzo-p-dioxin, .have been started in the 
National Cancer Institute's (NCI) carcinogenesis screening 
program, but no data have yet been m.ade available from NCI 
on PCP itself. (See section 3~1.4 for discussion of 
purified PCP.) A paper dealing with· 1on9 term studies of 
TCOD and HCOO was recently presented at the New York · 
Academy of Sciences science Week (Holmes et al., 1978). 

A recent incident of illness in a herd of cows housed 
in a newly constructed barn in Michigan stimulated an 
investigation into possible contamination of tissue by 
residues of pentachlorophenol and its dioxin contaminants. 
Both PCP and some of the polyehlorinated dibenzodioxins 
were found in tissues of these cows (MOore, 1977, see 
section 3.2.3). This findin9 of lo"1,. but detectable, . 
levels of chlorinated dibenzo-p-dioxins in tissues of these 
animals is ·a matter ·of publ1c health concern: however, the 
biological significance of this finding is not presently 
known. 

There have been reports of occupational exposure to 
chlorinated dibenzo-p-dioxins resulting in· adverse health 
effects in man. usually chloracne has been the predominant 
siqn of toxicity, although signs and symptoms of systemic 
poisonin9 (some of which are consistent with dioxin 
poisoning in laboratory animals) have also been reported in 
association with these indus:t:.rial exposures. There is 
insufficient information concet'f\inq the identity and dosage 
of dioxins involved to ai·1ow these observations in man to 
be useful in a quantitati~e assessment of the relative 
hazard of purified PCP versus commercial prOducts 
containing dioxin e_ontaminants-. There are no data that 
permit an estimate of th~ relat-ive susceptibility of humans 
to systemic effects of the dioxins and related contami'~ants 
of PCP. The widespread (thou9h of relatively brief 

. duration) exposure of humans to TCDD in seveso, Italy 
during an industrial accident in 1976 may yet provide 
information tha't will permit ·some estimates of human dose­
response relationships to that dioxin. ··As yet·, t·here is no 
quantitative information which permits a comparison of the 
toxicity of dioxin to humans· ,versus other animals. 
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1.3 Conclusions 

1. Toxic polychlorinated dibenzo-p-dioxin and 
dibenzofuran isomers are known to be present ·in commercial, 
technical pentachlorophenol (PCP). The most toxic dioxin 
known, TCDD, has not, however, been found in PCP. 

2. Analytical methods and preparation of standards for 
analysis of the various isomers of the hexa-, hepta-, and 
pentachlorinated dioxins have been developed. The method­
ology and equipnent required, however, have limited their 
widespread use. 

3. Among the chlorinated dioxins there are marked 
differences in acute toxicity of the isomers; therefore 
when analysis of a PCP sample is expressed in terms of 
total isomers, such as hexachlorodibenzo-p-dioxins, 
evaluation of potential hazard must be based upon the 
most toxic of the hexachlorinated isomers. 

4. The polychlorinated dibenzo-p-dioxin and ' 
diben~ofuran contaminants are more stable and persistent, 
but less mobile, in the environment than PCP. 

s. There is evidence that the dibenzo-p-dioxin and 
dibenzofuran isomers can migrate from PCP-treated wood into 
animal tissues and products that are consumed by man. The 
toxicol09ical impact of this exposure cannot be quantified 
with present data and information, but, conservatively, any 
exposure by this route must be considered undesirable and 
attempts should be made to prevent exposure. 

6. Numerous cases of acute human poisonings with PCP 
have occurred, and some occupational exposures to PCP have 
resulted in chloracne and other signs suggestive of 
dibenzo-p-dioxin or diben·zofuran poisoning. The data and 
information related to these reports are inadequate to 
assess the toxic hazard of PCP and its contaminants to man. 

7. '!he most probable opportunity for human exposure 
to to~ic quantities of PCP and its contaminants is in the 
PCP production and utilization industries. Any major 
changes in the application of PCP must consider the 
i~plication to this high risk occupational group. 
Environ~ental exposures of humans are likely to be limited 
and most probably would occur from direct contact with PCP­
treated wood, from exposures through ingestion of food 
contaminated by residues, or from occupational exposure 
from inhalation of off-gassing vapors from improperly 
treated wood. 
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8. Certain uses of PCP, e.g., application to wood 
used in human or animal housing or to wood that may come in 
contact with foods or feeds, increases the probability of 
exposure to man. Restrictions on such uses might be a 
first step in reducing the likelihood of injury from PCP 
and its contaminants. · 

9.. '!here are insufficient quantitative data to rank 
the relative contribution o-f -PCP to the overall 
environmental contamination with dibenzo-p-dioxins and 
dibenzofurans. However, because of PCP's extensive use, it 
may be. a major source of chlorinated ~ioxins in the 
environment. As regards the dibenzofurans ,· PCP probably 
represents a lesser source. However, the similar 
toxicological effects produced by the polychlori.nated 
dibenzo-p~ioxins, dibenzofurans, and other related 
compounds ( chloroazobenzenes, ehloroazoxybenz.enes, 
chlorinated napthalenes, and polyhaloqenated biphenyls) 
suggest the potential for additive hazard from the many 
sources of these contaminants. Quantitative data on the 
~otal environmental contaminants, the fractional · 
contribution of the major sources of these c·ontaminants, 
and the toxicological respon.se- to mixtures of contaminants 
are urgently needed. 

10. Technology. is now available which could markedly 
reduce the levels of dibenzo-p-dioxin and dibenzofuran 
contaminants in PCP. It would seem prudent, therefore, to 
control the contaminants to the extent possible by best 
manufacturing practice. This might best be accomplished by 
a phasing in of improved processing. '!his phasing in of 
the use.of the more purified product must take into account 
the economic impacts as well as the possible trade-offs of 
occupational hazards related to·resique handlin9, transport 
and disposal.. · 

' Addendum: Coincident with the final review1of this 
report, an · article appeared in Science (VOL 202, p. 
1166-1167, December lS, 1978) suggest1n9 that ftDioxins• 
were produced in trace quantities during the combustion of 
a wide variety of materials. and could be expected to have 
ubiquitous distribution in the environment. A preliminary 
review of some data that formed the basis of this report 
indicated that the quantities produced in most combustion 
activities would contribute extremely minute quantities or 

. no dioxins to the· environment. However,· combustion of 

.highly chlorinated materials in improperly fueled 
incinerators resulted in sufficient quantities of 
chlorinated dibe'nzo-p-Oioxins to warrant attention and 
further investigation as to a possible source of 
environmental contamination. 
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2. SUMMARY of CHEMISTRY and ENVIRONMENTAL BEHAVIOR 
of PENTACHLOROPHENOL and ITS CONTAMINANTS 

2.1 Pentachlorophenol and its Uses 

Pentachlorophenol (PCP) is a compound of high and 
diversified biological activity. It has been shown to be 
an effective contact poison against bacteria, fungi and 
higher plants and is also toxic to animals. PCP has been 
registered _for a wide variety of uses, including as a wood 
preservative, an herbicide, a slimicide, a preservative for 
hardboard and paper, a leather preservative, an additive 
in paints, and a treatment in greenhouses. The principal 
use of PCP, however, is in wood treatment as either the 
free phenol dissolved in a·petrolewn carrier or as the 
sodium salt in a water based dip treatment. PCP has. been 
used for over.40. years in wood treatment. The current 
level of production and use in .. the United States is 
probably in excess of 50 million pounds per year. The 
manufacturin9 capacity is estimated to be approximately 70 
million pounds per yea~. · 

2.2 Manufacture of PCP and its Contaminants 

PCP in the United States is manufactured from phenol 
by a catalyti~ chlorination process. During ~hlorination, 
the temperature must be maintained above the melting point 
of the products formed; this, it is felt, contributes to 
the side reaction that gives rise to contaminants~ 
Comin.ereial technical PCP contains other chlorinated 
phenols, ainong them the 2,3,4,6-tetra isomer, traces of 
trichlorophenol, chlorinated dibenzo-p-dioxins, chlorinated 
dibenzofurans~ chlorophenoxy phenols, chlorodiphenyl 
ethers, chlorohydroxydiphenyl ethers, and traces of even 
more complex reaction products of phenol. Most , 
chlorobenzodioxins are the by-products about which there 
are the greatest concerns. .Analyses of PCP have revealed 
that the principal chlorodioxin and chlorodibenzofuran 
contaminants are t:hose containing six to eight chlorines. 
The highly toxie 2,3,7,8-tetrachlorodi.benzo-p-dioxin (TCOD) 
has. not ~en identified in any sample of PCP that: has been 
analyzed. The compositions of a sample of commercial PC~ 
and of a .sample of purified PCP are given in Table 2.1. A 
represen1:ative distribution of isomers is given in Table 
2.2. 
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TABLE 2.1 

Co~parison of composition of commercial grade 
and purified grade Pentachlorophenol (PCP) 

Analytical Results 

Component 

Pentachlorophenol 
Tetrachlorophenol 
':'richlorophenol 
Chlorinated phenoxyphenols 
Octachlorodioxins 
Heptachlorodioxins 
Hexachlorodioxins 
Octachlorodiben~ofurans 
Heptachlorodibenzofurans 
Hexachlorodibenzofurans 

Commercial a 
(Oowicide 7) 

88.4% 
4.4% 
o.1% 
6.2% 

2500 ppm 
125 ppm 

4 ppm 
80 ppm 
80 ppm 
30 ppm 

Purif iedb 
( oowicide EC-7) 

89.8% 
10.1% 

0.1% 

15.0 ppn 
6.5 ppm 
1. 0 ppm. 
1. O ppm 
l. 8 Ppl!l 
1. 0 ppm 

aSar.tple 9522 A 
bTechnical grade PCP reduced by distillation 

TABLE 2.2 

Chlorodioxin isomer distributions in commercial 
grade PCP (Dowicide 7) and PCP-Na samples. 

(Buser, 1975;1976) 

ppm chlorodioxin in 
Chlorodioxin PCP PCP-Na -
l,2,3,6,7,9-Cl 6D 1 0.5 

l,2,3,6,8,9-Cl 6o 3 1.6 

l,2,3,6,7,8-Cl 6D 5 l.2 

l,2,3,7,8,9-CL60 0 0.1 

l,2,3,4,6,7,9-Cl7D 63 16. 0 

l,2,3,4,6,7,8-Cl7D 171 22.0 

l,2,3,4,6,7,8,9-Cl 8o 250 110.0 
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2. 3 · Properties of PCP and its Contaminants 

The physical properties of a compound play an 
important role in how the oo~pound behaves under different 
conditions. These properties influence the ~obility of a 
compound in air or water, its ability to adsorb to 
surfaces, and its disappearance due to some type of 
degradation. This behavior relates to the route and rate 
of exposure by which a compound might be received by man or 
other organisms. For these reasons the properties of PCP 
and its principal contaminants, dioxins and dibenzofurans, 
so far as possible, were evaluated in this report. (See 
Tables 2.3-2.S.) From these tables of physical properties 
it is ascertained. that PCP has a higher vapor pressure, a 
higher water solubility, and a lower capacity for 
adsorption than the dioxins or dibenzofurans. For these 
reasons PCP is likely to be far more mobile than the 
dioxins or the dibenzofurans. The dioxins and 
dibenzofurans.would probably show an enhanced propensity 
for adsorption and hence a.low availability. 

2.4. Detection and Quantificat~on of PCP and its 
CQntaminants 

There are a number of methods that may be used for 
analyzing PCP: these include colorimetry, spectro­
photometry, and gas. chromatography (GC). Gas 
chromat09raphy is probably the most sensitive and widely 
used method. It is ·routinely applied for detection and 
quantification of PCP down to the. parts per billion range. 
Analytical methods employinq gas chromato9raphy and mass 
spectrometry have -been devised for the chlorodibenzodioxins 
and chlorodibenzofurans. The current state of the art for 
TCDD provides a reliable analysis.down to the low parts per 
trillion range. Gas chromatography alone is adequate only 
for the higher concentrations. 

2.s Environmental Chemistry 

PCP has been found in a number of different 
environmental samples such as house dust, air, water and 
urine of presumably non-exposeq humans. Frequently the 
appearance of PCP in non-bioloqical samples can be 
explained by the proximity of a s·ource of PCP, but in the· 
case of the urine of presumably non-exposed humans the 
explanation is more elusive. It may be that 
exposure to treated wood or the use of PCP as a 
preservative in certain items affords human exposure, but 
another possibility. that cannot be ruled out is the 
generation of pentachlorophenol in chlorination of water or 
perhaps even the generation of PCP by natural processes. 

11 



L 

TABLE 2. 3 

Physical Properties of Pentachlorophenol (PCP) 

Molecular Weight 

Melting Point 

Boiling Point 

Density 

Vapor Pressure 

Solubility H2o 

Solubility of sodiwn salt, s 2o 

Partition Coefficient 

Molar Refraction 

12 

266.35 

191°C 

3lo0 c {decomposes) 

1.987 

1.6 X lo-4mrn Hg (25°) 

1.2 x io-1mm Hg {loo0 c) 

4 O mrn Hg ( 2 l l ° C ) 

20 ppm at 30°c 

339/lOOq 

1 x 105 ·01 

53.S 



Chlorodioxin 

2,7,-cl
2 

2,3,7-Cl) 

2,.l,7,8,-Cl 4 
1,2,4,7,8-ClS 
l,2,3,7,8-Cl5 
l,2,4,6,7,9-cl 6 

l,2,3,6,8,9-Cl0 

l,2,3,6,7,8-Cl
6 

l,2,.J,7,9,9-Cl 6 

l,i,3,4,6,?,9-Cl 7 

l,2,3,4,6,7,8-Cl 7 

l,2,),4,6,7,8,9~Cl 8 

TABLE 2.4 

Physical Properties of Various Chlorodioxins 

MOl. Wt. 

253.08 

287.53 

3-21.87 

356.42 

356.42 

390.86 

390.06 

390.86 

390.86 

425.31 

425.31 

459.75 

~-

M.P. 
c 

162 

306 

206 

241 

240 

285 

243 

331 

"P" . 
·.ralue (a) 

0.76 

0.86 

o. 51· 

-
--

o. 94.Cd) 

0.9C 

0.90 

0.90 

Estimated 
Vapor (b) 

Pressure 

6.0 x 10-6 

3.6 x·io-6 

1.7· x lo-6 

--
6.6 x lo.;.7 

3.0 x 10-7 

1.8 x 10-1 

Molar UV Max 
Refraction (CHCI) nm 

' 

71.4 

72.6 

81.l 

.SS.9 

90.7 

302 

305 

310 

307 

308 

310 

316 

317 

318 

~----------------------------------------------~---------------------------------~------------------
(a) Bcroza, M. clnd M.C. Bowman, "p" value determined for dioxin between hexane and acetonitrile, 

J. 1\ssoc. Of fie. Anal. Chem. 40:356-370 0.965). 

(b) V.:ipor prcssurt? cst:Lma tcd ·from data of ,.,oolson (Woolson et ~·, 1973}. 
(c) Estimated by summing atomic refractions. 
(d) "p" val uc determined ·for mixtut·e of hexachlorodioxin isomers. 



TA8LE 2.5 

solubility of Several Chlorodioxins in Various Solventsa 

Solubility in mg per liter 

Solvent TCDO Hxcoo<b> OCDO - -
acetone 90 5 

anisole 2600 1700 

ben2ene 470 1600 1000 

chloroforr.t sso 560 

r.tethanol 10 --
toluene 1800 1500 

2-xylene 3600 

water 0.0002 

-- indicates no data 

(a) Firestone observed that l,2,J,6,7,8-HxCDD is considerably 
less soluble in organic solvents than other HxCDD isoMers. 
The solubility of the 1,2,3,6,7,8-isomer in isooctane is 
about 20 m9/l. · 

(b) Dow standard 82-A, a ~ixture of 71% 1,2,3,6,7,8-HxCDD and 
29% l,2,3,6,7,9-RxCDO and l,2,3,6,8,9-HxCDD. 
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Additionally, exposure to hexaehlorobenzene {liCS} res.ults 
in excretion of si9nif icant amounts of PCP in urine. Uptake 
of PCP by livin9 organisms occurs quite readily, whether by 
oral, respiratory, or dermal routes. The material is 
excreted in urine either as free phenol or as conjugated 
r.tetabolites. The length of time for loss of the ingested 
amount varies with the species and ranges ·up to 90 hours. 

The distribution of the dibenzo-p-dioxins and . 
dibenzofurans in the environment has .been less widely 
studied. For the most.p~rt, in the studies that have been 
conducted exposure was likely to have occurred through use 
of materials containing these contaminants. upon direct 
exposure, both the chlorinateddibenzodioxins ·ccoDS) and 
the chlorinated·diberizofurans (CDPs) are taken up and 
retained in the bodies of experimental animals. CODS and 
CDFs do accumulate in tissues, but .not as readily as some 
other chlorinated organic compounds such as dieldrin, DDT 
and polychlorinated biphenyls. This would be expected on 
the basis of the partition coefficients found for one or 
two members of the series. TCDD, the rnost toxic of the 
chlorinated dioxins, has been shown to have' a half-life in 
rats of about 21 days. Analyses of samples of marine 
organisms· for presence of TCDD were negative, but this may 
have been due to the limitation of the r.tethod's sensitivity 
(parts per billion range). 

PCP as a free phenol has been found to adsorb readily 
on many surfaces, especially .on soil. '11le adsorption is 
greatest when the molecule is un-ioriized and least when it 
i's in the form of a .sodium salt or at a higher pH value. 
It has been found, at least in. water, that even the sodium 
salt is .readily adsorbed by suspended particulate matter 
and carried to the bottom of the water course. 

Pentaehlorophenol is susceptible to photochemical 
degradation, particularly in the presence of other 
substances. PCP photodegrades in water and various 
solvents to yield a variety of products. 

The CDDs and CDFs are relatively less mobile than PCP. 
Their vapcr pressures are substantially lower and their 
propensity for adsorption greater. Degradation of coos and 
COFs in the environment, particularly in soil, is 
substantially slower than for PCP. Whereas PCP de9rades in 
30-SO days in moist soil, the half-life of TCDD was found 
to be approximately one year. Photodeqradation of TCDD, 
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on the other hand, was found to be very rapid in the 
presence of hydrogen donors such as oils and 2,4,5-T. 

The principal dioxin contaminant of technical 
pentachlorophenol is the octachlorodibenzo-p-dioxin, or 
OCDD. There is concern that this compound and the other 
chlorodioxins might be generated in burning treated paper 
or wood. Studies of R.H. Stehl and L.L. Lamparski (1977) 
and B. Ahling and L. Johansson (1977) indicate that low 
levels of the chlorodioxins might thus be generated under 
certain conditions of combustion. The levels are 
sufficiently low, however, as probably not to be a serious 
source of exposure. 

Further discussion and documentation of the chemistry 
for ~CP and its contaminants may be found in Appendix C, 
Section 7. 

2.6 References 
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several 2,4,5-trichlorophenoxy compounds: formation 
of 2,3,7,8-tetrachloro-dibenzo-p-dioxin. Science 197: 
1008. 
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3. TOXICOLOGY 

3.1 Toxicity of Pentachlorophenol in Laboratory Ani~als 

The widespread use of pentachlorophenol .{PCP) as an 
antimicrobial agent and the likelihood of commercial 
products being contaminated with certain highly toxic 
polychlorinated dibenzo-p-dioxins and dibenzofurans 
necessitate a review of the toxicological information 
currently available. Although this review is primarily 
concerned with data on PCP ear se, available data on 
col!U'\ercial samples are inclu ed"'t'or comparative purposes. 

Results of acute toxicity studies by oral, dermal, 
and injection routes, repeated oral exposures of 3-8 
months, a two-year oral test with PCP containing very low 
levels of contaminants, muta9enic and terat0<3enic studies, 
and a recent study on the effects of PCP on metabolizing 
enzymes are reviewed. 

3 .1 .. 1 Sample.Studies 

Table 3 .l list.s the composition of the samples used 
in the long term ·studies. The PCP content varies from 85% 
to 99%. There i.s no evidence of the pi:esence of 2,3,7,8-
tetrachlorodibenzo-p-dioxin <TCOO), the most toxic of the 
polychlorinated dibenzo-p-cHox:ins. '!be 1,2,3,6,7,8-
hexachlorodibenzo-p-dioxin (HxCDD) is the major hexa isomer 
(Buser, 1975;1976). ''l'he 1,2,.3,7,8,9-isomer has been 
reported to produce ehiek edema. (Cantrell et al., 1969). 
The octachlorodibenzo-p-dioxin ·(OCDD) has shown little 
toxicity, possibly because of its low solubility.. The 
objective in recent years has been to reduce the levels of 
polychlorinated aibenzo-p-dioxins and polychlorinated 
dibenzofurans to a minimum in the commercial samples. 

3 .i.2 Acute Toxicity 

Oral: The to50 for PCP in male rats has been 
reporteoas 78 mq/kg (Deichmann et al., 1942), 90 m9/k9 
(Gabrilevskaya and Laskina, 1964), 146 mg/kq (Gaines, 1969) 
and 205 mq/kg, the last being Dowicide EC~7 (relatively 
pure) • For. the female rat, it was· 13 5 mg /k9 (Dow Chemical 
.co. summary, 1969) and 175 mg/kg (EC-7) (Gaines, 1969). 

The L050 for mice was reported as 130 + 9.S rng/k9 
( Pleskova ana Beneze, 1959.) 1 100-130 mgjkq ror rabbits 
(Deichmann et al., 1942)1 for· guinea pigs, 250 mg/kq 
(Gabrilovskaya and Laskina, l964);a.nd for swine 120 mg/kg 
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TADLE 3.1 

PENTJ\CllLOROPJIENOL - COMPOSITIONS HEPOR1'ED FOR SOME SAMPLES USED IN TOXICI'l'Y TESTING* 

PURIFIED COMMERCIAi. 
1\ldrich oowicidc EC-7 Dowicide 7 Monsanto 
_jJ ) ( 3 ) { 2) ( 4 ) ( 6 ) (l ) (3 ) 

Pentachlorophe~ol 

Tetrachlorophenol 

> 99\ 90.4 ! 1.0\ 85-90% 84.6% 

<0.1 10.4+0.2 4-8\ 3\ 

·rr ichloropheneil 

lliqher Chlorophenols 

Cdustic Insolubles (max) 

2,3,7,8-Tetrachlorodibenzo-p­
dioxins 

Pentachlorodibenzo-p-dioxins 

llexachlorodibenzo-p-dioxins 

Ucptachlot·otHbenzo-p-dioxins 

Octachlorodibe::nzo-p-d_ioxin 

·retrachlorod ibcnzofurans 

Pentuclil orodibcnzofurans 

llexachloro<libenzofurans 

lleptachloi-odibenzofurans 

Octa~hlorodiben~ofuran 

:1cr-t ... rnunless otherwise stated 

< 0.1 

< 0 .1 

< 0 .1 

~ 0.1 

.s 0. l 

< 0.1 

< 0.1 

< 0. l 

< 0.1 

< 0 .1 

{l) Analy5es by GC-MS - Sensitivity 0.1 ppm 

(2) Analyses by GC-MS - Sensitivity 0.05 ppm 

(3) J. A. Goldstein et al. (1977) 

(4) ll. A. Schewtz ct al. (1976) 

< O.l < 0.1 

< 0.05 

1.0 + 0.1 

6.5 + 1.0 

15.0 + 3.0 

3.4 + 0.4 

1.8 ... 0.3 

< l 

2-6% 

l 

None 

9.27 

575-2510 

Detected 

Detected 

Detected 

(S) Uuser (1975) reported 1,2,3, 7,0,9 HxCDD as major isomer (toxic) 

((i) n. 1.. Johnson et al. (l'J7J) 

< 0.1 

< 0.1 

8 { 5) 

520 

13110 

< 4 

40 

90 

400 

260 



(Harrison, 1959). Dreisbach (1963) has report~d an estir.i.ated 
dose for man to be as low as 29 mg/kg. 

These data would suggest that PCP has moderate acute 
oral toxicity, but that the LD50 value may vary with the 
quality and quantity of c~ntaminants. Man would appear to 
be more susceptible than the rodent and the female to be 
more susceptible than the male • 

. Skin Absorytior;: When PCP in.an organic solvent was 
applied to ra661t skin under occlusion for 24 hours, 200 
mq/kg was .lethal, but 100 1n9/k9 and 50 mq/kg were not. (Oow, 
1969). The LDso for rats has been reported as 96 mgjk9, 
105 mg/kg, and 320 mg/kq (Demidenko, 1966; Noakes and 
Sanderson, 1969; Gaines, 1969) and that for mice as 261 + 39 
mg/kg (Pleskova and Beneze, · 1959) • 

Subcutaneous Inlection: The to50 for the rat was 
100 mg/kg, ~or the ra bit 70 m9/k9 (5% in olive oil) 
(Deichmann et al .• , 1942), for mice 63 .:!:_ 3. 2 mg/kg (Pleskova 
and Beneze, 1959)~ 

Intravenous In~ection: '!'he lowest dose of PCP 
reported to kill rab its was 22 mqfkg (Kehoe et al., 1939), 
when it was instilled· as a 1% aqueous sodium pentachloro-
phenate. · · 

Inhalation: Exposure to 5 m9/l dust for one hour did 
not kill male and fel1\ale rats .(Reichhold Che!!tic:als, 197 4 ). 
Demidenko (1969) reported the LD50 by inhalation to be 225 
mg/kg for rats and 355 m9/k9 for mice. .The exposure 
concentration and the calculations to arrive at the,Lo50 
dose were not given in the abstract. Workers have reported 
that the dust is irritating to the mucous membrane of the 
nose and· throat. 

Irritancy'Tests: Rabbit eyes exposed to solid aaterial 
showed sil.ght conjunctiva! and slight iritic congestion. in 
one of.four eyes. Exposure of rabbit skin under occlusion 
caused minimal irritation ort intact skin and sli9ptly more 
on abraded skin (cow, 1969). 

Commercial samples have produced cbloracne in the. 
rabbit ear bioassay, whereas the purified material has not. 
Positive reactions could be produced by topical or oral 
application (Johnson et al., 1973). 

Allergic contact dermatitis has not been a problem in 
handling the chemical. 
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Clinical Effects: Acute animal exposures have, in 
general, caused aRorexia, diarrhea, stimulation of the 
central nervous systeM, increase in body temperature, 
anuria, paralysis of the hind legs and functional 
cardiovascular changes leading to death (Deichmann et al., 
1942; Gabrilevskaya and Laskina, 1964; Pleskova and Beneze, 
1959; Dernidenko, 1966). 

3.1.3 Subchronic Feeding Studies 

Johnson et al. {1973) compared the toxicity of 
commercial PCP with i~proved process PCP and with a purified 
PCP. (The commercial sample contained 85-90% PCP, 9-26 pprn 
of HxCDD and 575-2150 ppm OCDD and produced chlorance of 
rabbit ears and chick edema in bioassays. The improved 
process PCP contained 88-93% PCP, 30 ppm OCDD and 1.0 ppm 
HxCDD. Neither the improved process PCP nor the chemically 
pure PCP produced chloracne or chick edema.) Three, lO and 30 
mg/kg per day (mixed with diet) were fed to Sprague-Dawley, 
Spartan strain rats for 90 days. The purified and the 
irnproved process PCP caused increase in liver weight at 30 
mg/kg and 10 mg/kg and increased kidney weight at 30 ~g/kg. 
The commercial sample caused a decrease· in hematological 
values, an increase in alkaline phosphatase, a decrease in 
serum albumin, and an increase in liver weights at all 
levels; and focal hepatocellular degeneration and necrosis at 
the 30 mg/kg level. The authors concluded that the 
impurities causing toxic effects had been eliminated by the 
new process. 

Knudson et al~ (1974) fed PCP (Dynamit-Nobel) 
containing 200 ppm OCDD, 82 ppm pre-OCDD and no detectable 
TCOO to rats (SPF-Wistar) at levels of 0, 25, 50 and 200 ppm 
in the diet. Liver weight was increased in rats fed 50 and 
200 ppm PCP and was accompanied by increased activity of 
microsomal liver enzymes. There were fewer calcium deposits 
in the kidneys of test rats• Twenty-five ppm was considered 
the no-effect level. 

Kimbrough and Linder (1975) fed purified PCP to one 
group of ten male rats and commercial PCP to a second group 
for 90 days. A level·of 1000 ppr.tin the diet, equivalent to 
approximately so mg/kg per day, was chosen for the purpose of 
examining liver changes by light and electron microscopy. 
Enlargement of hepatocytes was observed in the livers of rats 
fed pure PCP, whereas technical grade PCP caused foamy 
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cytoplasm, vacuoles, inclusions, single hepatocellular 
necrosis, slight interstitial fibrosis, and prominent brown 
pigment in macrophages and Kupffer cells. By electron 
microscopy, there was an increase in the smooth endoplasmic 
reticulum in the group fed technical PCP with less change 
in the rats fed pure PCP. There were many lipid vacuoles 
in the former group and some in the latter. Atypical 
mitochondria were.observ~d in the livers of both groups. 

Goldstein (1977) subsequently studied the differences 
between the hepat.ic effects produced by commercial and 
purified PCP with respect to drug metabolizing enzymes and 
presence of porphyria. Chemical analyses of the samples 
used are listed in Table 3-l• '11le technical 9rade material 
contained significant amounts of PCDD's and PCOF's, whereas 
the purified material contained less than O.l ppm of each 
isomer, the level of sensitivity of the method. Groups of 
six Sherman female weanlin9 rats were fed pure or technical 
PCP at levels of O, 20, lOO or 50 O ppm mixed with Purina 
Chow. Animals were saerif iced after eight months and 
hepatic enzyme activity and hepatic porphyrins were 
determined. · 

Technical pentachlorophenol produced hepatic porphyria 
and increased hepatic aryl hydrocarbon hydroxylase 
activity, glucuronyl transferase activity, liver weight, 
cytochrome p-450, and microsomal heme, but not N­
demethylase activity. The peak of the CO-difference 
spectrum of cytochrome p-450 was shifted to 448 nm, and 
there was a dramatic increase in the 455/430 ratios of the 
ethyl isocyanide difference spectrum. The enzyme changes 
were observed at 20 ppm of technical penta.chlorophenol. 
Porphyria occurred at 100 and 500 ppm. Pure 
pentachlorophenol had no significant effect on aryl 
hydrocarbon hydroxylase activity, liver weiqht, cyto~hrome 
p-450, microsomal heme, the ethyl isocyanide difference 
spectrum, or N-demethylase activity at any dose level, but 
did increase 9lucuronyl transferase at 500 ppm. In 
contrast, both pure and technical pentachlorophenol 
decreased body weight 9ain comparably at 500 ppm. It was 
concluded that technical pentachlorophenol produces a 
number of liver changes which cannot be attributed to 
pentaehlorophenol itself, but which are consistent with the 
effects of biologically active chlorinated dibenzo-p-
d ioxins and dibenzofurans. see Table 3.2. 
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TABLE 3.2 

BIOLOGICAL ACTIVITY 
PURIFIED VS TECHNICAL SAMPLES OF PCP 

Technical 
Pure Grade 

Chick edema + 

Chloracne + 

Porphyria + 

Increase in liver weight/body 'Wt. + 

Increase in liver enzyme activity + + 

Presence of pignent in liver cells +,- + 

Liver histopathology less + 

Depressed body weight + + 

Ernbryotoxicity + + 

- indicates no presence 

+ indicates presence 
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3 .1. 4 Two-year Feeding Study. 

Schwetz et .al. (1976) carried out a two-year oral 
study with Dowicide EC-7, a substance which the Johnson 90-
day study'haa· shown to act more like purified material than 
commercial preparations. Analyses of ;the samples used are 
given in· Table 3.1. 

Weanling Sprague-Dawley ( Spartan-substra·in) rats were 
divided into five 9roups of 25 males and 25 females each. 
They were fed a test diet of gro~nd Purina Laboratory Chow 
mixed with PCP (dissolved in anisole), the .amount bein9 
adjusted on a monthly basis to provide dose levels of O, l, 
3, 10 or 30 mg/kg per day. The male rats. were terminated 
after 22 months because of high mortality in both control 
and test groups. The female groups were terminated· after 
24 months. Gross and histopatholoqie·a1 examinations were 
performed. · 

Effects, which the authors attributed' to ingestion of 
PCP at the highest dose level of 30 m9fk9 per day, were. 
(1) a si9nificant decrease in body we.i9ht among female 
rats; ( 2) a significant increas·e in serum glutamic pyruvic 
transaminase activity i.n male and female rats: (3) an 
increase in the specific gravity of urine among female rats 
at the end of one year but not at two years: (4) an 
ace umul at ion of pigment .in the 1 i ver and kidneys • · An 
accumulation of pigment in the liver and kidneys was also 
observed in females fed 10 mg/k9 per day. There were no 
other significant differences between test and control 
groups with respect. to clinical observations, hematological 
chan9es,. blood and urine _chemistry, terminal organ weights 
and patholoqical changes. 'lllere was no. evidence of 
carcinogenic effect, tumors· being similar in number and 
kind "in both test and control groups, nor was there a· lif~­
shortening· effect attributable to the test material. 

It was concluded, therefore, that doses of penta­
chlorophenol as high as 30 mg/kg per day fed throughout the 
life span produced only mild changes which did not .shorten 
the life span or alter the incidence of tumors. 

The results are consistent with those found by 
Goldstein (1977) when doses of approximately 25 mq/kq per 
day of purified material fed for eight months eaused weight 
loss. IiOwever, dark pigment in the liver reported by 

. Schwetz et al. ( 1976) was observed by Kimbrough ( 1972) 
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in the livers of rats fed technical materials, but not in 
those fed purified PCP at doses of 50 rng/kg. An 18-month 
feeding study with mice at 130 ppm did not elevate "the 
incidence of tumors (Innes, 1969). 

3 .1. 5 Chronic Inhalation Exposures 

~ Russian study has reported that chronic exposure to 
3 mg/~ caused threshold changes in an unidentified 
organism, but no details are given in the abstract. Based 
on this study and on observations in the workplace, maxtmum 
allowable concentrations were determined to be 0.1 mg/M 
(Demidenko, 1969). 

'I11e American Conference of Governmental Industrial 
Hygienists (ACGIHj has established a threshold limit value 
(TLV) of o.s mg/M (0.046 ppm), a level below which 
irritation to the nose, throat and eyes is minimal (ACGIH, 
1971). 

3 .1. 6 Mutagenic-Cytotoxic Potential 

PCP has not shown mutagenic activity in the Ames test 
(Anderson et al., 1972), the host-mediated assay 
(Buselmaier et al., 1973), or the sex-linked lethal test on 
drosophila (Vogel and Chandler, 1974). 

3. L 7 Teratogenic and Embryotoxic Potential 

PCP did not cause deformities, but it was highly 
embryolethal and embryotoxic following oral administration 
to rats of 15,30, or 50 mg/kg per day on days 6-15 of 
gestation. No effects were produced at S mg/kq (Schwetz 
and Gehring, 1973; Schwetz et al., 1974). PUrified PCP, 
with its low nonphenolic content, was slightly more toxic 
than the commercial grade (Schwetz et al. , 19 7 4 )_. 

Oral administration of PCP to the goldeA Syrian 
hamster at levels ranging from 1.25 to 20 mg/kg daily from 
days 5 to 10 of gestation resulted in fetal deaths and/or 
resorptions in three of six test groups. PCP was found in 
the blood and fat of the fetuses (Hinkle, 1973). 

Pregnant rats (Charles River-CD Strain) were given 
60 mg/kq of labeled PCP on days 8 through 13 of gestation and 
were sacrificed on the 20th day. Only a small amount of PCP 
crossed the placental barrier and only slight teratogenic 
effects were noted (Larsen et al., 1975). 

24 



3 •. i. 8 Summary· 

Laboratory studies to evaluate the toxicity of PCP as 
a wood.preservative or pesticide began in the 1930's and 
have continued to the present time. ·PCP is consiaered a 
toxic compound, an economic poison, whose toxicity may vary 
depending upon the quality and quantity of contaminants 
which vary with different manufacturing procedures. · 
Samples were not adequately .characterized until recently 
when some insoluble contaminants were recognized to be the 
highly toxic polychlorinated dibenzodioxins and furans. oue 
to·the difficulty of separating the isomers and in 
obtaining standards for analyses, there are many gaps in 
the toxicity data, creating unc~rtainty in any evaluation 
of the potential hazard. 

An attempt must be made to differentiate between the 
clinical and' patholog~cal effects of PCP, the related 
phenols, and its likely contaminants, reported as (1) hexa-, 
hepta- and octachlorodibenzQdioxins and (2) hexa-, hepta- and 
octachlorodibenzofurans. In addition there may be 
chlorophenoxyphenols and chlorinated ·diphenyl ethers 
(reported in European samples) whose identification, amounts, 
and toxicity have not been evaluated. 

The increasing oral Lo50 values through the years 
are probably·related to improved process procedures, 
being reported in 1942 as 78 mgjk9 and in 1969 as 205 mg/kg 
for male rats. PCP is easily absorbed through the skin, 
the Lo50 for rabbits being similar to that by oral 
dosing ~hen the material was applied in a. lipid solvent 
under occlusion. 

In· general, acute exposure of animals has led to rapid· 
developnent of high. body temperature, increased respiratory 
rate, moderately elevated blood pressure, hyperglycemia, 
and, muscle. weakness, terminatinq in asphyx ial convulsions 
with cardiac arrest, which tends to occur in less·than 24 
hours. Patholo9ieal examinations showed extensive damage 
to the cardiovascular system. 'lllese chan9es resemble those 
produced by the related phenolic compound dinitro­
ortbocresol (.DNOCh Barnes ( 1957) concluded that both DNOC 
and PCP interfere wi·th production of hiqh energy phosphate 
compounds essential to cell respiration. 'nlis interference 
causes stimulation of. the ceil metabolism .to the toxic 
stage with accompa·nyin9 fever and the other clinical signs 

·described above. ' 
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Most chlorinated dibenzodioxins, on the other hand, 
show a very different clinical picture. Oxidative 
phosphorylation is not affected. The effects are usually 
delayed (several weeks to months) and may be accompanied by 
effects on the liver, the hemopoietic system, and the 
lymphatic system with thymic atrophy and lymphoid 
depletion. There is a marked increase in liver ~icrosomal 
enzyme activity and eventual histological change. There is 
a striking difference in susceptibility among species, the 
guinea pig being the most susceptible and the female being 
more susceptible than the male. 

Comparative chronic studies with purified and 
commercial PCP have been limited. In essence, however, 
studies show a marked difference.in effect on the liver. 
The no-effect level for the relatively pure material in a 
90 day test was 3-10 mg/kg; the no-effect level for 
commercial material was not established. A life time oral 
study was done only with new process material at dose 
levels of 3, 10 and 30 mg/kg. '!he data showed that at 
higher levels there were some ·functional changes which did 
not result in a shorteninq of the life span, higher 
incidence of tumors or significant pathology. 

3.1.9 Conclusions 

1. Experience has shown that dermal absorption is the 
primary haiard to man from the use of PCP as a wood· 
preservative. 

2. The chemical has a low vapor pressure and is a 
respiratory irritant which has acted as a warning. No 
complaints have been noted when the concentration does not 
exceed the TLV. 

3. In the united States there have been no reports of 
chronic injury to those workers exposed for as long as 35 
years while manufacturing this material. This conclusion 
is supported by Western Electric (Ochryr.iowych, 1978), whose 
utility poles were treated with commercial grade PCP, with 
no reports of injury in over two decades of service. Deaths 
and injuries have arisen from mishandling of the material 
in the wood treatment process. There has been a complaint, 
however, when treated wood was used in a home interior 
without further finishing, a procedure which is not 
reconunended. 

4. Trace contaminants in the form of chlorinated 
dioxins and chlorinated diben2ofurans are present in bio­
logieally active amounts. Due to limited kno~ledge of the 
amounts and toxicity of the isomers present, only tentative 
conclusions as co their contribution to the total toxicity 
picture and the extent of the hazard to the general public 
can be nade. 
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3.2 Toxicity of·Chlorinated Dioxins and Dibenzofurans 

3.2.1 Toxicity of Chlorinated Dibenzo-p-dioxins 

It has been reported that hexachlorinated, heptachlor­
inated, and octachlorinated dibenzo-p-dioxins are found in 
pentachlorophenol. Of the ten hexachlorodibenzo-p-dioxin 
isomers theoretically possible, only six are predicted and 
have been found in pentachlorophenol (Stehl and Crummett, 
1977; Vogel 1977). Of these six, two (l,2,3,7,8,9- and 
l,2,3,6,7,8-hexachlorodibenzo-p-dioxin} would be expected 
to have marked toxicity given that the 2,3,7,8, positions 
are halogenated. P~evious toxicity studies have shown that 
the single oral to50 of these two isomers in guinea pigs 
ranges between 60 and 100 ugjkg (McConnell et al., 1978). 
The comparative toxicity of various dibenzodioxin isomers 
does show a positive correlation between in vivo toxicity and 
the ability of these isomers to induce arYThydrocarbon 
hydroxylase (AHH) enzyme systems in chick embryos (Poland 
and Glover, 1973). Utilizing AHH induction data to predict 
toxicity, one predicts several orders of magnitude decrease 
in the toxicity of the other four hexachlorodiben%o-p~ 
dioxin isomers Cl,2,4,6,7,9-, 1,2,4,6,8,9-, l,2,3,6,7,9-
and 1,2,3,6,8,9-). Specific toxicoloqic evaluation of the 
other isomers has not been performed. 

Chronic (t~o year) toxicity studies of a mixture of 
two hexachlorodibenzodioxins is in progress at the Illinois 
Institute of Technology Research Institute through an NCI 
contract. 'l'he two isomers present in this mixture are the 
1,2,3,6,7,8 and 1,2,3,7,8,9-hexachlorodibenzodioxins. A 
hexa-chlorodibenzodioxin mixture (the specific isomer 
composition is unknown) has been found to induce chloracne 
in the rabbit ear bioassay as indicated by the formation of· 
comedones (Schwetz et al., 1973)~ In teratology studies, 
this hexachlorodibenzodioxin mixture was found to cause 
maternal toxicity in rats at a dose of 100 u9/k9/day; doses 
of 10 or 100 ug/kg/day of hexachlorodibenzo-p-dioxins were 
highly lethal to fetuses during late gestation. ~e weight 
and length of surviving fetuses were also significantly 
decreased. A siqnif icant increase in fetal abnormalities 
was observed in of fsprin9 from rats that received the 100 
ug/kg/day dose. Subcutaneous edema of the fetuses was 
observed at a 1 or 10 u9/kg/day dose, whereas the O.l 
ug/kg/day dose did not yield any fetal anomalies. Schwetz 
et al. (1973) also produced chick edema in birds treated 
with 10 and 100 ug/kg/day of hexachlorodibenzo-p-dioxin. 
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There are two heptachlorinated dibenzodioxin isomers 
possible~ both of ~hic:h have been found in pentachloro­
phenol. Of these two, the 1,2,3,4,6,7,8- isomer would be 
expected to be the more toxic. Specific toxicity studies 
on this isomer are incomplete. In a.guinea pig toxicity 
study, animals survived a si~gle .oral dose of 180 uq/k9 
with little or no toxicity observed (McConnell et al., 
1978). Further studies are currently in progress at the 
National Institutes of Environmental Health Sciences 
(NIEHS)in which guinea pigs are rece;vin9 doses of 200, 
400, or 600 u9/kq. 

The toxicity of ootachlorodibenzo-p-dioxin is· not 
known. oral doses of 1 q/kc; did not cause death in five 
female rats or in four male mice that received 4 9/kg 
(Schwetz et al., 1973). In a teratology study with 
octachlorodibenzodioxin, no signs of maternal toxicity were 
observed in rats that received either 100 or 500 m9/k9/day 
of OCDD. No increase in fetal absorptions or fetal 
anomalies was observed at the 500 mg/kg dose. 'I'he 
incidence of subcutaneous edema was significantly 
increased. In a chick edema bioassay, edema was not 
observed in chicks that were maintained on.a diet 
containinq 0.5% OCDD for 21 days (Schwetz et al., 1973). 

Table 3.3 summarizes relative dibenzo-p-dioxin/ 
dibenzofuran toxicity where data are available. Comparative 
toxicologic data snow that the pattern of toxicity caused 
by dioxin isomers is the same as that produced by TCDD 
(McConnell et al., 1978). EXperiments with car~n 14-
labelled TCOO indicated that dioxins pass the placental 
barrier and are secreted in milk (Moore et al., 1976). It 
has been shown that TCDD causes i.mmunosuppression (Vos and 
Moore, 1974): increased susceptibility to bacteria (Thigpen 
et al., 1975); and fe~al death or birth defects (Courtney 
and Moore, 1971). 

oibenzofurans 

Relatively little work has been directed toward the 
specific indentif ication of dibenzofuran isomers present in 
pentachlorophenol. ·Preliminary work reported. by Stehl and 
Crlmlmett (1977) records the presence of the 2,3,6,7- and 
2,4,6,7-tetraehlorodibenzofurans and the 2,3,4,6;7-, 
1,2,4,7,8- and 2,3,4,7,8-pentachl~rodibenzofurans as well 
as the l,2,3,6,7,8-hexachlorodibenzofuran. Quantification 
of the levels of these isomers in pentachlorophenol was not 
done due to interferences with other ehemicals (chlorinated 
d iphenyl oxides) • Of the isomers rep~rted, the 2·, 3, 4, 7, 8 ·· 
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and 1,2,3,6,7,8 would be of prime toxicologic interest. 
TOxicity studies with the 2,3,4,7,8-pentacnlorodibenzofuran 
have been performed in guinea pi9s ( Moore, 1977). A single 
oral dose caused death. in 6/6 animals that received 30 or 
10 ug/kg. All animals survived a 30-day observation period 
subsequent to receiving 3 or l u9/~9. Toxicity was ' 
observed at the 3 u_g/kg dose while only an increase in 
liver size was seen at the l u9/k.g dose. The pattern of 
the toxic response is similar to that reported in studies 
using the 2,3,7,8-tetrachlorodibenzofuran n~oore et al., 
1975) .. 

3.2.3 Chlorinated Dibenzo-p-dioxin/Dibenzofuran TOxi~ity/ 
· Contamination Associated with Exposures to PCP 

The dibenzofurans and dibenzo-p-dioxins present in 
pentac~lorophenol have been respQnsible for animal health 
problems. The chick edema disease problem of the l950's 
and l960's was in ·part traceable to pentachlorophenol 
contaminants {Firestone,1973) •. 

. Recent studies at the National Institute. of 
environmental Health SCiences have identified· the presence 
of hexa-, hepta-, and octachlori·nated dibenzo-p-dioxins in 
tissues from a dairy herd in Michigan. 'l1le results of 
dioxin analyses of tissue samples taken from the herd are 
sl.lmJftarized as follows: • 

·Number of 
Tissue Samples 

Liver 15 
Fat 7 
Range (ppb) 

Number of Samples i.n wb ich Oe tected 
Octadioxin ~eptadioxin Bexadioxin 

-15 
7 

.0.23-47.0. 

lS 
6 

0 •. 03-12. o 

9 
l 

0.01-1.3 

A possible source of these tissue contaminants was PC~­
treated ~od used in the construction of a new barn in 
which the covs were housed and fed. (Moore, ·1977). 

Although the presence of toxic chlorinated dioxins in 
tissues of fOQd animals is a matter for serious public 
health concern, there is insufficient evidence to conclud~ 
that contaminants from PCP-treated wood were the. cause of 
illness in the Mi9hi9an cows. Van Gelder (1977) concluded 
that altholJ9h the contaminants were more toxic than the PCP 
itself, they were not present in sufficient amounts to 
cause illness. Controlled dosing experiments, recently 
completed, may help answer questions raised by the Michigan 
field studies concerning the pharmacokinetics and toxicity 
of PCP and "its contaminats in cattle (Moore, 1978). 
Results of these experiment~ are expected in late 1978. 
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3.3 Hu~an Poiso~ing Involving PCP 

The EPA pesticide Episode Review System Report (PERS) 
No. 60 describes poisoning espisodes involving 
pentachlorophenol which occurred from 1966 to September 1, 
1976. A total of 64 alleged episodes were located, 47 of 
which involved humans. Of these, 42 involved adults, four 
involved children, and one did not specify the age group. 
Three of the episodes involving children occurred at home 
and one at a job site. Eleven episodes iovolving adults 
(over 17 years old} occurred in the home and 28 at various 
job sites. Four of the human-related episodes involved 
combinations of pentachlorophonel and active ingredients 
other than chlorophenols and petroleum distillates. 

Twenty-nine episodes involving humans (one a child 
less than 6 years old) were associated with occupational 
activities. Eight of these occurred at lumber-treating 
establishments. 

Six episodes occurred during construction activities. 
Four of these involved individuals who were· painting or 
otherwise applying the ehernical to structures, and two 
involved carpenters who were working with treated lumber. 

Five episodes occurred during occupationally-related 
agricultural activities. One of these involved a child who 
was splashed with the chemical while watching a ~an apply 
it to a post. The remaining four episodes involved adults. 

Two episodes involved commercial pest control 
operators engaged in application of the chemical. In one 
episode, a man sprayed PCP in the crawl space beneath a 
house. He developed symptoms of weakness, headache, double 
vision, tachycardia, nausea and hyperpyrexia. He recovered 
after a short period of hospitalization. In the other 
episode, an individual working for a pest control company 
accidentally splashed the chemical into his eyes. '!his was 
diagnosed as mild chemical conjunctivitis. 

In another job-related incident, an employee at a 
greenhouse worked for several weeks around benches which 
~ere treated with the chemical~ he subsequently developed 
headaches and chronic coughin9. 

In one incident the affected person was working inside 
a school building while pentachlorophenol and bromacil were 
being applied nearby. A quantity of the mixture was drawn 
into the building through an air intake duct and blew 
directly into the face of a teacher. The only symptoms 
reported were shortness of breath and weakness. 
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Six episode reports concerning incidents' associated 
with occupationaily-related operations did not specify the 
tyee of job the affected individual was engaged in at the 
time of the accident. Five of these were minor reactions 
to the chemical: however, the remaining episode resulted in 
the death of the victim. !n this episOde the individual 
ingested the pesticide which was in an unmarked bottle. 
The man mistakenly thought the bottle contained water: he 
died enroute to the hospital. 

In addition to those episodes \iihich occurred during 
job-related activiti·es, 14 others took place in the home. 
Of these, ll involved adults and three involved children. 

Of the three episodes involvinq children, one 
occurred when a child spilled the chemical on· hil'tself, 
resulting in a mild dermatitis: one involved a 5-year old 
who took a small amount of the chemical into his·mouth 
without swallowing and recovered, the only symptoms to 
develop were nausea and vomiting: and one in which the 
report did not specify the circumstances of the episode. 

, All of the episodes affecting adults in the home were 
the result of applicat~on of products containing 
pent:achlorophenol to the hom.e. Five of these involved 
reactions of persons other than the applicator to the 
chemical after it was applied. Commonly reported in this 
type of involvement.was a protracted period of illness 
which increased in sev.erity over time. 1'u:ee episodes were 
reported in which individuals who applied the material were 
affected. One of these was a minor reaction: however, 
those· remainin9 were quite severe and persisted for an 
extended period. One involved an individual who applied 
the chemical to the exterior of an addition to his home. 
The man developed a severe cough persisting from at least 
August through November 1974. 'l.'his was allegedly in 
response to an initial period of chemical application, with 
more severe symptoms occurring after a second period of 
application. The man ~as hospitalized for an extended 
period. In the other incident the subject had a number of 
manifestations compatible with poisoning by penta­
chlorophenol or other polychlorinated phenols shortly after 
exposure to the product. 'nlese included excess 
perspiration, nausea without vomiting, abdominal pain, dry 
mo.uth, listlessness, and generalized dermatitis. Shortly 
afterwards she also developed generalized pruritus and 
several peripheral nerve manifestations, particularly 
numbness and pain in the left first dorsal se9ment, 
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generalized paraesthesia and Herpes Zoster of the tenth 
right dorsal segment. 

Two additional episodes involved individuals who were 
opening cans of the chemical and were sprayed by the 
material in the process. Symptom development was not 
reported in either case. The final episode report was 
submitted with no reference to circumstances of exposure or 
the effects therefrom. 

Four reports did not specify the episode location. 
One of these did not contain information about the circum­
stances of exposure, one involved a can which exploded in a 
man's face while he was opening it, one was an attempted 
suicide, and one involved a 68 year old man who accident­
ally swallowed a mouthful of 2.5 percent pentachlorophenol 
and recovered after hospital treatment. 

Table 3.4 presents data showing the degree of 
~edical attention required in the 47 episodes of alleged 
human poisoning from pentachlorophenol alon9 with the 
circt.UnstancE!,S surrounding the episodes. 

A study (Sato et al., 1978) conducted in Bawaii from 
1967 to 1973 examined the clinical findings in workers 
exposed to PCP. 'Ihe concluding statement reads as 
follows: 

~'Ihe information gathered in this study suggests that 
despit.e high chronic exposures to PCP, individuals in 
the wood treatment group of workers had not undergone 
any serious health effects f~orn this exposure. 'Ibe 
only evidence of tangible health effects, part of 
which could have been caused by exposures to chem-
icals other than PCP, were the low-grade infections 
or inflammations of the skin and subcutaneous tissue, 
of the protective membrane of the eye, and of the 
mucous membrane of the upper respiratory tract. No 
long-time (sic) effects could be elicited in the exposed 
group." 
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h TABLE 3.4 
Distribution of Human e:Pisodes Resulting 

from Exposure to Pentachlorophenol by·Medieal 
Attention and Circumstances 

(PERS 1966 to September 1, 1976)*+ 

Medical Attention 

Hospitalization followed 
by death 

Hospitalization followed 
by recovery 

Medical attention at a 
doctor's office or 
emergency room. 

Effects not requiring 
,medical attention 

Total Number 
Circumstances of Episodes 

-Ingestion l 
-Chronic Exposure l 
-unspecified l 

-Treated wood at home 2 
.-Attempted· suicide l · 
-Ingestion l 
-Exposed during nearby l 

application 
-Contacted chemical during l 

. application 
-Spill l 
-Reaction to treated home l 
-unspecified l 

-contacted chemical during 9 
application 

-Exposed to treated objec~ 4 
-container exposed l 
-Reaction to treated home l 
-Ingestion l 
-Exposed during nearby l 

application 
-contacted contaminated l 

·object 
-unspecified a 

-Opening container 2 
-Reaction to treated home 2 
-contacted chet!lical during 2 

application · 
-Working with treated wood 1 
-unspecified 2 

TOTAL 

*A cause-effect relab.onship has not been conf irrn.ed between the 
pesticide and reported' reactions for all of these episodes. 

+From the EPA Pesticide tpisode Review System Report NO, 60 
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. 
3.4 Human Poisonings Involving Exposure to Chlorinated 

Diben~o-p-dioxins 

over the last 30 years a number of cases of human 
poisoning have occurred as a result of industrial exposure 
to the chlo~inated dibenzo-p-dioxins. Although less well 
documented, it is also possible that human poisoning has 
occurred as a result of industrial and non-industrial 
exposure to the chlorinated diben~ofurans. The references 
on the next two pages list reports on cases of human 
poisoning from industrial exposure to the chlorinated 
dibenzo-p-dioxins. Most of these are exposures to TCDD. 
Some of these reports (Baader and Bauer, 1951; Jirasek et 
al., 1973; Jirasek et al., 1974; Pazderova et al., 1974) 
represent dioxin poisoning in factory workers involved in 
the manufacture of pentachlorophenol; these would represent 
exposures to chlorinated dibenzo-p-dioxins other than TCDD. 

Chloracne was the predominant sign of toxicity 
reported in these workers. However, a number of other 
syr.iptoms have been reported. These include emph~ema, 
myocardial degeneration, toxic nephritis, hypertension, 
peripheral edema, anorexia, qastritis, weight loss, 
bursitis, peripheral neuropathy, paraesthesia, headaches, 
vertigo, coordination disturbances, fatigue, loss of 
libido, easy fatigability, emotional instability, 
pancreatic necrosis, polyneuritis,, encephalomyelitis, 
hyperpigmentation, hirsutism, eye irritation, oiliness of 
the skin, hyperlipidemia and hypercholesterolemia. 

A report recently issued from a January meeting of an 
NIEHS/IARC ad hoc Working Group summarizes available 
epidemiological and laboratory research on chlorinated 
dibenzo-p-dioxins and dibenzofurans (NIEHS/IARC, 1978). 
The report includes exposure incidents and discusses 
several aspects of toxicity including chloracne, hepa­
toxicity, embryotoxicity and teratogenicity. 
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' 4. Mechanistic Relationships in the Toxicity of compounds 
structurally Rel~ted to the Chlorinated 
Oibenzo-p-dioxins · 

The chlorinated dibenzo-p-di~xins appear as trace 
contaminants in the commercial synthesis of certain 
chlorinated phenol products. Clinical-epidemiologic 
investigations of industrial and environmental' accidents 
involving these compounds and laboratory investigations 
have established the extraordinary toxic potency of certain 
chlorinated dibenzo:...p-dioxins .and the potential human 
heal th hazards they pose. Less well appreciated is the 
similar spectrum of toxic effects produced by certain 
chlorinated dibenzofurans, chlorinated azoxy- and azo­
benzenes, polychlorinated biphenyls ancl polybrominated 
biphenyls.· we wish to draw attention to these compounds as 
a group: 1) .their similar toxic spectrum, 2) their . 
isosterism in chemical structure, and 3) their similar 
biochemical actions. 

The prototype dibenzo-p-dioxin, 2,3,7,8-tetra­
chlorodibenzo-p-dioxin iTCDOJ, produces a number of ·well 
defined toxic actions in laboratory animals and human 
beings. l) Lethality - While the cause is unknown there is 
an order of species sensitivity--quinea pigs and chickens 
are very sensitive, rats and mice much less so. 2} Chlor­
acne and Hlperkeratosis - Reported in humans, rabbits ana 
hairless m ce. J) Involution of tx;rnphoid Tissue -
Particularly thymus, also 1n spleen and !ymph nodes. In 
young animals this is reported to be accompanied by 
suppression of the immune response. Thyniic involution has 
been seen in guinea pigs, rats and mice. 4) Terato-
enicit , Em.br Toxicit and Fetal Wasta e - aas Seen 
emon.strate n rats an mice. .€ ematous Syndrome-Young 

chickens (and occasionally in ~ice). 6) Liver Tox1cit:£ -
seen in rats, rabbits and mice. Liver necrosis is greatest 
in rats and rabbits: distinct histoloqic damage is seen in 
mice. Little or no damage is seen· in guinea piqs. 7) 
Disturbance in porphyria metabolism - Induction of . 
aminolevuiinic acid (ALA) synchet.ase in chicken embryos. 
Porphyria in mice and chi~kens and presumably the causative 
agent of porphyria cutanea tarda seen in factory workers. 

The- administration of TCt>D and certain other 
chlorinated dibenzo-p-dioxins to chicken enibryos, rats and 
mice induces a number of hepatic enzyme activities, t~e most 
well studied of these being aryl hydrocarbon hydroxylases 
(A.8H) (Poland and Glover, 1973~ 1974} and o -aminolevulinic 
acid (ALA) synthet:ase (Poland and Glover, 1973}. The 
capacity of halogenated dibenzo-p-dioxin isomers to induce 
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hepatic ALA synt!ieta:,~ Dnc: AHrl ecti.vitics (in the chicb~n 
embryo) was found to have a well-defined structure activity 
relationship: 1). halogens in at least thr~e and preferably 
four o: the lateral ring positio~s (?Ositions 2, 3, 7, and 
8); 2) the ordo~ of potency for substitution was Sr> Cl> F> 
NO ; and 3) at least one unsubstituted ring position 
oc~achlorodibcnzo-~-dio~in is very weak or inactive. 

Cl ~
9 

0:@(

1 

CJ 90 . o~ 
Cl . 0 4 C~ 

This structure activity relationship for the 
induction of AHH or ALA also corresponds to the structure 
activity relationship for the lethality of these compounds 
in experimental animals. 

Recently, a binding protein has been identified in 
the cytosol fraction of mouse liver which binds TCCD 
reversibly with a high affinity (Foland and Glover, 1976a). 
The binding affinity of other chlori~ated dibenzo-p-dioxin 
and halogenated aromatic compounds for this protein 
corresponds to their biological potency to induce AHH; this 
and other evidence suggest that t~is cytosolic binding 
species is the receptor for the i~duction of AHH a~tivity. 

Recently it has been shown that certain chlorinated 
biphenyls show symptoms cf toxicity similar to the 
chlorinated dibenzo-p-dioxins when administered to chick~ns 
and to rats. '!bus, 3,4,5,3' ,4' ,5' -h~xachlorobipnenyl 
causes marked involution of the thymus, loss cf 
subcutaneous and visceral adipose tissues, liver. necrosis · 
and hydropericardiut'\ when administered t:o chi.::~ens 
(McKinney et al., 1976). <:uite sinilar symptoms are seen 
in chickens adninistered either 2,3,7,8-tetrachloro­
dibenzofuran or 2,3,iS-tetrachlorodibenzo-p-dioxin. nie 
compound 2,3,4,3' ,4'-pentachlorobiph~nyl has an LDsg of 
about 12 mg/kg in the rat with death occurring in a out 11 
days {Yarnanoto et al., 1976). A narked decrease in body 
weight, disappearance of fat from a~ipose tjcsues and liver 
necrosis were the primary symptoms of toxi.city in these 
animals. These symptoms are very similar to those s~en 
upon administration of 2,3,7,8··tetrachlorodi.banzo-p-dioxin, 
2,3,7,8-tetrachlorodibenzofuran and other chlo~inated 
dibenzo-p"-dioxins and dibenzo:urans to rats. 
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The major syr:iptom of toxicity in man exposed to the 
halogenated dibenzo-p-dio.xins is chlo~ac:ie. '!he outbreak 
-of chloracne in workers exposed to 3,4,3',4'·tetra­
chloroazoxyben2ene and 3f4,J .4'·t~~~achlo~o~ioben~~ne h~s 
recently been reported (Poland and Glover, l976b). 
'Ihese compounds, like 2,3,7,B-tetrachlorodi~nzo-p-
diox'in and 2,3,7,8-tetrachlorodibenzofuran, are potent 
inducers of arylhydrocarbon hydt:oxylase. They also ha.ve a 
high ~ffinity for a receptor for 2,3,7,8-tetrachloro­
dibenzo-p-dioxin recently described in rat liver by Poland 
and Clover (1976a). 

Although the data is not extensive at this time, 
there appears to be a strong correlation between toxic 
symptoms produced by a number of halogenated aromatic 
compounds. The prototype compounds are shown below: 

Cl X§:Co·xer. CI .o o. 
Cl O Cl 

2,3,7,8-~etrachloro­
dibenzo•p-dioxin 

Cl 

2,3,7,S-tetrachloro­
dibenzofuran 

CJ 

3,4,3',4'-tetrachloro­
azoxybenzene 

Q 

Cl CJ 

3,4,3',4'-tetrachloro­
biphenyl 

.In examining these prototype compounds planarity is 
important. In the biphenyl series, substitution at the 
2,2 1 ,6, or 6' position leads to nonplanarity and 
inactivity. The general structure necessary for these 
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toxic effects appears to be a rectangle of abou~ lOl by 3A 
with halogens in three ~r preferably four of the corners of 
the rectangle. 

The current data su9gest we should not view 
chlorinated dioxins; chlorinated dibenzofurans, PCBs or 
PBBs, and chlorinated azoxybenzenes separately, but rather 
as a class. This permits anticipation. of other potentially 
hazardous compounds which might be isostere?mers. 
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UNITEO·STATES ENVIRCNM~NIA!.. P~OTECTION AGE:NCY 
WASHING1'0N. o.c. 2c.:Ga 

J l ., i977 .anuary .. , • 

()l',:'IC:t OF TN( 
AOMl!'tl~l'R4 TOlt 

SUBJECT: 01.arge to ad hoc: Study Grct..'P on Pe:u:.:tc:.i.lQrephe:-:ol Cont~"'ltS --
FP.Of: ~"tn, Enviror.::enttJ.l Hcalt.'l ,~visor; Cor.::dttee 

TG: Study Group ~~ers 

A re<:ent L~quilj" frco EPA has been ref~rrcd to the E:rviro:""..":.e:i.ta.l 
Health .rV:i•d.sory Cc::.U.:.tea (Ei~C). The t'~'t.:est (at::ii:hee) asks ior 
opinion as to i:l-.~ i."":?licatior.s regarding h.:l:~~d to ~l.t!'.:U1 hcsl~h oi t..~e 
observad 'Orese::ce of Y~:-ious ch.lorin:tu:ci dicen:c:iioxin isc;:-.ers i· .. 
pentachloropnenol (t'G) . 

·The E."l.Viror.r::e.."\t:tl P'..e:llth Advisory Cc::::ti.t~e~ f::els that th.is ir4Ui~·· 
provides a t!:'.aly «:p?Qtt..:ti.ey to re'.':ie\:, r.!thcr r.'~l"e broadly ::~an tl'-.c 
original ir.quir:-" ~lie:i, the te:ti=lo;J .. 3::.d. •~i"tic.U ::ct:.oc!ol~ '!.'! 
pertinent :o oot..' y""J! c.wtina.ted. dih~:oiur3.."'l.S and the diben::ochc."C.i."l 
isomers. 

. 
. .Ao:orclingly. we ask the s'ttldy greu;> to review ct.""td re~ in St.u-::::arr 

form on the avail.able i."t!or.::ition (with p:lrtic~ar er.:;;hssis Qn rec:!!::"L t 
wrk) on the c:.."le.is't:t'Y a..-.d. toxic:oloQ· oi the diben.:odio:d.ns and di'ben:o • 
furails. 

To the exte:1t possible, it wc:JUld also be d~sirable to coo:er.-: on 
the potential r..l:~l'~ tO ~~ ~h.ic:h ~ be a~cib:.:~eci :q t'S~S'tl!l"ed 

· uses of PCP a:'l.d tr.!! e~i?'!'lt :ii..:i:t t.ili r~rd ::-.sy be ::itigated by i.:se oi 
the c:ccet'Cial pTCc:ess ''hic::h results L"\ lO\\er levels oi th~ c:ontz:"..Li.&l.."l~S 
of interest. It wculd. be ir.os~ helpful ii you e:m ~lete your ~--ot'k by 
M1rch 2S so th:t tM Cc:::ti.ttee will have an o~Ott..=litY to stu:!y your 
Tc:'POr:t be.fare acting to advise tJ:1e Agency at i~ April 19 meetj."lg • 

• 

~L~/--
.Norton ~elson 

o:: Ernst Ur.de 
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7. Appendix C 

7.1 Chemistry of Pentachlorophenol and its Contaminants 

7.1.l Co~mercial Synthesis of PCP and Formation of 
By-Products 

Chlorinated phenols, including PCP, are excellent 
bactericides and fungicides and have been widely used for 
these purposes since the 1930s. Two com~erical processes 
are available for the manufacture of PCP. One process in­
volves the alkaline hydrolysis of hexachlorobenzene, and 
the other process involves direct chlorination of phenol or 
a mixture of chlorophenols (Ooedens, 1964; Sittig, 1969). 

pentachlo~ophenol is produced in the United States 
solely by the chlorination of phenol (American Wood 
Preservers In~titute, 1977). The overall reaction 
follows: 

OH 

@ 
Phenol 

Off 

-
A_I c_1_,_C c_a_c_a_I_v_s t-}~ C ?iBro I. C? 

+ S Clz 
13o•c c1~1 

Cl 

+ 5 HCI 

The chlorination is carried out at substantially 
atmospheric p~essure using two reactors. The temperature 
of the phenol in the primary reactor at the start is in the 
range of 65-13o0 c (generally ios0 c> and is held in this 
range until the melting point of the product reaches 
9s0 c. About three to four atoms of chlorine are added at 
th is point: 

OH OH OH 

© @ 
OH 

et 2 ;. 
Clz &l ~Cl~I ;,. 

"<> 
CJ Cl . . . 

" 
OH OH 7 r§r :l@t er z 
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CH 

c1y()rc 1 
~Cl 
Cl 

The ter.tperature is progressively increased to r:ta.intain 
a teoperature of about l0°c above the product melting 
poin,t, until the reaction is completed in 5-15 hotirs. The 
reaction ~ixture, containing about 80% PCP is a liquid so 
that no solvent is required, but catalyst concentration is 
critical. Generally, 0.0075 mol o= anhydro1.1s a!urainum 
chlorid·e is used per mol of phenol. 

The off-gas from the primary reactor, (largely !ICl 
initially and chlorine near the end) is ~ent to a second 
reactor (scrubber-reactor system) containing excess phenol. 
The reactor is held at such a temperature th~t the chlorine 
is almost completely reacted to yield lower chlorinated 
phenols, which may be separated and purified or ret·urned to 
the primary PCP react.or. T'ne residual gas is substantially 
pure HCl. 

In the chlorina.tion of phenol to form PCPJ there is a 
progressive increase in te!!lperature to keep the reaction 
mixture fluid. The hi9her temperature not only fa,1ors the 
primary synthetic reaction but also, to some extent favors 
formation of the variou.s ,contaminants found in PCP. 

The composition of technical PCP fro!!\ differer. t 
sources varie·s somewhat. The PCP content is in the range 
of 85-90%. Several percent of oth@r chlorophenols are also 
present, as well as a number cf impurit~es including 
chlorophenoxy cnlorophenols ., chlorod itenzo-p-diox ins' 
chlorodioxins (1500-3000 ppm), chlorofurans (200-600 ppm) 
and chlorodiphenyl ethers. The structure of these various 
impurities is shown· below. 
. . ' 

The presence of hydroxydiphenyl ethers in tetr~- and 
pentachlorophenol has been discussed.by SYedish chemists 
(Jensen and Renberg; 1972; Nilsson and R.!nber9, 1974: Rappe 
and Nilsson, 1972). 

CMorcdtoxin· 

Ctx@:;!§j- Cly. 
~~· 

Clx~·.J$ Cly 

Chlorofuran Chlor'Qph~~oX'f chler~~henol 
(predioxin) 

CJ~Q~,.t 
~· ~ - y 

chtorophencxy c:!itorc~henol dttorodi;:=heny! ether 
(ho? red io.x in) 

Clx-~- Cl ~OH~OH y 

chtorodihydrexydtphcny1 ether 



i .1. 2 Compositiop of Commercial PCP 

Results of analysis of a connercial PCP (nowicide 7, 
S~mple 9522 A), produced by Dow Che~ical Company in June 
1970 (Dow Chemical Co., 1971), and a purified grade of PCP 
prepar~d by distillation of Dowicide-7 are shown in Table 
7. 1. . 

The ~esults of recent analyses of a nW?tber of domestic 
(Dow) PCP samples for chlorodioxins and chlorofurans by 
Swiss workers (Buser and Bosshardt, 1976) are shown in 
Table 7.2. 

The results of analyses of hexa- and octachlorodioxin 
in various domestic ~CPs (Crummett, 1975) are presented in 
Table 7.3. 

TADLF. 7.1 

Compurison of co:r.position .of c:ommcrci.::il grade 
anc purif icd grade Pentachlorophenol (PCP) 

~nalytical Results 

Comoonent 

Pentachlorophenol 
Tetrachlorophenol 
Trichlorophenol 
Chlorinated phenoxyphenols 
Octachlorodioxins 
Heptachlorodioxins 
Hexachlorodioxins 
Octachlorodibenzofurans 
Heptachlorodibonzofurans 
Hexachlorodibenzofurans 

Commercial a 
(OOWl.Clde 7) 

88. 4' 
4 .4 % 
0.1% 
6.2\ 

2500 ppm 
125 ppm 

4 ppm 
80 ppm 
80 ppm 
30 ppm 

aSample 9522 A 
bTcchnical grade PCP reduced by distillation 
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Puri f iedb 
(Oow1ciae EC-7) 

89.8\ 
10.li 

0.1% ............. 
15.0 ppm 
6. 5 ppm 
l.O ppm 
1.0 ppm 
l. 8 ppm 
l.O ppm 



Table 7.2 

Ch1orodioxins and Ch1arofurans in Dew PC? Prcduc~ 
(Susa·r and Bosshardt, i976} 

PCD.O(a:}oom PC!JF(b)ocr.t 
Samoles Hex a- riee-:a- t1c :a- ·ietra- Pe~:a- He.xa- rie:J~a- ~c:a-

PCP (;c-7) 0.15 1 • 1 5.5 0.45 0.03 0.3 0.5 ·a.2 
PC?(EC-7) 0.03 0.6 a.o <0.02 <0.03 <0.03 <0.1 <O. 1 
PCP(c:) 9.5 125 '160 <0.02 o.os 15 95 105 
PC?(c) 9. 1 180 220 0.05 0.25 36 320· 210 

PCP-Na(c) 3.4 40 115 ~0.02 o.os 11 50 24 
PC? 10.0 130 ZiO o.zo 0.20 13 70 55 

PC? 5.4 130 370 0.07 o.zo 9 60 65 

(a) PCCO :i Polychlardibenzo-p-dioxin 
(b) PCJF ; Polychlorodibenzofuran 
(c} Oow prod:.ic:t, supplied by F1uka, a laboratory chemical supplier. 

Table 7 .3 

Hexa- and Octaehlorodioxins in Domestic PCPs 
( Cr wnrne t t , 1 9 7 5 ) 

Sample Mf9r Hexachlorodioxina Octachlorodioxinb 

l Vulcan .lOppm 1700ppm 
2 N. D. N.O. 
3 • 15 2500 
4 n l6 3600 
5 Re.ichhold 20 700 
6 • 17 600 
7 It 23 900 
8 " N .D. N.D. 
9 Monsanto 15 ·1400 

10 • 12 1100 
ll " 15 1900 
12 DOW N.D. 2 
13 • N.D. 2 
14 " N .O. N.O. 
15 .. 16 1500 
16 It 16 1800 
17 " 21 3400 

.(a) Detection limit 'O. 3 ppm, except for sample a which 
ppm: N.O. = not detected. 

( b) Oection limit 1 ppm, except for sample a.which is 6 
ppm; N. D. = not detected. 
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A composite lot of PCP (tot MB-306) was recently 
prepared from samples from each of the three domestic 
producers of technical PCP. This sample, analyzed by 
Monsanto (Vogel et al., 1976), gave the following results 
(see also Table 7.4 below, which gives results of CC-MS 
analysis of a sample of Monsanto PCP): 

PCOD, ppm 
PCDF, ppm 

Hex a-

11 
19 

Repta-

199 
81 

Octa-

1170 
137 

Since the structure-biolo9ical activity relationships 
of the individual hexa- and heptachlorodioxin isomers vary 
considerably (Poland et al., 1976: McConnell et al., 
1978), it is also necessry to determine the levels of 
individual isomers in PCP samples. However, little 
infot'Tl\ation· is available on the levels of individual 
chlorodioxin or chlorofuran isomers in PCP. Estimates of 
the relative amounts of hexa- and heptachlorodioxin isomers 
in PCP (Dowicide 7) and a sodium pentachlorophenate 
(PCP-Na) sample examined by Buser (1975, 1976) are given 
in Table 7.5. The levels of individual dioxins were 
estimated from chromatogram or ~ass fragrnentogram peak 
heights and the total recorded concentration of hexa- and 
heptachlorodioxins. 

Table 7 .4 

GC-MS Analyses of Monsanto PCP 
(Goldstein et al., 1977) 

HxCDD 
HCDD 
OCDD 
PCDF 
HCDF 
HpCDF 
OCDF 

8 ppm 
520 ppm 

138 o ppm 
40 ppm 
90 ppm 

400 ppm 
260 ppm 

The Oow Chemical co. has been engaged in research 
directed towards fractionation and identification of 
contaminants present in various grades of PCP (Stehl and 
Crummett, 1977). Results of examination of three Oow 
products for hexachlorodioxin isomers are shown in Table 
7. 6. 
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table 7.5 

Chlorodioxins in a Commercial PCP and PCP:-Na Sample 
(Buser) l97S, 1976) 

Chlorodioxin 
ppm Chlorodioxin in 
PCP-Oow1c1de 1 PCP~Na 

1 
3 
s 
0 

63 
171 

. 250 

Table 7.6 

o.s 
1.6 
l.2 
0.1 

16 
22 

110 

Hexachlorodioxin (HXCDO) Isomers in ·Three OOw Products 
as Determined by Gas-Liquid Chromatography (GLC} 

(Stehl and crummett; 1977) 

GLC Relative Isomer %, HxCDD Concentration 
Peak HxCOD Isomer Do\il.ciae G oowicide 7 0ow sta ai-A -

A 1,2,4,6,7,9 .. 35 25 
(or 1,2,4,6,8,9-) 

B 1,2,3,6,8,9- 43 so , 29 
(or l,2,3,6,7,9-) 

c l,2,3,6,7,8- 20 25 71 

D i,2,3,1,a,9- 2 Trace 

Ratios of 2s-so-2s (OOwicide 7) for·the A-B-C isomers 
compare with Buser•s values of 10-35-55. 
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Table 7.7 

Chloroaibenzofurans in Dow PCP Products 

Tetra 
2,3,6,7-
2,4,6, 7-

Penta 
2,3,4,6,7-
l,2,4, 7,8-
2,3,4,7,8-

Hex a 
1,2,3,6,7,8-

A list of chlorodibenzofurans tentatively identified 
by oow chemists in Dowicide or EC-7 is shown in Table 7.7. 

7.1.3 Formation of Chlorodioxins and Chlorofurans during 
Commercial Synthesis of PCP 

Chlorodioxins may be prepared in condensation 
reactions from ortho-substituted chlorophenoxy radicals 
(Kulka, 1961) or anions (Pohland and Yang, 1972). Accord­
in9 to S.L. Vogel, Monsanto Industrial Chemicals Co. 
(Vogel, 1977), dioxin formation occurs during commercial 
synthesis of PCP via a series of reactions involving 
phenoxy radicals. Phenoxy radicals are produced from 
decomposition of polychlorocyclohexadienone produced by 
over-chlorination of tri-, tetra-, or pentachlorophenol. 
The phenoxy radical (an electrophile) attacks electro­
negative sites (ortho or Eara positions) on a polychloro­
phenol molecule to form p enoxyphenols which undergo 
further reaction to form chlorodioxins. 

The decomposition of tri-, tetra-, or pentachloro­
phenol can also be catalyzed by chlorine (the chlorine 
radical is the. initiator). ',rhe tetrachlorophenol present 
in commercial reaction mixtures (very little trichloro­
phenol is present) serves as a substrate for chlorine 
radicals, limiting the chain reaction with PCP molecules 
which accelerates PCP decomposition. The chlorination is 
normally stopped when 3-7% tetrachlorophenol remains. 
Further chlorination results in increased decomposition 
(Table 7.8). 
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TJ.!LE 7.8 

Reactions in Chlorination of Triehlorophenol 

• 

~l~O~.. '1 . "'()o c1 ~Ac., ~ ~y~c• ~ _<=-_,1~ ........ ) O+y __ __,> ¥ 
Q ~·~ ~ 

0~::--··-c::: .... ':r.-... 1 :i:::r+Y): -~-..... 't~r:: 
<:! Cl Q C.I · c,.i 

. 0 0 '° . 
CJ&c-1 _c._,ii. ..... _,,> j[,f\.c0''-~-~;'~a 
C:.l~C1 · c.t ~~' Wes . c.1~cl 

'' c:.l . Cl C.t C.I 

()It ' 

<:Ji-Or'' 
c:~C.J 

CJ 
• 
Q 

~: 
" • 
0 

CJ@C.• .o. 
C.J 

. Cl 

• 
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• 
. 0 

C,l~c.t 0 
<:1 C:.I 

Cl 

+ H C.I 

• 
+- Cl 

• 

• 
-t- CJ 



P.earrangeme~t via a spirocyclic anion (Smiles 
raarrangc~~ntl can yield additional isomers (Gray et al., 
1'J75). Highly alkaline conditions are required f.'or 
cff icicnt operation of. the Smiles rearrangement since the 
reaction involves rapid equilibration of the anion forms of 
a r:>henoxyr?h~nol through a spirocyclic interr.tediate. This 
is illust~ated by the formation of l,2,J,6,7,8- and 
1,2,3,7,8,9-hexachlorodibenzo-p-dioxin from 2,3,4,6-tetra­
chlorophenol. 

In the manufacture of pentachlorophenol a considerable 
amount of HCl is present, so the Smiles rearrangement is 
unlikely. Dioxin congeners formed by normal and 
spirocyclic rearrangement vs. the levels of individual 
dioxin found in PCP (Vogel, 1977) are shown in Table 7.9. 
The he~achlorodioxins found agree with those predicted to 
form without the Smiles rearrangement. 

~~o Sm i 1 es 
Rearr?r.c~e!"t 

l '3 I 5 , s ( 1 CC'.': ) 

TABLE 7.9 

Dioxin Cc~ger.!rS in Ccmme~ciat FC? 

With S.ili l ~s 
Rea rrangemer.: 

1,J,s,a (2s~) 
T ,3,7,9 (75:) 

Reiative i 
I SCrhers ~o:J<..mC: 

None N.D. 

1 J 2 1 '1, 7 I 9 ( 7 :% ) 
1 ) 2 t 3 J 7 I 9 ( z sz) 

1 ,2,4,7,9 (31.25~) 
l ,Z,3,7 ,9 (2:::;) 
1,2.4,s,e (~3.7:~) 

~one N.O. 

l ,2,3,6,S,9 (SC'S) 
1,2,3,5,7 ,S (2::) 
1,2,4,6,7,9 (25:} 

1,2,3,4,5,7;9 (75S) 

1,2,3,4,6,7,8 (ZS~} 

l,2,3,6,7,9 (JT.ZS:) 
t,Z,J,6,8,9 (1S.7S~) 
1,2,4,5,7,9 (12.5!) 
1,2.4,6,8,9 (12.5~)­
l,2,3,7,a,9 (13.iS:} 
l,2,J,5,7,8 {6.2S~)-

1,2,J,4,5,7,9 (7~:) 

1,Z,3,4,5,7,8 (25'.:) 

1,2,J,4,6,7,S,9(lCC:) 1,Z,3,4,6,7,3,9{10C:) 

(a) FC? produce~ c:~~os1te sample. 

40-30 

20-+0 

Trace 
20-40 

ca 60 

ca ·40· 

100 

c:a 15 

ca 2CO 

ca lCCO 



Littl~ info~~ation is available on the ror~ation Of 
cl iben~of urans du r. i ng l?CP production. f<:>rm<'l t ion of 
dibenzofurans can be explained by the production of 
polychlorodiphenyl-ether interMediates (Kulka, 1961; 
Pliiimer, 1973; Arsenaul.t, .1976) which can los<! chlorine to 
yield dibenzofuran. 

Cleavage of the polychlorodiphenyl ether in the 
presence of HCl yields PCP and hexachlorobenzene. 

OH · . C t C 1 C l C t 

Cl~o .. Cf l.. c1-r()Y 01()-rcl -c1 2 Cl-rOr or6f l 
C11¥i1Cl ~ _c1~1 c~.Cl -_---~e·1~Ci 

Cl 

Ct~ .. Cl, 
Cl Cl 

'. 

Cl 

1 HCl OH 

ct~o C1 
Cl~Cl 

-C1 

various free radical reactions might also yield a 
nur.1ber of biphenyl compou~cls. 

ri8?( c 1 Iii~ C1-"-~ 
~~OH 

0 

+ 

• • 
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Mass spectral data obtained from analysis of contaminants 
in PCPs (Firestone et al., 1972) suggested that 
polychlorohydroxybiphenyls were present in these products. 

7.1.4 Chemical and Physical Properties of PCP, Chloro­
dioxins and Chlorofurans 

7.1.4.l Pentachlorophenol 

The chemical and physical properties of compounds play 
an important role in their behavior, persistence in the 
environment, and biolo9ical effects. Properties of PCP are 
given in Table 7.la. PCP is volatile in steam and soluble 
in most organic solvents, although of limited solubility in 
ccl 4 and in paraffinic petroleum oils (British Crop 
protection Council, 1971). Also see Bevenue and Beckman 
(1967) for data on solubility in various solvents. 

Differential thermal analysis of PCP (Langer et al., 
1973) revealed a solid state transition at 1s0 c, followed 
by melting below 200°c and vaporization above 30o0 c. 
Prolonged heating in bulk above 200°c resulted in 
formation of octachlorodioxin in a tar residue. Heating 
the PCP in a sealed capillary at 2so0 c for ten hours 
resulted in formation of about 50% polychlorophenoxyphenol 
and a small amount of oetachlorodioxin. Sodium 
pentachlorophenate exhibited a strongly exothermic reaction 
at about 36o 0 c; upon cooling, essentially pure octa­
chlorodioxin crystallized. 

TABLE 7.lO 

Physical Properties of Pentachlorophenol (PCP) 

Molecular Weight 

Melting Point 

Boiling Point 

Density 

vapor Pressure 

Solubility H2o 

Solubility of sodium salt, e2o 

Partition Coefficient 

Molar Refraction 

266.35 

191°c 

310°c (decomposes) 

1.987 

l. 6 x io-4mm Hq ( 2 s0
) 

1.2 x io-1rnm Hg, (10o 0 c) 

40 mm Hg (2ll°C) 

20 ppm at 30°c 

339/lOOg 

l x io 5 •01 

53.5 



7.1..4.'.2 Chlorooioxins 

Properties of-various chlorodioxin congeners are given 
in Table 7.ll. The solubilities of 2,3,7,8-tetrachloro­
dibenzo-p-dioxin (TCDO), hexachlorodibenzo-p-dioxin (HXCOD, 
a sample· of mixed isomers), and octac:hlorodibenzo-p-dioxin 
(OCDD) in several solvents (Stehl and Crummett, 1977) are 
shown in Table 7.12. · 

The visible absorption spectra and electron spin 
resonance spectra and 9 factors of a number of chlorodioxin 
cation radicals have be.en reported (Pohland et al., 1973). 
The crystal structures of several chlorodioxins have'been 
determined by x-ray diffraction· studies. The compounds 
·studied included 1, 2, 3, 7, a r 9-hexachlorodibenzo-p-d ioxin 
ccantrell et al., 1969), and 2,7-diehloro-2,3,7,a,­
tetrachlo~o- and octachlorodibenzo-p-dioxins (BOer et al., 
1973). The x-ray diffraction data indicate that the 
c-cl distances shorten with increasing chlorine 
substitution on the rings. '!bis effect could result from a 
reduction in effectiv·e elec:tronegativity difference between 
Cl and C as more electron density is drawn from the 
aromatic ring, which· should, in turn, result in increased 
covalency of the c-cl-bonds- and give shorter distances 
(Boer et al., 1973}. 

Infrared spectra and characteristic frequencies of a 
number of chlorodioxins as well as 2,8-dichloro- and 
octachlorofuran have been reported by Chen (1973). 

7.1.4.3 Chlorofurans 

Little information is available to date on the 
physical and chemical properties of.chlorofurans. It is 
presumed that in the immediate future increased emphasis 
will be placed on identification of specific chlorofuran 
isomers occurring in commerical PCP and synthesis of these 
compo.unds for chemical and to.xicological study. Some 
properties of several chlorofurans (Gray et al., 1976; 
Page, l 976) are 9 i ven in Tabl.e 7 .13. 

7.l.4.4 Chlorodiphenyl Ethers·and Chlorophenoxy Phenols 

Data on the physical and chemical properties of 
chlorophenoxy phenols are limited. Lundstrom and Hutzin9er 
(1976) prepared several chlorodiphenyl ethers and also 
cited a nurnl::>er of .. these compounds prepared by other workers 
via various routes. '!he mel tin9 points of some of the-­
chlorodiphenyl ethers are given in Table 7.14. 
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C':1lorcdioxin 

2,7,-Cl
2 

2,3,7-Cl 3 
2,3,7,8,-Cl4 
1,:2,4,7,8-Cl-

::> 
l,2,.3,7,8-Cl 5 
l,2,4i,6,7,9-Cl 6 

l,2,3,6,3,9-CI 6 

l,2,3,6,7,8-Cl 6 

j,2,3,7,8,9-Cl
6 

l,2,3,4,6,7,9-Cl 7 

l,2,3,4,6,7,8-Cl 7 

l,2,3,4,6,7,8,9-Cl8 

TABLE 7.11 

Physical Properties of Various Chlorodioxins 

Mol. Wt. 

253.00 

287.53 

321.87 

356.42 

356.42 

390.86 

390.06 

390.86 

390.06 

425.31 

425.31 

459.75 

M.P. 
c 

162 

306 

206 

241 

240 

205 

243 

331 

"P" 
Value<a} 

0.76 

0.86 

0.51 

0.94(d) 

0.90 

0.9(\ 

0.90 

Estimated 
\iapor (b) 

Pressure 

6.0 x 10-G 
. -6 3.6 ~ 10 

l.7xlo-6 

6.6 x 10-7 

3.0 X 10-? 

1.8 x 10-7 

Molar UV :-·.~x 
Refract ion i c;:c r) _ __..::;_..,_ 

J 1. 4 

7 2. fl 

81. l 

65. 9 

90~7 

302 

3C5 

310 

307 

3()8 

311) 

315 

317 

316 

( Li ) Bc::oza, ~1. <:!nd t-1.C. Bm·1mun, "p" value determined for dioxin between hexane and accto:~itrilc, 
J. ~S£0C. Offic. Anal. Chem. 48:35B-370 (1965). 

{b} 

(c) 

\ u) 

\.'ar)or pressure estimated from data of \.;oolson (Woolson et al., 1973). 

Estirr.uted by summing atomic refractions. 
j --

·~u v=luc dct~rruincd ~cc mixture of hcx~chlorodioxin iscmcrs. 



TABLE ·7.12 

Solubility of· Several Chlorodioxins in various Solventsa 

solubility in mg per liter 

Solvent TCDD HxCDD(b) OCDD -· 
acetone 90 s 

anisole 2600 1700 

benzene 470 1600 1000 

chloroform 550 560 

methanol 10 

toluene --· 1800 1500 

~-xylene 3600 

water 0.0002 -... 

-- indicates no data 

(a) Firestone observed that l,2,3,6,7,8-HxCDD is considerably 
less soluble in organic solvents than·other HxCDD isomers. 
The solubility of the 1, 2, 3 ,-6, 7, a-isomer in. isooctane is 
about 20 mg/!. · · 

(b) Dow standard 82-A, a mixture of 71% l,2,3,6,7,8-HxCOO and 
29% l,2,J,6,7,9-RxCDO and 1,2,3,6,8,9-HxCDD. . 
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TABIB 7.13 

Properties of Ch lorfna ted Dillenzofurans 

Molecular Helt in9 v,1por Prcssura(a) Mo 1 ar (o} i.N max 
~Je 1gtl~ _ Paint °C jEsUuiated} 25nc1_ Refract ion (cue l l L.!!!!! --

Dtchlcia·o 209. l -6 60.2 
2,4 7.J M 10_6 3.7 

JO(i ( c} 
7.0 )( 10_6 

2.n .6.8 x JO 
Tr i r.h loro 2'13. 5 

116-1171 :J -6 65.0 
2,4,6 ~.o x 10_6 2.1.n 109-191 J. 7 x JO 256,302,313 
2.'1.7 
2.4.0 

Tctrachtoro 278.1 -6 69.8 
I .'1,6,0 

190-2001~~ 
2.5 x 10_6 

2 .4 ,6,tl 2. 5 J( 10 _6 257,2~M ,310.323 · 
2. 3,6,0 202-203 2.2 x 10_6 
2.4,6,7 2.1 x 10 _6 
l,2,7.6 

227-220(d) 
2 .o x 10 _6 

2,1,7,U 2.0 x 10_6 25~.309,316 
2,J,6,/ l.9. K ]0_6 l.1.6,7 1.0 >t lO 

f'eutC1ch lnro 312.6 . -6 7~.6 
• ,J.~.7.6 

2j4-235(d) 
LJ x rn_ 6 263,272,297,320 

l ,2.'1,7,fl l. l )( 10 -li 256,266,297 
l,2,1,6,] 1. I x 10 _6 
2,J.~.7,U l. l x 10 

I lea• Lach loro 3Ul .6 -7 Oi1.2 
4.4 x 10_, 
3.6 )( 10_7 

Octud1 lo ro "16. 1 
3.0 x 10_7 

09.0 1.9 x lO 
-----------------------------------------------------------------------------------------------------
(t.1) from d11ta suppl jell by llr. Jlavjd firestouc--(lrivalc couvnun1cat1on. 
(h) Ci1lc11l11ted frorn Tallie of /llrnuic Refract1on. 
(c) II. Gi lrnrn 1 £~ ~J .. ~~· ~~~· f!u~~· Soc •• ~6:l473, 193•1. 
(d) l\.J 1 

•• Grily. £.t al., !!• ~!_·~. 0~. t _1J_(l4f;2'12tl. 1976. 



Tabl.e 7.14 

Melting Points of Chlorodiphenyl Ethers 

oiphenyl ether 

2,4,4'-
2,2' ,4,4'-
2,3' ,4,4'-
3,3' ,4,4'-
2,3,4,5,6-
2, 2' ,4,4'5-
2,3' ,4• ,s•-
2,2• ,4,4• ,s 
2,3',4,4 1 ,6-
2,2• ,3,4,S,6,6'­
oeca-

0 M.P. C --
51-52 

70 
oil 
·oil 

132-133 
oil 

· 6S-67 
oil 

36 
147-148 
224-225 

7;.l.4.5 Gas Liquid Chromato9raphy (GLC) Behavior of 
Chlorodioxin and Chlorophenol COngeners 

The GLC behavior of various chlorodioxins and 
chlorofurans on nonpolar COV-lOl) and POlar (Silar 10-C) 
columns is recorded in Tables 7 .15 and 7 .16. Retention 
times depend on the number and location of chlorine atoms 
in the ring system. order of elution and retention times 
of chlorodioxins on glass capillary columns is reported by 
Buser (1975, 1976). 

7.1.5 Reactions 

1.1.s.1 Pentachlorophenol 

PCP is relatively stable and will not decompose when 
heated up to its boiling point: however, it is rapidly and 
e~tensively degraded by ultraviolet irradiation in the 

·laboratory and by sunlight (when PCP is in solution) and is 
decomposed by stron9 oxidizing agents (Bevenue and Beckman, 
1967). 

Similar to any phenol, the phenolic hydroxyl of PCP 
takes part in nucleophilic reactions, e.9., it forms esters 
with organic and inorganic acid and ethers with alkylating 
agents such as methyl iodide o~ diazomethane. Electron 
withdrawal by the ring-chlorines causes PCP to be unusually 
acidic (pKAS.26), rouqhly comparable to propionic acid 
(pKA4.9), and causes it to be a relatively weak nucleo­
phi1e while stabilizin9 its salts (sodium pentachloro­
phenate is a stable item of commerce). While the high 
degree of chlorination makes :the aromatic ring sufficiently 
electropositi~ to form stable charge-transfer complexes 
with electron donors, the ring chlorines are as resistant 
to nucleophilic displacement under normal conditions as a:t:e 
those of the chlorinated aromatic hydrocarbons. 
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Cor.Qer.er 

2,4,-Cl 2 3,7-Cl 2 2 ,S-C1 z 
2,4,6-C1 1 
2 ,3,S-C1':: 
2 t 4 ,?-~! 3 
2,4,8-1..i3 

1 :4.6,8-C1 4 2,4,5,S-Cl., 
2,3,6,8-Ci~ 
,. 4 ,. 7 ... , .. ,,. ,o, ...... 4 
l • 2 e 7 ,S-C1 4 
2.~ j I 7 , 3-C l 4 
2,.l,S,7-C1 4 
3,4~5,7-C1 4 
1,3,4,~,S-C1 5 l , 2 I 4 I I '3-Cl .. 
1,2,3,6,7-Ci~ 
2,J,4,7,a-c15 

c i:. 
"1 ' I.. .. 

Cl~ 
I 

·TABLE 7.15 

OV-lOl(Z) 

O.Z4 
0.25 
0.26 

0.44 
0.47 -
0.70 
0.70 
a.so 
0.82 
0.89 
O.S9 
0.93 
0.55 

1.35 
1.35 
1.52 
1.63 

"ll'~( 1) 
~K. 

S i1 a r 1 CC ( 3 ) 

0.38 
0.40 
0.47 

0.73 
0.83 
0.64 
0.64 

1.26 
1.04 

' 1.50 
l.56 
1.i8 

1.27 
1.27 
1.06 

3.95 
4.78 
5.87 

C1 8 8.S 8.75 
~---------~-------------------4--------------------·----------~~~--· 

(1) RRi ~retention time r!lativ~ to TCCO. 
(2) ~.?tl of D.:1. ?iiillii:son, FDA; 2 m x 0.2 Cl i.d. co1u.":'.n packed with 

3~ OV-101; co1u~T! t~:eratur~, 200°C. 
(3) O.:ta of O.Jl. Phi11ipscn, ~vA; 2 m x 0.4 o i.d. coiumn packed ·."i~h 

3~ Si icr iCC; co1u~n :~~e~~f~re, 20C°C. 
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Tt..OLC 7 .16 

C?ilorinated Citar.:~-c~dioxi~s, 
GLC Re:~ntion Ti~es Ralativ~ to 

2',3, 7 ,S· ie::trac:: i a rec i :e~zc ·p-<i i ox in ( iCCD) 

RRi(l} 

01/-1 cl (Z) snar l oc(J) 
EC Response( 4) 

Coneener (Silar lOC Co1u::ml 

2,7,-C1 2D 0.30 0.90 

1,2,4-Cl 3o O.c19 0.52 0.38 
2 ,3, 7-Cl 3o 0.55 O.S4 0.40 

1,3,6,S·C1 40 O.i6 0.62 0.32 
1 ,3,7 ,a-c1 4o o.aa 0.78 0.41 
2 , 3, 7, S-C 1 , 0 1.00 1 .oo. 0.40 
1 ,2,3,4-Cl~ 0.97 1.01. 0.25 
1 ,2,3,S-C1 4 o.sg· 1.04 ·-
1,2,4;7,2-Cl::O i.57 1.55 0.41 
1,2,3,4,7-ClSD 1.70 1.76. o.~1 
l ,Z,3, 7 ,8-Cl 5o 1.SO l.S2 0.33 

1 ,2,4,5,7,9~C1,0 2.4S 2.02.. o.zs 
l ,2,3,6,7 ,9·C1~0- Z.7S 2.s2 0.36 
l,2,3,4,7,8-C'l60 3.as 3.11 0.40 
l ,Z,3,6,7,S·C1 00 3.10 3.23 0.3i 
1 ' z ' 3 , 7 I s , 9-C 1 ... 0 3.24 3.55 0.4Z 

Q 

T ,2,3,4,6,7,9-Cl.O 4.75 S.41 0.50 . I 
S.32· 6.20· 0.70 1 ,Z,3,4,6,7,S-C1 70 

. . c1 80 9. T .10.3 O.S4 
-~ ............ .....,. ______ ~-----···---~4 ............ ~.-.... _ ........ ._._.~----~----·-~---~ ..... -~ 
(T) RRi = ·rttantion time r~la~ive to 2,.3,7 ,3-C1.iD• 
(2) Oata of a. Firas~one, FOA; gla$l c:oi1, Zt:t x·o.4 c:n i.d., packed wi~h 

2: OV-1C1 on SC-lGO :nesh Chromosorb ~-rciP; eolumn. ta.ir.perature 21C°C. 
(3) Oata of o. Ffr~stone; gla$S coil, 2.11 x 0;.4. c:n !.d., pac:ke~ with 1.Z!; 

Silar tee on ,80-100 1ncsh Cnromcsc,.o ~~HP; eoli.;rr.n temperature Z00°C. 
(4) e:c Responsa = :ic?nograms t:l giv.a 1/2 full scaie ceflection (127 mm) 

at 15 x attenuation. He~lett•?ackar~ Model· 5713A 9as chrema:cgrapn. 

67 



Chlorination of PCP (or overchlorination of phenol 
during PCP manufacture) can give rise to a series of 
interconvertible nonaromatic cyclic ketones including 
hexachloro-2,5-cyclohexadien-l-one, hexachloro-3-
cyclohexen-l-one, heptachloro-3-cyclohexen-l-one, and 
octachloro-3-cyclohexen-l-one. Reduction of these 
compounds under mild conditions or treatment with base 
provides chlorophenols; for example, PCP is formed from 
heptachloro-3-cyclohexen-l-one by boiling with aqueous 
acetone or from hexachloro-2,s-cyclohex4dien-l-one by 
reduction with aqueous sulfur dioxide or potassium iodine. 
Heat (as in a gas chromat09raph) also generates phenols 
(Svec and Kubelka, 1975). 

Pentachlorophenol, being a weak acid, reacts with 
strong bases to give the corresponding water-soluble salts 
at a pH of S.O; the solubility of the sodium salt is about 
79 ppm~ at pH a.a, the solubility is greater than 4000 ppm. 
PCP is readily converted to the ether derivative, which is 
useful for analysis by gas chromatography. PCP is a 
powerful uncoupler of oxidative phosphorylation in various 
tissues and apparently reacts with bovine serum albumin 
(anion-anion reaction) to form a stable complex from which 
the PCP can be liberated with strong base. PCP forms 
colored electron acceptor complexes as do other phenol 
derivatives (Hutzin9er, 1969); these complexes are useful 
for chromogenic detection and mass spectrometric 
identification. 

Treatment of PCP with powerful oxidizing agents 
produces pentachlorophenoxyl radicals which combine 
reversibly to form "dimers.• For example, in the presence 
of f umin9 nitric acid or nitronium fluoroborate, PCP 
provides 2,3,4,S,6-pentachloro-4-pentachlorophenoxy-2,S­
cyclohexa-dienone (Chang, 1962). The radicals or their· 
dimers can be oxidized further to 2,3,5,6-
tetrachlorobenzoquinone (chloranil). Chemical oxidation of 
PCP under anhydrous conditions was found to result in 
production of the radical dimer 2,3,4,5,6-pentachloro-2-
pentachlorphenoxy-3, S-cyclo-hexadienone (Denivelle and 
Fort, 1954}. 

Pyrolysis of alkali metal salts of PCP (300°c) 
results in condensation of two molecules to form OCDD, 
1,2,3,4,6,7,8,9-octachlorodibenzo-p-dioxin (Sandermann et 
al., 1957). The reaction proceeds through an intermediate 
phenoxyphenol, now called a •predioxin,• which is readily 
detectable in technical PCP. Nonvolatile, polymeric 
phenylene ethers are formed concurrently by reaction of the 
chlorophenol at positions other than ortho. Small amounts 
of initiators such as chlorine or hexachloro-2,5-cyclo­
hexadien-l-one allow OCDD formation to take place at 
comparatively low temperatures (200°C) in high yield from 
PCP rather than its salts (Kulka, 1961); and pyrolysis o: 
the chlorinated cyclohexenes themselves smoothly provides 
OCDD (73% yield from hexachloro-2,5-cyclohexadien-l-one at 
270 - 2so0 c>, probably through a pentachlorophenoxy­
pentachlorocyclohexadiene such as 2,3,4,S,6-4-pentachloro­
phenoxy-2,5-cyclohexadienone. 



Results ·of cornbusting wood ·and paper trea·t:ed with .PCP 
or PCP-Na indicate that octachlorodioY.in was not formed 
during cornbustion~with PCP. However, pprn levels of 
octachlorodioxin are· formed· during combustion of paper 
treated with PCP-Na (Stehl and Lamparski, 1977; Ahling and 
Johansson, 197 7) • · 

The absorption of light energy rather than heat allows 
PCP.to undergo a nu~ber of reactions under very mild 
conditions; maximum light absorption lies in the ultra­
violet region (24S and 318 nm). In either water or organic. 
solvents, PCP undergoes photochemical reduction to isomeric 
tri- and tetrachlorophenols (Crosby and Hamadmad, 1971). 
Nucleophiles, such as bromide ion, can displace chloride 
from the PCP ring (crosby and Wong, 19.76), and in water the 
predominant reaction is·replac:ement of an ortho-, meta-, or 
para-chlorine by hydroxyl to provide tetrachlorocatechol, . 
te't'"rachlororesorcinol, and tetrachlorohydroquinone, 
respectively. The pentachlorophenoxide anion can also 
displace chloride in sufficiently concentrated solution 
with eventual cyclization to OCOD in water at ambient 
temperatures (Crosby and Wong, 1976). 

Photoreactions of PCP in organic solvents result 
pr irnarily in reductive dechlorination· (Zabik et al. , 1976). 
'!'he sodium salt of PCP in aqueous solutions yields a 
variety of colored products when irradiated with sunlight 
including phenoxybenzoquinones, chloranilic acid (2,5-
d ichloro-3, 6-d ihydroxybenz.oqt.iinone) , and 2, 4, 5, 6-tetra­
chlororesoreinol (Munakata and Kuwahara, 1969). Plimmer et 
al. (1973) showed that alkaline aqueous solutions of PCP, 
irradiated with light in the 300-350 nm· region, yielded 
octachlorodibenzo-p-dioxin. Although a free radical 
mechanism was proposed .,to acc:ount for the observed products 
of unsensitized photolysis of PCP~Na (Munakata and 
Kuwahara, 1969), crosby and Wong -(1976) de~onstrated that 
octachlorodibenzo-p-dioxin is generated photoehemically 
from PCP in dilute aqueous sodiUlll hydro~ide by a cycli­
zation process analogous to its generation from PCP by heat 
( Sanderr.lann et al., 1957) •· This mechanism irivolves 
photonucleophilic displacement of chlorid~ ions from PCP by 
pentachlorophenoxide ion. 

Cl · Ct Cl · . 

@ Cl CJ 
Cl CI OHG Ct O · CJ CJ 0 
Cl Cl JOO n.Jcr&r r()rCI ~Cl T6r 16r~-l 

Cl . Y"C1 O~ ·Y"°'O ~1..I 
Cl CJ Cl. Cl . 
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7.1.S.2 · Chlorinated Dibenzodioxins 

OCDD and related cyclic ethers appear to be rather 
stable chemically, perhaps due to their planar and 
electropositive rings. For example, OCDD distills 
(sublimes) unchanged at 3S0°c and can be recovered 
quantitatively from hot sulfuric acid (Sandermann et al., 
1957). However, these polychlorinated ethers share with 
PCP the facile photochemical reduction upon ultraviolet 
irradiation. for example, in the presence of an organic 
solvent as hydrogen donor, 2,3,7,8-tetrachlorodibenzo-p­
dioxin is rapidly dechlorinated via tri- and dichloro­
dioxins (Crosby et al., 1971); di-and octachloro-dibenzo­
furans are dechlorinated more slowly, and the rate of OCDD 
photoreduction is still slower although transient hepta­
and hexachlorodioxins are detectable. 

These compounds are relatively stable and only slowly 
biodegradable. When dissolved in concentrated sulfuric 
acid ·or trifluoromethanesulfonic acid with oxidizing 
agents such as H20 2 or KN0 3 or with ultraviolet 
irradiation, blue to blue-green colored species are 
obtained, due to formation of cation radicals (Pohland et 
al., 1973; Yang and Pohland, 1973). 

TCOD (2,3,7,8-tetrachlorodibenzo-p-dioxin) is quite 
stable to 7oo0 c (50% decomposition at this temperature 
after 21 second exposure), whereas decomposition is com­
plete at aoo 0 c after 21 second exposure (Stehl et al., 
1973). 

TCDO is stable in refluxing aqueous alkali solution 
(50 ml of 32i aqueous KOH solution plus 20 ml ethanol) 
whereas other higher chlorinated dioxins decoMpose at 
varying rates (first-order reaction), presumably due to 
hydrolysis (nucleophilic displacement of halogen by 
hydroxyl groups) (Firestone, 1977). Estimated half-lives 
(t 1/2) of several dioxin congeners in refluxing KOH 
solution are shown in Table 7.17. 
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Table 7.17 

Estimated Half-Lives (t 1/2) of 
Se'V'eral Chlorodioxins in Refluxinq KOH Solution (a) 

Congener 

1,2,3,S,7,8- and 1,2,3,7,a,9-HXCDO 
l,2,4,6,7,9- and 1,2,3,4,7,8-HxCOO 
1,2,3,4,6,7,8- HCDD 
1., 2, 3, 4, 6 I 1, 9-HCDD 
l,2,3,4,6,7,8,9-0CDD 

t 1/2 

7 hrs 
2 hrs 

23 min 
16 min 

4.5 min 

(a) 10-40 ng chlorodioxin.reflux~d gently with SO ml of 32% 
aqueous KOH solution and 20 ml ethnol. 

·Crosby et al. (1971, 1973) found that TCDD is 
rapidly photodecomposed (by reduetive dechlorination) in 
alcohols "1ihereas octachlorodioxin is much more stable. In 
either sunlight or simula.ted sunlight, 2,7-dichloro-,2, 
3,7-trichloro- and 2,3,7,a-te~rachlorodibenzo-p-dioxins CS 
mg/l in methanol) were entirely decomposed-in a few hours. 

Kim et al. ( 1975) irradiated various cblorodioxin 
congeners in isooctane as well as in methanol. 'Itle 
photolysis rates of the c~lorodioxins in methanol solvent 
were si~ilar to those reported by Crosby et al. (1973). 

While photochemical dechlorination is by far the most 
rapid known reaction of these compounds, three conditions 
are required: the dioxin or dibenzofuran must be accom­
panied by an organic, hydro9en-donatin9· solvent (such as a 
pesticide or formulating agent) , UV light in the wavelength 
region of 290-320 nm must be present, and the light must 
penetrate the solvent ccrosbyand Wong, 1977). 'Ihe rate of 
photoreduction is inversely proportional· to the degree o~ 
chlorination, and, therefore, dechlorinated products do not 
accumulate. Onlike PCP.and 2,S-dichlorodibenzofuran, pure 
OCDD and Teno do not appear to be photolyzed in water at 
appreciable rates due, perhaps, to their very low 
solubility~ · 

It has been reported that a hydrogen-donating so~vent 
is not required for photolysis to occur •. 'lbere are 
indications that a cellulose substrate will permit 
photolysis.* 

1 see Te$t1mony ot=RoSert o. Arsenault, Koppers 
Company, Inc., April 3, -1978, in "Testimony of Interested 
Parties," section 8.2.3 of this r~port. · 
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It seems prob•ble that the observed hexa- and hepta­
chlorodioxins are formed thermally from ~-phenoxyphenols 
(predioxins), detectable in technical PCP and originating 
in the small proportions of tri- and tetrachlorophenol 
present (Jensen and Renburg, 1973). (In environmental 
samples, these dioxins can arise by similar ring closure by 
photoreduction.) Other phenoxyphenols {"isopredioxins") 
are also detectable and may account for the observed 
dibenzofurans; dibenzofurans can also be formed photochemi­
cally by rear~angement and subsequent dehydration of o­
phenoxyphenols (Crosby et at., 1973). The original -
pyrolytic conversion of a PCP salt to OCDO was accompanied 
by a large proportion of hexachlorobenzene (Sandermann et 
al., 1957), sugqested to arise from decomposition of 
decachlorodiphenyl (Kulka, 1961), but this reaction has not 
been confirmed. 

7.1.6 Methods of Analysis 

7.1.6.l Pentachlorophenol 

The review of PCP by Bevenue and Beckman (1967) 
discusses a variety of colorimetric and chromatographic 
methods of analysis, including gas chromatography. 
Colorimetric methods suffer from lack of sensitivity and 
fro~ spectral interferences. Gas chromato9raphic methods 
usually involve preparation of the methyl ether derivative 
with diazomethane. Argauer (1968) prepared the 
chloroacetate for detection of chlorophenols including PCP 
by electron-capture qas chromatography CEC-GLC). Rudling 
(1970) described a method for determining PCP in tissues 
and water by acetylation of extracted PCP and analysis by 
EC-GLC. The identity of PCP in sample extracts was con­
firmed by combined gas chromatography-mass spectrometry 
{GC-MS). Farrington and Munday (1976) described the pre­
paration of chlorophenyl 2,.-dinitroppenyl ether for EC-GLC 
determination of trace amounts of PCP and other 
chlorophenols. 

Barthel et al. (1969) described a method for deter­
mination of PCP in blood, urine, tissue and on clothing in 
which the extracted, underivatized PCP was injected on a 
GLC coluinn containing 3% diethylene glycol succinate {OECS) 
plus 2% syrupy phosphoric acid. 

Fountaine et al. {1975) reported a procedure for 
determining PCP in water by ultraviolet ratio spectro­
photometry. Fritz and Willis {1973) described the 
chromato9raphic separation of PCP and other phenols using 
an acrylic resin, and Renberq (1974) reported an ion 
exchange technique for determination of PCP in fish and 
water. 
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Yip (1971) rllported a Modified 11ethod for PCP and 
chlorophenoxy acid herbicides in total diet samples 
involving extraction of the sample with acetonitrile or 
chloroform, ~ethyl~tion, Flo~iEil chromatography to sep­
ar~te PCP from the other herbicides, and EC-GLC analysis. 
Modifications, based on Yi~·s method, are currently used by 
FDA for total diet analyses. Ho~ever, the method suffers 
frorn low and erratic recoveries, particularly for high-fat 
samples at. the limits of detection {ca 0.01-0.02 ppr.t). In 
sonG instances diethyl ether or diethyl ether-petroleum 
ether (l:l) have been used as extracting solvents in an 
effort to improve recoveries of PCP. 

7.1.6.2 Chlorodioxins, Chlorofurans and Other 
Contam1nants in PCP · 

PCP contains a number of hexa-, h~pta- and octachloro­
dioxins as well as other contaminants (Firestone et al.~. 
19721· Woolson et al., 1972~ Buser, 1975). until recently, 
EC-GLC had been used Mainly for chlorodioxin analysis. But 
because of the presence of other components, ~ass 
spectronetry has corne into use for specific detection and 
confirmation of chlorcdioxins as well as chlorofurans. 

Villanueva et al. (1975) compared four methods 
{Firestone et al.,_ 1972·; Jensen and Renberg, 1973; Crurrunett 
and Stehl, 1973; Rappe and Nilsson, 1~72) for analyzing for 
chlorodioxins in PCP. The Crummett and Jensen method, 
which involved extraction of non-acidic.material in PCP 
with etherhexane (l:l), gave the best recoveries, although 
the Crumrrtett rnethod, employing ion exchange to re1n.ove the 
acidic components, was simpler than the Jensen method. 

Crummett and Stehl (1973) employed GC-MS for 
determination of hexa- and octachlorodioxin in PCP. Buser 
(1975) developed a specific method for analysis of 
chlorodioxins and chlorofurans in PCP and other chloro­
phenols. Phenolic compounds were ~xtracted o:.1ith alkali and 
the neutral material chror.tato9raphed on a basic alumina 
rnicro-colUJ'f'ln to eliminate polychlorinated benzenes and poly­
chlorod iphenyl ethers. The fr.action c<;mta ining · 
chlorodioxins and chlorofurans was then $Ubjected to mass 
fragrnentographic (GC-HS) analysis at selc~ted m/e values. 
It is ir:tportant to remove ortho-phenoxyphen-;)l isomers from 
the extract since they can undergo ring closure by 
elimination of HCl upon injec.:tion in the 9as ehromat09raph, 
resulting in formation of a ehlorodioxin (Jensen and 
Renberg, 1973). 
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Recoveries were determined with hexachlorodioxin; the 
values ranged from 85% at the 0.2 ug level {0.05 ppm) to 
over 95% at the io··ug level (2.5 ppm). 

Buser and Bosshardt (1976) employed the GC-MS 
procedure to examine a number of cor.unercial PCP and PCP-Na 
samples. Chlorodioxins and chlorofurans were detected by 
mass fragrnentography and their presence confirmed by 
complete mass spectral analysis. Hexachlo~odioxins were 
recovered from PCP and PCP-Na samples with 80-95% 
efficiency (0.1-30 pµn), and octachlorodioxins with 95% 

·efficiency (10-30 ppm). 

Buser (1976) prepared glass capillary collll'!1ns with ov-
101, OV-17 and Silar lOC stationary phases for high 
resolution gas chromatography of chlorodioxins and 
chlorofurans. The best separations of hexachlorodioxin 
isomers were obtained with the OV-17 glass capillary column. 
Sample introduction was effected by a isothermal splitless 
injection technique, using n-tetradecane as the solvent for 
column temperatures in the range of 2os-22s0 c. The use of 
high resolution glass capillary columns permits the 
detection and quantization of individual isomers. 

Pfeiffer (1976) investigated the use of liquid 
chro"atography for determination of chlorodioxins in PCP. 
The technique was found to be useful for paid examination of 
non-phenolic impurities in PCP. Samples could be analyzed 
in four hours with detection limits of 0.2 ppm for hexa­
chlorodio~in and O.l ppin for oetachlorodioxin. 

Vogel et al. (1976) evaluated three methods for ana­
lyzing for chlorodioxins in PCP. In method (A) (Blaser et 
al., 1976) phenolics are removed by ion-exchange chrom­
atography, and hexa- and octachlorodioxin are determined by 
GC-MS. In method (B), proposed by J.P Mieure and o. Hicks, 
Monsanto Industrial Chemical Co., phenolics are. removed t:>y 
chromatography on slightly deactivated basic alumina, and 
chlorobenzenes, chlorobiphenyls and chlorodiphenyl ethers 
are removed by activated (super 1) basic alumina. Quant- · 
ization of chlorodioxins and chlorofurans is accomplished by 
GC-MS. In method CC), also proposed by Mieure and Hicks, 
chlorodioxins and chlorofurans are isolated by chromato­
graphy on activated basic alumina and examined by GC-MS (or 
GLC). Good agreement was obtained between the three methods. 
Method {B) was considered the most sensitive when MS 
detection was used; methods (A) and {C), however, required 
less time for analysis. 
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Hass (1977} reported a procedure for analysis of 
chlorodioxins in beef liver and fat samples inyolving solvent 
extraction, H2S04 cleanup, chr.ornatography on basic 
alumina and mass spectral analysis usin9 either electron 
impact (EI) mass .spectrometry or negative chemical ionization 
(NCI) mass spectrometry (Hunt et al., 1975} in the selected 
ion monitoring mode. Limits of detection of hexa-, hepta-, 
and octachlorodioxin in liver (17-25 9 sample) were 0.2-.0.s 
ng/9 (EI) and o.oos-0.1 ng/g (NCI)'; in fat C3-S g sample) the, 
respective detection limits were approximately 2 ng/g {EI) 
and 0.01 ng/g {NCI}. · 

Firestone (1976) reported detection of 0.1 to 28 ppb of 
total chlorodioxins (hexa-, hepta-, and octachlorodioxin) in 
commercial gelatin. samples after extraction and cleanup on 
alumina and Florisil columns were examined by EC-GLC. The.· 
presence of hexa-, hepta-, and octachlorodioxin and penta-, 
hexa-, and heptachlorofuran in one of the samples (imported 
from Mexico) was confirmed by GLC-MS. Photodechlorination was 
used to confirm the presence of octachlorodioxin in sorne of 
the samples •. 

. 'l'he possible number of positional isomers of 
chlorodioxins and ehlorofurahs are shown in Table 7.18. 
Aryl hydrocarbon hydroxylase activity (AHH) for dibenzo-p­
dioxins and dibenzofurans are shown in Tables 7.19 and 
7.20 respectively. 

TABLE 7_.18 

Chlorinated Dibenzodioxins and Dibenzofurans 
Isomers.and Sources 

Possible Number of Positional Isomers 

No. of Isomers 
Cl Substitution 
Mono~ 

Dioxin 
2 

10. 
14 
22 
14 
10 

Fura·n 
4 

16 
28 
38 
28 
16 

Di-
Tr i-
Tetra-
Penta-
Hexa-
.Hepta-
Octa-

75 

2 
l 

75 

4 
1 
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7.2 Environmental Contamination and Exposure 

7.2.l environmental Behavior of PCP and its Contaminants 

7.2.l.l Atmospheric Behavior 

Most cor.tpounds have a r:ieasurable vapor pr-essure at 
ambient temperaturas. It is this characteristic of the 
chemical that gives an indication of the propensity for the 
substance to escape into the air. Vapor pressure alone is not 
the deternining factor in the rate of escape or volatilization 
since other factors such as absorption, heat flux, air 
movement, i.e., the thickness of diffusion laye~, and a number 
of other factors are of equal i~portance (Hartley, 1969; Haque 
and freed, 1974; Plirn~er, 1973). It is the rate of escape or 
volatilization that is of interest in considerin9 aerial 
conta~ination and transport rather than vapor pressure, per 
se. The rate of volatilization ~ay be dete~mined experi­
mentally, but, where constraints make this il'".practical the 
rate of volatilization may be calculated using the vapor 
pressure data by the following equation: 

Q - i p /1Tf~ 

This equation gives an esti~ate of the rate of volatilization 
in terms of g/cm2/sec when the material is vaporizing from 
its own surface. However, when adsorbed on a solid surface or 
within a matrix, the rate of volatilization is reduced by a 
factor of 10-100 by adsorption forces. Where dealing with 
compounds such as pentachlorophenol and its contaminants, a 
conservative factor would be about 20 fold. rn view of the 
apparent strength of adsorption of these materials, this 
factor is nore likely to overestimate rate of volatilization 
than underestimate. 

Turning to the consideration of pentachlorop~enol, we 
observe that it has a vapor pressure of 1.6 x lo- . mm ~g at 
2s0 c and this would yield a vapor density of 2.3 x io-
g/cn2 when evaporating fro~ its own surface. Following 
adsorption 9n a solid s~5face,~the calculated rate of evapora­
tion would be 1.7 x 10- 9/cm•/sec. 
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I 

Oibenzo-p·d~ox~~s {J}: . 
Appro~~mate Activity o~.co~;~~e~s in Chick E~orya Assay 

fol"' Indu~ion of Ary1 Hydr:car:icn HyC:rox:t1c.~;(I) 

' Approx. Ac~ivi~y(J) 
Coir.cound Soure2( 2) Relative to TCOO · 

1 ·Ci 0 A Inac~ive 
Z-Cl b A II 

1 ,3-cl a 8 II 

1,6-C1 2c 8 II 

1 ,9-C1 2o a II 

Z,3-C1 2D 810 " 
2 ,7.-Cl ~ A',E II 

2,8-C1z A " 
1,2,3·C1 3o a " 
1,2,4-Cl

3
0 A II 

2 ,3, 7-Cl 3o A,S,C 0.001 

1 , 2, 3, c!.C1 4 0 A,S Inac.tive 
1,2,6,7·Cla.O B 0.002 
1 ,3,6,S-C1 ~O A, .Inactive 
1 ,3,7,S-Cia.O a 0.1 
2,3,7,S·Ci 40 (TCOO) A.S.C.O.E 1.0 

. ( 4) . 
A 0.1 . i ,2,3,4.,7-Cl ... o 

1 ,2,3,7 ,a...c1;0 c 0.3 
1,2,4;7>S-Cls0 c 
1 ,2,4,a,1,s-c1 6~ A,C 0.002 
1 ,2,4,6,8,9-CL0D B 
1 , 2,3, 5, 7 ,9-Cl co c . 0.15 
i ,2,3,4.,7 ,S•Cl ,.0 A,C,O 0.3 
1 ,Z,3, s, 7 ,e-c1 ~o c 0.25 
1 ,2,3,7 ,3,9-C1~0 c o.zs 
1 , 2, 3, 4., ~, 7, 9-~1 7D c O.OC2 
1 ,2 ,3,4 ,o; 7 ,s-... 170 c 0.15 

1,2,3,4,6~7 ,S,9-CiaO A,~ .. 0.002. 

2,3-C1 2 (U~~14c}o3 8 Inactive 
2,3,7,S·C14(1.o- H)O s· 1.0 
~--~-··----~-----4 .......... --~----------~ .... -...................... ------4---·-..... -~ 
(1) A<.:tivity data ;:irovida~ r:>y A. ?olanc.t; Seil a.1s~ ~:ivi.r.onr.:e!'l"t::i. He:a1:n. 

Pers;:eci:ives (1973} 5:24S·ZS1; J. Org. ChE!!!1. (19i4), 931-937; and 
J. Sicl. Chem. (197ST 25i :49~6-4S45. . 

(2) (A) A.t. Pchland (Se9 U.g. Food Cha.in. 0972) 2~:1093-1099); (~) 
A.S. Kenc!e (!i:e pa.i:er ORG:i 130, mant:scr~;n: in pi=i,~ara!icn, 167!!'1 
~tat. :·!t:9. ACS, L.A., Ca.1., April 4., 1974}; (C) A. Gray (Se~ T::ra-
h . • (, ....... , ., ..... z3 .. , .,01· ,. . ~ ... c· ... -·) ti' ear~n -~i:.-:ar-~ ';1; , o. J.;: '"'~'-- ~ a~'"' ..i. 1.1r~. l.r.e!Tl. 1:-1~ ~: 
Z43!-2-i.J7; (0) J.J. :·1c~inney; and(:'.} Cc·." Che!!!ical Co. , 

(3) 2.,3,i,a .. ic:o is assign:d a rala:he ac-:iv~::; of 1.0. 
(4) Contatr.s 5~ of l,2,3,4,7,a.:;1

6
0 impt.irity. 



TABLE 7.20 

Oiben~o!u:ans (fl: 

Approxi::\ate Activity· in Chic!<. £.C'l.b:-:,10 A!;Say for :::~c.!uct.i.on of A.ryl Hydroc<l:bon 
Hydroxyl.:ise.l 

Compound 
2 ,T-ci2r 
2,$-C~/' 
J,7-Cl 2F 

2, 3, 4-Cll 
2,3,6 .. cl

3
F' 

2, 3, 7-Cll 
2, 3,8-Cl/' 
2,J,9-<:13? 
2,4,6-Cl3E' 
2,4,S-Cl

3
r 

l, 4, 6 ,a-cl l' 
l,2,7,9-Cl

4
F 

l,3,6,7-Cl
4

F 
l,3,7,8-Cl4i: 
2,3,6,7-Cl

4
r 

2,3,6,8-Cll' 
2,3,7,8-Cl

4
E' 

2,4,6,7-cl
4

:" 
2,4,6,S-Cl4?" 
3,4,6,7-Cl

4
E' 

i,2.J,6,1-c1
5
r 

l,2,3,7,8•Cl
5
F 

i,2,4,1,a-c1
5
r 

l,3,4,7,S-cl
5

F 
2,3,4,6,7•Cl

5
F 

2,3,4,7,8-Cl.SF 

2,3,4,6,7,8-Cl
6

F 
2,3,4,7,S,9-Cl

6
F 

Source 
2 

0 
A,B .. 

B 

B 
B 

S,C 
B,C 
c 
c 
B 

F 
e 
B 
B 
B 

B,C 
B,C 
a 

B,C 
B 

B 
B 
C. 

c,o 
s 
8 

B,E 
8 

A ' · · P. l · ~~ -.c~~ 3 pprcx. n~tiv1ty • at~ve -~ _J 

" 
n 

0.001 
0.001 

0.001 

Inactive 
0.02 
O.Ol 

.o.oos 
0.7 
O.Ol 
L"\act.ive 
0.01 

0.2 
0.2 

0.005 
0.1 
0.7 

0.2 
0.3 

B l,2,3,4,6,7,S-Cl7F 0.2 

A,8 l,2,3,4,6,7,a,9-cl
8
r 0.002 

1Activity daea provided by~. Poland; see also J. Siol. Che~. (1976) 
~ 4936•4946. 

2 (A) A. E. Pohland: (B) A. S. !Cende (See ~aper ORGN 130. manu$erip~ in 
preparation. l67th Nacional Meeting, Atne~ican Chemical Socie~y, L. A •• Cal., 
.l\pril 4. 1974) : (C) A. ? • Gray (Se~ J. Orq. Che!':t. (1976) ·!,h, 2428-2434) ; (::>) 

I. R. Pomeranc:; and CE) J. o. McKinney (in p=eparation); (F) s.w. Pa9e (See 
paper ORG:1 6:3, :nanuscri;>: in preparation. l 72 !lS. t1ational .:-toct:i;ig, ACS, 
San Fr~ncisco, Cal, Auq. ~a-sept 3, l97G.) 

3 2,3,7,8-TCOO is assi~ned a relative ac~ivity of l.O. 
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Table 7.21 presents the estimated.vapor density and 
rate of evaporation ·-of chlorodioxins. The low vapor pressure 
of the chlorodioxini coupled with the strong adsorption to 
surfaces, as indicated by the high molar refraction and the 
data of Kearney et al. (1972, 1~73), lend credibility to the 
values. 

Table 7.2.l 

Estimated Vapob Densitya and Rate 
of Evaporation (Q) of Chlorodioxins 

Compound 

2.,7-di 
2,3,7,8-tetra 
pen ta 

Vaeor Density (g/cm31 Q Cs/em2Lsec) 

hexa 
hep ta 
oc.ta 

s.2 x io-11 6.1 x io-12 
2.9 x io-11 2.-0 x io-12 
1.7 x io-ll 1.1 x io-12 
l.4 x 10-ll S.4 x lo-13 
6.9 x 10-12 4.a x io-13 
4.S ~ lo-1 2 2~s x lo-13 

(a) Above own surface, (b) from adsorbing surface. 

According to Table 7.21, the r~te of volatilization of 
the chlorodioxins is very low. This low rate of evaporation 
compared to pentachlorophenol could very rapidly explain the 
findings of Levin et al. (1976). · 

Table 7.22 presents similar data for the chlorinated 
dibenzofurans. The data here indicate a slightly greater 
vapor density and evaporative loss for the chlore­
dibenzofurans. This would be expected of compounds of 
slightly lower molecular weigh~, higher vapor· pressure, and 
lower molar refraction·. 

TABLE 7.22 

· Estimate$ Vapor Densitya and Rate of 
Evaporation · (Q) of Chlorinated Oibe~zofurans 

Comnound Vapor Densiti ~5! .cm3 l 0 (g/eJ:\2/sec) 

2,4-di 8~2 x io-11 6.8 x io-12 
2,4,6-tri 5.2 x io-11 - 4.0 x io-12 
2,3,7,8-tetra 3.0 x io-ll 2.1 x io-12 
1,4,6,8-tetra 3.7 x 10-ll 2.7 x 10-12 
2,3,4,7,8-penta L9 x io-11 1.3 x io-12 
1,3,4,7,S-penta 2.2 x io-11 1.5 x 10-12 
octa · 4.3 x io-12 2.5 x io-13 

(a) Above own surface, ( b) from adsot"bing surface. 
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Although PCP has a relatively high vapor pressure (l.6 x 
10-4 torr at 2s0 c and 3.1 x io- 3 torr at so0 c, the 
temperature of a sunlit surface), there is evidence that it 
may be slow to volatilize. However, its volatilization from 
wood into an enclosed airspace is measurable, and the 
at~osphere in a woo~-treat~ent plant has been shown to contain 
as much as 1.7 ug/m of PCP (Wyllie et al., 1975). PCP has 
been detected in rainfall (Bevenue et al., 1972), but the 
possibility remains that of this may have been due to its 
presence on airborne particles rather than as atmospheric 
vapor. Laboratory experiments indicate that PCP vapor is 
stable to sunlight. 

No evidence exists concerning the presence of dioxins or 
dibenzofurans in air. The solubility and vapor pressure of 
TCDD and ocoo are roughly similar to those of DDT, and DDT is 
known to volatilize readily from soil and rapidly from water. 
Neutral PCP impurities might logically be expected to behave 
similarly, but their vapor should be stable to light. 

7.2.1.2 Behavior in Soil 

Three processes are of significance in soil. These are 
adsorption, leaching and breakdown (Hamaker, 1975: Haque and 
Freed, 1974). Adsorption occurs predominantly on the organic 
matter caartley, 1969) and clay of soil, though the coarser 
mineral particles also adsorb. Laboratory measurements that 
have been shown to correlate well with adsorption include 
molar ~efraction, latent heat of solution, and partition 
coefficient. Based on this, one would expect that penta­
chlorophenol and its various contaminants would all be 
relatively strongly adsorbed by soil. 

A number of studies have been performed on the soil 
behavior of pentachlorophenol. PCP is adsorbed to a moderate 
degree under acidic conditions (as neutral molecules) but 
moves quite readily in ionized form (under neutral or alkaline 
conditions) (Kuwatsuka, 1972). Adsorption is greatest in a 
soil in the pH range of 4.6-S.l, with very little adsorption 
above pH 6.8 (Choi and Ar.toine, 1974). Microbial degradation 
is relatively rapid, especially in wet soil where a variety of 
tetra-, tri-, and dichlorophenols are formed: meta-chlorines 
are the most stable (Ide et al., 1972). In aerated soil, 
oxidation and methylation to pentachloroaonisole and 2,3,5,6-
tetracnlorol,4-dimethoxyoenzene represent major routes of 
degradation. Similarly, Kearney et al. (1973) and others 
indicate a strong adsorption of 2,3,7,8-tetrachloro­
dibenzodioxin and octachlorodioxin (Arsenault, 1976). 

Neither pentachlorophenol (Bevenue and Beckmen, 1967; 
Arsenault, 1976; Kearney et al., 1973) nor the dioxins have 
been found to leach readily in soil, largely because of the 
strong adsorption. 
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The breakdown.~f pentachlorophenol and chlo~odioxins in 
soil have been incompletely studied. In the case.of penta­
chlorophenol, it is .. known that the breakdown is fairly rapid 
(5 to 8 weeks in a moist soil at rates up to 20 lbs/acre). 
Kearney et al. (1972, 1973) report a half-life of approxi­
mately one year for 2, 3, 7,8-tetrachloroc:Hbenzo-p-dioxin in 
soil; the number of species of microorganisms attacking the 
chemical appears limited (Matswnura and Benezet, _1973). 

The fate of PCP.and its impurities in or on treated wood 
is not known, b~t practical experiments indicate that PCP 
remains fungicidally effective for years {Arsenault, 1976). 
PCP conceivably could generate OCOO in sunli9ht, but the usual 
presence of hydrocarbon solvents would tend to promote 
eventual dioxin photolysis on the wood surface. The burning 
of PCP-treated wood or sawdust generates OCDD which sub­
sequently volatilizes, but the proportion is small in com­
parison to that already present in the wood (Crosby et al., 
1973: Stehl et al., 1973;. Jensen and Renberg, 1973). (There 
is a report, ,presently· discounted, that T<:OO forms similarly 
from organic 'matter containing trichlorophenol derivatives 
(Buu-Hoi et al., 1971), but attempts to repeat the observation 
have failed.) · 

7.2.1.3 Behavior in Aquatic Systems 

7.2.l.3•1 Physical Behavior 

The transport and persistence of PCP .and sodium PCP in 
aquatic systems. has been extensively s.t.udied, particularly 
wher:e these chemicals had been used as a molluscicide (Strufe, 
1968). Here it has been found that the material is rapidly 
adsorbed on suspended particulates. Where there is a heavy 
load of sediment in the water, the concentration of PCP or 
sodium PCP is rapidly reduced in the aqueous phase and the 
material settles- to the bottom with these particles. PCP, 
both as a free phenol and as a sodium salt,- has been found to 
undergo quite rapid de9radation in water, both from sunlight 
and anaerobic processes in the bottom oud. 

Little information is available on behavior and fate of 
the chlorodioxins and the chlorodibenzofurans in aquatic 
systems, but it would seem correct to infer that with their 
greater propensity for adsorption they would even more rapidly 
and tightly bind to sediment than PCP. Sine~ the biological 
activity of pentachlorophenol has· been shown to be markedly 
reduced by the adsorption (Strufe, 1968), it would be presume<! 
that the same ·would hold true for the dioxins and dibenzo­
furans. 

7.2.1.3.2 Breakdown in Aquatic Systems 

!~dilute aqueous solutions exposed to sunlight, PCP or 
its salts undergo the replacement-of ring chlorines by 
hydroxyl groups described above. The resulting tetrachloro• 
hydroquinone and tetrachlorocatechol are readily oxidized by 
air to quinones which in turn are dechlorinated. If the 
original PCP soluti6n is sufficiently concentrated.(as in the 
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case of a rice-paddy), the tetrachlorodiphenols can react with 
the quinones to give a variety of nontoxic minor products. 
However, under most circumstances, the quinone solution is 
rapidly degraded to dichloromaleic acid which itself is 
converted to small fragments within a few days (Wong, 1977). 

Considering the similarity between the vapor pressures 
and solubilities of TCDO or OCDD and DDT, one might expect 
more rapid volatilization of dioxins from water than from 
soil. As mentioned, dioxins in water appear stable to light 
due, perhaps, to their insolubility. In view of their high 
degree of adsorption to particulate matter, the amount in 
solution would be expected to be low (Matsumura and Benezet, 
1973: Isensee and Jones, 1975). 

7.2.2 Occupational Use and EXP9Sure 

Pentachlorophenol, both as a free phenol and as a sodium 
salt, has been used as a wood preservative, an herbicide, a 
fungicide, and a molluscicide. Use as a wood preservative in 
recent years has consumed many times more pentachlorophenol than 
all of the other uses. In fact, the use of pentachlorophenol or 
sodium pentachlorophenate as an herbicide or a fungicide has 
markedly declined in recent years as other chemicals have 
replaced them. 

In the United States pentachlorophenol, in an appropriate 
solvent, has been the principal form used in wood preservation. 
There are limited uses of the sodium pentachlorophenate for 
prevention of the development of •blue mold." However, in some 
countries, e.g., Indonesia, sodium pentachlorophenate is the 
principal form in which this preservative is used. 

There are two principal methods by which pentachlorophenol 
may be applied for wood preservation (Arsenault, 1976), 
pressure treatment or direct application of a solution of penta­
chlorophenol by painting, dipping or sprayin9. For the most 
part the last three methods are employed by the individual while 
the pressure treatment is used by commercial treatment plants. 
Another commercial treatment is the thermal process (hot and 
cold bath/submersion) which is used to introduce PCP into wood 
(Ochrymowych, 1978). 

In the pressure treatment with pentachlorohenol, the 
phenol, in appropriate solvent, is applied to the pole or lumber 
in a pressure retort at somewhat elevated temperatures. The 
pressure treatment may be preceeded by a vacuum to increase 
penetration, and it may be followed by a flash vacuum to reduce 
surface deposits. Occupational exposure of humans, in this case, 
may occur during preparation of the treatment solution or when 
the retort is opened following treatment and the system is still 
hot. Relatively lower levels of exposure would be expected in 
handling the treated wood. The greatest exposure comes to the 
worker in the immediate area of the treatment operation, whether 
by dip, spray, or pressure treatment. In most of these 
instances unless there is direct contact with the treatment 
mixture or treated materials, the principal route of exposure 
appears to be respiratory. This is in contrast to the 
experience in Indonesia where the worker handles the freshly 
dipped lumber or in herbicide treatment where there may be 
direct dermal exposure. 
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7.2.3 Environme~tal ~ransport and Exposure 

Pentachlorophenol has been found in a number of 
different environmental samples (Kutz et al., 1976), e.9., 
house dust, air, water, and in the urine (Bevenue et al., 
1972) of preswnably non-exposed hwnans. This would appear 
to indicate a r:ather high environmental mobility for penta­
chlorophenol. However, it must be remembered that 
pentachlorophenol may be 9erierated in chlorination of water 
and that there is a residual back9round found upon analyses 
of soil that gives analytical results. similar to PCP.· 
aowever, based on the properties of pentachlorophenol, 
namely that of· vapor pressure and rate of volatilization, 
measurable quantities would be expected to escape into the 
air either from the chemical's own surface or from poorly 
adsorbing surfaces to which it had been applied. But based 
on pentachlorophenol's propensity for adsorption, one would 
expect that a substantial amount of this '7aporized material 
would be found adsorbed to particulates in .air. Another 
route of .transport to air would be the erosion of 
contaminated dust particles~ · 

On the other hand, the chlorodioxins and chlorodi­
benzofurans that occur in pentaehlorophenol, having much 
lower rates of volatilization, would not be expected to be 
found as frequently in air samples. Again, because of the 
propensity for adsorption and the low water solubility 
(aboµt 3 ppt for OCDOr Arsenault, 1976) one· would not 
expect to find a great deal·of these.materials in water. As 
indicated earlier, the relative vapor pressures and rate of 
evaporation of pentachlorophenol, chlorodioxins and 
dibenzofurans would perhaps account for the findings of the 
Swedish workers (Levin et al., 1976). Mere it appeared 
that the ratio of chlorodioxins and chlorodibenzofurans to 
pentachlorophenol in wood increa~ed appreciably over the 
ratio found .in the orii;inal treatment solution. It seems. 
that a reasonable explanation would be the probable greater 
loss of pentachlorophenol through vaporization from the 
sawdust in contrast to the other two types of chemicals. 

Though pentachlorophenol and· its contaminants are 
probably transported by air and water (probably in the 
adsorbed state), their biological activity is probably much 
reduced by adsorption, thus attenuating the effect of · 
exposure. It has been found, for example, that penta­
chlorophenol adsorbed on sediment found in water had low 
activity so far as control of snails is concerned. (Strufe, 
1968). It is likely that the adsorptions of the chloro­
dioxins and chlorodibenzofurans also result in a reduction 
of their biological. availability. 
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Breakdown is another factor in reducing the concen­
tration and biological effects on these chemicals in 
transport. 

7.2.4 Food and Feed 

PCP is a powerful herbicide, and its intentional use 
around food crops would be expected to be negligible. 
However, PCP is used as a desiccant on seed alfalfa and seed 
clover, and sodium PCP is used in dilute aqueous solution 
as a postharvest fungicidal dip. These are considered as 
non-food uses, and no tolerance has been established, 
although feeding treated forage or threshinqs to livestock 
is not permitted in the United States. 

Measure~ent of total diet residues (FDA Market Basket 
Survey) has shown occasional PCP contamination (for example, 
nine of 30 composite samples showed 0.01-0.02 ppm of PCP in 
1972-3; two dairy products, one legume vegetable, and six of 
sugar) (Johnson and Manske, 1976). OCDO and HCDO have not 
been reported in food, although Firestone (1976} reported the 
presence of dioxins in commercial and "edible• packages of 
gelatin. The presence of dioxins (chick edema factors) in 
food grade oleic acid and oleic acid derivatives, e.g., 
glyceryl monooleate and a food emulsifier, prompted FDA to 
issue a food additive regulation in 1960 (Firestone, 1973). 
Chlorinated anisoles, originating in henhouse litter, have 
been detected in chicken.meat co.02-0.oa ppm) and have caused 
a musty taste (Curtis et al., 1972). PCP was reported to 
occur at low ppb levels in fish caught in open water not 
expected to contain appreciable levels of PCP (Zitko et al., 
1974). 

7.2.5 Biological Uptake and Concentration 

Higher plants do not absorb appreciable a~ounts of .PCP 
or TCOD from soil (Miller and Aboul-Ela, 1969; Isensee and 
Jones, 1971), and administration of these compounds directly 
to leaves resulted in retention rather than translocation. 
Algae, however, rapidly absorbed and concentrated TCOO about 
10,000 fold from water (!sensee and Jones, 1975), although 
they metabolized rather than concentrated PCP (Lu and 
Metcalf, 1975). 

Rodents excreted PCP partly unchanged, partly as 
glucosonide conjugate, and partly as tetrachlorohydro­
quinone and its conjugates (Jakobson and Yllner, 19711 
Ahlberg et al., 1974). Tetrachlorohydroquinone also was 
detected in the urine of human workers occupationally 
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exposed to PCP {AAlborg et al., 1974). However, the rhesus 
monkey excreted PCP more slowly, and apparently only as 
free PCP, with a half-life of about:. 40 hours in' the male 
and 90 hours in the female (Braun and Sauerhoff, 1976). 
There appear to be no data on organ. acc1.ll1lulation of PCP 
during chronic exposure, but recovery of PCP and its 
conjugates from urine and feces certainly is not quanti­
tative~ for example, about 11% of a 10 mg/kg dose of PCP 
was still retained by the monkey after 360 hours (1% in 
liver, 7% in intestines, and 3% in other organs) (Braun and 
Sauerhoff, 1976). 

Animals in a model aquatic ecosystem concentrated PCP 
as much as 300-fold during 48 hours.of continuous exposure 
(Lu and .Metcalf, 1975), although up to 74% of the applied 
dose was metabolized in that period. Fish accumulated the 
most PCP after 120 hours of exposure to O.l ppm of PCP. 
Fi.sh had concentrated it 1000-fold, primarily in the gall­
bladderr return to clean water caused an initially rapid 
clearance, mostly in conjugated form. Eventually up to 30% 
of the original PCP body burden was retained (Kobayashi and 
Aki ta1ce, 1975) • 

Surprisingly, no data were available on the biocon­
centration of dioxins or dibenzofurans in higher animals 
during chronic exposure. After a single oral dose of 
SO ug/kg, the rat cleared TCDD with a half-life of 17 + .6 
days (Piper et al., 1973). Retention was primarily in-the 
liver and secondarily in the fat: the liver still contained 
47% of the initial dose after three days and 11% ~fter 21 
days. Body burden of TCDD was only determined to 21 days, 
at which time it still repr.esented 40% of.initial dose: 
there is no indication of what terminal residue eventually . 
might exist, if any. No metabolism of dioxins was evident. 

Bioconcentration of TCDD in aquatic model ecosystelnS 
was reported by Matsumura and Benezet (1973) and Isensee 
and Jones (1975). Bioconcentration was proportional to the 
amount of TCDD i~ the water; the bioconcentration factor of 
approximately 10 in the species included and was rather 
independent of· the aqueous co·ncentration. Attempts to 
detect TCDD and other dioxins in samples from terminal 
predators in the environment (gull ~gs, eagle fat, and 
sea-lion blubber) were unsuccessful, although the -
analytical sensitivity was limited to the ppb range 
(Woolson e-t al. , 197 3: Bowes et al. , 1973) • 
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While the potential exists for limited bioconcentration of 
PCP from fo~d and the environment, its rather effective 
metabolism by higher and lower animals suggests that the 
effect may not be pronounced. on

4
the other hand, TCDD shows 

a bioconcentration potential (10 ) roughly similar 50 
that of the more inert chlorinated hydrocarbons (10 ). 

7. 2. 6 Sources of Exposure 

Table 7.23 lists major registered uses of PCP. 
From these, it is possible to determine a variety of 
potential sources of oc~upational exposure {Table 7.24), but 
in only a few instances (primarily in wood treatment 
industries) has the exposure of workers been analyzed 
(Klemmer, 19721 Ahlbor9 et al., 1974; and Wyllie et al., 
1975, are typical). 

The widespread use of PCP in these applications 
likewise provides increasing opportunities for incidental 
exposure of the public to PCP and its impurities in the 
home, business, and outdoor environment. Table 7.25 lists 

· a few of the more obvious possibilities. Such instances as 
the detection of ppb levels of PCP in rainfall over a 
remote island (Bevenue et al., 1972), in freshwater and 
marine fish caught in areas remote from direct PCP dis­
charge (Zitko et al., 1974), and in the urine of random 
samples of hlD1lan populations not exposed occupationally 
suggests a continual low-level background of environmental 
PCP which requires further investigation. 

Table 7 .23 

Major Registered Uses of PCP 

Herbicide and desiccant for forage seed crops 
Insecticide for beehives, seed flats, greenhouse use. 
Microbiostat for commercial and industrial water cooling 
Postharvest wash for fruit 
Microbiocide for burlap, canvas, cotton, rope, and twine 
Microbiocide for leather 
Microbiocide and insecticide for wood treatment 
Preservative for oil- and water-based paint 
Slime control for pulp and paper 
Mierobiocide for petroleum drilling mud and flood water 
Fumigant for shipping-van interiors 
Preservative for hardboard and particle board 
Herbicide for non-food vegetation control 
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Table 7 .24 

some Potential sources of Occupational Exposure 
to PCP and PCP Impurities 

Manufacture and shipping of industrial chlorophenols 
Sa 1i¥'rn i 11 s 
wood-treatment plants 
Carpentry and other .t umber and wood working 
Termite control 
Agricultural pesticide application 
Greenhouses 
Industrial cooling towers and evaporative condensers 
Treatment and handling of burlap,. canvas, rope, leather 
Paper manufacture 
Petroleum drillin9 
Paint manufacture and use 
Teiephone and: electrieal line work 

Table 7.25 

Some Potential Sources of Incidental Exposure 
to PCP and PCP_ Impurities 

Smoke from sawmills and burning scrap lumber 
sawdust (fuel, floor coverin9, particle board, etc.) 
Vapor from treated lt.mlber and· plywood 
Rome treatment of lumber for termite eontrol 
Burlap, canvas, and rope 
Leather products 
Paper products 
contact with paint and painted.surfaces 
uses of utility and structural poles and railroad ties 
ornamental wood-chips 
Dairy products, sugar produets, and fish 
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8.2.l SAB Meetinq - April 3, 1978 

Statement as AWPI Committee Chairman 

My name is Dennis Lindsay. I am employed by Vulcan 

Materials Company, a pentac~lorophenol producer. The remarks 

I wish to make now are on the behalf of the American Wood 

Preservers' Institute, also known as AWPI. Approximately three 

years ago the wood preserving industry ·organized an Environmental 

Programs Task Group within the AWPI, a pre-existing trade associa­

tion. The purpose and qoal of the task group was and still is 

to make possible the survival of the; wood preserving industry 

during this time of extensiv~ governmental regulation. We monitor 

the governmental regulatory agencies and comment when appropriate 

upon proposed regulation.· We frequently offer our assistance 

in helping the agencies understand what it is they are attempting 

to regulate. our task group chairman appoints subcommitties and 

assigns to them various responsibilities. 

I am Chairman of EPTG subcommittee i6, on pen~achlorophenol 

which was formed about two years aqo wit.~ the primary purpose 

being to defend penta during the anticipated EU>AR process and 

eventually get it rereqistered under FIFRA. 

Our subcommittee appeared before your study group on penta 

contaminants at a meeting they held 13 months ago today. We 

made eomments and supplied information which I trust was somewhat 

useful to them. Your study qroup has worked diligently as 

evideneed by their draft report. !t is by far the most 
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comprehensive document to date and does an excellent job of 

explaining the many facets of this complex problem. 

our subcommittee has also been very active during these 

past 13 months, both as a group and as individual companies. 

I wish to point out some of our activities and inform you of 

certain facts. 

First of all I wish to call to your attention the fact 

that we, as penta producers, are one less in nwnber than we 

were a year ago. In the fall of 1970, when the U.S. Department 

of Agriculture first expressed concern about the presence of 

chloro-dioxins in some "economic poisons", that now missing 

producer was the greatest among us. Their production and sales 
_,4 p.eJ-

Aexceeded that of any other producer. 

Thirteen months ago, I reported to your study committee 

that we had been negotiating with the Pacific Bio-Medical Research 

Center at the University of Hawaii concerninq the retrieval and 

statistical analysis of data generated in a long term project 

known as the Conununity Studies on Pesticides. This study deals 
CC:.< 14p;t.f1·-~{ 

with chro.nTC~exposure to technical penta. We did fund that project. 

We had hoped for an earlier report; however, it is due within 

the next two or three months. we will make it available to 

your study group and would hope that they at least consider the 

report before writing their final draft and recommendations. 

This committee has also made possible the generation of 

other data relevant to the charge of your study group. Most of 

the work done during the past year by Dr. Gary Van Gelder, 

Cniversity of Missouri, concerning Michigan dairy herds was funded 
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by this committee. It was·1arqely Dr. Van Gelde.r's work whieh 

led the hearing officer, Dr. Gilbert H. Wise, D.V.M. to conclude: 

"The evidence, while not removing all possibility of 

hazard, does not support a finding of any measurable 

magnitude of risk or likelihood of harm to the h1.11llan 

food chain from exposure of food animals to CDD in 

technieal penta.." (Page 16 of hearinq officer's report). 

I have attached a eopy of or. Wise's full report and findings 

for your information. The underlininq and notations are my own. 

Next, I would like to eall your attention to the current 

draft report. Under III; Section ·2, "Toxicology of Chlorinated 

Dioxins and Dibenzofuran~"; page S, the last sentence states, 

"Controlled dosing experiments, recently initiated, 

may help answer· questions raised by the ~chiqan field 

studies concerning the pharmaeokinetics and toxicity 

of PCP and its contaminants in cattle." 

It is hoped that that report, when eompleted, would also 

be considered by your study. group prior to their reaching a 

conclusion and recommendation. · 

In addition, we are aware of a study by Or. Firestone in 

which he fed technical penta to lactating cows. Any information 

relevant to this problem should be considered prior to a final 

report by this comm.ittee. 

Our commit.tee is c:.urrently considering the.funding of a 

. lSO-day calf feeding study using varying doses of different kinds 

of pentachlorophenol which would be done by Dr. Van Gelder. 
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i·7e are presently waiting upon the results of the Fire stone 

and Moore studies to help us decide what questions remain 

un~swered. 

At the request of AWPI, the American Wood Preservers' 

Association, AWPA, the standards writing organization for our 

industry, has appointed a special committee to establish 

standards for treating wood intended for use in housing food 

producing animal5. My point is to show you that we are attempting 

to act responsibly in dealing with these problems. 

3/28/78 
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SAB Meetinq - April 3, 1978 

·statement as VMC Recresentative 

Gentlemen, I am changing hats now. The remarks I will 

·make from here on are as a representative of Vulcan Materials 

Company. 

I would first like to direct your attention to the draft 

report, I, page 4. The last sentence of the top paragraph reads 

as follows: 

"Of course, the production of this more purified 

product entails increased production costs, and. some 

representatives of industry felt this would r~sult 

in a product which may be more difficult to handle." 

That statement is not strong enough. I am. eonvinced that 

this would result in a product which is more difficult to handle. 

I know of three separate eases where it was attempted to use 

Dowicide EC-7 in conventional bulk handling systems. All were 

considered failures in the eyes of the customer, and one resulted 

in considerable damage to the equipment. 

Dow has apparently acknowledged this fact, since they 

recently announced that they wi.ll now produee penta only in the 

block form. That aetion has c:aused a larqe number of smaller 

consumers 'of penta who have been Dow customers to come to the 
' ' 

other producers for a source. They (the smaller consumers) 

cannot afford to purchase the block dissolving equipment • 
. 

Vulcan introduced bulk handling of penta ten years ago, and 

we believe it to be unequaled in convenience, flexibiiity and 

101 



reducing exposure to plant personnel. Blocks ::nay be a 

useful manner of .haneling penta, but blocks or bulk handling 

simply will not serve the purpose of everyone in the industry. 

Thirteen months ago our greatest concern with penta was 

that of its contarnina~ts. Today we hear concern expressed over 

fetotoxicity, teratogenicity and even mutagenicity. In the 

face of these concerns, it is difficult for a producer to justify 

the capital expenditure in purification facilities for a product 

with an environmentally doubtful future. One producer has ceased 

production; and ~hile environmental considerations were not the 

underlying reasons, you can be sure that the uncertain future 

for this product helped tip the ~cale in their aec~sion-makinq 

process. 

I would like to propose what I believe is a common sense 

solution to this problem. It is not a new idea. Others have 

proposed it befo~e, but in my opinion, it has merit. 

After studying the draft report of your study group, I 

conclude that sufficient scientific evidence upon which to base 

a decision is lacking. Further, since technical penta has been 

used for 40 years with only minor and controllable incidents, 

I believe that t~is study group should direct their attention 

to outlining the testing which ~ould enabl'e them to make a 

decision. Such testing might be accomplished on a cooperative 

basis by the chemical producers. In this way the wood treaters 

would be spared the cost of different handling equipment until 

such time as it was necessary, if at all. 

3/30/78 
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"'*'""' PWtOt .. ~ 

Dea.r Mr. Li.a.de: 

• 

Forest PtO<luets Clvi~. K~ Camp:it1y, Inc. 
Pittsburgh. PA 1$219, Telephone •12~ Z27-2460 

April 13, 1978 

Mr. Erzist L.incle 
Sc:ie.a.tist Administrator 
Sc:ienc:e Advisory Board, A-101 
Envir0&1ment•l Protec:tiOQ Agency 
Wash mg ton, D. c. 20460 

Attac:bed is the written sta.tem.C!4t of essm~ia.lly wtia.t I said a.t the 

SAB Meeting. 

Smc:erely yours. 

~; .b. tf.t.»~i..77~ 
Robert D. Arsma.ult 

RDA/rm 

enclosures 
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Testimony to the EPA Science Advisory Boa rd 
Envirol1mental Health Advisory Committee on Pentach.lorophenol 

April 3. 1978 

Myna.me is Robert D. Arsenault. I am Manager of Product Development, 
Forest Products Group, Koppers Compatty, Inc. I was formerly associated 
with Monsanto Company. Pape:.- & Wood Ch

1

crnicals Gl'oup, as Market 
Manager for pentachlorophenol and a.s such I h.ad considerable working 
lmowledge of pentachlorophenol chemistry and use in wood preservatioo. 
Koppers Company uses considerable quantities of PCP in its wood treating 
!a.cllities and in formula.ting blended products £or millwork, sa.psta.in control 
and other uses. Ia addition, Koppers sells PCP as a broker, formerly for 
Monsanto and now £or R ekh.hold and Vulcan. 

I appreciate the opportunity to speak to the.Environmental Health Advisory 
Committee today. I will re.strict my comments to the dra£t report of the 
Study Group on PCP Contaminants. I will first make some general com .. 
ments followed by specific comzncmts. 

On tb.e whole I !eel th.at the study group has dCJne an excellent job .in reviewing 
the current knowledge on PCP eontam.i.na.t1.ts. Their conclusions concerning 
the potential b.aza.rds are especially noteworthy, but these conclusions are 
inconsistent with the bottom line eoneli;ision. 

For ~mple, on ~ge 1-5 the statement rea.ds. ''there is really very little 
data on th.e envi.ronme:nta.l persistence and transport of the diox.in a.nd dibenzo­
£uran contaminents of pentac:hlorophenol". On page 1-6 the paper reads, 
"The to.x:icological. information necessary to make the evalua.tion 0£ relative 
hazard 0£ purified versus standard commercial PCP is a.ho deficient. 
Penta ch lo rophenol its el£ is a toxic cb.emica.l in its own right. 11 On pa.ge 1-7 
the paper reads, 11Tb.is finding of low, but detectable, levels of chlorinated 
dioxins in ti.ssues of these animals is a matter of public health concern, 
however, the biological significance of this £1.nd.ing is not presently known." 
And, ''There iJs insufficient information concerning tb.e identity and dosage 
of dioxins involved to allow these observations in man to be useful in a 
q\13.lltitatlve assessment of the relative hazard of purified PCP versus com· 
mercial products ccm.ta..i.ning diox~ contaminants. There a t"e n.o data that 
permit an estimate of tb.e relative susceptibility of huma...a.s to systemic 
effects of the dioJCins and related contam.ina.nts of PCP. 11 11As yet, there is 
no quantitative information which permits a comparison of the to.deity of 
dioxin to huma.ns versus other animals." 
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.. 
All these statements rein!orce our consistent opinion that there are no 
kno"Wn significant hazards related to the current leveu of impuritie$ in 
PCP, and there are· no data to set any target level judged to be "safe". 
Yet, these conclusions were the' result 0£ a review of alt known. data cm. 
hazards. No such review was ma.de o! the costs associated with ga.iD.mg 
these llllstated "bene£lts" from removing the impurities; yet:, the state­
ment is ma.de cm. page I-4, "Ol course, tb.e produ.ctio.a. o! this more 
purified product entails increased productioo. costs and some represen ... 
tatives of industry felt this would result in a product which may be. more 
dif!ic:ult to handle". _A thorough. study 0£ the "c:osts 11 would have shown 
tbat not only are they b.uge, bu.t'.the costs would .include an increase in 
e:z:posure to PCP due to the prod1.1c:t be.ing more dusty. Also, tb.e costs 
would ia.clude disposal problems with dioxin. still bottom.JS an~ di.Eficulty 
in usia.g the purer grade m some industry solvents such. as Koppers 
Cellon proee~s. 

Despite all the above mentioaed la.ck of .inlorma.tion, th.e Study G rou.p wrote 
c:oaclus ion 10 which s irriply states that: s .ince technology is available to clean 
U'P PCP, 11 it wou.ld seem prudent" to do so. This statement seems to u.s to 
be unjustified, though it is politically expedient. 

O.a. pages II-7 and V-3-35 a.ckn.owledgecne:a.t is ma.de tb.at som.e of the PCF 
in' the enviraa.mct may c:ome from gceration 0£ PCP by chlorinaticn of 
water or c:rea.tioc. by natural p'rocesses. However, th.e im:plica.tioo. is th.at 
PCP m the environment, !ou.a.d in uria.e of n.oa-erposed humans, and in 
tissue comes from e.rposure to treated wood i:n the mvircm.me.o.t. 

One of th.e problem.a that has arisen is tb.a.t pen.ta.chlorophenol m. the environ­
ment seems to be ubiqultou.s. It is found ill samples ta.ken !rom tb.e enviro.a.­
ment, from animals, and from. humans. For. example, the Ma.rch 1st is.sue 
of Pesti~ide &: ToJtic Chemic:al.i News reports tb.a.t the ''Enviro.a.m..ctal 
Protection Agency's national b.uma.n monitor mg program has found ia. the 
400 samples o.£ huma.A 11rine analyzed that nearly SS% of the sa.m?les sh.ow 
'quantifiable amounts of pentachloropb.e.o.ol', a c:ocutitue.a.t of many wood 
pt"eservatives and a contac:t herbicide". Also, the June 30, 1976 issue of 
Pesticide Ch.emica.l News ccmta..ined an article tb.a.t stated, 11he.za.chlorobe.o. .. 
ze.a.e res i.dues ha.ve been follllci in 75% of ~other's milk samples and 95% of 
human adipose tissue samplea collected in the U.S. by the EPA". Attacb.ed 
is a copy of tb.e ea.tire text 0£ tb..is article. It also states that HCB cootami­
naticm of meat is increas.ing and breast fed ia.!ants~ in a worst case situatio::i, 
could be exposed to HCB levels approaching those demoo.atrating adverse 
effects in laboratory animals. 
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Tying these two findings together in order to show that PCP and HCB a.re 
interrelated one would only ha.veto prove that pentachlorophenol is a metab­
olite of hexachlorobenze.ne, or vice-versa. Since pentachlo rophenol is used 
in small quantities as a. wood preservative compared to hexachlot"obenzene 
production in the chemical industry, oae would have to agree that pentachloro­
phenol could be a metabolite of hexa.chlorobenzene in humans, i.£ shown in 
laboratory animals. Ui fact, it was shown in monkeys that hexa.chlorobe.azene 
metabolized to pentachlorophenol. I a.m attaching a copy of a paper by Yang, 
et al entitled, "Chromatograph.ic Methods for the An.alys is of HeJCachloroben­
zene and Possible Metabolites in Monkey Fecal Samples"• 

Another paper by Eagst. et al, "The Metabolism of Hexa.chlorobenzene in 
Rats 1i, confirmed earlier findings byMahendale in 1975that pentachloro­
phenol was a metabolite of hexachlorobenzene in animals. I am also 
attaching a copy of a pa.per by Rourke, et al entitled. "Identification of 
He.x:achlorobenzene as a Contaminant in Laboratory Plastic Wash Bottles"• 
which references three papers by Yang, et a.l on the metabolism of hexa­
chlorobenzene in Rhesus monkeys. I have given you a. copy of the pa.per by 
Renner entitled, "2, 4• 5-tl"ichloropbeaol. A New Urinary Metabolite of 
He.xa.ch lo robenzene". 

Now how does the he.xa.chlorobenzene get in the environment? To answer 
that quest ion ram enclos mg a copy of a. pa.per written for the Hazardous 
Waste M'1llagement Division of EPA entitled. "Sources. Characteristics, 
and Treatment and Disposa.l of Ind11stt-ia.l Waste Containing He.xa.chloro­
benzene11. According to the paper there are 23, 665 tons per year of 
hexacb.loroben~ene co.c.taining waste materials from ch.loric.ated solvent 
pl"oduction alone plus 2, 650 tons of hexachlorobenzene from chlorinated 
solvents which wet"e presumably removed from the chlorinated solvents 
before the sale of the sol\>'ents. It ls also known that many of the chlori­
nated solvents used for dry cleaning contained traces of b.exachlorobenzene 
and this could be another reason why huma.zis a.re exposed to heJCachloro­
benz~e everywhere • 

.Another paper whicb was sent to us from the Of!lce of Toxic Substances 
entitled. ''Hexachlorobenzene, A -Ma.IJ. Ma.de Pollutant"• is attached for 
your informati<m. 

It is apparent also tba.t this is not a. one-way proposition. Pentachloro­
pheaol could conceivably degrade to he;cachlorobenzene under certain 
conditions. Dr. Donald Crosby in his paper to the EPA Science Advisory 
Board• ''Reactions and Environmental Fate of Pentachlot"ophenol and its 
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Impurities", stated,· "the original pyrolytic c;~version of a PCP salt to 
OCOD was accompanied by <l large portion of hexachloroben~ene, sug­
gested to arise from dec:ompos it ion of decachlorodiphenyl, but this ha.s 
not been con!irmed". He.xachloroben.zene also appears to be a. bypJ:oduct 
of UV light degradatioo of penfachlorophenol on tb.e surface of wood. It 
is my impress ion that he.xa.chlo robe:i:Zene con.t~mi.natian of the Mo viron­
ment is caused from the b.e.xachlorobmzene impurities in chloriD.ate4 
c:hemic:4ls as'well as the over 26 million tons per year ofHCB containing 
~ste which a.re dwnped. 

Also a.ttac:hed are two articles which appeared ia. J. Eo.viron. Sci• Health 
in 1976, both covering another source of penta. in·tne environment. The 
use of 11.D.da.ne a.s an izi.seeticide 011 lettuce a.nd endives resulted in the 
linda.ne to convert to tric:hloropheuol, tetrachtoropheo.ol, pent•chloropb.enol, 
and conjugates 0£ tetra and pentachloropb.enols. Non· polar c;ompoands. 
including heXa.c:hlorobenze11e were also formed. Jn the top soil was also 
some penta. While tb.e a.rticle calls tb.ese breakdown products metabolites 
from the crop,' I th.ink it. more likely th.at they a.re UV ligb.t breakdown 
products. 

Tb.e other article covers the metabolism of linda.ne in rats. Penta.chloro­
phenol is sh.own to be one of tbe metabolites. Other metabolites incll.lde 
Z, 3, 4, 6-tetrachlorophenol. 2~ 3, 5,6-tetracb.loropheo.ol, a.a.d z. 4. 6-tri­
cblorophenol. Min.or metabolites wer~ gamma. 2., 3,4. S, 6~per:ita.chloro­
cyclob.exene and its metabolite, tetra.ch.lorocycloheD.D.ol. 

This work also shows other chemicais which have pmta as a. metabolite. 
They a re pea.tacb.lor:oben:ten.e a.a.d 2, 3, 4, S, 6-pentacb.lorocyclob.e.z:en.e-(2)· 
ol· (I) a..o.d gamma 2~ 3. 4, S, 6 peiitachlorocyclob.exene. . . . 

. ' 

It is beginning to look like there are ma.n.y ways for penta to end up in 
the food cha.in, both a.s metabol~tes a.ad a.s b~eakdown products of other 
commonly uaed pesti.c:ides, including h.e.x:achloroben.zene and lla.da.ne. 

We at Koppers feel so stroo.gly about this issue o! .pentachloropb.ec.ol 
beiDg a w:i.iversa.l contami.D.a.a.t "ca11sed by 1.1se i.D. wood preservation" tha.t 
I a.sked R. S. Detrick of Koppers to present a paper which appeared in 
the Forest Products Journal in 1977. Attached is a copy of tb.e paper. 
It refers to maa.y of the items which I h.a.ve alrea.dy discussed, but in 
sl1mm.ary it shows th.at pentadilorophmol m. th.e ppb level ca.a. be ~ause_d 
from other factors tha..a. pentach.torophenol exposure. 

There is a.not.her a.rea of cone: em which I feel must ·be dealt with in the 
Report. Photolysis of PCP can create OCDD and he.xa.ch.lorobenzeo.e it\ 
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th.e environment. S"ince both of these contaminants a re already present 
in technical PCP, we question why take them out if they a.re only going to 
form a.gain from sWllight. However, they also rapidly break down in the 
same sun light. 

The paper on page II-8 states that PCP photodegrades in water and various 
solvents. This is covered again briefly on pages V-3·17, V-3-19, V-3-20, 
V-3-22, and V-3-32. However, on pa.ge 'lf-3-22 the Report states that 
organic, hyd togen-donat ing solvent mu.st be present for photolysis 0£ 
dioxins or diberu:ofuran to occur. This is oot true. We have demonstrated 
l"epeatedly that photolysis and rapid degradation. occu~s when dioxins a re 
present on cellulose substrate without solvent. We have extensive infor­
mation to EPA with a. letter to Mt". Edwin Johnson dated June 1, 1977 on 
the degradation 0£ PCP a.nd OCDD by SW11ight alld artificial UV light. None 
of these data are referenced in. this report. 

I am attaching a copy of that June 1st letter and also a copy o! a letter 
written to Dr. OOCJ.ald Islib as part of the Michigan Hearing Record. These 
documents sh.ow that botb tech.a ica l PCP and £C .. 7 PCP reach the same 
maJ(imum 0£ OCDD le\'el in micrograms per unit surface area after oae 
day irradiation by tJV light. Th.~s maximum was then dP.pleted as the OCDD 
photodegraded and there is n.o d i!ferenc:e in the rate of buildup or the rate 
of breakdown betwe~rt commercial PCP and 'E:C·7 PCP. The OCDD con­
centration on the surface reached 3060 ppm Ol1 the bas is of in it i.a l PCP 
cone ent rat ion rega rdlel3 s wh~het" the il1i.tta1 PCP st.a rt ed with commerc ia. l 
PCP (1600 ppm OCDD) or EC-7 PCP (60 ppm OCDD). 

Hexachlorobenzene also is a degradation. byproduct 0£ photolysis of PCP. 
However, HCB ts also a contamin.ao.t 0£ PCP. In fact, we found a sample 
of EC- 7 PCP con.ta in.ed :i pprox:imately foul' times the HCB level (170 ppm) 
a.s Monsanto's PCP (45 ppm). I.n wipe tests of wood utHit'y poles exposed 
to sunlight fot" less than one week, poles treated with. EC-7 PCP in oil ha.d 
approximately ten times the level of HCB on the sudace 0£ the poles as 
expected based on th.ea.mount of PCP present. When compared to poles 
tr~ated with commercial PCP in oil '\ftet" tnr;ee years exposure in Ohio 
(different otl), th.e EC~7 treated poles ha.d a.bout four times tb.e level of 
HCB on the surface ;is the commercial PCP treated poles. While these 
levels al"e not judged to be an environmerihl haza.rd (levels 0£ O. 001 to 
O. 02 1.1g/in. 2 HC:9), they do indicate th.at there is n.o benefit from the 
environmental sta..ndpoin.t of reducing the c:on.tamiaaats in PCP. 

We are contia.uing our work on. photolysis 0£ PCP, OCDD, a.nd HCB using 
wood as a substrate. As more inform:ttion is generated, we are finding 
that UV light degradation eliminates these products from the environment. 
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Therefore, although the grade of PCP makes no difference m quantitative 
~mount of impurities formed. in reality .the impurities are not a. hazard, 
whether in the. PCP initially or formed from UV light. 
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O~n.r Mr. Johnson: 

June 1, 1977 

Mr. Edwin L. Johnson 
OC"puty /\:uintnnt Admlnietratol" 

for' Pr:aticldc Pror,l:'ama 
Fnvlronmcntal Pl:'Otcc;Cicn Agenc;y 
Wa•hl.agton. D. C. 20460 

Jn the p<\st Wf' have 1'ubrnittC'd inform<'ltion to you en the ~nvironmf'nta.l 

Cat<.- oC pr.ntac:htorophcnol (PCP) Including informatiotl en d<'gra.clatlon oC 
PCP tn aoll and the df'.'gradatlon of octachlorodibrnzo .. p-dioxin (OCDO) 
in eoll. Thia ·.11.·;u a part 0£ the packit.ge' which was 1h1bmlttcd by .Ron 
Dr~cr to the Scic-ncc Advisory Boa.rd .Ad Hoc Panel studying the dioxin 
question. 

W <!. undc-rstilud th.tt th<- Sc kn CC' J\dvisol"y Do.i. l"d will 111hortly bt' completing 
their !"~port And z:oecomm<'nd,Hloru. OrJr pilrt o( the Draft copy ot the 
report. wrlttl"n by Dr. CroAby_. rdcrrcd lo pt'l\tachlorophC'noxlde-lon 
undergoing cycll:r.atlon to OCOD ln watf'r. a.nd also photodt;>gra.da.tion of 
OCDO by ultr:iviolt"t (lJV) li~ht in the prcs<>nce ot a hydrog<'n donor sucn 
as alcotiol. Oz:-. Cro11by wrote that, ''thr ro.t~ of photo- r<'duction ia 
invcrs<'iy proportional to th<' d<'r,rf"c of c:hlorin.,tion 11

, indlc.atintz that the 
lower chlorinat("d dioxins dc-p:rad(' faster thnn the hl~h<'r chlorinat«!d 
dioxinB, He furth~r v.·rott- th.it, "PCP could conceivably r.encrate OCOD 
in irnnll~ht, but tht- Ut"ll.ll prrBN\CP of hydroc~rbot\ solvents would tend 
to µromote eventual dloxin photolys ls on the wood surfac@". 

J\,. p."lrt of our continuln~ pro~rAm of <"rwironmc-nt:il Olnc.I hc3lth studies 
with wootJ pr<'1u•rvallv<-~. we have br("n inv~t:tigalin,ll lhe pholochcrnietry 
o( pc-ntac:hloropltraol ;\nd th<' contninr.d clio.-<ins. Thus for. this work 
,.upportn fh(' 111tnt,.mc·n(11 rn.:tclf' uy Dr. Ct'or.h;·. ;\rHI the" !"t"Hults cmph;111izc 

that dioxln11 thnt m11.y bt" j?cnt"r:ltC'd from PCP irr;idl:\tlon on th<! aurfac:c 
o( thr wood ar(' thrmprl•,,('1,11 d<·~r~dC'cl. /\ hydrOf~f"n donor ~olv<'nt, however. 
i' not n,t-ccssl\ry. Cdluloslc material c.a.o a<;t 1u the hydrogen donllr, 
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From ~n cnvlronm('ntnl po1at 0£ vit'!w the iurf&cc o( th• treated wood 1t 
lmport11.nt b~c:a.1.1.se lt conf'titut"" An 11.vcnuc of t-xp<>~urf! to man and the 
c-nvlronrn~nt. In ord<'r· to almulat(' the ... ut"(&ct" o( thf!' wood wlthout havi.Qg 
int~ractlonit 1Jllc:h as bl.ceding,. v~rll\bllity, and ana.lytic:&I dlfflculty, we 

h:t.vr. non<" mO!>t oC our work wlth. !Ut~r paper lmpn:gnatc:d with. a. solution 
ol PCP or OCDD. 

w~ ha.vc conduct ("rf • C'V<'ru t NCpl"rlm<-ota <-xpoai.ng technical PCP, purl!led 
PCP. Oowicidc EC- 7 PCP, and OCDO on Cilteor p.-\per and technical PCP 
and Dowlc:idc EC- 7 PCP on wood, wlth and wlthout oil prc:sciit, La. a.rtlil­
c\al UV lir,ht and ln eunllr.ht.. Our c:1tp<"rimcnt11 C\U' continulng, but we 
hi\VC prelln,ltuiry r«"$ulta that we Cccl are meaning!ul f!Vf!'ft th.ougl\ we h&ve 
not yet completed tbca c stud.ies. 

Working wllh Clltcr pAprr. our stucllrfl RhOW'. that \vhcn J>CP la t".xpoa~d to 
UV \!~ht, photod<-g r::ldatlon occurs a.nd OCDD la one o! the pr-oducts Cormed. 
Cootlnucd ~xpoeure to UV light d~gr01des the OCDD. Thuc chcmlca.l 
r-cactlons o~cur whcthC!r the PCP b('ing cxpoa~d to UV light l11 o! the EC .. 7 
grade or theo tc:chnlcal grn.d~. What eJurprist'd us ln our studies. howev"r, 
W0\8 that rt"~::lrdl<'A11 oC lhr orlglnal ccpn <:Ontent oflhc PCP. the ultimate 
level to which the OCJJD builde up le about the aame. 

The EC· 7 i-am ple we us cd contAh\~ 13 ppm oC OCDD. Tbe commercial 
PCP •am11lc contn.lnr.d 1#466 ppm o( OCOD. Whr.n l 5 mg of EC-7 grade 
PCP w.i11 irr~1liatcd lor two ~ays,, thti dio.itin level on thf! filter pa.per rose 
from t.he in it la l o. 2 ug to 58 ug o! OCJ:H>. \\'hc:n 15 mg oC c:ornme:cla.l PCP 
w<is lrndi.atrd, th<- dioxin lev<!l ro~~ fro1n the initial 22 ug t.o 64 ug. The 
EC-7 gradr. Pi. P grn<'rl\lt.'d sa ug ir\ thr. !tame time th<lt commerci.,_l PCP 
gm('ratr.d ·12 UJ!, ;trul both gradco of PCP dcvclop<-tl a.pprodmately the 
u.nie lcvd oC OCOD. Onc:c a c:ritlca.l level 0£ OCDD waa r-ea.ch~d, the 
OCOD photodcg radcd to lower leovcls. 

ACter fl~vf•n d:\y" only 3'reo of the orl~lnn.t PCP r<"n1~in<'d and the OCDO 
lc\•rl hfld rh-opp<'rl .:\oout 33~ Crom th<' p<'ak v:ilut", l\CtC'r tc.n. do.ya the: 

. OCOD level h<id ·d ropprd to about ·50% oflhc ~c~k valu<". 

Jn our t <'"'l-" •• A la rr,('. I"". rt of, t hi' PCP wn.B lo:tt du<" .to vol;itUiz'1.tlon r~thet' 
than photol»nltt, \\'otldn~ without UV light, but k<"cpln~ a.It oth<'r condl· 
ti<ma con"t.-rnt •. ~2~~ o( ~ 7. 5 mr. snmpl~ 'lol.:itilizcd ln lhr_ee dny•' t-Jtpo1H1re. 
Slmil~r atml\rs h1'Vf' not be-en <'Onrluctc-!f. :I.fl yrt on OCDD. · How~"~r. Jnaa­
muc:h aa OCDO h:tB a \'apor p~_e1uurc lttse thoin l /800 lh'llt o! PCP, lt ls 
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:uaurr1crl th;it n l~rlific.lnt loru hy vol~Ul lzat lou do<'"s not occur. V:c would 
expect hir.hcr r:hlodn:'ltrd rllox.lru to d~gr~clc on the CHU"!acc by UV light 
r)llher lh.:in vaporlze into th<" c.-nvironmcnt. 

Our work with PCP tl"<'~t<-u wood· pol~o han ciot rr:ichc-d ~he point tod.i.y 
that we c"n pt'ovc conchrnlvdy thilt dioxi.ns ~rf! formed from the PCP 
on thf" eurh.c<" a( v:ood th:\t 111 ('lCpOsf'd to :;unllght. We brllcvc, how~VC't", 

thAt 9uch la the c~s~. The work doc:s lndic3l~ that there ie a brcakdowa 
o( dloxlna th.lt ,\re o:lgln~lly present or which may be formed oa the aur­
Cac:e. oC the wood. 

Wipe teats conductc-d on thrC"e comm<'rci.:il PCP/Cel!on trc<ltcd pol<:s 
which wt"rr- in pince for three yr:Lrs in Ca.lifornlil, show lower PCP and 
QCQ[i co11cent r::itloo" On th<" r.lUOf\y 50Ulh f idc of tile pOlt' lh.:1.Q On the t\Orth 
eliad~rl side. Th<' PCP cont('nt on thC' south 11ide of thc'e pol~ra a.vC"ra.ged 
O. 34 u~/sq. in. :ind on the north sidt! avel"~gf!d 2. 08 ug/sq. in. The 
corresponding OCDD lc:vc-ls were o. OJ 0 ug/aq, in. on the south side! and 
O. 024 ug/oq. in·. on the north sldr. 11H• lo\Vcr OCDD cootf'nt on the souU1 
eld~ o( thC' pole tu compO.rC'd to the north side rcCl<'cts the e!lc:ct of UY 
light on ccnD. \'le intcrprC't the hit;h('r t:"llio ol (')<:DO to PCP on th,.. 
south elu<! or th~ polf" n.A conip.lred to lhC' north tdd<· of th~ pol~ to rC'flt-ct 
both the ~CCect of UV light on.the degradation oC PCP aud \•a.pori::::..itlon 0£ 
PCP. 

We h~vei found somt'wh.:i.t the- sam(' r<-lationehip when PCP/oil tr"rated 
polc;·s wc:t'f" t~:>t«"d. Tht'st' also hnd bc:eo in ec:rvicc:: thr~c y~11rs. On the 
oouth atde or the!tr- pole,, the PCP l<'vd Wolff o. 7 ug/"q· in. o.nd on the 
north side th~ PCP level was 3.1 ug/i;q. in. Tht" OCDO levels rupee• 
~ively wt"r~ O. 013 and 0. 03Z u~/6'1· in. Th<'l'IC dtt.t.i aubetant.loltc that 
even thou~h dio~in" n~ip,ht form from P~P ln wood exposed to t.hc sw:i, 
they lllso a re evcnLually dcst roycd by lhc sun. 

We hC\ve lnulc~t lona that lhcsc oamc µhcnomcna occur on poleis treated 
wlth ~C-7/oil solution. The wood inside thrrtc poles w41s C-Ktractcd aad 
an<\ly-::C'd to confirm th;it th<" polcn wr.rt•. lri fact, lrt":ltcd with f'C-7. 
Th(' P\r CC!lt.,i.ncd th<" n .. ·cr"t:" o{ ll. 5 rpm o( ccnn. The wood c:on-
tl\ [,,ccf :\0 '1\"<"r:l!=!f'." o( J, ( $~' rel"', llOWt>\•C'r, 0<1 the' our(:\c:r. O{ thto poles, 
wip<' t~sta ehowt"u {t"Om O. 001 lo O. OOS ug/oq. in. of C'CDO Otl polrl'I 
which wt-re t\&.·O W<"C'l<!'I to two rnonthn old. \\'c h."Lvr fotJnd subat~11tl;llly 

the a.:une levels o{ OCDD {. 001 to. 008 ug/aq. In,} on the •ul"!ace of 
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C<'llon polt"a trC':\tC'd with lh<- technical ~!l':\d<' of PCP altt"r 15 wcC'ks' 
cxponurc to the- BU" ln Prnnsyh·An!:l. ·wh ... thc:-r th<'oc numbers r@'flcct 
rcsulto !rom bl r.cdinr,.:. l'C P loss or sunlight Rl'ncratlon ie u.ru:on!lrmcd • 

• 
We lcC"l tha.t lhcat• rrs11lts nupport the conclusion• dr~wn from the 
labol"atory t.rata thnt (1) E'C·7 {(l':lde PCP on. a cdlulooe substl"atc: 
t'JCpOSf"d to UV liflht rhotod<-p,rl\det to ocnn, t't'i'lc:hing thr in.me ocoo 
c:.onct-nt ration lr.vd a" t c-c:hn ic:I\ l g radc PCP t'Xf>OfH•d unde l" th c 1,.;1.me 
condlllons. ftnd {l) n!tc."r rcac:hlng 11ome c:rit!cal level, the OCOD <:On• 
cent ration de ere.as cs due: to pbotodcg ra.d.a.ticn.. 

It ls lmportn.nt. to note thl\t we h<ive? not tound o.ny tctrac:hlorodibcnz.o-p­
dloxln !ol"med. due lo photoly11is ol PCP or OCOD, cllhftr in the 
laboratory or !kid otucllC'11. Much of the work reported h~re arc the 
pralimina.ry results in a. continuing study. 

We will kc~p you in!orm<'d -as n1tw Information \,. ~<'ncratcd. We wlll 
apprcd:\tc the opportunity to vla·it with you to dlscu11 the results of 
our work ln. more dctall. 

/ 

ROA/mz 

!Jee: H. F;. S1·;,I ;~ 

l> .. L. I );"·i··~ 
D. G. Tlalt.ih•rn 

Sincerely youn, 

Robert O. A rs~ault 
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Dear Mr. Is 1 i b: 

',., •.• ,, ... ,,.,- •1 •/·..11.t •dVVV 

July 20, 1977 

Hr. Donald R. Islib 
Chief Oeputy Director 
Michigan Dept. of Agriculture 
Louis Cass 61dg. 
P. 0. Box 30017 
Lansing, Michigan 48909 

Subject: Effect of UV Light on 
Pentachlorophenol (PCP) 

At the Public Hearing on Proposed Regulation No. 637 on May 26t 1977, our 
Mr. R. O. Arsenault mentioned that studies by Koppers Company had shO\'m 
that pentachlorophenol deposited on cellulosic.filter paper and exposed 
to UV light was de<:o111posed and one of the products of decomposition was 
octachlorodibenzodioxin (OCOO} which in turn was also decomposed by the 
UV light. At the continuation of the hearing on July 12, the validity of 
the Koppers data was questioned on the basis that the artificial light 
used by Kopper~ was substantially different from sunlight. The purpose 
of this letter is to provide you with additional infonnation and comnents 
on these subjects. 

Even though pentachloropheno1 is toxic in its own right, much of the 
discussion of risks befor~ the hearing boa~d has focused on the chloro· 
dibenzodioxins that are impu~ities in commercial grades of pentachloro· 
phenol. Octachlorodibenzodioxin {OCDO) is the most prevalent chloro­
dibenzodioxin in c~m:ercial grades of pentachlor~phenol and it5 analysis 
is subject to fewer uncertainties. Therefore, much of the following 
discussion will focus on octachlorodibenzodioxin (OCOO). Tetrachlorodi­
benzodioxin (TCDO) was not detected as a degradation product of either 
OCDO or pentachlorophenol. Hexa- and hept~chlorcdibe"zodioxins were 
detected, but not quantified. 

Octa- and tetrachloro1ibe11zcdioxins (OCDD and TCOD) deposited on filter 
paper are readily degraded by ~V light from both sunlight and artifici?l 
light sources. Experimental data are surm~arized in the attachl!!d tables 
l and II. fhese tables include long and short wavcl~nath intensities of 
the artificial light source and Pittsburgh sunlight ana are shown to be 
similar. The calculated velocity constants, assuming first order reactions. 
are sho1:n in Table III. The experimental proced.ure by which these data were 
obtained is also attached. 
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Pentachlorophenol (PCP) (both commercial grade and Dow EC·7 grade) deposited 
on filter paper ;s readily degraded by UV light. Experiments were confined 
to artificial light, because this light source was considered to be a 
reasonable facsimile of sunlight, it ts uniform from hour to hour while 
sunlight is not, and the degradation of pentachlorophenol by sunlight had 
already been demonstrated by other investigators. 

The attached paper entitled 1'Weath~ring and Stabilization of Polyolefins" by 
J. A. Melchore (I&EC Product Research & Development. Vol.1, Mo. 4 pp 232·235 
(1962) describes the art1ric1al light source used in our work. The wave­
lengths of light in sunlight and the artificial light are shown in Figure 1. 
Both sources emit light at wavelen9ths b~low 350 mu which is the wavelength 
below which pentachlorophenol (PCP) absorbes UV 1ight. Pentachlorophenol 
(PCP) absorbes UV light strongly at wavelengths below about 3.10 ~. 
Presumably, these are the \'1avelengths that provide the energy for the 
observed degradation of PCP. 
- . 

Experimental data for the UV degradation of pentachlorophenol (PCP} 
obtained in recent weeks are surAnarized in Table IV and v. for c:orrmercial 
grade and EC-7 grade PCP, respectively. Starting at 7500 ug PCP, about 
the same concentration on the filter paper that would be used for the 
treatment of wood, more than 90~ cf the PCP had. degraded in seven days. 
In both cases, OCDO was produced as a degradation product at a peak value 
of 23 l.19 OCOO regardless of the initial concentration of OCDO in the PCP. 
The same data are shown in Tables VI and VU, 1n which the OCDO on the UV 
exposed paper is expressed in parts per million (ppm) of the initial 
quantity of PCP that was applied to the paper. On this basis. the OCOO 
concentration reached 3060 ppm in both eases·. 

In assessing the risks of exposure of either humans or animals to treated 
wood, chemicals on the surface of the wood should be the principal concern, 
not the chemicals embedded in the internal strur.ture of the wood. From 
this point of view, the foregoing experiments on filter paper strongly 
suggest that exposure of either humans or animals to either conmercial 
grade or EC-7 grade of Pentachlorophenol would not be significantly· 
differen~. 

RSO:mjt 

Attachments 

t:cc: ~:1·. r?. ·L:. l\r~~!l~llfh: . 
m·. D. 1.. r>;:•1fo~ 

Yours truly, 
? . ::y ~- // ;.. ,t .. :X.' /;£/r~-<"-e, 

F.. S. Detrick·, Manager 
Envirorunent.al Health and Safety Section 
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1. Experimental Procedur:,e 

Stanqards of OCOO and 1 ,2,J,4-TCOO were obtained from Ana labs, and the 
2.3,7,8-TCDD from D. Firestone of the FDA. All dioxins were used without 
further purification. All stock solutions were prepared in reagent 
grade benzene, and stored in aluminum fof 1 covered bottles in the dark. 
All work concerning the TCOO was dona on the 1 ,2,3,4-TCOO isomer unless 
noted. 

Dioxins to be irradiated by UV were applied fn benzene solutions via a 
2 cc pfpet onto a 2-inch by 5-inch strip of Whatman No. 42 ashless filter 
paper. The weight of a strip of filter paper was 0.72 gram, and the 
concentrations of the OCDO were calculated to be in the same ratio as 
they exf st on a typical penta-treated pole. 

The UV degradation rates of OCOO and TCOO in various sample systems 
were determined in both sunlight and artif1ca11y produced UV light. The 
description an~ operation ef th.e artificial UV exposure system is 
discussed by Melchore.3 The UV radiation was measured at the surface 
of the samples by an Ultra~Vfolet Prcd1Jcts UV Meter at both short and 
long wavilengths. The average intensities for the unit were 1.02 miJli· 
watts/cm for the short wavelength (254 "m pP.ak), and 0.63 mwatts/cm 
for the long wavelength (365 nm peak} detector", 

The dioxins were recovered from the filter paper by cutting the paper into 
small strips and placing them in a small bottle along with a 25 cc 
aliquot of benzene. The samples were shaken on a wrist action shaker 
for 30 minutes, and the benzene solution was analyzed by a gas chromato­
graphic technique. 

Gas chromatographic analyses (GC) were carriP.d out on a Hewlett-Packard 
instrument (Model 5701A} using a 3' x 1/411 glass column packed with 10% 
OV-1Q1 on 60/80-mesh Chrom Q, a silanc-treated diatomaceous earth support. 
Programmed temperature gas chromatography was used for the analysis of 
all samples containing OCDO. Samples containing only TCDO were analyzed 
isothermally at 250~C. The temperature program consisted of holding 
at 2sooc for 8 minutes, raising the t~mperature to 2cooc at SOC/min. 
and holding at that temperature for an additional 8 minutes. Under 
these conditions the TCOO eluted at 4.4 minutes and th~ OCDD at 17.0 
minutes. A Ni63 electron capture detector was used because of its 
sensttivity to haloge:nated ccrT't'ovn1s. Tt1e .carri~r ·r: ~1as a 90110 
mixture of argon/~ethane, and its flow rate was 40 cc per minute. Samples 
were analyzed quantitatively for either TCDC or OCOD by using band area 
measurements (the height x width at half-height ~cthod} and absolut~ 
standards. 

3. "W~athering and Stabilization of rolyolefins, 11 ~e1chore, J.A .• 
I&EC Product Research and Oevelop!rnnt, Vol. l No. 4, pp 232-235, 
December, 1962. 
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Z. Clcan-tip·Proced~res 

' 
a. Monsan£o Method No. 70·20· 

This method provided by Monsanto is designed to remove from the sample 
phenolic compounds which might interfere with the. analysis of the 
various ch1orodioxirts. In this method, the sample, which has been 
dissolved in benzene~ is C?xtrac:ted three times with 20-cc por.tions of 
SS N40H, and backwashed twice with 20-cc portions of distilled water, 
containing about o.z ~ram NaCl. Th~ be~zen~ solution is then passed 
through clean cotton in the tip of the separatory funnel. This benzene 
solution is either analyzed directly or further purified by the alumina 
column described below. 

b. Alumina "Mini" Columns 

The Mminf~ columns were prepared from S mil I.O. glass tubing which was 
drawn to a fine tip. A small plug of glass wool was inserted, and the 
co 1 umn fi 11 ed with A lc:oa F .. zo a 1 um'ina heated for 16 hours at 4000C. The 
height of the alumina was approximately 200 nm. A S~cc aliquot of the 
sample solution was placed on the column.. Since some of the .sample 
solut1on was absorbed on the column 1 additional benzene was added until 
exactly 5 cc was eluted from the column .. This was done by placing the tip 
of the column into a 5-cc volumetric flask and filling it to the mark as 
the benzene solution eluted from the column. 

3. Recover:y of OCOO and TCDD from"Fi1ter Paper Stries . 
Standard solutions of OCDO and TCOOY were appl~ed to the filter paper . 
strips and recovered as previously described. The recav.ery was determined 
for various periods of time. These included: {a} in1nediately after the 
benzene had evaporated, (b) after 18 hours in the dark, and (c) after 
67 hours in the dark •. The results show that the recovery of OCOD was 
at least 95i with or without ofl; the recovery of TCCD averaged 92S 
with or without oil. 

4. ·Recovery of. OCOD from Alumina "Mini" Columns 

Since the alumina "mini" columns ~ere used to elean up .the wood extracts, 
the recovery of the OCDO was determined to insure that no OCDD was being 
adsorbed by the c:olwnns. A 5-cc aliquot of an OCDO standard, treated 
as previously described, gave lO~i: recovery. 

5. Degradation Rates of OCOO and TCDO by Artificial UV Light 

Standards of ocoo. 1,2.3,4-TCOO, and 2,3,7,8-TCDO were applied to filter 
paper strips and exJ;osed to artificial L•\! l iqht fol· varying periods of 
time. The data which is shown in Table I can be surrmarited as follows: 
a) the degradation of TCOO is faster than OCOD,.b) the degradation of 
OCDO is faster in systems containing oi 1 (P-9 or Nujol} than in systems 
not contain'ino ofl. c) the degradation of OCDD .is faster in systems containing 
Nujol than systems containing P-9 oil, and d) tht! degradation of 2,3,7,8-TCOD 
is faster than that of 1,2,3,4·TCOO. The UV degradation of both OCOO 
and TCDD on cellulose appears to occur at a faster rate than in solution.I 

1. "Photo Decomposition of Chlorinated Ofbenzo-p-Oioxins." Plirmier, J. R., 
and Woolson. E. A., Science·, August l97l. 
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6. lJe2!.:!~~ ~~s . .£.f. '..~·· J1.Q_l!~. IJ:fl· ...!.'/ S'!W ~:l t 

Standards of OCOD, ""i th an without: oil, and TCOO \·!·~re uL>Pl ied to fi l t:er 
paper striµ$ and exposed to sunlight for varying pericds of time. The 
8-hour and 16-liout exriosqre te~ ts were run ~w~r a period of 2 to 3 ddys. 
and w~re storP.d in a diJr~ cupbo;ird ov~rili!Jht. fhtJ UIJ intensity during 

J • 

exposur·e v1as measur~d quite fn·1ucntly bei:ause of the P.Xtreme variation that 
was observed. The inte11'lity data wa~ int~yrated over the exposure time 
to measure total e:q:osur~. The d~gradation cat~ which can be se~n in Table IV 
showed the same tr"ends cbservcd for the sar.1pl1Js ~xpus~d to artificial UV 
light, except that the r.!tes in $1111li9ht 't1ere slovJer than those observed in 
the artificial light. The first order velo~ity constants were calculated 
for all somples to further substantiate the observations noted above and 
can be seen in Table III. 
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Tablo l ·----
J?saradat ion nE OCDD ;ind TCDO bv ArLif'idal UV l.i!,ih t - ·--

• l':~pOSUT't! 

Exposure Intensity 
(mw.1 tts /ctn:-) 

Dioxin Oil . (hrs.) h;jng W.J.ve.lcni;lh Short Wavclen~ . 'Z Rem01inin5 

OCDD None 1 0~63 1.02 94 
2 1.2~ 2.04 88 

'• 2.52 4.08 as 
6 3. 78 6 .12 71 

i6 10 .1 16.3 60 
67 42 .1 68.3 33 

TCDD None l 0.63 l.02 86 
2 l.26 2.04 81 
4 2 .52 4.08 69 
~ 3. 78 6 .12 58 

16 10 .1 16 .) 20 

TCDDl/ Non~ 4 2 .s2 4.08 38 
8 s·.o4 8 .16 18 

t6 10 .1 16 .3 6 

OCDD Nujol 6 3. 7~. 6 .12 -z 
J.6 10. l 16 .3 < o.s 

P-9 67 42 .1 68.3 8 

1/ This t'CDD is thc·2,3,i.,8 isomer. 
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Dioxin Ofl 

OCDD N('lne 

OCDD P-9 

OCDO Nujol 

TCDD None 

Dioxin 

OCDD 
2,3,7,8-TCOO 

OCDD 
l,Z,3 1!,-T':OO 
2,J,7,8-TCDD 

ocoo 
OCDD 
ocoo 
1,2 ,3 ,.+-TC'DO 

Tolile ([ ··--·-·-

Exp~sur~ Intensity 
E>:po~urc (mw.ltts/c~'.!l 

(hr::o.) Long..!.~'.!.!~ 1u; :-h Shore_ \lave lansth 

5.5 2.2t; 4 .19 
P. J.86 6. 78 

16 6.fJ8 12 .1 

'.) 2.26 4 .19 
8.8 3.86 6. 78 

16 6.88 12. l 

5 2.26 4 .19 
a.a J.a6 6. 78 

16 6.~a 12.l 

s.s 2.26 f, .19 
8.8 3.86 6. iS 

16 6.88 12 .1 

Tab le I II 

Velocity £.onst01nt!'; J,.,r the! pt?compusitlon 

of OCDO .:t~OD 

,. 

W.f.~~ Oil 'Jd.oc itv r.m,gr.,nc:, --
Art i rid.ill .()0.2 :°< 

Arr: tf ic ia l .11.0-~ 

Artific~<ll ~:~nt~ .OJ9 
At"t ifi.d:ll il::-r.~ .100 
A rt: ii' ic i.l J !\n11c .:? 15 

S1111 l ir;li t i:.·n ~ .012 
Sunlight ~-9 .~R l 
Sunl i.~ht Nu;ot . 106 
Sunlight: N,~nll .035 

Hrs. 

% Rc:n.1. in in& 

89 
91 
83 

47 
47 
34 

4$ 
42 
18 

82 
n 
57 

-l 

.. ,n1c!H' i··.:action ·:cll)<:.L.t:•,· constant~ "'"re: c.ilcuJ ... t.·d h.: tl1,~ ~l.\thc~n1atics ~i:-cuj) 
from tl..1li\ prc-s<'n!.cd in r.hc p:.p..:r "f'hot.o O•.:<.:o:uposit:i<~n .Jl CilLvrin.J!:c..:d 
DibC'n1;0-r-TJi.1,)\ins," Pli:•t1~r, J. iL .1n,1 :.: .. olson, f.. /\., w!1ich ·•l"P<'<lr,•d in tho 
A11gui:;t 197l i~~u~ o( $ei.c-nce. P..1tC" sr:1•rli'!s w ... ·r:<Z don\• i.11 ~~·thanol s:>lutions. --



L1b 1 c IV I 
w+ 

~ 

[ffo~t of UV l.,f~ltt on 

Co~rc i al Pen t<1ch l oro2hen.2] (PCP) 

on Filter Paeer 

(7.5 mg PCP) 

Exposure OCDO ·PCP 
Time Found Remaining 
Days JJ9 u9 

0 12 7500 

1 23 2540 

2 23 1800 

3 19 1350 

7 15 450 

14 7.8 150 

Table V .. 
Effect of UV Light on . 

· EC·? PentachloroQhenol t_PCP! 
on Filter Pa2er 

(7.5 mg PCP) 

Expo-sure OCOD PCP 
Time Found · Remaining 
Da_.xs ii9 ug 

O· 0.45 7500 

1 23 ' 2100 
2 23 1420 
3 21 1350 

7 18 . ~o 

14 8.5 180 

127 
... 



T,1ble I/I 

Effect of UY._hight on 

Co1t1r.e~cia1 Pentachlo[ophenol (PCP) 

on Filter Paper 
OCOD Relative to Initial PCP 

Exposure OCOO as 
Time 
Oays 

0 

1 

2 

3 

7 

14 

ppm of starting 

Table VII 

Effect of UV Light on 

PCP 

1600 

3060 

3060 

2530 

2000 

1040 

EC~7 Penta,hloroehenol (PCP) 

on Filter Paeer 
OCDD Relative to Initial PCP 

Exposure OCOO as 
Time ppm of starting 
Days PCP 

0 60 
1 3060 

z 3060 

3 2800 
7 2400 

14 1130 
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March 24, 197~ 

TO: Environmental Health Advisory Committee 
Science Adv;sory Board 
U.S. EPA 

· Washington, D.C. 20460 

FROM: G. A. Van Gelder 
Veterinary Toxicologist 
College of Veterinary Medidne . 
University of Missouri 
Co 1 umbi a, Missouri . 65201 
Telephone 314-882-7011 

RE: Draft Report on Pentachlorophenoi 

Introduction: 

Ou ring the past year I have served as a consultant to FDA, the 
American Wood Preserver's Institute, Reichhold Chemical Company and 
Vulcan Materials Company in matters relating to pentachlorophenol 
and animal health. My reports have been made a matter of pub1ic 
record. 

THIS STATEMENT WAS PREPARED AT MY OWN INITIATIVE AND EXPENSE. 
IT REPRESENTS MY PERSONAL OPINIONS IN THIS MATTER AND NOT NECESSARILY 
THOSE OF ANY OTHER INDIVIDUAL OR ORGANIZATION. . 

In the interest of your and my time this statement will be brief. 
In surrmarizing complex issues there is a risk of being imcomp1ete or 
misunderstood. If any of the co1m1ittee have questions please feel free 
to call or write. A copy of a letter I wrote earlier is attached as an 
appendix. This discusses in more detail some of the animal health 
aspects. · · 

Background: 

1 ) 

2) 

3) 

'4) 

5) 

I have visited most of the fanns, including those in Michigan, 
in which pentachlorophenol related health problems were alleged. 
I have conducted limited .studies with pentach1orophenol and related 
concentrated contaminants. 
I have reviewed the available chronic rodent studies with penta­
chlorophenol includ1ng inhouse reports submitted as part of the 
Michigan hearings. 
I set through and heard all testimony at all the Michigan Penta­
ch1orophenol Hearings except for the one day Dow Hearing on the proposed 
rule. . 
I reviewed all material available under freedom of information 
in the files of the Michigan Department of Agriculture related 
to the a 11 eged pen ta ch l oropheno 1 related herd hea 1th prob 1 ems. 
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6) I have studied in detail the medical and diagnostic records related 
to the herds in question. 

Opinions and Conclusions: 

1) The statement on page III-2-4 which in part states 11 
••• dioxins in 

tissues from a dairy herd in Michigan in which there were undiagnosed 
health problems of chronic duration.", is not an accurate statement of 
the facts in this case. Serious co1T1nunication and decision making 
process related problems existed within the diverse group of people 
handling this herd. In fact, a number of diagnoses were made. The 
problem was one of poor corrmunication. To the best of my knowledge 
not a single person involved in that case had all of the information 
in front of him. Investigator A was not aware of what investigator B 
had found previously. The.regulatory people acted without a 
careful review and understanding of the ,situations on the se,1eral 
farms. Politics played a larger role than steence. The problems 
existing on the Lemunyon fann based ori information in the Michiqan 
Department of Agriculture files included: • 

a) fatty cow syndrome related ·to feeding of high energy ration 
in excess of milk production. 

b) a random culturing of cows showed a 50% incidence of infectious 
mastitis •. including bacteria that are more resistent to usua 1 
treatment. 

c) infectious diseases in the calves of a type that are associated 
with severe early calf losses. 

d) a serious ventilation prob1em in the barn. 
e) at ·times a lack of adequate bedding that contributed to the 

mastitis problem. 

A complete serious study of the multiple herd health findings in 
the Lemunyon herd does not support the statement of "undiagnosed health 
problems." Some of the problems went unmanaged, others received 
partial attention. 

The second part of the statement that needs amplification is 11
• 

problems of chronic duration." The problems were persistent in that 
mastitis, calf losses and cow losses continued over a two year period. 
However, this does not mean that individual cows were sick for extended 
periods. In fact. a careful review of the history shows that cows 
became ill during the 21 day post~calving period, loss body condition and 
in many cases died. This is generally recognized as part of the fatty 
cow syndrome. 

Continuing calf losses due to infectious diarrhea and respiratory 
diseases in calves maintained in a totally unventilated, unheated calf 
room are not unexpected. 

It is my opinion that the allegation of undiagnosed health problems 
should be deleted from the draft report. There is no need to perpetuate 
this unfounded statement. any. further. than has a 1 ready been done. 

130 



Page 3 

·' 
The problems if}_ the Lemunyon herd do not provide acceptable 

scientific data on which decisions related to potential adverse hea1th 
effects of pentachlorophenol can be based. In my opjnion, the Lemunyon 
herd represents a pentachlorophenol and dioxin chemical residue problem 
and not a taxicologic problem. 

2) As an· example of the decision making process oc~urring at the time~ 
it is pointed out that one of the tterds included in the pentachlorophenol 
related quarantine· had blood penta levels reported as 2 parts per billion. 
This is consistent with the fact they were not being housed in a penta 
treated faci 1 ity. 

3) Two toxicologists have estimated the daily penta exposure in the 
lemunyon cattle. One estimate was 0.12 mg/kg and my estimate was 0.3 mg/kg. 
Both levels are less than the no significant effect levels in long tenn 
rodent feeding studies with technical or purified pentachlorophenol. 

I . 

I 

No one has shown ·by experimental· studies or by .calculations that 
there is any reason to believe that the levels of exposure occurring in the 
cattle could account for death or even illness. 

4) , In my opinion; the principle source of diaxin exposure for the Lemunyon 
cattle was the sludge res.idue on the Zx6's used to·canstruct the sides 
of the feedbunk. I have been in numerous penta treated pole barns and 
wood eating· is something you just do not see with cattle. It did not 
cc.cur even in the herd that was not being fed an adequate diet. · 

The sl u·dge was present, as dry res.idue on the wood that could be 
scrapped off with a knife. The residue was pretty much gone from both 
sides of the feedbunk by February 1977. 

5) The data in the table at the bottom of page III~2-4 means next to 
nothing to a toxicologist. What the toxicologist wants to know is: 

a) 
b) 
c) 

what were the levels?· 
what were the·recoveries for· the method and, 
what was the repeatability? 

If the levels of HxCOO were 10-60 ppt then it should be so stated. 
Few readers of this report are likely t~ have access to the actual data 
unless it is included. 

6) Page IIl-2-5 refers to my work on this problem. The pertinent 
findings were:· · 

a) 

b} 

c) 

inj~ctions of extracts of the surface residue did not affect 
the health of mice at doses estimated to be equivalent ta the 
ca.ttl e consunmi ng a 11 of the material in 1-2 ·days. 
Extracts of the residue did not cause. skin lesions when 
injected subcutaneously in albino rabbits. 
Guin~a pigs fed finely ground wood obtained from the Lemunyon 
barn were unaffected during the 64 day exposure to wood, ·· 
so 1 vent, penta· and whatever else was in the wood. Exposure 
was at a level comparable to the cattle eating the barn iri 
180 days. 
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7) I am incompleteihw quoted en page III-2-5 where the statement 
" ... Van Gelder co~tiuded ... that the PCP contaminants in the treated 
wood 1'/ere less toxic than PCP itself." Certainly, HxCDO is more toxic 
than penta. But when one is exposed to technical penta, for each qram 
of material there is much more penta present than HxCOD. My position 
has been and continue-s to be that if· one eats technical pentachlorophenol 
the level of penta exposure will kill you several times over before the 
HxCDD exposure gets to a significant level. 

8) Regulations and.standards are needed relative to where treated wood 
should and should not be used and also specifications should be 
developed on the type of treatment and surface characteristics that are 
acceptable for various end uses. 

9) .1 am unconvinced that low non-phenolic pentachlorophenol solves any 
significant actual real world problems. I follow the arguement on a 
theoretical basis; but on a realistic basis the hazard to people and 
anima 1 s is greater for pentachl oropheno 1 than- for the contaminants when 
considered from the viewpoint of relative exposures.· · 

10) One must keep in mind that reported laboratory studies with technical 
pentachlorophenol do_shed light on the relative toxicity of .the contaminants. 
Statements 1 ike "minimal focal hepatoce1 lu1ar degeneration" in rats 
fed 30 mg/kg technical pentachlorophenol for 90 days is hardly alanning. 

11) Considerations of chi°oroacne fn industriaf workers is a mixed bag. 
Most of these people are also exposed to other chemicals, some including 
TCDO. A process of producing low non-phenolic penta from technical 
penta does not eliminate the industrial exposure. Workers are still 
needed to operate, clean and maintain the technical penta manufacturing 
equipment. In addition, individuals involved in the distillation of 
technical penta to produce the low non-phenolic product are also 
potentfally exposed. Arguements based on industrial considerations must 
include full consideration of the entire process. 

12) The overall hazard of accumulating concentrate~ penta related 
contaminants in barrels, tanks or flasks for later off.line incineration 
or other farm of disposal needs to be weighed against the low magnitude 
of problems generated by technical pentachlorophenol manufacture and 
usage gver the past 40 years. One judgement error in handling a barre1 of 
contaminants could have great environmental and/or health impact. 
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UNIVERS11l' OF MISSOURl-COLUM81A 

December 13. 1977 

Or. B. A. Schwetz 
Research Manager 
Toxicology Research Laboratory 
Health & Env1ronmenta1 Research 
1803 Building · 
Dow Cht:!mical U.S.A. 
Midland,, Hichigan 48640 

Cear aern: 

College of Veterinary Medicine 

Veterinary Anatomy-Physiology 

Veterinary Science 
Columbia. Missouri 05201 
Telephone (314) 382.·701 l 

Thank you for your li!tter of December 8. · I certainly acr.-ee that 
. · cor.:r.iunicat1ons art? nt:?edad in this entire matter. Unfortunately> 

your letter Ciltch.as r.ie at a rather busy t1r..e. Consequ~tly l wfil not 
be aole to g~nerat~ a detai1ed asses~ment of the Michigan PC~..Oioxin 
.s1tuat1on with cross referen<:c:s to testir.:ony and laboratory re;mrt~. 
A complete descri·pti"1n of my appraisal and ()nalyses of tile Michi~:in 
dairy hard health s1tuatioi'\ would require a min1rnum of 50 pag.=s. 

1) Statistical Ana1ys1s: 

. A.$ I stated 1n our October lJ rn~etin~:i. I quite a9ree that Ounnett is 
an a~prop~iate test 'for c~mparing treatr.lent ~eans against a ~~n control 
group. (Dunnett. J. Am. Stat. Assoc. 50: 1096-1121, 1955). My 
point is th3t Ounnett should also.ha used on the data fro~ th~ r1rst 
study. See Steel and Torrie (1960) pages lCl-112 for a discussion 
ot the various multiple comparison tests and thei~ relative s~nsitiv1ty. 
I disagree t~at the Ounne~ts t \'/Ould ha'la detected mora di~ferences 
than a blanket application of student t tests. If you make 70 co:;i~arisons 
at t;le 5~ level. 4 of tnern by C:hcL1c~ alone will appear sign1fica!'lt. 
CuMetts is a Cit)~· ccnservat.1ve test. Ounnetti \1111 discov~r "10re "rea1 .. 
diff.ercne~s in your data, that.is diffe~ces due to treatment as 
compan!11 to u1fferences dUe to treatrne~t and c.~ance. 

My concern 1s no~ th~t you would declare EC·7 s1m11ar to 95/5 on ~~e 
bash of your analyses, but rather that by using the r.tU1tipie "t" tests 
on-the Dow·7, 95/5 da~a you would t>a led 1n~o declaring d1ffe~nces 
which may be due to chance. Whether or not you or your management 
makes ti1ose d~isions is your business. I hardly think decisions costing 
mfll ions af dollars based on less ~'tan appro~riate ava·nable statistical 
proceciures 1s an academic inatter. I do not know if the results would 
change if you used Ounr.ett on the original data. You will have to run 
the analysis to find out. Cheek me to see ff I am wrong, but 1f you usa 
the.multi~le t test on the EC-7. 83 day datl~ I believe you.would find 
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that 1 mg/kg has a statistically significant effect en absolute liver 
weight. In other words, multiple t ffnds d1fferences that Ounnetts 
more conservative test which takes into consideration the numt.ar t>f 
trBat-nent levels keeps the 1nvest19ator from declaring significantly 
different. 

My oti1·:;:r points rcsard1ng the 83 and 2 year studies not addressed 
in your sunmary are includad here. Thgre ar.! 2 biolog1cal changes occurrino 
in the Dow-7 groups that do not fit the overall response patter.t. The 
·ffrst 1s the depression 1n RSC (and coupled PCV, Hb) at 30 mg/~g. 
Th1s effect at the high dose (1/4 - l/S the acute LD5o) has been found 
by ot:1ers and not found by other"s. Since it is a relatively small chan!)e 
and oc~urs at such a hi~h dose ft can be described as interesting but 
not vcr; exciting. 

The otn~r jffect was the change in ~lbumfn levels wfth Dow-7. My question 
was \·1i1y }'OU did not fol low that up 1n the EC-7 studies? Since the 
EC-7 studi~s do not 1ncl~de this measur~ one cannot say much ~bout it. 

The other r~s~onsas fit a coFrnOn pattern althou9h there are differe~ces 
1n dose-r~s~onse. But my point 1s t.~at before one can comp1ete1y 
compa:·e tha results one wouid like to se~ the d~ta analy:.ed '•iith a 
uniformly a~pliod ~et.iod. 

2) Com:r.un1cation: 

It 1 s ny o;:>i nfon that had !lnA P<lrsonne1 been r.c~n1 catirl;l 1~1th '!'!Ch 
other a~d wtth th~ ~SU faculty a lot of the prcs~nt situation uould ha~e 
been avofd~d. For exa:r.µli. it \lclS very clear from- r:..'} fir-.>t visit to 
Michigan in February, 1977, thdt the M'JA-MSU ?!opla w~re r.ot COt;'r.iu!'licatin~ 
in a 2-\.;ay manner. One person would say the probl~ wns xyz cind another 
would later say 1t was ABC. C~nsequently, ~Y fi~st report r~ccl'!':!"lended 
"I think a11 those involved sl1outd recons11er the evidence upon w~1ch 
they are r.:ak1ng various decisions. !~y concern 1s that we not chase 
after something which may turn out to be ~res~nt but only as a 
secondary or t~rt1ary factor and not T'9late<f to t.1e c~use of the 
probler.i. Those parties ·invo1ved are encouraged to go back and review 
the info~at1on upon which thay are making decisions to ensurr! th~t each 
decision is b~in9 nade on cold, hard fact~ and not on isolated cor.r.ients 
or observations." My report also pointed out "there also seems to be a 
number of dif7erent ideas amoung the· people who have been involved 1n 
the problems associated with this farm (Lemunyon). I am not sure who 
is respons1ble t~ try and pull all these peopla together with all the 
1nformat1on that each one has and present some k1nd of debate or discussion 
as to what the problem(s) really is(ar~). Further"as a start 1t would 
seetr. apprcpr1ate for som~ne to obtain o~ prepare a detailed history as 
to when the death lossas occurred, how long the cows were ;n the barn 
before dying, when. did deaths occur re1at1ve to calving and what 
diagnostic services were actually conducte<l en each of the animals that 
died." 
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3) Regarding the Herd Health Prob1ems in Michi~an: 

You need. to decide whether you are going to be 1n or out on tMs r..atter. 
In the past, Oow has maintained the posture of "non-fnvolv~!tlent." ~ If 
now you want to get involved th~n please do your homework. R~ad all the 
transcripts, study the laboratory rep~rts. go to the f~l"Tl'.$, l oak at 
the catt1e, look at the management, get a herd history, look at the 
entire pictul"G. · 

Furtherr.tore, separate out the conditions on the various farms, each one 
was different in one aspect or another. I did not intend to leave 
the impress1on that the only prohlen1 on the lemunyon fam w~s Fat Cow 
disease. He h~d other problems as we11. Certai:lly all of these 
u1sease prob1ems can interact. The diagnosis of fatty e°'~ was not mine. 
it was ~ade by Or. Coy in a letter to Lem-Jnyon on Au~ust 24, 1976 • 

. and by Phase III taar.i int report on October 27, 1976, and by Dr. Davis 
in a visit to the fam in May 1975, at whiciJ tf::ll! he necrops1~ a cow 
that had j~st d1ed. The other piece of inforr.ation to con~ider i$ the 
herd. history. The problem al :jefinad by f!OJ\ occu.rl"ed dur1n'7 the early 
post partUi-:t per1od which 1 s a 1.1 part of the fatty cow s~rndrcrr.~. Your 
summary tabl~ on body weigl~t chanl]~s is confused because ycu did not 
separate acute frol!I chron~c effects in the fatty cow syr:drorn~. Reread 
the ;lapel"' by norrow. p. 1626 - 0 t!'.1P.n recovery from the fat CC'V syndrome 
does ocr.:ur th.: re is· fret1uP.n t1y a. de lay fo the onset of post pa rtutit 
estrus and conception due to retained fetal l!'.err.~ranes and r!etritis, 
and a raa rkec! 1 oss 1 n weight 1 n severely affected cows.". 

Sy way of exp1anatfon one n~eds to $Ott some thin~s out in t.~is cor;plex 
situation. Fir$t, one r~rely ffnds·only one problem present in a herd 
h~alth situation w1th dairJ. cattle. One often finds a nutr.ber of 
problems includ1ng aast1t'fs 7 metritis. some foot/joint prob1ems 
especia11y with cattle on concre.te 24 hours/cay and compounded by deficient 
bedding. sor.;e calf prot:ler:lS and sol~ nutritional prob1eins. If I left 
the inpressfon that the only problem \.1as fatty cow than. I was tco brief 
in my cotmients since my findin~s· in this matter from the very beginn1ng 
have identified a nwrber of problems. 

One must a 1 so sort. out the c li nica 1 workups and necrops i es don~ on 
animals subclrt~od 11ve versus those dor.e on animals dyi~~ on the fann. 
The diagnosis of fatty cow was based on anir.1als n~ro~sied at t~~ 
farm. The clinical workup reported by Or. Ellis et al was on chronically 
111, live cows ·submitted to the University ~-- . 

I also seriously question the purported observat~on of "general 
debilitation" in the Michigan dairy cattle.. I observed the cattle 
on the Lernunyon farm as well as four oth!r involved farms. Even in 
Lernunyon's case one could not say there was a general debilitation. The 
herd I saw in February was in average condition. There \~ere sor.ie th1n 
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cows as well as sofl!e very fat cows. They were bright. alert. actfve. 
rne allege<i chloracne simply was not p~sent. The few skin lesions I 
observed on the dorsal neck were typical of skin rubb1ng lesions seen 
1n cattle that have an opportunity to rub the top board on the r..an9er. 
In the ens~ of Le:nunyon, this was a 2x6 with tongue down. The tongue 
was worn smooth. io conclud~ that chlorac:1~ was present without 
substnnting histapatholo9y is unwarranted 1n my opinion. Consequently, 
since I have personally observed the cattle. looking specifically for 
significant skin lesions and not finding them I must conclude that they 
did r•ot ex1~t. I do not know who actually lilad~ such a dhc:;nos1s. The 
discussions I att~'fld~d alluded to open Qbscesses or bleadin9 skin ulcers 
on e.~ l'!gs •. A~a1n. I did not see these wh~n I e,xamined th~ cattle. 

lJha t I d1 d see wer(! some hemotcmas on the legs "'hi ch of ten result f'rorn 
cattle gettfng banged around against free stalls and other corn~rs 
or pro·trusions. On occasion these !:l~C1ile ir.fec~ed, !bsc~ss and ulc~,.at\!. 
You ::rl~ht be inte~sted in noting that scm~ Bichigan farm~rs were 
blclming the he.:otoir.a~ on ?ga•s as they ~tood and talked t1.> ,you while 
1ean1ng on a sharp ended pi~ jutting cut in the mai:i alley way! 

The hord fn t~e \·tors"t shao~ w:Js the Dale ~lice !1err1 1n \1hich he had 
b~n quarantined for l!n$anitary co:'\d.i tions ~ecattse of a dc~r accu:-:-:uliltion 
of ai~nure and several daad cows being found fn the barn by the milk 
1nspector. Hardly a usual situation. Ha was ~utte frankly. by his m-m 
admission, not proviu1ng aC:equate care for the cows. Conset'ltrently, 
he lost h1 s d 1 k. :-::ark~t, then ran out of feed, \/fas bro~"? and 
could r:ot bi.!:t feed, .'l!'ld his c:attle, aS ~er t~e mchigan V~ter1r.ary 
Oiasnost1c Laboratory report of February 2~, 1977, suffe~?d ff"C:':i 
malnutrition secondiiry to poor qual,ity feed; suppuri.lt1ve mastftis. 
I sa~ tile Hice herd in r.arcn, t'iey were uniformly thin, but alert and 
active. They ware n?Ce1vfn<J a min111al ar.:ount of hay as their to~a1 di~t. 
Anyone \'fan tin~ mor~ 1 nformation on ~he manager::ent and oper:!tion of th1 s 
far.r1 cJn obtain acc~ss to other renorts in ~~;;A files under the '1icnioan 
sunsiiL1e la\'/. I have raad them and as a ricsult concur witii the ooinion 
of u,.. Davis. MOA that the problems on the Hice fann wer'e caus!d by factors 
other than ?C? or dioxir.s. If cattle arg bain~ fad a 9rossly inadequate diet 
one ctoes net need to look und~r rocks to determine the cause for loss 
of body flesh. 

The diagnoses of r:ias·t1 t1s and calf viruses were made by MDA or MSU 
veter'fnar1'1ns. The remarkable conclu~1on 1s that the r.iastitis ,.,as 
claimed to be caused by bacU!ria which were a11~edly cleared up by 
antibiotics but ce11 counts persisted. This conclusion was reached 
1n the lisht of 1) there is nothing concr9te in the record that any cows 
were cultered after tredtJr.ent to see if 1n fact the infection was 
eliminat~d.' This fn the light of a 50% infection rate that included r.ot 
only s"trep, b•Jt also staph. A background staph problem is r.10re· difficult 
to elim1n~te than the stn!P and furth~r.::or~. a back~round staph prnb1em 
may becc~e more-severe when the strep infection is cleared up. 
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A great deal was being r.4de about 1t!1'mlne su~p~ss1on based on this 
rnastit1s situation. One must seriously quastion such an 1r.:pl1cation 

. based on th~ above workup. The other factoJ"S not account~d for in th~ 
workup as testified to included lack of evidence that m1lk1ng equ1ptt1ent 
was, in fact> ch.::cked to nake sure it was in proper working condition> 
the stage of lactation \'1as not considered in the evaluation of cell counts 
and oth~r stress factors such as bedd1r.g w~re e1t.~er ignored or r.ot 
considered. 

Other in7crrnat1on en th~ Lemunyon herd was obtained which shtMed th.at cow 
death 16ssas were occurrin., pMrnar11y in the period of 21 days ~ost part!Jln. 
This fits the· fatty cow syndrome. This coupled with the feeding pattern 
and r&dical changes fn diet, to advice given Mr. Lernunyon to feed dr.1 
cows separately from lact~tinq cows plus the HOA dia9nosis of fatty cow 
syndrcrne cannot be ignored. 

If one rc~ds t!1e ·?aper of :1ort'1JW one fir.ds that r.ari:ed loss ()f ~i~ht 
is seen in s~vert:?lJ affect~d cattle. .What on~ n~ds to differentiate is 
pre-partum condition fl'Ofl1 Post partum cond1t1on. ConseqtJently, the 
in1ti31 rec~n<lat1cn to tID,<\ ~1as to ~et a ge°'! h~rd histor1. This 
was n;.:v~r done by r~DA to the bas.t of r..y kno~·fl edge. Ct::ers have 
done r.ore f:1 th 1 s area. · 

A similar restraint 1s \1arranted 1n the int~rpretation of clinical 
patholo~:.Y data. Are the samples from ac:uteiy 111 ca-• .,s? Ch~onic cows? 
cows i-11 th systemic infections? Th~sc are 1r::portant facto":"'S because 
fatty c~w syndror.ie 1s riot. a simple pathologic CCi"1.:lition. 

Regarding your comnent about white b1ood cell counts th~ fo11o~ing is 
offered. Cows have H~C counts ran9fog frcr.t 7-10.000 with ~'1*1 da1ry 
cows ildving cou~ts as l<n'f as 5,000. Cattle noma1ly hav~ (appro.x1~ata) 
25-3:.i~ 1"1C:.1tro;.hils, 60-65~ lymphocyte!s, 5~ rncmocytes arid ~-5'.~ eos1nophils. 

If y-:;u look at the blood. pkture for the 13 Lemunyon Cfjws cbtained by ~·lSU 
fn ~larch, 1977 you \till ffnd two cows w1t,i el~vated HBC counts both o~ 
wh1cil hav~ greatly increased neutrophi1 counts· wilfch 1r.~fcat~3 an 
active infectious process. The riai1!ainfn~ cows have ;sc counts 
w1th1n published nonnal ranges~ Furt.~ermore, if one looks closely at 
the chlorodiox1n itr11Une suppression data one g!ts a picture of ill'Jl1llne 
suppression eoupled with a decrease in absolute l~hocyte counts. H 
you carefully analyze the,L~nyon blood data ycu will find that absolute 
lymphocyte. counts are within normal ranees w1tn the exception of the · 
two cows wit.i a. left shift 1nJieat1ng an active 1nfect1on. 

The above ccn111ents !'\old fo.- the biood picture on the othsr farms !S T 
remember them. It has b=en some time since I carefully studi~ those. 

· Consequently, I do not know what data your sumr.ary table 1s referring to 
when it makes the suu!:lary statement of "WBC count ~r~ly increased" • 

• 
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Van Gelder 
Page 6 
Dec~mber 13, 1977 

Or. Coy mentioned an eosinophelia in six eows. I would gui!SS you "1'2re 
as surprised as I was when he did not follow that up \'11th a diagnostic 
check for internal paras1tes. You may reca11 the response frc~ Dr. Wise 
the hearing officer. 

As an asiau we also found a marked eos1~ohe11a in the Hice cattle we 
necrops1ed. The intestinal parasitic lesions fit the usua1 oattern. 
I would suggest a bottom line along this avenue. Soth Dew tox1coloo1sts 
and r.r1self have estimated the PCP dose for Leir.unyon•s CO"!S to be o.12-0.3 
mg/k~ per drty. Your group analyzed the lumber and as I inter~ret the 
results the dioxin levels found indicate a typical technical PCP. Based 
on all your stutliP.s on PCP and on all the literature do you rea11y 
think the.re is any pt:rc~ptible risk to the health of a cow w1th 10 ppt 
HxCOO or l .4 ppb HxCDO 1n liver 1n light of the published work on 
lar~~r TCDD liver residues in rats at levels claimed to be no effgct? 
I appreciate the fact on~ can always say Nwe do not know b~cause Wfl 

have not test~d it11
, but ?:s C\ toxicolof}ist or.e often uses Ms total data 

base in nakin~ intarpretations subject to experimental v~rification. 

I feel r.:uc~ r:ore cor.fic!2nt about acceptini: the !1DA dia0r.osfs of fatty 
coH. 1:1astitis a:1d viral in-f:::ctior.s nnd qu<!stionir:g the totally unsubstant1at!!d 
diagnosis of chlorJc;n.e ti1~r. I \·muld be by accc;Jtinq tha ch1oracn'= diagnoses 
and rcj~cting t~~ otiier Jia9noses :;iace by ::DA. At least I know :-tDA 
veterinariuns have s~e11 t."ic other conditior:s on nutnarous occasions. 
I douLt if they ever Scl\t c!1loracne or twer heard of it before. .11.:ld staph 
to your list of caus~s of infectious mastitis. It is an important 
consideration in view of tho way the situation was handled. 

A1 so, uifforentiate between the ac:ute phase of fatty CO\'/ a~d tt:e chronic 
sequa1ea. Cc\;s may take one entire lactation to recover. If ~~rrc:"r1ate 
w~naqerner.t changes are net mad~ then the syndro~e can be r.ore severQ 
1n the second and third lactations. 

Dr. OaviS 1 $ primary reservation w1th the fatty cow dia~nosis as t.~e pr~rary 
factor was because he hYd not seen such 1args death losses previot.:sly. Yet ~~SU 
has published on such a hi~h mortality. ~ore racent studies 0~1t of 
Tennessee support the findin') of high ~rbidity and hi~h 01ortal1ty with 
this d1seasa. 

ram a little bit confused by your reference to the gross and h1stcpath data 
on the various PCP studies as being the primary concern. In the production 
grade study of Noverr.ber 1971, on page 10 of the report 1t 1s stated 
•Gross ~xam1nat1on· at necropsy revealed no compound relat!d ch~nqes. 
Hin1~al focal hepatocellular degeneration and necrosis were observed upon 
microscopic examination of livers fro~ rats ~afntained on diets containing 
the top dosage level of sample 9822A; these changes were not observed 
1n rats maintained on a diet containing 95/5 which provided a similar dosa~e 
of PCP.u In view of the appargnt m1n1~a1 nature of the chano~s at a 
da11y dose equivalent to 1/4 - 1/5 th~ ~cute LDso one can also come to the 
conclus1on that th~re 1s not much of a hazard associated w1th low 1evel 
{fractions of mg's) exposure to technical PCP. 



Van Gelder 
Page 7 
December 13, 1977 

. . 

i quite agree with tha findings of Or. Wise that sensible use r.!Strictions 
and use guidelines w11 l do more to reduce the hazard associated \·lith PCP. 
Alone that lin9 has Dow ccme up with a recomnendation on the use of EC~7 
to treat feed bunks? 

I quite agree with your statement "also because the dioxin content of PCP 
could be reduced, we hav~ consistently recolT'!i':ended that the nonpheno1ic 
content of PCP be reduced, etc." • If l was a corporate rr.anager and had 
just invested a million dollars 1n a thenna1 ox1d1zer(incinerator) and 
saw an opportunity to get dual use by cleaning up 2,4,5-T and PCP 
at the sama time-, I would do i~ also. It is a neat marketing rnanuver. 
Unfortunately, the toxicologie picture is less cl~ar because of the 
difference in opinion on ·the actual hazard associated with technical 
penta. Is Dow aware of any prob19fi\S encountered in livestock r~lated 
to the non-phenolic content ·in Dowicide-7? Or d1d that product have a 
el~an use record for 30 years except for the obvious occasional nisuse? 

S1ncere1y yours. 

Gary A. Van Gelder, D.V.M., Ph.D. 
Professor and Chainnan 

G'AVG:nc 

cc: Dennis Lindsay 
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R E I CH H 0 L D CH E ~v1 I CA LS, I NC. 

/Jtt,U ~~lklJ • l CI SUHOING, WHITE 'lAINS, N. T. 1040l 

April 18, 1978 

Dr. Sheldon D. Murphy 
Professor of Toxicology 
Department of Pharmacology 
University of Texas Medical School at Houston 
P.O. Box 20708 
Houston, Texas 7702.5 

Dear Dr. Murphy: 

.l.ddre!:S ~e:)lv .,.., 
~EICi-H-.OLO c~ewc.:.:..s :•;c 

PC e"" '4oi 
Taccrr:a. wa~~·wH]"">n ~a~~' 

re1ftphon~ .2';6·~72-~.SC~ 

T~letycc 9' C-.i.:9-2355 

SCIENCE ADVISORY BOARD ' 
ENVIRONMENT AL HEAL TH AD VISOR. Y COMMITTEE 

Ad Hoc Study Group on Pentachlorophenol Contaminants 
- Draft Rep<?rt - Public Hearing April 3, 1978 

The purpose of this communication is to amplify. Reichhold's testimony pre­
sented to the Committee April J, 1978. 

On page 4 of our testimony, 1 made reference to the Committee's draft report, 
page 1-10, paragraph 10, where it is concluded that technology ls now available 
which could markedly reduce the levels of chlorodioxin and dibenzofuran 
contaminants in pentac:hlorophenol (PCP). I pointed out that consideration must 
be given to the question of trade-off of occupational haurds. It is assumed 
that the process referred to in the draft report is the facility designed to 
rroduce low-<lioxin content pentachlorophenol at Dow Chemicals' ~v1idland, 
Michigan complex. It has been known for some time, to those skilled in the art, 
that the dibenzo-p-dioxin and dlbenzofuran contaminants can be separated from 
pentachtorophenol and tetrachlorophenol by various methods. The problem 
arises in how to safely handle and safely dispose of the concentrated residual 
waste streams created by removing these contaminants. We have been 
informed by Dow that they destroy these contaminants by diluting them with 
large quantities of other liquid wastes and then incinerating thi~ large quantity 
of highly contaminated material. 

Reichhold has considered a number of possible ways of handling and disposing of 
the waste streams, which would result from removing and concentrating these 
contaminants, and have discarded each because of potentially insurmountable 
problems. Some of the disposal methods which we have considered indude: 

1. Collecting and shipping to a suitable disposal site. No disposal site is 
known which is licensed to accept these wastes. rn addition, permits to 
transport these hazardous wastes would have to be obtained from various 
governmental agencies. Also, transportation requirements would have to 
be set out. 
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2. Incineration. It has been suggested in the report that technology to 
dispose o.f 'these waste streams exists ~· presumably this means by 
incineration. Construction of a suitable incinerator designed to handle 
this highly toxlc chlorinated material, as the princioal material to be 
incinerated, is a very expensive and difficult proposition. Experts advise 
us that these highly chlodnated refractory materials require temperatures 
in the erder of l 20o0 c to assure complete conversion to HCl, co2 and 
H o. Because of the presence of HCl and other corrosive by-pr<Xfucts, 
th~ materials of construction are critical and expensive. Operating costs 
to achieve and hold the necessary temperatures are high. 

To the best of our knowledge, there is no licensed incinerator in operation 
that will· accept these ma·terials for incineration. Therefore, we must 
conclude that the technology ls not available to satisfactorily dispose of 
these waste streams with the confidence that the chlorinated materials 
will be completely destroyed. We are aware of work performed by various 
departments of government which haye addressed this problem. Reichhold. 
strongly. suggests that before the assumption is made that technology is 
available to safely dispose. of the hazardous waste streams created by 
removing and concentrating the contaminants in PCP, that the Technology 
Assessment Pollution Control Advisory Committee of the Science Advi­
sory Board be requested to review this entire question. The secretary of 
th.is Committee is Lloyd Taylor. 

We have applied substantial resources to the investigation of the chlorination of 
phenol without the formation of chlorodioxins and have, as' a result o! this 
study, substantially reduced the chlorodioxin .and dibenzofuran content. This 
reduction yields a technic:a1 grade PCP with a total dioxin content in the range 
of 1200 ppm. 

The ideal solution would be to produce pentachtorophenol .with6ut co-producing 
·any toxic contaminants •. The technology to do this iS not known. We l:>elieve 
that the years of experience with technical grade pentachlorophenol has 
indicated that it is far better to widely distribute a less than no effect 
concentration of the ccntamiriants than to have them separated·and exist in one 
highly concentrated stream at several widely dispersed manufacturing sites. 
These highly concentrated streams would be subject to possible cataStrcphic 
error in handling which would result in a. major hazard to the immediate 
surroundings. The handling and. disposing of these highly toxic waste materials 
is subject to all of the hazards of transportation - broken pipelines, leaking 
drums, derailed rail cars, etc. 

If they a.re ultimately conveyed sa.fely to an incinerator, then the safe operation 
of the incinerator is of paramount importance. The incinerator must .be 
constantly monitored or the contaminants will merely be made airborne and 
dispersed over a substantial area ·in ·more than toxic effect concentrations. An 
impro~ly operated incinerator could contaminate large areas of land and 
create an incident of the magnitude comparable to' that which occurred at 
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Seveso, Italy. We feel that the question of safe disposal of the highly 
contaminated waste streams created by removing the impurities from technical 
grade PCP must be thoroughly addressed by experts before industry is forced to 
create a dangerous waste for which there is currently no acceptable means of 
disposal. 

We would appreciate your communicating this addendum of our testimony to the 
Committee members for consideratiOf'I. 

Again, thank you for the opportunity to appear before your Committee. We 
deeply appreciate the many hours of concentrated effort that the members 
applied in bringing the facts to light regarding pentachlorophenol. 

F:JS:cm 

Very truly you.rs, 

REICHHOLD CHEMICALS, INC. 

~~ 
F. J. Shelton 
Vice President 
Sci@nee &: Technology Worldwide 
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TESTIMONY ON PENTACHLOROPHENOL TO THE 
. SCIENCE ADVISORY BOARD ENVIRONMENTAL HEALTH 

ADVISORY COMMITTEE 

April 3, 1978 

My name is Frederic J. Shelton. 1 am Vice President, Science &; 

Technology Worldwide, for. Reichhold Chemicals, Inc. Reichhold is one of the three 

major manufacturers of pentach!orophenol ln the United States, and as such has a 

direct interest in ·all phases of regulatory activity concerning PCP. Other 

manufacturers include Vulcan Materials Company and Dow Chemical Company. 

Reichhold is appearing here today ln response to a letter dated March 111, 1978, 

advising of a two-day meeting of the Environmental Health Advisory Committee of the 

Science Advisory Soard. Since the principal purpose of. this meeting was to consider 

and discuss the draft rep<'rt of the committee's study group on pentachlorophenol 

contaminants, Reichhold requested time during the meeting of the Environmental 

Health Advisory Committee to present comments en the draft report. Reichhold 

thanks the Environmental Health Advisory Committee for this opporttulity. 

As background, Reichhold has manufactured commercial grade penta­

chJorophenol (PCP) since 19.5.S, and since the beginning of pr()duction has been deeply 

concerned about the health and safety aspects of PCP, both in regard to the general 

public:, to the· environment, and to its employees. PCP, and the co~taminants which 

are present as the result ·of manufacture, have been a subject of study at Reichhold 

since manufacturing was commenced. Through the years, Reichhcld has sponsored and 

participated in several scientific investigations into the chemical makeup of 
, . 

' 
. commercial grade PCP and has conducted a number of toxicological studies designed 
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to assess the safety of commercial grade PCP. As a result of the work which 

Reichhold hos conducted, the company is not aware of any studies or reports which 

support the premise that commercial grade PCP containing trace quantities of 

contaminants, including chlorodlbenzo-p-dioxins (CDD's) and chlorodibenzofurans 

(COF's), present any significant hazard to man and the environment when properly 

used. The results of these studies and investigations have been presented to the 

Federal EPA as well as to various state. regulatory bodies. 

Reichhold conducts physical examinations on each of its production 

employees on an annual b~is, and more often if the man requests. No unusual physical 

conditions have ever been reported for these men. Reichhold field personnel have had 

more than twenty years of contact with its PCP users and.are unaware of any human 

or animal health problems attributable to properly used PCP. PCP finds commercal 

use ln the wood treating and preservation industries because of its to:cic properties. It 

must be handled and treated wLth respect because of its innate toxicity. The handling 

and treatment afforded PCP and PCP containing products, because of the toxicity of 

PCP itself, is sufficient to protect the users, and others who come into contact with 

PCP treated wood, from any hazards due to the chlorodioxins contained in the product. 

In the early l 950's, PCP was used and recommended for a broad spectrum 

of pesticide uses. In most of these uses1 PCP was applied from a solution prepared by 

dissolving the PCP in a petroleum distillate. If a water solution was required, the 

alkali salt of PCP was prepared by reacting the PC? with aqueous sodium or potassium 

hydroxide. Early uses of PCP included all phases of wood preservation and protection, 

both ag:iinst microorganisms and insect attack. The preservation of water based paints 

and adhesives, and the preservations of textiles and cordage, as well as weed control, 

were also significant uses of PCP. In addition, PCP was used in red mite control in 
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poultry houses• Reichhold felt that many of these historical uses of PCP presented the 

possibility of excess user exposure to the irritational and toxicological properties of 
. . 

PCP itself. Although Reichhold has had a luge number of registrations covering a 

wide variety of PCP uses, it currently maintains a registration for the use of PCP for 

manufacturing purposes (wood preservation} only. Reichhold's PCP is sold to 

commercial wood treaters and is used in the industrial treatment of wood by a variety .# . 
of processes. We beiieve that commei:c:ial grade PCP, as ·manufactured by Reichhold 

and others, does not pose undue hazard to man, livestock and the environmentt when 

properly used. 

We would like to now comment specifically on several portions of . the 

draft report of the Ad' He<: Study Croup on pentachlorophenol contaminants, dated 

March 1978. On page I-8, under Item 3, Conclusions, paragraph 1, Reichhold confirms 

that it has not detected any TCOO (2,3,7,3-tetrachlorodibenzo-para...dioxin) in any 

samples of PCP which it has analyzed. On 'page t-9, paragraph ,, the conclusion is 

drawn that exposure to man and animals to CCO's migrating from PCP treated wood 

should be prevented. Reichhold supports this conclusion and suggests that consider­

ation be given to promulgating appropriate rules and regulations to prevent contact of 

human foodstuffs or animal feeds directly with PCP treate<i wood. In addition, we 

think it would be desirable· to restrict the use of uncoated PCP treated wood from 

certain portions of deeorative fencing. porches and o~er recreational struetures where 

direct human contact could be anticipated. 

Reichhold agrees with the conclusion drawn in paragraph 7 that the m<>st 

probable opportunity fot' excess human exposure to PCP is in the PCP production and 

utilization industries. Reichhold would like to emphasize the p0int that any proposed 

significant changes in manufacturing or application of PCP must consider the effect 
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that these changes would have on the workers involved. 

A number of alternative methods for producing various grades of PCP 

have been proposed. Some of these processes present the possibillty of increased 

worker exposure to PCP and/or PCP contaminants because of the characteristics of 

the final PCP produced. Reichhold has examined its process for the production of 

PCP, as weU as the handling characteristics of its finished product, and feels that 
"· 

presently it cannot suggest a reasonable alternate to its PCP product. Reichhold urges 

that before any action is taken, that all aspects of the production and utilization of 

any new PCP prod1JCt be thoroughly examined. We feel that particular emphasis should 

be placed upon the physical characteristiC$ of the final PCP product, as well as the 

creation and disposal of any waste or by .. products caused by its production. 

On page I·lO, paragraph 9, R.eichhoJd certainly agrees that certain uses of 

PCP be objectively examined and that reguJation be considered to reduce those 

applications of PCP treated wood which may come in contact with humans or animals, 

or food products. However, as we have r:-epeatedly stated, we believe that there is an 

absolute need for PCP treated wood for use in and around !arm buildings and 

structures where degradation by microbial attack from soil:. and other materials is 

critical. 

Paragraph 10, on the same page, states that certain technology has b~n 

disclosed which is designed to reduce the levels of CDD's and CDF's in PCP through 

distillation of technical PCP. However, we do not totally agree with the statement, 

"It would seem prudent •••• -to control the contaminants to the extent possible by best 

manufacturing practice." We would Hke to emphasize that consideration must be given 

to the question of trade-off of occupational hazards. Reichhold feels that there are 

significant ·occupational hazards associated with the use and handling of the PCP 
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products which it has seen on the market which are Claimed to have reduced levels of 

CDD's and CDF's. ··Reichhold, furthermore, is very concerned about the concentration 

of CDO's and CD F's in waste strea"ms generated .by the distillation pro<:ess used for the 

cleanup of the technical PCP. The economic impact evaluation would have to take 

into consideration the distHlation process and cleanup of PCP as well ~ the 

incineration of the waste stream generated. It would also have to take into acc:ount 

the automation of the process which wou.ld then minimize exposure to the waste 

stream. The comtllercial process used by Reidlhoid to produce PCP does not produce a 

concentrated waste stream containing CDD's and. COF's. We urge the Science 

Advisory Board Environmental Health Advisory Committee to very seriously consider 

this possible route of exposure to concentrated CDO's and CO~s streams produced in a 

PCP distillation proce:ss when considering p0ssible hazard trade-offs. 

Continuing, on page II-3, a chart is given exemplifying the composition of 

a purified grade of PCP, labeled Dowcide EC-7. [t is noted that only cer-tain 

chlorinated COO's are listed, namely the octachloro, the l'leptachloro and hexachloro 

dibenzo-pa.ra-dioxins. However, on referring to Section V-.3, page 52, Appendix No. 4, 

it is indicated that the possible num~r of CDO's ar:e listed as being 75 in number. The -

hexa, hepta and octa CDO's would account for approximately 13 of the possible 7'. 

This would appear to leave 61 additional COO's which could be present since it has 

been established that no 2,3,7,!·tetra'chlorodibenzo-para-dioxin has been det~ted in 

any domestic: grade of PCP eommerc:ially available today. Since the purpose of this Ad 

Hoe Study Croup is to examine and report on all of the COO contaminants in PCP, we 

feel that comment is needed relative to the· presence or absence· of one or more of 

these other possible CDO's. We feel that the study should be thorough and complete 

before any regulatory action is taken. It would be extremely disruptive to the industry 
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if considerable sums of money and technical development were expended to reduce 
• 

cert3in CDO's only to learn at some later date that certain remaining CDD's were 

present at levels which were then determined to be environmentally undesirable. It is 

Reichhold's position that prior to any regulatory action mandating a reduction in 

c.hlorodioxin.s, that consideration should be given to all of the chlorodloxins which 

might be present • ... 
On page ru-1, the report states that octochlorodibenzo-para-dioxin, or 

OCDD, has shown little toxicity. Reichhold would like to point out that the 

commercial technical grade of PCP which it manufactures, as well as material 

manufactured by other companies, contains as the major CDD con~aminant, OCOO. 

Typically, the amount of OCDD present is on the order of five to seven times greater 

than the amount of hepta and hexa COO's. 

On page m .. 3, one reference was cited which detailed a.n experiment pro-

ducing chloracne in rabbit ears. This test indicated that commercial samples of PCP 

have produced chloracne in the rabbit ear bioassay tests wherein purified PC? did not 

produce chloracne. Reichhold conducted similar tests at IBR·US Laboratories, in 

Miamisville, Chlo. The results of these tests indicated that no significant differences 

could be discerned in the results obtained using either commercial, analytical or 

puri1ied commercial grades of ?CP. The results obtained from one material were 

comparable to results obtained with another. This information was submitted to the 

Science Advisory Board Ad Hoc Croup, and the results of this tests have not been 

included in this report. 

On page III-9, paragraph 4, reference is made to work done by Kimbrough 

in 1972. Reichhold has reviewed all referenced articles authored by Renate 

Kimbrough, dated 1972 a.nd has not seen any report implicating technical grade PCP in 

--148 



causing teratogenic effects in women. We suggest that this reference be verified. 

On page 1II·l2, Conclusion 4, Reichnold agrees that au commercial grades, 

te.chnicaJ and purified, of PCP contain quant.ifiable amounts of CDD's; however, \Ve are 

not convinced, nor are we awate of any studies which conclusively demonstrate that 
•. l!ataL~tt' ~ J~l-lt... 

the concentrations of coo•s· present in technical ?CP are sufficient t~~e ~ielegi:cai?, 
~~ . 

a.c:ti-Ye. While it cpight be proven academically that by isolating certain dtlorodioxins 

and conducting laboratory biological· studies with them, effects might be noted, 

Reichhold feels that th~se results are not applicable to the real world situation 

where.in man or animals do ngt come irl contact with sufficient quantities of these 
• ,_,... 1'.s . 

materials to produce harm. Reichholdtdee& ~· feel ttia•~Ae tetill piewre-ir1tJOhh1g . . 

tg. ... tuat and ~reser"& w~f:t i& eer'td~sh c and that regulatory action totally banning 

PCP, or requiring PCP to have certain levels of COD's is not indicated. 

On page III-2·4, re'ference is made to a study done at the National Insti-

tute of Environmental Health Sciences which consisted of analyzing tissues taken from 

a dairy herd in Michigan for CDD's. The impression given by the information provided 

on page IIl·2-4, wo1.:1ld lead one to conclude that significant quantities of CDD's were . . 

disco'vered in the animal tissu~s and. that they could be linked to the undiagnosed 

health problem in thls dairy herd in Michigan. We would like to point out' that the level 

of CDD's reported in these tissues ranged as follows: 

Hexa COD 

Hepta COO 

oeta coo 

·.01 ppb to t.l ppb _ 

.03 ppb to. 12 ppb 

.2.3 ppb to 47 ppb 

Investigation by a team of highly qualified toxicologists, dairy herd 

specia.listst and wood treatment specialists, of the entire Michigan dairy herd incident 
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allegedly connected with PCP exposure, has resulted in a number of papers being 

published which define a~d describe the herd health problems in these Michigan dairy 

herds. :\s a result of this work, it was concluded that these dairy herd problems were 

not re!a ted to exposure to PCP oc COO contaminants. All of these data and reports 

have been pceviously submitted to the National Institute of Environmental Health 

Sciences, Environmental Protection Agency, as well as to the F'ood and Drug 
• 

Administration, and to the Ad Hoc Study Group on pentach!orophenol contaminants. 

In addition, the Michigan Department of Agriculture conducted a 

hearing on the application of Reichhold for reinstatement of its state PCP registration 

whi<;h was summarily suspended during the dairy herd incident. Dr. Gilbert H. Wise, 

OVM, the hearing officer appointed by the Department conduded, a!ter the week-long 

hearing, that the cancelled registrations should be reinstated. Or. Wise, in an 18-page 

decislon, found in part as foHows: 

"No evidence was developed showing that wood preser· 

vative formulations containing penta have presented demon· 

strable risk to the food chain through exposure of food 

animals to COD (chlorodioxins) in penta. 

"The evidence, while not removing aH possibility of 

hazard, does not support a finding of any measurable 

magnitude of risk or lik!ihood of harm to the human food 

chain from exposure of fQod animals to COO in technical 

pen ta." 

On page IV~5, a hypothesis has been put forth which suggests that chlodn-

ated dioxoins, chlorinated dibenzofurans, polychlorinated biphenyls, polybrominated 

biphenyls, and chlorinated azoxy benzenes should be considered as a class from the 
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toxicological standpoint. Reichhold disagrees with this premise because it has ~n 

repeatly demonstrated that specific members of a class of compounds may have vastly 

d.ifferent biological activities. One need$ only to review the work done i.n the drug 

industry to realize that it is dependent upon these variations in activity, relative to 

structure, to produce drugs which minimize pa.in and suffering. We think it would be 

extremely ri.sky and unsupportable to regulate various individual readily identifiable .. 
chemical compounds as a class rather than as individuals. . 

There are numerous reports that PCP has been found in many parts of the 

environment, including in man and animals. It has generally ~ assumed that this 

PCP has been coming from the wide-spread commercial use of PCP as a wood 

preservative or pesticide. It should be noted that it has ~en reported that PCP may 
• 

be formed as a metabolite ~ animals and microorganisms. Furthermore, it is re-

ported that PCP may be formed i.n the environment from other chemicals such as 

hexachlorobenzene and UNOAN_E and from the chlorination ol drinking wate«>. 

The source· of CDO's in the environment is not exclusively from PCP. 

Other chemicals such as hexachlorophene and polyc:hJorinated biphenyls also contribute 

CD D's. Other widely used pesticides such as 2,4,.5-T are recognized as containing 

CDC's. 

PCP has a number of registered uses for which there are reasonable 

alternatives. Reichhold would urge consideration of these registered uses of PCP and 

that an effort be made to determine where proven alternative materials are available. 

Perhaps this concern over a wide-spread use of PCP can be more easily regulated by 

restricting the registered· uses of PCP to those for which there is no reasonable 

alternative, such as for wood preservation. 

o.n the whole, Reichhold applauds the work which has gone into the pre-
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paration of this draft report. We feel that much effort has been rnade to factually 

evaluate and report on the data and literature which is available; however, we would 

appreciate consideration of the points which we have raised today. 

Again, thank you for this opportunity to appear here today. 
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8.2.6 Testimony of Dr. Robert L. Johnson 

The Oow Chemical·· Company' s position wi_th .respect 1:0 the r.on­
phenolic impurities in PCP has been and continues to be: 

l. that pe.ntaehlorophenol eontaininq such impurities above 
certain levels mani:ests enhanced toxicological responses 
as demonstrated by la~oratory test animal experiments. 

2. that these non-phenolic impurities should be minimized by 

the manufacture and use of a PCP containinq the least 
amcunt of these impurities technically possil:lle. 

3. that it would not be possible to assess adequately the ha:ard 
of the many indivieual non-phenoli~ i:npurit!es in PCP. 
Therefore, it was logical and prudent to .r:eeuc:e these i:npuri­
ties to the lowest possible level for commerc:ial PCP and, 
thereby minimize the risk to the produce:, the users, and 
the envi:onment. 

4. that readily ider.t.ified adaptable tec:h:loloc;y is available 
to separate t..~e non•phenolic impurities from ?CP a..~d that 
disposal of such impurities can l=e deal.t with at the pro­
ducing site where ac:knowledqed risk can be minimized. 

s. that a pentaehlorophenol ean be manufactured in commercial 
quantities that_ mimics chemically pura PCP in both acut.e 
and su.bchronic toxicoloqical studies. With the urqinq of 
the EPA and at reasonable expense to Oow, such a commercial 
facility has been constructed and is beinq operated. 

The ad hoc c:ormnittee draft report represents a significant ar..C. 
worthwhile effort t.o compile all the available ir..fermation per­
tinent to the presence of nen-phenolic impurities in technical 
PCP. The report is th<?rough in pointinq out that: 
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l. Suitable analytical methods for the specific dioxin and 

furan isomers present in technical PCP are lacking. 

2. There are very little data on the environmental persistence 

and transport of the dioxin and furan contaminants of PCP. 

3. The comparative chronic toxicological information on purified 

versus standard commercial PCP is limited. {Sub-chronic 

studies have revealed tcxicoloqical dif f e.rences between 

these t.Wo grades cf ~CP, especially in the liver.) 

4. There are virtually no data on the chronic toxicity of the 

non-phenolic contaminants of PCP. 

s. The biological siqnificance of the finding of low, but 

detectable, levels of chlorinated dioxins in tissues of 

fa.rm animals is not presently known. 

6. There is insufficient information on occupational exposure 

of man to these PCP contaminants by manufacture.rs or users 

to allo~ quantitative assessment of the relative haza=d of 
• purified PCP versus commercial products containinq dioxin 

contaminants. 

These informaticn deficiencies are used in the draft report to 

explain why an ultimatum to the wood treating industry to manu-

facture and use cnly purified grades of pentachlorophenol can~ot 

be issued. 
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on the other hand, the draft report, without exception, describes 

the constant concern associated with the.presence of the non­

phenolie i..'!lpurities in PCP. For example: 

l. The toxicity of the polychlorinated dibenzodioxins and 

dibenzofurans is re609nized. 

2. The recent reports of induction of neoplasms by TCDD raise 

the specter t.~at the polychlorinated dibenzodicxin contami­

nants L~ PCP may also have t:hi$ potential. 

3. The finding of low but detectable .levels of chlorL>la.ted 

dioxins in tissues of farm animals is a matter of ~ublic 

health concern. 

4. Reports of occupational exposure to ohlorina~ed d.ibenzo­

dioxins, which resulted in adverse health effects in Jl.a.Il, 

were mentioned. 

All these r.eferences and comments clearly indicate the relevency 

of conclusion, No. lO, which reads in·part, 

NTtchno!agy L4 now 4va..l1Able. wh.<.ch ~ou.ld ma~kedly 

Jttduee. :tit~ ltv.el.6 o0 cU.be.n.z.ad.i.ox.i.n and d..l_be.nza6(,1,.1ta.n 

con~~m..ln~n~4 {..ln PCP}. !.t woutd oeem p~aden.t, 

.the~eoo~e. to con~~ot th~ con.t~m..ln~n.t.6 .to the ex~en.t, 

po.44.i.ble. by be.4.t manu.6ac.tUJt.i.ng p~Gtc.tlc.e.". 
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The PCP producers were initially urged by federal regulatory 

agencies to reduce the non-phenolic impurities con~ent in 1971, 

and again advised to proceed in that directio~ ir. 1973. It is 

now 1973; specific t~~ing as to when all commercial ~C? should 

be of a purified grade, or t..~e specific reasons as to why a 

purified PCP grade is no longer necessary, is urgently ~eeded. 

The original cha.rqe to the ad hoc: committee was to ccmmen~, to 

the extent possible, on the potential hazard to humans which 

can be attributed to r~istered uses of PC~ and ~~e extent tha~ 

this hazard ~ay be mitigated by the use of the commercial pro­

cess which results in lower levels cf the contaminants of 

interest. we ur~e that this charge be completely satisfied as 

soon as possible in a less ambiguous mar.ner and without 

encumbranees of ecQnomic constraints which have crea~ed ambiguity 

in the present conclusions. 
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8.3 COMMENTS OF :INTERESTED PARTIES 
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8.3.l 

SUBJECT; Comments on EPA Science Advisory Board Environ~cntal Health 
Advisory Committee Meeting; Pentachlorophenol Contaminants 
(April 3 1 1978) 

TO 

FROM 

Ernst Linde, Executive Secretary, 

Paul E. des RosierJflsenior Staff 
Extractive Division (RD-681) 

Science Advisory Board (RD-673) 

Engineer, Industrial and 

I believe it is important that the Science Advisory Board (SA.B) 
be made aware of certain facts in order r:hae all aspects of the 
pentachlorophenol (PCP) contaminants issue are addressed cor~ectly. 

As you k:'"'.o...,, I was ;>t"esent during the ·session held on 
Monday, April 3, 1978, during which time current producers of PCP, 
namely, Dov Chemical Company, Reichhold Chet:Ucals, aad Vulcan 
Materials Company presented their respective stateoents to the 
SAB Environmental Health Advisory Committee. I am considered an 
Agency expert on the treatment and control of organochlorine 
chemicals, have in-depth experience ~ith cilitary defoliants 
dating back to 1967, and as a result, am thoroughly familiar with 
disposal/deto~ification methods for Herbicide Orange and its teratogenic 
artifact, tetrachlorodibenzo-p-<iioxin (TCDD). 

In this respect, I was a member of the EPA Herbicide Orange 
Disposition Advisory Panel to the U. S. Air Force/Defense Supply 
Agency, provided technical consultation to the State of Missouri 
Depart~ent of Health conce~ning the Verona, XO TCDD episode, and was 
intei-viewed by the British Broadcasting Corporation regarding the 
Seveso Icmesa plant TCDD incident in Italy. 

In retrospect, I was particularly impressed at the ~eeting by 
the perception of Dr. Van Gelder; a veterinarian, who in his 
testimony, alluded co the face that disposal of concentrated 
quantities of PCP contaminants might prove to be more of Q problem 
than t:l41ntaining the status quo. 

At this time, I wish to delineate some pertinent historical 
facts relating to significant dioxin-type incidents:. 

(1) 2.3 million gallons (24 million lbs) of Herbicide Orange 
with approxi:Dately 2 mg/kg TCDD (about 49 lbs) could not be disposed 
of by incineration either in Illinois <Nonsanto 's Sauget facility) 
or in Texas (Rollins contract facility), or by land assimilation 
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in Utah or in Oregon. 

(2) Chemical detoxification of Herbicide Orange v:is proposed to 
the u. S. Air Force by.the Velsic:ol Chemical Corporation, which enc.ailed 
deesterification via alkaline hydrolysis/solvent extraction/UV-photo­
chemical decomposition/reformulation; however, Velsicol vithdrew its 
proposal. Agent Chemical Incorporated was selected by the Air Force. 
to demonst'rate at pilot scale, an activaced coconut charcoal method 
for 11 s·toichiontetr1c'' selective removal of TCDD from Herbicide Orange; 
however, disposal of spent chu·c:oal cartl:'idges c:ontain1n&, h1Sh concen­
trations of TC.DO presented a significantly gi:<eacer envi~onmental risk, 
and the p~jecc-was officially curtailed. 

(3) The M/T Vulcanus incinerator ship vas employed to c:ombusc 
Herbicide Orange at sea some 200 miles south~est of Johnston Island 
in the South Pacific.· !ncineratioa. of tb.e defoliant was. accomplished 
at l250-l450°C wi~h a dvell/retention time of 1.3 second, at a cost . * . exceeding $3 million. Subsequent to the successful incineration, 
the M/T Vulcai~us has been unable to obtain recertification because 
of contamination of the ship's storage tanks/deck with m1nisc:ule 
amounts of TCDD (ppc). 

(4) There also exists today 111 Verona, MO, approximately 4600 
gallons of highly cont.alllinated (300-350 ppm TCDD) chlorinated still 
bottOl'Qs from previous hexachlorophene manuiacture. Systex Agribusiness, 
the present owners of the industrial site, and the State of ~ssouri 
have been unable to secure· an environmentally acceptable method for 
the ultimate disposition of the t1a3te residue. 

(5) Presently, for every 5000 lbs/hr of PCP manufactured, 
approximately 10 perceut or 500 lbs/hr of still bottom residues 
are produced, which may contaia, at varying concentrations: octa-, 
hepta-, hexa- c:hlorod1benzodioxins and chlorodibenzofurans, tetra­
chlorophenol, trichlo-rophenol, chlorophenoxyphenols, hydroxydiphenyl 
ethers, hexachlorobenzene, chlorinated biphenyls, ehlortnated polymers, 
etc. This residue production would be equivalent co roughly a 2000 
tons/year quantity requiring disposal. 

* Specifications for the first at-sea incineration of Shell Chemical 
Company organQehlorine waste residues by the M/T Vulcanus were based 
on Mississippi State University Prof. B. J. Stojaa.ovic's muffle 
furnace data obtained with analytical grade TCDD • ._,He found TCDD 
co~pletely combusted between 980-lOOo0 c. 

From the foregoing, it becomes obvious that public a~araness and 
anxiety play important roles as to how, when, where, and by vhich 
method a "dioxin11 contaminated -inatarial/waste. is to· be treated. · 
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Should the SAB Environmental Health Advisory Corru:nittee recommend that 
technical grade PCP be purified co reduce contaminant levels to less 
than O.l percent, then EPA is faced with a predic<llllent - the question 
of trade-off of occupational hazards. 

There is no doubt that it is technically feasible, although at a 
higher CO$t, to produce commercially purified grade PCP that can meet 
reasonable regulatory constraints relative to chlorinated dioxins and 
dibenzofurans. Furthermore, I have doubt concerning Oo~'s contention 
that it possesses incineracion capabilicy to "destroy" the waste 
residues therefrom. Nevertheless, the Dow case is unique - the ~idland, 
Ml facility represents probably the largest integrated petrochemical 
complex in the U. S. and large volumes or waste residues are admixed 
with relatively small volumes of PcP wastes, the latter essentially 
losing its idencity through volumetric dilution before incineration 
commences. · 

Such is not the case with Reichhold and Vulcan, however. Special 
incinerators would have to be designed, parts ordered, constructed, 
and subsequently evaluated prior ~ application ~or an operating 
permit. Such a permit request would undoubtedly require a public 
hearing because "dioxins" are. present in the wast:es. Based on my 
experience, I can assure you that the resulting pe~t require~ents 
will be severely restrictive (e.g., exhaustive monitoring, operatior.al 
constraints, etc.) and quite possibly could eliminate land-based 
incineration as a technology option. (~ince both Reichhold and 
Vulcan would solicit strong gua~antees from £PA that, once equipment 
was on order, they would indeed be allowed to proceed with full-scale 
construction and be able to operate the incineration units without 
undue harassment from environmental groups. ~.aturally, EPA would be 
in no position, legally or otherwise, to honor such requests.) 

In my opinion, there are but four alternatives available for 
consideration by the SAB regarding this maccer: 

(l) At-sea incineration aboard a vessel similar to the ~!/T 
Vulcanus. 

(2). ~rivately o~ed/contracto~ operated incine=ation facility 
(e.g., Marquardt's high efficiency SUE incineration uni~.) 

(3) In-process change/process modification (i~e., catalyst 
substitution) co minimize dioxin/dibenzofuran byprcducc 
production - to include analysis of feedstock (phenol) 
quality. 

(4) Encouragement of accelerated R&D into incorporation of PCP 
waste residues as feedstocks to cement kilris. 

All options could be explored should the SAB desire. 
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Mi I ·8.3.2 

UNIVERSITY OF MISSOUAl·COLUMBIA 

April 24. 1978 

Mr. Ernst Linde 
Executive Secretary 
Environmental Health Advisory Conmittee 
Science Advisory Board A-101 
Washington, O.C. 20460 

Dear Hr. Linde: 

College of Veterinary Medicine 

Veterinary Anatomy-Physiolog; 

~umllia. Mi$SOUl't 6520-
Tel~ (314) w-101 · 

Enclosed are 20 copies of a report containing my additional co11111ents 
on the draft report on pentachlorophenol contaminants. 

Please distribute thesa to the proper persons. 

Sincerely yours, 

A.II~~ 
Gary A. Van Gelder~ D.V.M., Ph.D. 
Veterinary Toxicologist 

GAVG:nc 
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TO: Mr. Ernst Linde 

FROM: Dr. Gary Van Gelder 

April 15, 1978 
Part II (part I dated 

3/24/78) 

RE: Corrments on Draft Report on Pentachlorophenol 

The following additional corrrnents are made relative to the draft report. 

l) The charge to the committee was to assess the hazard to humans due 
to contaminants in pentach1oropheno1. Other than industrial 
chloracne resulting in all probability from exposures to mixtures 
of various ·chemicals the document fails to document any significant 
human health hazard that has resulted from 40 years of use and 
exposure. This statement is made with the acknowledged exception 
of reported instances of gross negligence or intentional ingestion 
resulting in illness and death. 

The report fails to clearly elucidate the point that the present 
methods of producing low non-phenolic content PCP will stfll 
possess the presently alleged chloracne hazard since the starting 
reactions are similar for both processes. The report implies 
that obtaining concentrates of the contaminants is less hazardous 
than working with very diluted concentrations. The above implication 
is made in the report without any evidence that there was any 
attempt to assess the risk involved. Additionally, comments made 
at the hearing clearly demonstrated the lack of unanimous agreement 
among waste disposal specialists on the reliability of incineration. 
Critical issues are: 

a) frequency of stack monitoring 
b) levels of detection 
c) location of stack relative to wind direction and population 
d) presence of fail/safe devices 

Without such information and risk assessment data, how can a 
responsible decision be made to move from technology A to technology 
B, especially when technology A has not been shown to be associated 
with any significant, isolatable problem? Risk assessment involves 
more than simply saying since process B exists we should use it. 

2) Page 1-7 of the repo.rt refers to dioxins being found in milk from 
Michigan cattle but no data are presented. The report later refers 
to dioxins in liver and fat. This point needs clarification. 

3) Page III-14~ Table II - The data are summarized in such a way as to 
ignore dose. An important part of risk assessment is consideration of 
dose and evaluation of dose-response patterns. 
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In.one sense the draft report begins to pull together the available 
information. The next steps are evaluation and interpretation. 
In my opin1on, the last steps remain as uncompleted tasks for the 
cormni ttee. · 

4) Page III-9 - states "technical grade PCP has been implicated in 
causing teratogenic effects in women .. Kimbrough, 197~." The 
report by Kimbrough does not make this statement. Stillbirths with 
PC8 1 s are reported. 

5) Page III-9 - The Larsen· study cited is .inadequate to address the 
question of· placental transfer. Based on information presented 
it is likely that placen~a/fetal PCP levels are comparable to 
maternal blood levels. · 

6) Statistical methods used to evaluate the various 90-720 aay studies 
are not consistent. See my letter to Dr. Schwetz of Dow Chemical 
which was attached to my cormtents dated March 24. 

7) While I appreciate the conments of several members of the committee 
that their concern is not animal health, I need to point out that 
there are people in the public sector who. based on their understanding 
of conments made by membe~s of this committee believe that low level 
exposures to technical PCP kills cows. I am satisfied with the 
progress being made to resolve .that misconception. 

8) The remaining issue is one of safety/hazard evaluation. It is 
amazing that an EPA sponsored co111nittee was not prov1ded or did not 
review the results of studies sponsored by EPA to ~valuate the human 
health effects of PCP. Why this body of information has been ignored 
is unexplainable. · 

One cannot prove safety for any product or process, what one does 
is evaluate toxi<::ity and assess risk (hazard). Consequently 1 

studies done where technical PCP was fed to animals provide information 
on the toxicity of the PCP related contaminants. 

Furthermore; evaluation of worker related health problems or the 
lack of problems are also important items to consider in risk assessment . 

. 
9) My principle concern in this entire matter has been based on a 

broad view of the entire situation. First, PCP is an economic 
poison. Fortunately, it's toxicologic characteristics a~e'such that 
it does not present a large hazard. But PCP residues have been 
found in food products of animal origin. To the extent .that those 
residues can be reduced or eliminated without causing a major 
economic effect is a worthwhile goal. Additionally> PCP constitutes 
only 5% of what is put into wood to preserve· it. The toxicity and 
residue characteristics of the other 95% of the material has not 
been detenitined. What is found as residues are generally those things 
that excite a·n eleetran capture detector. 

These considerations plus my own observations of over use and 
unnecessary use of PCP treated .wood in places that facilitate 
animal exposure leads me to a broad based reconrnendation that addresses 

163 



the entire ~roblem. Namely, the need to develop sensibie use 
restrictions to reduce animal exposure. The casual rubbing 
against a post or occasional lick of a post is of no concern to 
me. The issue is one of feed bunks, bunker silos and use of 
treated wood in above grade, dry locations. The concern expressed 
in item 10 below is also a part of my decision information base. 

10) I have reason to believe that the level of dioxin formation on the 
surface of treated wood exposed to light is higher than that felt_to 
occur as expressed in the committee discussion. It is of sufficient 
concern that Dow has conducted and has expressed thP.ir intent to 
conduct additional studies in this regard. 
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8.3.3 
~ 
~ 

DOW CHEMICAL U.S.A. 

May 9, 1978 

Mr. Ernst Linde 
Executive secretary 
Environmental Health Advisory Committee 
sc.ience Advisory Board 
U. s. Environmental Protection Agency 
Washington, o. c. 20460 

Dear·Mr. Linae: 

P. o. eox 1847 

2040 00W C!:NT1.'R 

Mlcx.ANO. MICHIGAN 486'0 

Attached. is the requested description of the qeneral procedures 
utilized by Dow Chemical U.S.A. to contain and destroy t.i.~e eon­
taminants resulting from the production of DOWICIDE* EC-7 

.Antimicrobial gracle of pentachlorophenol. we believe this is 
the kind of additional information that was neecled by the 
Environmental Health Advisory Committee Study Group on Penta­
chlorophencl Contamir.ants to assure itself that these impurities 
can be feasibly handled. 

As Dow has repeatedly stated, we contend that disposal of tr..e 
toxic impurities inherent to commercial pentachlorophenol 
should be dealt with at the producing site where acknowledged 
risk would be minimized. The fact that we ·produce and market 
a grade of pentachiorophenol with significantly reduced non­
phenolic impurity content supports this position. 

We have included 10 copies of the requested information. !f 
additional copies are required for distribution, for example, 
to meml:iers of the Environmental Health Advisory Committee, 

· please do not hesitate to let us know. 

Very truly yours, 

~~ ". . 'Y'J"-t"'-
Robert L. Jo son · · 

~~ (\_~ ~ .. 

D.esiqned Pr · ucts Department 
Technical Service & Development 
Sl7/~36-l524 . 

m.bh 

attach. 

*Trademark of 'T~e Dow Chemical company 
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DI~POSAL OF PENTACHLOROPHENOL IMPURITIES 
Dow Chemical U.S.A. 

The product known as OOWICIDE~ EC-7 Antimic:obial grade of 

pentacr.lorophenol (PCP) differs in chemical assay from the 

older form of ?CP. Numerous publications describe t.~e com­

mercial process utilized in the o.s. to make PCP. As noted 
in these ?ublications, the ~recess reaction mixture is main­
tained as a liquid (approximately l0°C above the product 
melti.,g point) ; no solvent is used or required. The commer­
cial process utilizes final chlorination and the necessary 
temperatures to produce a product with a pentachlorophenol 
content in the range of about SS-90\. ~hese production con­
di~ions also result in the formation of the various contaminants 
found in PCP. 

The finished reaction mixture, in the Dow process, is distilled 
to yield a qrade of PCP which meets the imposed specifications 

for DOWICIDE EC-7. A eopy of the OOWICIDE EC-7 technical 
bulletin, which describes the composition, is attached. 

The still bottoms resultinq from this additional PCP processinq 
contain the non-phenolic contaminants iaenti!ied as chlorinated 

dibenzo-p-dioxins a~d chlorinated dibenzofu.rans. Other materials 
i~cl~ded L~ the still bottom residue, or tars, are the chloro­

pheno~henols, chlorodiphenyl ethers, and even a percentaqe of 
higher phenols such as pentachlorophenol itself. 

~hese tars are handled, stored and transported to the Dow 

tar burner in closed systems. Eye protection, rubber gloves 
and protective clothing are routi~ely used ~y all personnel 

*Trademark of ~he Ocw Chemical Company 
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involved in these operations. A rigorous industrial hygiene 
and health monitorinq program is and has been in effect for 
these personnel. Anytime that work on contaminated equipment 
is r.eedeci, extreme protective measures a.re taken i."'l.cluclinq 
full r-..i~ber suits and self-eontained breathinq apparatus. 

~or.nal operatinq conditions in the tar burner are maintained 
to.achieve a minimum .l.8-sec:ond residence time at temperatures 
of 900-lOOO•c. The .temperature is continuously monit~red with 

appropriate warninq alarms and shut~off devices. Combustion 
~~ses qo through a three-sta~e scrubbin~ system before discharge 
to the atmosphere. The scrubber water is treated in the waste 
water t:eat::nent plant before :ecycle and/or dischar~e to the 
~ittabawassee River. 

5/9/78 
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technical data 

DOWICIDE EC-7 A.~TIMICROBIAL 

GE~RAL 

DOWICIOE EC-7 Antimicrobial is Dow's designation for pentach.loro­
phenol, purified grade. This antimicrobial is designed to comple­
~ent DOW!CIDE 7 Antimicrobial in all industrial uses that require 
the control of bacteria and funqi, partieularly in the area of 
wood preservation. 

PHYSICAL PROPERTIES 
{These are laboratory or literatw:e· data typical of the product 
and ,are not-to be considered as,. or confused with, specifications.) 

STRC'CTORE OR 

Cl Cl 

0 
Cl Cl 

Cl 

Formula • • • • • • • • • • • • • • • • • • • • • • • • . c6cl50H 
Molecular Weight •••••••••••••••••••• 266.~ 
Flash Point, °F • • • , • • • • • • • • • • • • • • • • • None 
l:'ire Point, . °F • • • • • • • • • • • • • • • • • • • • • None 
Specific Gravity, 2s;2s•c .•..••••••••.... 1.9 
Solubility, approx. 9/lOO 9 solvent at 2S°C 

Acetone • • • • • • • • • • • • • • • • • • • • • • . 52 
Me thano 1 . • . • • • • • • • • • . • • • . . • . . . • 17 5 
Ethanol (F30) • • • • • • • • • • • • • • • • • • • • 125 
Isopropanol • • • • • • • • • • • • • • • • • • • • • SO 
Diacetone Alcohol • • • • • • • • • • • • • • • • • • 145 
DOWANOL TPM Glycol Ether • • • • • • • • • • • • • • • llS 
Ethyler.e Glycol • • . • • • • • • • • • • • • • • 12 
Methylene Chloride • • • • • • • • • • • • • • • • • • 7 
o .. Xylene . . . . . . • • • • . . • • • . . . • . . 18 
Turpen tine • • • • • • • • • • • • • • • • • • . • • 7 

lllOTICe; Th·• "'form;:ir1011 i• 0...,41"tttd ;,. 9oocl faith. ~r no wettamv. •oo'"• Of of'l'()lied, i$ g•v•n 
rt0r 19 tN«tom from env o;iwnt OW"4ICI l>v TN Oow Ch<llmic;;st CQmoenv Of a., Om.tr$ to be ....terreo. 

THE OOW CHEMICAL COMPANY 
DESIGNEO PRODUCTS DEPAA1"!VIENT • MIOLANO. MICHIGAN 48640 
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OOWICIOE EC-7 ANTIMICROSIAL 
Page 2 

PRODUCT DESCRIPTION 
DOWICIDE EC-7 Antimicrobial has. the following <:cm.position: 

Active ingredients •••••••• ~ ••.••• 100' 
Pentachlorophenol • • • • • • • • • • • • • 88' 
2,3,4,6-Tetrac:hlorophenol • • • • • • • • • 12\ 

Chlori~ated Oioxins 
Octac:hlorodibenzo-p-dioxin • • • • • • • • 30 ppm, max. 
Bexachlcrodibenzo-p-dioxins • • • • • • • • l ppm, max. 

Description • • 

EPA Reg •. No. 464-431 

PACKAGES 

• • • • • • • • • • • • • • • Off-wbi~e to 
· liqht yellow 
prills. 

Prilled and pelleted forms of OOWICIOE EC-7 Ant~mic:ro.bial a.re 
sold in multiwall paper bac;s havinq a net weight cf SO pounds, 
in fiber drums having a net weight. of 300 pounds, in wire-bound 
boxes havinq a net weight of 2500 pounds and in bulk to be 
transported in tank t..ruc:ks and :ail ears. The bloc:~ form is 
sold in units having a.net weight of 2000 pcunds. 

(Typical Laboratory Data) 

Tes~ Oraanism. 
T:ieho~erma vi:ide, ATCC#S678 
Tric~ec:ierma. so., Madis~n P-42 
Cera~ocyst•s ~ilif era, ATCCtl5457 
?olv-o~=us -;;il.::.pi.tera.e, ATCCtll24S 
RhJ.ZOFUS ~~olonifer, ATCCt6227a 
ien~.::.~es ~rabea, kadiscn 617 
Cera-:::ocvst..::.s ics, ATCC!ll2S60 
ehaetomium ~lOS'Osuml ATCCt620S 
As~er~•llus niqer, ATCCt627S 

' 
Sac:illus .cereus var. myc:oides, ATCCtll778 
sac•llus su~ti!is, A'I'CC#8473 
asc!'le.:::.chia <:olJ., ATCC#ll229 
Pseuaomonas aeru~inosa, ATCCtl5442 
En~ero~ac~er aeroqenes, ATCC#l304S 
S-;:ep~omyces griseus, ATCCil0137 
Flavobacter.::.um arborescens, ATCCt43S8 

% OOWICIDE EC-7 
for Inhibition 
o.002s-o.oos 
O.OOl-0.0025 

.o.ooos-0.001 
<0.0001 
·o.0001~0.0002s 
o.0001-o.0002s 
o.001-o.002s 
o.0001-o.0002s 
o.001-o.002s 

o.ooos-0.001 
o.oos-0.01 
o.02s-o.os 
o.1-o.2s 
o.os-0.1 
o.ooos-0;001 
o.0002s-o.ooos 

Formulators may be required to develop their own effic:a<:y ~ata as 
well as use and precautionary labeling based on the represented 
properties and intended uses of their finished =o.r.::tulations, and 
in accordance with all pertinent laws and requlations. 
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HEALTH HAZARDS 

DOWICIDE EC-7 Antimicrobial is capable of causing conjunctival 
redness, iritis, and slight corneal injury. Prompt flushing of 
contaminated eyes will lessen the degree of injury. A single, 
prolonged skin contact with the product may cause slight redness 
and swellinq. Repeated, prolonged contact may result in a chemi­
cal bu:n. DCWICIDE EC-7 is not absor~ed t:.'trough the skin in 
acutely toxi~ amounts. However, t.~e product, in solution, may 
be absorbed through the skin i.~ aeutely toxic amou.~ts dependinq· 
upon the solvent and the eoncentration of DOWICIDE EC-7. Dusts 
~ay be ir~itatinq to the nose and throat. 

PRECAGTIONS FOR SAFE HA..~OLING . 
Sa~ety goggles should ~e worn to protect the eyes when DOWICIOE 
EC-7 Antimicrobial is handled. 

?rotective Qlothina should be worn when skir. contact with DOWIC!DE 
EC-7 is a..~ticipated. Work clothes should be changed at regular 
~ntervals and when qross conta?:tination occurs. Grossly contami­
nated clothinq, shoes or qloves should not be reused until t.~ey 
have been thoroughly cleaned. 

Any exposure to obvio~sly dusty atmospheres will reauire the use 
of a dust respirator approved by the u.s. aw:eau of ·Mi..~es for use 
with toxic dusts. 

F!RST A!O MEASURES 

Eye Contact - Contaminated eyes should be flushed with plenty of 
wa~er :or at least 15 ninutes. Medical attention should be obtained 
promptly. 

Skin Contact - Contaminated ski.~ should be washed with scap and 
plenty o: ~ater. Any irritation that develops should receive 
~edical a~tention. 

Ir.halation - Anyone experiencing any notieeable ill effects from 
breatfii~g the dusts of the product should be removed to fresh air. 
Medical attention should be obtained. 
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