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. This report has been wrltten as part of the activ1t1es
Gf the Env1ronmental Health Committee of the Science {
Advisory Board, a public advisory group providing -

', extramural scientifie. 1nformatlon to the Admlnzstrater and

other officials of the Envirénmental Protection Agency. The
. Board 1slstructured to provide a balanced expert assessment
of the scientific matters related to problems facing, the

Agency. . This report has not been reviewed for approval by

~ the Agencgy, hence’ its contents do not necessarily represent

'the views and pelxcxes of the EnV1renmental Protection

- . Agency, nor does mention of trade names or commerical

-preducts ecnstitute endorsement or recnmmendatlon for use.
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1) SUMMARY and cowcrrsrous
* 1L1‘* Background B

In the fall ef 1970, the U. 5. Department of Agrl-‘
- eulture (USDA) expressed concern about: the preeenee of -
certain ¢hlorodioxins. in some "economic poisons.," 'In
. Janyary 1971, the ‘USDA held a meeting with industry
. officials te discuss the problems of these chloredioxins in
pentaehlerephenol (PCP).. At that time the hexa— and e
heptachloredibenze-padlexins {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 heve
~ inereased. This concern has no doubt been stimulated by -
" the development and widespread publication of knowledge of
.the extremely high texiexty of 2,3,7,8=tetrachlorodibenzo- .
p=-dioxin (TCDD). Although TCDD is or has been a contaminant
of great concern in several well publlclzed cases, it - '
should be noted that TCDD has not been identified as a
contaminant of pentachlerephenf?fhanufactured in ‘the United
Stetes..Frequent references to TCDD in subsequeht
discugsions are because it is. the. only polychlorinated
dibenzo-p=dioxin that has been the object of comprehensive

. toxidelogic research.  Several other polychlorinated

dibenzo-p=dioxins and related polychlorinated dibenzofurans'

- have now, however, ‘been identified as contaminarits of

'commer¢1a1 samples of pentachlerephenol. A commercial
Process hes been devéloped-and patented which enablee

. production of pentachlorephenol with greatly reduced

- concentrations of these contamlnants. ‘This develepment, as
well as the scheduled rerdégistration procedures requlred
under  the amended Federal Insecticide, Funglclde, :

- Rodenticide Act (FIFRA), stimulated the EPA to give

. extensive cenezderetien to whether or nét the

polychlorinated dibenzadioxlne ‘present in PCP have |
contributed to inecreased health hazards er envzronmental
‘degradatlon aeeeeieted ‘with BCP use.

. The EPA requesteﬂ that the Sc1ence Aﬂv:sory Board -
(SAB) congider this issue, The tequest was referred to the
J,Env1renmental Health Advisory Committee of the SAB. On =~
January 12, 1977, the Chairman of ‘the Environmental Health
. Advisory Committee appointed an Ad Hoc Study Group on’

- Pentachlorophenol Contaminants and charged it to review and
s'report on available information about the chemistry and
'texlcolegy of the chlcrlnated dibenzodloxlns and ‘



dibenzofurans, Additionally, to the extent possible, the
study group was dsked to comment on the potential hazard to
humans which could be attributed to registered uses of pop
and the extent to which this hazard 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 chadrge, 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. By
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, The Study Group would
supply specific information when possible and would attempt
to identify the information gaps which limit conclusions
regarding both specific regulatory gquestions concerning PCP
and the broad issues of total environmental contamimation
by chemically 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
a5 a wood preservative, However, there are other uses '
including use as an herbicide, a fungicide, a bacteriacide,
a slimicide and as a preservative for leather,

Numerous contaminants have been identified angd
quantified in samples of pentachlofophenol from several
major .commercial producers.. 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 3%) and polychlorinated
dibenzo-p-dioxins and dibenzofurans ranging in
concentration from thousands of PPM in the case of
octachlorodibenzo=p-dioxin +o tens to hundreds of ppm for
the hexa~ and heptachlorinated dibenzo-p-dioxins and for the
octa=~, hepta- angd hexachlorodibenzofurans,



" While it is echnically feasible to produce
commercially purifiéd PQP that ¢an meet reasonable ,
- Teégulatory constraints relative to chlorinated dibenzo-p=-

- dioxins ‘and dibenzofurans, . the production of this more

v purified product entails increased production costs and,
~according to =zome industrygrepresentativesgfrESults'in.am
product ‘that way - be more difficult to handle, A patented. .
commercial pgacegsEexi5t5~whi¢h-enables}the‘prqductian.of
PCP. which -contains ‘much lower concentrations of .
contaminants reducing the hepta- and octachlorodibeénzo-p-
. dioxins to 10.to 20 ppm and most. of the .other = . -
'pdlychlarinateﬂ}dibenznepﬁdioxin-andgdibenzufuran,”' N -
concentrations to .l or 2 ppm. However, the production of -
the -purified product results in ancther seriocus 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 seriocus .
consideration by a previous advisory committee and by
industry representatives.(See Appendix D.) ‘There is no
question thatzthe~handling,,transpaftﬁand”diSQQsal;af‘any
residual ;oxic'praduct:fram“thelpurifiCQtipn;process must
prbceednunder‘the_strictestfstandards; Possible disposal. ,
methods include a suitable licensed disposal 'site (none is .
- known according to Reichhold, 2Appéndix D) and e¢ither land
" or ‘sea incineratiﬁn;*Presently,‘theﬁnaw{Chemibal Company's
Midland, Michigaq‘petrachemicallcomplexiusanincineratipn.
to destroy the wastes associated with pCp purification,’ ‘
(See letter of Robert Johnson to'Exnst Linde, Appendix D.)

S With~regardftd;theupbssibilitylafjhumanagxPOSure to
PCP and/or its contaminants, it is useful to consider

. .certain physico-chemical properties of PCP relative ko its

contaminants. -The chlorinated -dibenzo-p—dioxin and

dibenzofuran contaminants are .less volatile and less watér—

salub;eﬂthanfthE‘unrionized-fo:m,QE*PCP_and;are, therefore,

:less readily transported by vaporization and air transfer -

‘"‘qr.by_surfacg”watet;‘?Furthermﬁre;-the dioxins tend to bind

strongly to soil and wood, which further limits their
transport, .On the other hand, the contaminants. are B
generally more persistent’ than PCP, as they are only slowly
bicdégradableTwith:halfﬁlivesfin‘soil:bn~the;order of a
year or-longer. although there are éconsiderable data on
the enwi:onmenpal*persistenceuof"TCDn.Mfar which - R
- photodecomposition on surfaces and microbial metabolism are
- major fa¢torsﬂin'its,envirqnmeptal‘degradatian;'data are
- very sparse . on the envi;onmental;persistgncewandgtrahsport
- 'of 'the' chlorinated dibenzo=-p-dioxin -and dibenzofuran.
' contaminants of pentachlorophenol, o )



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. 1In fact, the availability of appropriately
specific apalytical 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-
dioxina, analyses of the isomers as a group only permit
assessment of hazard based upon the most toxic isomer. This
approach may, indeed, lead to overestimates of hazard, but,
in the absence of more definitive analyses of specific
toxic c¢hemical species, it is neg¢essary 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 deficient. Pentachlorophenol Is a
toxic chemical in its own right. A set of signs and
symptoms charactaristic 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
data on the acute toxjc¢ity (LDsq): of the chlorinated ‘
dibenzo=-p-dioxin and dibenzofufan contaminants of PCFP, 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 téchnical
samples, there are insufficient data to permit such a
comparison for chronic toxicity, Studies of acute toxiecity
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 dibenzo-p-dioxins and dibenzofurans and cor-—
relates guite well with acute toxicity measurements. How-—
ever, a problem is that this test has not been validated
for assessing relative potential for chronie¢ injury from
the contaminants. Recent reports of the induction of
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‘neoplasms by TCDD (Van Miller et al,, 1977;. Rociba, 1977)

raises the specter that the .polychlérinated dibenzo-p-—
dioxin contaminanthof“PCP‘may*also;have-thisfpotential,

- At least some of these contaminants, €.y e
.- octachlorodibenzo-p-dioxin, have been started in the -

National. Cancer Institute's (NCI) carcinogenesis screening -
program, but no data have yet been made available from NCI
on PCP itself, (See section 3.1.4 for discussion of

f‘jpu:ified PCP.) A paper dealing with'long term studies of
'TCDD and HCDD was recently presented at the New York -
uAcadEmy_cf‘SQiencesgSQignag Week (Holmes et al,, 1978).

«_“"A;fécéﬂt ih¢idén£-af“ilinesﬁ‘in"alhefd'of'cowé‘housed‘r
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 polychlorinated dibenzeodioxins

‘wereyfounagin‘tisSuesfdffthESE'cnwsﬁ(Mﬁore,'1977, see

section 3,2.3). This finding of low, but detectable,

levels of chlorinated dibénza-p—didkinsJin.tissuesyof théée

animals is a patter ‘of publie health concern: however, the -

-biological significance of this finding is not presently =
‘known. - L L LT o S

L

.;' h *'The:ejh§ve beéh‘IEPbrtS“OE 0ccupatiﬁqal exposure to .
‘chlarihaté&udibenzawp—dioxins,reaultingeinfavarse health

. effects in man.  Usually chloracne has been the predominant

sign of toxieity, although signs. -and symptoms of systemic

*poisoning"(snme_qfﬂwhi¢h are consistent with dioxin ‘
‘poisoning. in laboratory-animals) have also been reported in

association with these ‘industrial exposures.- There is
insufficient ‘information concerning the identity and dosage
qf]dioxins‘involvgdyto‘aIldwfpheSegdbserva;ians*in~man to
be useful in aiquantitqtiye‘assessment-pf‘thExrelative-“‘
hazard of purified PCP versus commercial products

‘containing dioxin contaminants. There are no data that

permit an estimate of the relative susceptibility of humans.

. to-systemic effects of the dioxins and related contaminants
of PCP. - The widespread (though of relatively brief |
- duration) exposure

ura | ure of humans.to TCDD in Seveso, Italy
during an industrial accident in 1976 may yet provide

.information that will permit some estimates of human dose-

reéponse;relationships;tdathatididxin.g‘As yet, there is no

  quantitative‘infbfmatiqnjwhichTpérmits‘a‘compatison‘dflthef‘
- toxicity of dib;infto~hUmansmverausuather‘animalsﬁ_



1.3 Conclusions

l. Toxic polychlorinated dibenzo-p-dioxin and
dibenzofuran isomers are known to be present ‘in commercial,
technical pentachleorophenol (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 eguipment required, however, have limited their
widespread use.

3., Among the chlorinated dioxinsg 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-diocxins,
evaluation of potential hazard must be based upon the
most toxic of the hexachlorinated isomers.

4, The polychlorinated dibenzo-p-dioxin and °
dibenzofuran contaminants are more stable and persistent,
but less mobile, in the environment than PCP.

5. 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
toxicoleogical impact ©of this exposure cannot be gquantified
with present data and information, but, conservatively, any
exposure by this route must be considered undesirable and
attempts should he made to prevent exposure,

é. HNumerous cases of acute human poisonings with PCP
have occurred, and some occupatlonal exposures Lo PCP have
resulted in chloracne and other $1gn$ suggeatlve of
dibenzo-p-dioxin or dibenzofuran poisoning. The data and
information related to these reports are inadequate to
assess the toxic hazard of pPCP and its contaminants to man.

7. The most probable opportunity for human exposure
to toxic 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
implication to this high risk oc¢cupational group.
Envirconmental 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—gassxng vapors from improperly
treated wood.



first step . in r

o

'-34“;Cer£éiﬁ‘d;es df“PCP,‘a.g.}.applicatiqﬁ t&\woad.'

\u5ed 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

dhCing‘;ﬁejlékélihdoq.cf"injury from PCP

and its contaminants.

9. There are insufficient quantitative data to rank |
' the relative contribution of PCP to the overall '
environmental contamination with dibenzo-p~dioxins and

dibenzofurans. However, because of PCP's extensive use, it

‘may -be. a major sourge of chlorinated dioxins in the..

environment. .As regards the dibenzofurans, PCP probably

‘reépresents a lesser source, However, the similar

toxicological effects produced by the polychlorinated -

‘«dibenznvp;diexins;‘dibenzofu:aﬁsgianﬁ other related
‘compounds (chloroazobenzenes, chloroazoxybenzeénes,

chlorinated napthalenes, and polyhalogenated biphenyls)
suggest the potential for additive hazard from the many

‘sources of these ccntaminants..~Quantitativé5data.on‘the

total environmental contaminants, the fractional

contribution of the major sources of these contaminants,
. and the. toxicological -respohse to mixtures of contaminants.
- are urgently needed.. = . = - : :

10;‘:TEChn61bgy-is[néw:availabie which could markedly

‘reduce the levels of dibenzo-p-dioxin and dibenzofuran .

.contaminants. in PCP. . It would seem prudent, therefore, to

control ;He contaminaqts‘towthe“extent_possible‘by best
manufacturing practice. This might bBest be accomplished by
a phasing in'of improved processing. This 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
‘oceupational -
~and disposal. . .

azards related to-residue handling, transport

: Aédenduméf‘téfncidént with the finél,review|¢f\this”

‘report, an.- article appeared in Science (Vol. 202, p.

1166~1167, December 15, .1978) suggesting that "Dioxins”

. were produced in trace quantities during the combustion of
‘@ wide variety of materials and could be expected to have

. ubiquitbuéFdistributiun,in;theaenviranment.‘ A preliminary .
review of some ‘data that fofméd,the~basis”of‘this‘repnrt

indicated that the quantities produced in most combustion
activities would contribute extremely minute quantities or

.po dioxins to the environment. Bowever, combustion of-
" .highly chlorinated materials in improperly fueled -

incinerators resulted in sufficient quantities of

‘chlorinated Jibenzo-p-~didxins to warrant attention and

further investigation as to a possible source of .

~ environmental contamination. -



l.4 PReferences

Holmes, P.A., J.H. Rust, W.R., Richter, and A.M. Shefner
(1978). Long term effects of TCDD and HCDD in mnice
and rats. In: Abstracts of N.Y. Academy of Sciences,
Science Week (June 21-30, 1978} on The Bcientific
Basis for the Public Control of Environmental Health

Hazards,

Kociba, R.J., Dow Chemical (1977)., Letter and attachments
to Thomas Holloway, EPA. September 7, 1977,

Moore, J.A. (1977). Memorandum to Director, NIEHS (March
21, 1977). Subiject: Studies on Possible
Pentachlorophenol/Dibenzodioxin Intoxication Progress

Report #2.

vVan Miller, J.P., J.J. Lalich, and J.R. allen (1%77).
Increased incidence of neoplasms in rats exposed to
low levels of 2,3,7,8= TCDD. Chemosphere & (9):

337-544.




Coa. stmumr of CHEMISTRY and ENVIRONMENTAL BEHAVIOR |
' Df PENTACHLOROPHENDL and ITS CONTAMINANTS

: 2.1 Pcntachlcrcphancl and lts Uses'

S Pentachlcrcphencl (FCP) is-a compound of hlgh and
. dlvaralflad blclcgical act1v1ty.; It has been shown to be
. an effective contact poison. agalnst bacteria, fungi and
higher plants and is also toxic to animals,  PCP has been
‘registered for a wide variety of uses, 1nclud1ng as ‘a wood
'preaervatlve, an herbicide, a. slimlclde, a2 preservative for.
hardboard- and paper, a leather preservative, an additive
in paznta, and a'treatment in greenhouses, The principal
‘use. of PCP, howéver, is in wood treatment as either the
free phancl dissolved in a ‘petroleum carrier or as the
sodium 'salt in a water based dip treatment. . PCE has been
‘used for over 40. years in wood treatment. The current
" level of prcductzcn and use in the United States is
probably in excess of- 50 million pounds per year. The
‘manufacturing capacity is aatimatad to be approximately 70
mlllan pcunda per year.,"

-2.2. Manufacture of PCP and 1t3 Ccntaminants,'

‘ PCP in. the Unztad States 15 manufactured from phencl
by a catalytic chlorination proc¢ess. During ¢hlorination,
the temperature must be’ maintained atiove the melting point
' of the products formed; thls,'lt 1s felt, contributes to ‘

. the side reaction that gives rise to ¢ontaminants. -

Commezeaial technlcal BCP ¢ontains other chlorinated
phenols, among them the 2,3,4,6~tetra isomex,. tracas cf
trichlorophenol, chlcrinatad d1benzc-p-ﬁicxina, chlcrlnatad
'dibenzofurans, chlorcphenoxy phenols, ¢hlorodiphenyl .

' ethers,. chlcrchydrcxyd1phenyl ethers, and traces of avan

more complex reaction products of phenol. Most:
chlcrcbenzcdlcxlna are the by-products about which’ thera

© are the" greataat concerns. Analyses of PCP have revealed

- that the pr1nc1pa1 chlorodioxin and chlorodibenzofuran

' ccntamlnanta -are those containing six to eight chlorines.:
The highly toxie 2,3,7 B-tetrachlcrcdzbenzc-p-d1cx1n {TCHD)
has, not been 1ﬁant1fiad in any sample of PCP that has been
analyzed.  ‘The. compositions of a aampla of commercial PCPp.
and of a sample of purified PCP ara given in Table 2.1. A
 repraaantativa dlatributicn of 1acmera is glvcn in Table
2.2,



TABLE 2.1

Comparison of composition of commercial grade
and purified grade Pentachlorophenol (PCP)

Analvtical Results

Component Commercial® . Purifiedl
=SIPenens TDowicide7) (bowicids Ec-7)
Pentachlorophenol : 88.4% 89.8%
Tetrachlorophenol 4.4% 10.1%
Trichlorophenol 0.1% 0.1%
Chlorinated phenoxyphenols 6.2% e
Octachlorodioxins 2500 ppm 15.0 ppm
Heptachlorodioxins ' 125 ppm 6.5 ppm
Hexachlorodioxins ' 4 ppm 1.0 ppm
Octachlorodibenzofurans 80 ppm 1.0 ppm
Heptachlorodibenzofurans 80 ppm . 1.2 ppm
Hexachloraodibenzofurans " 30 ppm 1.0 ppm

gSample 9522 A
Technical 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 | : " ' ECP PCP=Na .
1,2,3,6,7,9=ClgD 1 0.5
1,2,3,6,8,9=ClgD | 3 1.6
142,3,6,7,8~CL,D o 5 1.2
1,2,3,7,8,9=CLgD .' 0 0.1
1,2,3,4,6,7,9-C1.D 63 16.0
1,2,3,4,5,7,8-cl7n 171 22.0
1,2,3,4,6,7,8,9=ClgD 250 110.0
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‘2.4 Detectlon and Quantlflcatlan of PCP and its

 2.3  - Properties df PCP and 'i"t's 'ca-nta'minants

‘The phy51¢a1 prapertles of a compound play an

- important role in how the compound. behaves under different

conditions,  These properties influence the mobility of a

_compound in air or water, its ability to adsorb to -

surfaces, and its disappearance due to some type of
degradation. ' /This béhavior relates to the route and rate
of exposure . by which a compaund might be received by man or
other organisms, For these reaséns the properties of PCP

©oand 1ts principal contaminants, ‘dioxins and dlbenzofuranﬁ,

s far- as pnssible, were evaluated in this report. (See . .

‘Tables 2,3-2.8. } From these tables of physical prepertles‘
it is ascertalned that PCP has a higher vapor pressure, a

higher water solublllty, and a lower capacity for
adsorption than. the’ dioxins or dibenzofurans. For these
reasons PCP is likely to be far more mobile than the
dioging or the dibenzofurans. 'The dioxins ‘and

_‘dibenzofurans. would prabably ghow an enhanced prcpenélty
‘for adsarptlon and hence a; low availability. ‘

Cantamlnants

There are'a number of methods that nay be ‘used for

~ analyzing PCP;  these. include. colorlmetry, spectro-

photometry, and gas: ahromatagraphy (GC). Gas

chromatography is probably the most sensitive and w1dely

used method. It is routinely applied for detection and

‘quantification of PCP down to the parts per billion range.

Analytical methods employ;ng gas chromatography and mass
spectrometry have been devised for the chlorodibenzodioxins
and .chlorcdibenzofurans. The current state of the art for

' TCDD provides a reliable analysis down to the low parts per

trillion range, Gas: chromatagraphy alone xs adequate only

“for the hlgher con¢entratlons.

S 2. 5 ‘ Env1ronmenta1 Chemlstry

PCP has been faund in a numher of dlfferent :
environmental samplea such as house dust, air, water and

‘urine of presumably non-exposed humans. Frequently the

appearance of ‘PCPH in non-blolog1¢a1 samples can he :
explained by the proximity of a source of PCP, but in the"

_case of the" urine af presumably non-exposed humans the

explanation is more elusive, Tt may be that

| expasure to. treated wood. or . the ‘use of PCP as a

preservative ‘in . certain items afforda human exposure, but
another pOSSibllltY that cannot be ruled out is the

generation of pentachlorophencl.in chlorination of water or
.perhaps even the generatLQn of PCP by natural processes..



TABLE 2.3

Physical Pfoperties of Pentachlorophenol (PCPR)

Molecular Weight 266,35

Melting Point | 1919

Beiling Peoint 310°¢ {decomposes)
Density 1.887

Vapor Pressure ’ 1.6 X 10 4mm Hg (25°)

1.2 % 107 mm Hg (100%)
40 mm Hg (211°¢)

Solubility H,0 : 20 ppm at 30°¢
Solublility of sodium salt, H,0 33g9/100g
Partition Coefficient 1 x 105+01
Molar Refraction : 53.5

12
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TABLE 2.5

Solubility of Several Chlorodioxins in Various Solventg?

Solubility in mg per liter

solvent ~ reop Hxcpp (b) 0CDD
adetone 90 —_— ‘ 3
anisole ' - 2600 1700
benzene 470 1600 | 1000
chloroform 550 - 560
methanol 1o : - : §owe
toluene - 1800 1500
o-xylene — - 3600
water 0.0002 -— --

~= indicates no data
(2) Firestone observed that 1,2,3,6,7,8-txCDD is considerably

less soluble ip organic solvents thanp other HxCDD isomers,
The soclubility of the‘l,2,3,6,7,8-isomer in iscoctape is

®) pow standard 82-A, a mixture of 71l 1,2,3,6,7,8-HXCDD and
29% 1,2,3,5,7,9—HXCDD and 1,2,3,5,3,9-HXCDD.
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"Addltlanally, expesure to hegachlarabenzene {HCB} results

in excretion of szgnlflcant amounts of PCP in urine. Uptake

. of PCP by living organismg occurs quite readily, whether by
. aral; resplratory, or dermal routes. ‘The material is
‘excreted in urine either as free phencl or as conjugated -
Jnetabolltes.. ‘The . length ©of time for loss of the ingested
_ amount var1e$ w1th the. spec1es and rangas ‘up ko 90 hours.

‘The dlstrlbutlon of the dlbenZO-P-dlﬂxlnS and

';dlbenzofurans in the. environment. has .been less w1deiy

studied. For the nust part, ‘in: the stud;es that have been
conducted’ exposure was likely to have occurred through use
of materials. contalnlng these contaminants, Upon direct

exposure, both the chlorinated dibenzedicdxins (CDDs) and
. ‘the chlorinated dibenzofuransg (CDFs) are taken up and
“retained in the bodies of experimental anlmals.- CDDs and

CDFs, do -accumulate in tissues, but not as. readily as ‘some -

‘other chlorinated organic compounds such sas dleldrln, DDT
.-and ‘polychlorinated blphenyls. This would be expected on

- the basis of the partltlon coeffzczents 'found for one or
‘two members of .the series. TCDD, the most toxic of the

chlorinated: dioxins, has been shown to have a half-l;fe 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 llmltatlon of the nethad's sensxt1v1ty
(parts per billlﬂn range) ;

PCP as a. free phEnol has been founa 8 adsorb readily

- on many surfaces, especlally on seil, The adsorption ig
- greatest ‘wheri the molecule is un*icnized and- least when it .
is in the form of a. sodlum salt or at a higher pH value.

It has been found, at least in, water, that even the sodium
salt is readlly adaorbed by suspended part;culate matter

‘ and carrled o tha bnttcm of ‘the water caurs&.,

Pentachlarophenol ig’ susceptible tc photochemical
degradation, particularly in the’ presence aof other '
substances. PCP photodegrades in water and variaus

‘solvents to’ yield a variety of products.‘

* The, CDDs and’ CDFs are relatlvely less moblle than PCP.

“Their vapor pressures are substantially lower and their
prcpenslty ‘for adsarptlon greater. Degradatlon Df CDDs  and
CDFs in .the environment, particularly in soil, is ‘

u ‘substantially slower than for PCP. Whereas BPCP degrades. in
30-50 days in moist 'soil, the. half life of TCDD was found

to be approxxnately one year. - Photodegradation ctzTCDD,_

H":lS'  ‘ 

= -



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 &ontaminant of technical
pentachlorophenol is the octachlorodibenzo-p-dioxin, or
QCDD. 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 chlorodioxinsg 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 PCP and its contaminants may be found in Appendix C,
Section 7. : ‘

2.6 References
Ahling, B. and L. Jahanssnn'(l977). Combustion expériments

using pentachlorophenol on a pilot scale and
full=scale., Chemosphere B (7): 425.

Stehl, R.H. and L.L. Lamparski (1977). Combustion of
several 2,4,5~trichlorophenoxy compounds: - formation
of 2,3,7,8-tetrachloro~dibenzo~p—dioxin. Science 197:
1008,
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- 3. TDXICDLOGY
‘3.l'e Toxlcxty ef Pentechlerephenel ln Lebaratery Anlmels

The wzdespreed use of pentechloraphencl {PCP) as -an
antimicrobial agent and the likelihood of commercial
. products being contaminated with eertain highly toxic
“polychlorznated dibenzo-p~d1ax1ns ‘and dibenzofurans
' necessitate-a teview of the toxieolcglcal information
_currently &vailable, aAlthough this review is.primarily
- qoncerned with data on PCP per se, evalleble data on
“?cemmerclal eemplee are lncl d"?br eemparatlve purpeees.

: , Results of eeute toxlcxty etudzee by eral, dermal,
- -and Lnjectlon routes, repeated 'oral exposures of 3-8

. months, a twowyear oral test with PCP containing very low
levels of contaminants, mutagenic and teratogenic studies,
and a recent study on the. effects of PCP. on metabollzlng
enzymes are rev1ewed ‘ : :

R “sample Studles

‘ Table 3.1 lzsts ‘the. compoeltxen of the eamplee used
in’ the long texm studies.. 'The PCP content varies frOm g5%

RS 99%, There is no evidence of the presence of 2,3, 7,8~

‘jtetrachlerodlbenze-p-dlexln (TCDD), the most tex1¢ of the

- pelychlorinated dibenzo-p-diexins. The 1,2,3,6,7,8=
;hexachlored1benzo-p—d1cxin (HxCDD) 15 the major hexa Lsomer
(Buser, -197%;1976). 'The 1,2,3,7,8,9~isomer has been - .
~reported to produce ¢hick edema. (Cantrell et al., 1969).
 The octachlorodibenzo-p-dioxin (OCDD) has shown little’
toxigity,. pcsslbly because of its low eelublllty. ‘The -
objective in recenk years Has been to reduce the levels of -
‘polychlorinated dibenze—p—dloxlne and polychlorinated
_‘dlbenzofurens te a mlnzmum in the eenmerc1al samples.

-3, 1 2 Acute Toxlclty

o oral: The LD50 for PCP in male rats hae been :
;-repcrt_a__s 78 myg/kg (Deichmann et al., 1942), 90 mg/kg

" (Gabrilevskaya and ‘Laskina, 1964), 146 mg/kg (Gaines, 1969)
- and 205 ig/kg, the last being Dowicide BC-7 (relatively -
-pure), For. the female rat, it was - 135 mg/kg ( Dow. Chem1ca1
;Co. Summery, 1969) anﬂ 175 mg/kg (EC—?} (Gainea, 1969).

‘ . The LD fer miee was. reported as 130 + 9. 5 ng/kg
' (Pleskova: eng Bencze, 1959), 100=130 mg/kg for rabbits

. {(Deichmann et al,, 1942); for guinea pigs, 250 mg/kg '
‘.(Gabrllcvekaya and Lasklna, 1964) and fer swine :120 mg/kg :
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'(Herrleon, 1959).1 Drelebech (1963) hes reporte& an eetlneted
b doee for men to be as low &s 29 mg/kg. '

These data would suggest that BCR has moderate ecute
oral toxlclty, but that the. LDgy value may vary with the’
. gquality and gquantity of contaminants. Man would’ appear to
' 'bé more susceptible than .the rodent and the femele to be e
"more susoeptlble then the male.

' ', - gkin Abso tlon. When PCP in an organic solvent was
[ rapplied to.rabbit.skin under occlusion for 24 hours, 200
-mg/kg was lethal, but. lOD mg/ ke and 30 mg/kg were- not {Dow,
1969). The LDg for rats has been reported as 96 mg/kg,
105 mg/kg, and 920 mg/kg (Demldenko, 1966; Noakes and
Sanderson, 1969; Ge;nee, -1969) and thet for mige as 261 * 39
‘mg/kg (Pleekove and Bencze, 19593

: Suboutaneoue In'eotzon* The' LD for the ret was
100 mg/kg, for. the rabbit 70- mg/kg i in olive oil) .
(Deichmann et el., 1942), for miee 3 + 3.2 mg/kg (Pleekove
and Benoze, 1959).,‘ ‘ ‘

. Intravenoue In'eotlon-“ The loweet doee of FCP‘_ T .
reported. kiil rahbits was 22 mg/kg (Kehoe et al., '1939), .

”when it wae 1netilled as. e l% equeoue eodlun penteohloro—

'phenate. 4}," LR :

. Inhalatlon-* Exposure to 5 mg/l duet for one hour dld
not klII male and. female rats (Reirhhold Chemicals, 1874).
Demidenko (1969) reported the LDEO by lnheletion to be 225 -
‘mg/kg for rats and 355 mg/kg for mice.. .'The exposure
concentration and the calculations to arrive. at the.LD
, doee were not glven in the abstract., Workers have reported

that the dust is irritet;ng to the muooue membrane of the
hose end throet o ‘ . .

: Irrxtenof Teete-f Rabblt eyee expoeed to eolld meter1al
_‘ehowed-s ight oonjunotivel and slight iritic congestion in
one of four eyes, Exposure of rabbit skin under ocelusion

caysed minimal’ irritation on. lnteot Ekln and el;ghtly more .
‘on ebreded skin. (Dow, 1969) ‘ ‘

Commerciel samplee heve produoed ohlorecne in the.
rabbit ear b;oeesay, whereas the purified material has not,
. Positive reactions could be produoed by topicel or oral

‘eppllcetron (Johneon et el., 1973).n

& Allerglo contaot dermetltls hes not been e problem 1n
. hendllng ‘the ohemloal.."

’
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Clinical Effects: Acute animal exposures have, in
general, caused amorexia, 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 Bencze,
1959; Demidenko, 19%66).

3.1.3 Subchronic PFeeding Studies

Johnson et al. (1973) compared the toxicity of
commercial PCP with improved process PCP and with a purified
PCP. (Thé commercial sample contained 85-90% PCP, 9-26 PEm
of HxCDD and 575-2150 ppm OCDD and produced chlorance of
rabbit ears and chick edema in bicassays. 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, 10 and 30
mg/kg per day (mixed with diet) were fed to Sprague-Dawley,
Spartan strain rats for 90 days. The purified and the
improved process PCP caused increase in liver weight at 30
mg/kg and 10 mg/kg and increased kidney weight at 30 ng/kg.
The commercial sample caused a décrease’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 1
impurities causing toxic¢ effects had been eliminated by the
new process, : -

RKnudson et al. (1974) fed PCP (Dynamit-Nobel)
containing 200 ppm OCDD, 22 ppm pre—OCDD and no detectable
TCDD 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 ppin 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 ppm in the diet, equivalent to
approximately 50 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

20



cytoplasm, vacuolea, lncluslons, 51ngle hepatocellular
‘negrosis; Sllght interstitial . fibrosis, and prominent” brcwn -
: pigment in: macrophages and Kupffer cells. By . electron.
microscopy, there was an increase in the smooth enduplasmlc
reticulum in the group fed technical PCP with léss change’
.in the rats .fed pure PCP. ' There were many lipid vacuoles"

'~ in the former. group and some in the latter. Atypical

mltochondrla were cbserved in the 11vers of both’ graups.

_ Goldste1n (1977) subsequently studled the differences
between the hepatlc effects praduced by commerc¢ial  and
- purified PCP'with- respect to drug metabolizing .enzymes and -
' presence of parphyr1a. Chemical analyses of the samples
- used are listed in Table 3.1, The technical g¢grade material
- contadined significant amounts of PCDD's and PCDF* 3, whereas
the purified material contained less than 0.1 pem of each

- isomer, the level of sensitivity of the method. Groups of .

&ix Sherman female weanllng rats were. fed pure or technical

. PCP at levels @£ 0, 20, 100 or 500 .ppm mixed with Purina -
Chow. Animals were saarlflced after eight months  and

. hepatic: enzyme act1v1ty and hepatlc porphyrlns were

determlned D o .

Techni¢a1 pentachlorophenol produced hepatic parphyrla
‘and increased hepatic aryl hydrocarbon hydroxylase
‘activity, glucuronyl transferase activity, liver we1ght,
cytochrome p-450, and migrosomal heme, but not N- . -
‘demethylase, act1v1ty. .The peak of the CO-difference -
spectrum of cytochrome p-450 was shifted to 448 nm, and
there was a dramatic inerease in the 455/430 ratios of the
ethyl isocyanide difference spectrim. The enzyme changes
were ‘observed at 20 ppm of technical pentachlarnphenol
‘lPorphyrla ccceurred ‘at 100 and 500 ppm. Pure .
-pantachlnrophenol had no- slgnlficant effect on aryl .
hydrocarbon hydroxylase dctivit liver weight, ¢ytﬂchrume

.. p-450; microsomal heme, the ethyl isoeyanide difference

Spectrum, ‘or Nademethylase activity at any dose level, bﬁtf
. did increase glucurcnyl transferase at 500 ppm, .Im
-~ .contrast, both: pure and’ technlcal pentachlaropheuol‘

| -decréased body weight gain. comparably at 500 ppm.. It was

concluded that' technical pentachlorophenol produces a

" number.of liver changes which cannot be. attributed to

“pentachlorophencl itself, but which are consistent with the
-effects of biologically active chlorinated d1benzo~p—‘
dloxlns and dibenzofurans. See. Table 3 2. -
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TABLE 3.2

BIOLOGICAL ACTIVITY

BCP

PURIFIED VS TECENICAL SAMPLES OF
Pure

Chick edema ' -
Chloracne -
Porphyria -
Increase in liver weight/bédy wt, -
Increase in liver enzyme activity +
Presence of pigment in liver cells +,=
Liver histopathology ' less‘
Depressed body weight +
Embryotoxicity , +

- indicates no presence

+ indicates presence

22
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3,1}4f. o-yaar Fasding Study

o Sohwots et al. (1978) oarrled out a two-yaar oral
study with' Dowxolde EC=7, a substance which the Johnson 90-
day study ‘had shown to act more like purified material than

commercial’ prsparatlons. Analyses of /the samplas ussd are
-given in Table 3.1 : . Do ‘

, Waanllng Sprague—bawley (Spartan-substraxn} rats were
divided into five groups of 25 males' and 25 females each.,

‘Thay were fed a test diet of ground Purina Laboratory Chow
‘mixed with PCP (dissolved in anisola), the amount being
adjusted on a monthly basis to provzda dose levels of 0, 1,

3, 10 or 30 mg/kg per day. The male rats were terminated

"rtafter 22 months ‘because of high mortallty in both control
. and test groups... The female groups were terminated after

24 months. . Gross and hlstopathologzoal axamxnataons wars

,‘performed. L ”.T\ S

Effacts,‘whlch the. authors attributed to 1ngsst1on of .

PCP at the h;ghast ‘dose lavel of 30 mg/kg per day, were.
(1) a signifloant decrease in body weight among female

ratsy (2) a 31gnlf1cant increase in serum glutamic pyru#io

transaminase activity in male and female rats; (3) an
increase in the specific grav1ty of urine among female rats

at the end of one year but not: at two years:; (4) an

accumulation of pigment in the liver and kidnays.;‘An

accumulation of pigment ‘in the liver and kidneys was also

observed in females: fed 10 .mg/kg per day. There were no -

- other slgnlfloant differences between test and control .
groups with respect to clinical.observations,: hematological

changes, blood and urine. <chéemistry, terminal organ weights

- .and pathologloal .changes. There was no evidence of

carolnoganzo sffsot, tunors: being similar in number and

kind ‘in both test and control groups, nor was there a llfa4
‘,.shortsn;ng sffact attrlbutablsfto the. tsst matar1a1.‘

It was concluded, thereforo, that dosas of penta—

_ohiorophanol as ‘high as 30 mg/kg per day fed throughout ‘the

life span produced only mild changes ‘which did. -not shortan‘

rtha llfs span oL altar ‘the inoidsnos of tumors.

‘The rasults are conaistant with thoss found- by :

) ‘Goldstaln 1977) when. doses of approximately 25 mg/kg per
- day of purlfisd material fed for eight months caused wa;ght
- logs. .However, dark pigment: in the liver reported by
;Schwetz et al. (1976) was obsarvad by Klmbrough (1972)



in the livers of rats fed technical materials, but not in
those fed purified PCP at doses of 50 ng/kg. An lg8-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/M” caused threshold changes in an unidentified
organism, but no details are given in the abstract. Based
on this study and on observationg in the workplace, maximum
allowable concentrations were determined to be 0.1 mg,/M
(Demidenko, 1969).

The American Conference of Governmental Industrial
Hygienists (ACGIH3 has established a threshold limit value
(TLV) of 0.5 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)., ,

3.1.7 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 § mg/kg {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., 1974).

Oral administration of PCP to the golden 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, 1%373).

Pregnant rats (Charles River-CD Strain) weras given
60 mg/kg 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).
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3.1.8 Summary

fLaberetery etudres to evaluate the thl¢1ty of PCP as

a wood. preservative or pesticide began in the 1930's and
 “have continued to ‘the present time. 'PCP isg eenerdered a

toxic compound an economic poison, whose tox1¢1ty may vary '

‘depending upen the 'quality- and guantity of contaminants

which vary with different manufacturing procedures. '
Samples were not adequately characterized until recently

" when some insoluble contaminants were recognized to be the °

_shlghly toxic polychlorinated dibenzodioxins and furans. Due
to the dtffieulty of separating the isomers and in :
~¢bte1n1ng ‘'standards for ‘analyses, there are many gaps in

the toxicity data, creating uncertainty in any—eveluetien o

‘ of the pﬂtential hazard

An ettempt muet be mede te dszerentlete between the

:‘clinlcal and’ pathologlcal effects of PCP, the related :
' phenele,‘end its likely contaminants, reported as (1) hexa—,.
hepta-~ ang ectachlorodlbenzediextne and ' (2) ‘héxa-, hepte— and

octachlorodibenzofurans, In addition there may be

-chlerephenexyphenole and ehlerlnated “diphenyl ethers. ;
(reported. in European samples) whose ldentifieatiOn, ameunte,

and toxlcity have nat been evaluated

‘The’ anrea31ng ‘oral LD- 0 values threugh the years
are prebably ‘related to improved- preceee procedures,

‘being reported in 1942 as 78 mg/kg and in 1969 as 205 mg/kg
 for male rats, PCP is easily- -absorbed through: the skin,
- the LDr, for rabblts being similar to that by oral

dosing “when the. material was epplred in a lipid. selvent

- under occlusian.‘

_ In general, acute exposure of enimale has 1ed to raprdi'

‘development of high body temperature, increased- reeprratery_

rate, moderately elevated blood. pressure, hyperglycemia,

. and mueele weakness, terminating in eephyxlal convulsions
Cwith cardiac arrest, which tends to occur in lessg: than 24

hours. Pathological examinations showed extensive damage
to the cardiovascular system, These changes resemble those

‘, preduced by the related phenolic cemgound dinitro=- :
gorthecreeol (DNQC):, Barnes (1957) concluded that both DNOC

and PCP interfere with production of high energy phosphate

‘cempeunde essential to cell respiration, This interference

causes stimulation of. the cell metabolism .to the toxie

. stage with accompenytng fever and the other elin1ca1 elgns
_'deecribed ebove.- "

R
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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 he 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 microsomal
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. The data showed that at
higher levels there were some functional changes which did
not result in a shortening 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 hazard 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 dees 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
iz supported by Western Electric (Ochrymowyeh, 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 f£rom 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
recommended, -

4. Trace contaminants in the form of chlorinated
dioxins and chlorinated dibenzofurans are present in bio-
logically active amounts. Due to limited knowledge of the
amounts and toxicity of the -isomers present, only tentative
conclusions as to their contribution to the total toxicity
picture and the extent of the hazard to the general public
can be made. "
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3.2 Toxicity of-Chlorinated Dioxins and Dihenzafurans
3.2.1 Tbxicity of Chlorinated Dibenzo-p-dioxing |

1t 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, enly six are predicted and
have been found in pentachlorophenol (Stehl and Crummett,
1977; Vogel 1977). Of these six, two (1,2,3,7,8,9- and
1,2,3,6,7,8-hexachlorodibenzo-p~dioxin) would be expected
to have marked toxicity given that the 2,3,7,8, positions
are halogenated., Previous toxicity studies have shown that
the single oral LDgy of these two isomers in guinea pigs
ranges between 60 and 100 ug/kg (McConnell et al,, 1978).
The comparative toxicity of various dibenzodioxin isomers
does show a positive correlation between in vive toxicity and
the ability of these isomers to induce arylhydrocarbon
hydroxylase (AHH) enzyme systems in chick embryos (Poland
and Glover, 1973). Utilizing AHE induction data to predict
toxicity, one predicts several orders of magnitude decrease
in the toxicity of the other four hexachlorodibenzo=p=-
dioxin lsomers (1,2,4;6;7,9"; 1'2’4'6'8’9-' 112;3p6y719“‘
and 1,2,3,6,8,9=), Specific toxicologie evaluyation of the
other isomers has not been performed.

Chronic (two year) toxicity studies of a mixture of
two hexachlorodibenzodioxins is in progress at the Illinois
Institute of Technology Research Institute through an NCI
contract, The two isomers present in this mixture are the
1,2,3,6,7,8 and 1,2,3,7,8,9~hexachlorodibenzodioxins. &
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., 1873). 1In teratology studies,
this hexachlorodibenzodioxin mixture was found to cause
maternal toxicity in rats at a dose of 100 ug/ky/day; doses
of 10 or 100 ug/kg/day of hexachlorodibenzo-p-~-dioxins wera
highly lethal to fetuses during late gestation. ‘he weight
and length of surviving fetuses were also significantly
decreased. A significant increase in fetal abnormalities
was observed in offspring from rats that received the 100
ug/kg/day dose. Subcutaneous edema of the fetuses was
observed at a 1 or 10 ug/kg/day dose, whereas the 0.1
ug/kg/day dose did not yield any fetal anomalies. Schwetgz
et al. (1973) also produced chick edema in birds treated
with 10 and 100 ug/kg/day of hexachloredibenzo-p=dioxin,
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3. 2 2. leenzofurane

: There are twu heptachlorinated dleﬂZGleXLH isomers
possible, both of Which have been found  in pentaehloro-

e‘phenol . 0f these two, the 1,2,3,4,6,7,8= isomer would be

expected to be the more toxic. Speeiflc toxicity studies
on this. isomer are lnccmplete. 'In:a .qguinea pig toxicity

 study, animals survived. a single. .oral dose of 180 ug/kg
- with.little or no toxlc1ty observed (McConnell et al.,
21978) . Further studies are ¢urrently in progress. at -the

Netlenal Instltutes of Environmental Health Sciances

"(NIEHS) in which guinee pigs are rece1v1ng deses of. 200,

400, or 600 ug/kg.

The thiclty of octechloredibenza—p-dloxln is: not.

hknown. Oral doses'of 1 g/kg did not cause death in five

female rats or in four male. mice that received 4 g9/kg

(Schwetz et al,, 1973).' In’ a teratology study with

octechlorod1benzodxoxin, no signs of maternal toxicity were
obsérved in rats thet received" either .100 or 500 mg/kg/dey
of OCDD. - No increase in fetal absorptiona or fetal
anomalies was observed at the 500 mg/kg dose, The

. incidence of subcuteneous edema was sxgnlflcantly

increased. In a chick edema bicassay, edema was not o : -
observed in chicks: that were maintained on. a diet -

o centalning a. 5% OCDD fer 21 days (Sehwetz et al., 1973)..

" fable 3. 3 Summarizes relative dibenze-p-dloxln/

'dibenzefuran toxicity where data are available, Comparative

toxlcologlc data show that the pattern of toxicity caused

by dioxin'isomers is the same as that produced by TCDD

(McCennell at. el., 1978). Experiments with carbon- 14-

. labelled TCDD indicated that dioxinsg pass. the placental
barrier and are secreted in milk (Moore et al.; 1976). It
" has been. shown that TCDD causes. immunosuppression (Vos and
_"Moere, '1974); increased Suscéptlblllty to Bacteria (Thigpen
- et al., 1975) and’ fetal deeth or blrth defects (Courtney

and Moore, 1971).‘

I

; Relet;vely little’ work has been directed toward the

f epeclflc indentification of dibenzofuran isomers: present in
" pentachloropheneol, ” Preliminary work' reported. by Stehl and
- Crummett (1977) records the presence of the 2,3,6,7- and

2,456,7~- tetrachlorodlbenzofurans ‘and the 2,3, 4 6 7-
1,2,4,7,8~ and 2,3,4,7, Bnpentachlorodibenzofurans as well
as the 1 2,3,6,7, S-hexachlorodlbenzofuren. Quantification

~of the- levels of these igomers in- pentechlorephenol was not

done due to. interferences with other chemicals (chlﬂrlneted"

"Jdiphenyl oxldes). Of the isamers reported, the 2, 3 4,7.8
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Zasie sapleg”

observedatthE'jqg/kg.dosE'ﬁhileonlyan increase in
- liver size wasfseanTat‘§h§‘l ug/kg‘§o$E;ﬁﬁIhE3Pattern of

Teported. in stuydijeg

g'Recentstudie§ étfhezﬁatiqnalfxn;titute of

EnviranmentalHealth:SqiencES,haveidentified"thepresence

of héxa—,hepta—,~andycctachl¢riﬁatedgﬁ1benzorp-diaxinsin
tissues from a dairy hard'inuuidhiganyi The,reaults,of‘f
-didxin‘analyses pf_tissue‘samples‘taken fxrom the herd are .
Summarized as follows: L e,
:Number‘af‘-‘Numbez‘of‘Samplgs in which Detected

H ctadiaxin“aeptadioxin Hexadioxin

Liver 315 . s s 9
Pag T3 T e SR
- Range (ppb) - ,0.23-4700 0.03-12.0 '0.01-1.3

A pasSiblesohrce”qfthesé3tiésue;ccntaminanta.wasPCE~

treated”W0nd[usedfin‘thEgconStructian Of a new barn in

'whichthefcbws”w&r&\houseﬁ.amdfedQ{Mbo:g,'IBTT);

“Although the presenCEJdf-tdxic“chlﬁrinated'dioxiﬂsin.l-

.tissUES;cf‘focd\animals-iska~matter for‘seriaus:public

health¢qnbern;,thére-is-ihsufficient evidence to;tnneld&é*,
ants fro ‘

that contamin, r‘mchpét;gatea_wppd;were the cause of

illness in the.uighigan-cqws,.VanGelde: (1977) concludeq
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3.3 Human Peisoning Involving PCP

The EPA Pesticide Episode Review System Report (PERS)
No. 60 describes polsconing espisodes involving
pentachlorophenol which o¢curred from 1966 Lo 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 invelving children occurred at home
and one at a job site, Eleven episodes involving 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 cccurred at lumber~treating
establishmentsg. ‘ :

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

Five episodes occurred during oceupationally-related
agricultural activities. One of these involved a child who
was splashed with the chemical while watching a man 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. 'HBe 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. This was
diagnosed as mild chemical conjunctivitis,

In another job=related incident, an employee at a
greenhouse worked for several weeks around benches which
were treated with the chemical; he subsegquently developed
headaches and chronic coughing.

'In one incident the affected person was working inside
a2 school building while pentachlorophenol and bromacil were
being applied nearby. A guantity 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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. 8ix episode reports <éncerding ‘incidents’ assaciated
‘withnqgcupa;ipﬂally+related,operations.did not specify the
“type of job the affected individual was engaged in at the

time of the accident.,  Five af,thésé;w&re‘minar”reactions-

. to the’chemical; however, the remaining episode. resulted ip -

‘.- August through November 1974..

‘the ‘death of the victim, _In this episode the individual
ingestEdﬁthe'pésti¢ide'which'was.in an unmarked hottle. |

- The man mistakenlylthaught the_bott1e contained water; he .
died ehroute to the hospital, - = o o .

o ‘fh”additiéﬁ;tb‘thbsefepisddés which ocecurred during
jobwrelated‘activities, 14 others toock placelin'the,hqme.'
Of these, 11 involved adults ‘and three idvolve§,¢hildren.

.~ . Of the three episqdes'invqlviﬁg'childrén, one
- Qccurred- when -a child spilled the chemical on himself,
B resulting'in.a'mildfdermatit;s;-qne invelved a S~year old
who took a.small amount of the chemical into his month
Without'swallowingfandhrecaveer,nthe only symptoms to
develop were nauséa’ and vomiting; and one -in which the
report didﬂnqtfspecify‘thegcir¢umstanCEs of the episode.

.+ All of  the episodes affecting adults in the home were

"the result ofpapplicaﬁian‘Qf‘pfbducts‘containing .
pentachlorophenol to the home. Five of these involved
- reactions pfjpgrsqns‘othér‘than‘:he;applicator.tq the.
- chemical after it was applied. . Commonly reported in this'
~ type of involvement,was 2 protracted period of illness =
‘which ihcreasgd‘in“sevgfityﬁoverutime.‘.Th;eejepisodes‘were
‘reportEd'infwhiah-individual&“who;applied=thE‘m;terial were
affected, One &f these was a minor«reactimn:'ﬂoweverghW
those remaining 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'ccugh-pErsisting‘frqn-at:least
- This was allegedly in ‘
response to an initial.pEriQduof-chemical.application, with
more‘severe45ymptnms~occurring;after_a second pericd of
-application, ~The man was hospitalized for an extended
period;,,In-the,atherzincident-the subject had a number of
-manifestations ¢cmpatibleiwith.poiSQning by penta- . - -
¢h1oréphen¢lfarRother-pplychlqrinated phenols shoxtly after
"gxpasu:e~to"the'prcdu¢ttﬂiThese;iheluded excess A
perspiration,.nausea;withoutmvomiting,‘abdominal'pain, dry
mouth, listiesﬁnegs,:éndigene:alizEd dermatitis. ' shortly
afterwards she aIEQ'develqpedfgeneralized,pruritus and

' several Peripheral nerve manifestations, particularly - \

numbness' and pain in’ the left first dorsal segment,
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generalized paraesthesia and Herpes Zoster of the tenth
right dorsal segmént.

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 effacts 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 c¢an 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
medical attention required in the 47 episodes of alleged
human poisoning from pentachlorophenol aleng with the
circumstances surrounding the episodes.

A study (Sato et al,, 1978) conducted in Hawaii from
1367 to 1973 examined the c¢linical findings in workers
exposed to PCP, The concluding statement reads as
followsg: :

"The information gathered in this study suggests that
despite high chronic¢ exposures to PCP, individuals in
the wood treatment group of workers had not undergone
any serious health effects from this exposure. The
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 eve, and of the
mucous membrane of the upper respiratory tract., No
long=time (sic) effects could be elicited in the exposed
group."

3.3.1 References

Sato, N.M., H.W. Klemmer, L., Wong, E.L. Reichert, R.J.
Rorsak, and N.N. Rashad (1978). Clinical findings in
workers exposed to pentachlorophenol. Draft report
USEPA, Washington, D.C. \
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_Hoepltellzatlen fellewedj]‘h‘-xngestlon

TABLE 3 4
_ Dietrlbutlon ef Buman Episcodes Resultlng
from Exposure. to Pentachlorophenol . by- Medleal
. Attention and Circumstances - .
(PERS 1966 te September 1, 1976)*+ .

Total Number

o Medicel'Attentien‘ ;- o Z,jcircﬁmstancee - of Episcdes

by death L B S =Chronie Exposufe
o : ﬂUnepeclfied '

Hospltallzatlen fellowed; ‘Q-Treated weod at home
‘ by recovery L . ,=Attempted’ suicide
' . . =Ingestion: ‘
. - . - H‘—Exposed durlng neerby h
N application ‘
! . L =Contacted chemical durlng
U applicatlon .
. =Spill
o . =Reaction to treated heme
', ]L::f ‘:-Unspeclfled o

Medlcal attentlon at-a -Centaeted chemieal durxng .
. doctor's office or . appllcatien C BN
emergency”reem oo -Exposed to tieatad Object -
L "‘f'w.'.-"3"‘—Conta1ner exposed ‘
.. =Reaction to. treated heme
. -Ingestion
- =Exposed during nearby
- ‘application
-‘-Contacted contamlnated
o ‘object
"—Unspeclfied

I I N l al o T R T A S

I

Efﬁeets not. requ1r1ng o ‘-Openlng conta1ner ,
Jmedleal attentlen . «Reaé&tion to treated home
\ ‘ . =Contacted chemical during
- ' application
~Working with treeted waod
'"Unspeclfled B

MR NN

—

ToTAL T

\*A ceuee—effeet relatlonshlp hee not been eenflrmed between the

pestlcide and reporteﬁ‘reactlons for all ef these epleedes.
}

+Frcm the EPA:P&Sth;dE Epieede Review_Syetem'Repert‘Nq; 60
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3.4 Human Poisoﬁings Involving Exposure to Chlorinated
Dibenzo~p-dioxins

Over the last 30 years a number of cases of human
poisoning have occcurred as a result of industrial exposure
to the chlorinated 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 dibenzofurans. '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 thase are exposures to TCDD.
Some of these reports (Baader and Bauer, 195); Jirasek et
al,, 1973; Jirvasek et al., 1974; Pazderava et al., 1974)
represent dioxin poisoning in factory workers involved in
the manufacture of pentachlorophenol; these would reprasent
exposures to chlorinated dibenzo-p~dioxins other than TCDD.

Chloracrie was the predominant sign of toxicity
reported in these workers. However, a number of other
symptoms have been reported, These include emphysema,
myocardial degeneration, toxic nephritis, Hypertension,
peripheral edema, anorexia, gastritis, 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 inecluding chloracne, hepa-
toxicity, embryotoxicity and teratogenicity.
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o chlorinated phenol products..

N

I ) o L o T, s A T ’ ' V.o
- 4.,g‘Mechanist@c*R&lationships‘in the Toxicity of Compounds
' Structurally Related to the Chlotinated - o

: Dibenzqrpfﬂiaxinsi :
. _The chlorinated dibenzo-p-dioxins appear as trace
CQntaminants‘in‘the‘ccmmarcial,synthesis of ‘certain
Clinical—epidemiolagi¢ ‘
. investigations of industrial ‘and environmental accidents
invelving these compounds and laboratory investigations
have established the extraordinary. toxic potency of certain
- chlorinated dibenzo-p-dioxins and the potential human

| ”-healththaza:dthhey pose.  lLess well appreciated is the

'similarKSpectruchfutaxic,éffects‘praduced by certain
chlérinated‘dibenchurans,fchlerinated azoxy- and azo-
benzenes,‘palydhlorinated biphényls-and‘polybrcminated
a groupzu‘l)qtheirysimila:jtakic spectrum, 2) their
isoste:ism‘in‘&hehical,structure;‘and 3) their similax
biochemical. aetions, . -~ : ' R

biphenyls. We wish to draw attention to these compounds. as

The ptoﬁdtﬁpﬁ dibeﬁzéuﬁ%diéxin, 2,3,?,3-£etra—‘

"chidrodibénzo-prdiaxin~TTCDDJ, Produces a number of ‘well “';

defined toxic actions in laboratory animals and human
‘beings. 1) Lethalit = While the cause is unknown there ig

an order oflspecles.sensitiyity-vguinea‘pigs and chickens

are veryﬂsensitive;jxats*and‘miceJmuch”less\sc. 2} Chlor-
ac¢ne and H EIkeratcsisu—.Repartedﬂin\humans, rabbits ang
‘hairless mice,™ 3) Involution of. Ly hoid Tissue - o
Particularly thymus, a s0.in spleen and lymph nodes. In
young‘animalS‘thiS‘is.reparted‘tq'be accompanied by -

. suppression of the:immuneyrequnSe. Thymic involution has
been seen in guinea pigs, rats and nice. 4) Terato=-

enicity, Embrvo Toxicit angd Fetal Wastage -~ Has been

emonstrated' in rats and mice. 5) Edematous Syndrome-Young
chickens (and occasionally in mice). 6) LIiver ToXicity -

Eeen‘in‘fats;Jrabbits“and*mice;_ Liver necrosis 15 greatest
'in rats and rabbits: diStinCt;histalogicndamage‘is seen in
mice. Little or no d age is seen in guinea pigs. 7)
Disturbance in porphyria metabolism ~ Induction of =

-amianevuIin ¢ acid (ALA) synt etas&Yin-chicken embryes. -

Porphyria in mice ‘and chickens ang presumably thé causative

agentxdﬁ‘pdrphypiafcutanea.tatﬂa”sgen in factory,wprkérs.

ThéqadmiﬁistraticﬂndfﬂTCbD‘ana ¢grtain&dther

‘lchlorinatéﬁfdibenzorpéaicxiﬁs to chicken embryos, rats and
. mice induces a number of hepatic enzyme dctivities, the most

. well‘studied,qf’thesa*being'ary; hydrocarbon hydroxylases

. (AHH) (Poland and Glover, 1973, 1974) and 6 . —-aminolevulinic
- acid (ALA) synthetase (Poland and Glover, 1973)., The =
capacity of halogenated dibenagep-diaxin‘isomers‘td induce
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hepatic ALA synthetase and AHN activities (in the chicken
embryo) was found to have a well-defined structure activity
relationship: 1) halogens in at least thrze and preferably
four of the lateral ring positions (positions 2, 3, 7, and
8); 2) the order of potency for substitution was Br> Cl» F»
NQ,; and 3) at least one unsubstituted ring pesition --
Qc%achloradibenzo-p—dioxin is very weak or inactive,

»

9 |
¢l Q 1

LCLTNT 0T N e

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

Recently, a binding protein has been identified .in
the cytosol fraction of mouse liver which binds TCDD
reversibly with a high affinity (Poland and Glover, 1976a).
The binding affinity of other chlorinated dibenzo=p«dioxin
and halogenated aromatic compounds for this protein
corresponds to their biological potency to induce AHH: this
and other evidence suggest that this cytosolic binding
species is the receptor for the induction of AHH activity,

Recently it has been shown that certain chlorinated
biphenyls show symptoms ¢f toxieity similar to the
chlorinated dibenzo-p~dioxins when administered to chickens
and to rats, Thus, 3,4,5,3',4',5" ~hexachlorobipnenyl
causes marked invelution of the thymus, loss of
subcutaneous and visceral adipose tissues, liver necrosis
and hydropericardium when administered to chickens
(McKinney et al., 1976). Quite similar symptoms are seen
in chickens administered either 2,3,7,8~tetrachloro= '
dibenzofuran or 2,3,7 8-tetrachlorodibenzo~p-dioxin. The
compound 2,3,4,3',4'-pentachlorobiphenyl has an LDgy of
about 12 mg/kg in the rat with death acgurring in about 11
days (Yamamoto et al., 1976). A marked decrease in body
weight, disappearance of fat from adipose tissues and liver
necrosis were the primary symptous of toxicity in these
animals., These symptoms are very similar to those seen
upon administration of 2,3,7,8~tetrachlorodibenzo=-p-dioxin,
2,3,7,8-tetrachlorodibenzofuran and other chlorinated
dibenzo-p~dioxins and dibenzofurans to rats. '
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‘ The majer synptcm cf tcxlclty in man expesed to the
halogenated dlbentc—pudlcxlne is chloracne, The cutbreak
of chloracne in workers ‘exposed to 3,4,3',4-tetra-
,chlcrcazexybenzene and 3,4,3 4'-te*rachlerearcbtn~ene hﬂa
‘regently been. reported (Pcland and Glever, l974b).

' These compounds, liké 2,3,7, B-tetrachlcrcdlbenzc-p—

dioxin and-2,3,7, B-tetrachlcrcd1benchuran, are pctent
inducers  of - arylhydrccarbcn hydroxylase. | They also have a

" high. afflnlty for, a receptor for 2,3,7,8-tetrachloro=

”ldlbenzc—p—dlcxln recently deacrlbed in rat liver by. Pcland,-
‘and Glover (1976a) N . .

Although the data is nct exteneiVe .at this: trne,
there appears. to be a etrcng correlation between toxie

' symptoms. prcduced by a number of halogenatsd aromatic

‘compounds.. . The- prototype ccmpcunde are ehewn belcw.

,O

¢l §?

B -'“\

N Ry o
2,3,7,8-tetrachloro- . . ' 3,4,3',4"-tetrachloro~

. dibenzo-p-dioxin . e azcxybenzene

2,3, 7 Sutetrachlcrc-' T 3,4,3 .4'—tetrachlcrc* :
‘dlbenchuran e - "pt_f),'- - blphenyl

-In examlnlng these prctctype ccmpcunde planartty is.

. 1mpcrtant.‘ In. the biphenyl series, .substitution at the
©2,2',6, or 6' position leads to. ncnplanar:ty and
‘1nact1v1ty. The general structure necessary. for theee o
toxic, effects appears to be 'a rectangle of about 10X by 3A

with halogens in. three cr preferably fcur cf the ccrners of
the rectangle. o : S :

- The current data euggeet we shculd nct vxew
chlorinated dioxing, chlorinated dibenchurane, PCBs or
~ PBBs, and chlcrlnated azcxybenzenes separately, but rather
_as a class.. This permits. anticipation of other potentially
“hazardcus ccmpcunds whlch n1ght be 1scsterecner$.
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6. APPENDIX B
f‘ o

. O,
§ &Nn 't; ' . :
i-\: hﬁ'ﬁ i UNITED-STATES ENVIRONMENTAL PROTECTION AGENCY
) ‘a,‘w‘p‘dl : T WASHINGTON, DG 20480

" January 12, 1977

OFFICL aF THE
ADMINISTRATOR

SUBJECT:  Charge to ad hoc Study Group on Pentachlorephenol Contaminants
‘ FR!J‘-I:_ Chairm~n, Envimméntal Health Advisory Committee
TG Study Group Mazbers

A recent inquiry from EPA has been referred to the Environmental
Health Advisory Cemnirran (E1AC). The requesr (attached) asks For
opinion as to the implications regarding hazard te humen heal<h of the
ebserved presence of varicus chlortinated dibenzedioxin iscmars i-,
pentachlorophencl FCP). o '

‘The Envirormental Haalth Advisory Committee foels that this inquisy
Provides a timaly CPROTUSIILY 20 review, rather mare breadly than tha
original inquiry immlied, the texicalogy and snalytical methodaligy
pertinent o both the chlevinatad dibenzofurans and the dibenzod:exin
isomers, ' , |

.- Accordingly, we ask the study groun to review and report in summary
form on the availabie Information (with particular emphasis an recsnt

work) on the chemistry and texicology of the ditenzadioxins and dibenzo-

To the exrent possible, it would also be desirable to comzer: on
the potential Fazard to hwoang whick can be areribured 0 registared
- uses of PCP aad the extent thar this kazard may pe mitigated by use of
the cormercis] Precess which results in lowey levels of tha contaminancs
of interest. It would ha most helpful if you ean ccrplete your work by
- March 25 so that tha Committee will have an ormertimity to study vour
Teport before acting to advise the Agency at its AcTil 19 meeting,

-Norton Nelson

€c: Emst Lindae
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7. Appendix C
7.1 Chemistry of Pentachlorophenol and its Contaminants

7.1.1  Commercial Synthesis of PCP and Formation of
By-Prcducts c -

Chlorinated phenols, including PCP, are excellent
bactericides and fungicides and have been widely used for
these purposes since the 1930s. Two commerical processes
are available for the manufacture of PCP. One pProcess in-
volves the alkaline hydrolysis of hexachlorohenzene, and
the other process involves direct chlorination of phencl or
a mixture of chlorophenols (Doedens, 1964; sittig, 1969).

Pentachlorophenol is produced in the United States
solely by the chlorination of phenol {American Wood
Preservers Institute, 1977)., The overall reaction

follows: ' .
" QH \ QH
- AlCl. (catalyst) CIT’J\“’C!
@ +5 01y — 25 1O e 5 e
130%C cl 1
Phenal - ¢

The chlorination is carried out at substantially
atmospheric pressure using two reactors. The temperature
of the phenol in the primary reactor at the start is in the
range of §5-13p°¢ (generally 105°C) and is held in this
range until the melting point of the product reaches

- 95°C.  About three to four atoms of chlorine are added at
this point:

¢1 et ~t1 cly 1

50



e - -

R c;', RO 4 PR 4! S IR

<l

I

- The tenperature is pr0greselvely increased to nalntaln'

a temperature .of about 10°¢C above the product melting: :
. point, until the reaction is completed in 5-15 hours. ‘The

o reaction mixture, containing about 80% PCP is a- llquld 50

that no solvent is required, but catalyst concentration 15
,crltlcal Generally, 3.0075 nol. ol anhydxeus e‘um_num

."ehlerxde is. used per mol of phenel

The off—gae from the prxmary reactor (largelv HCl
1n1tlally and chlorine pear the end) is sent to a. second
reactor (ecrubber—reecter system) eentalnlng excess phenol.

The redctor is held at such a temperature that the chlorine

is almost eempletely reacted to yield lowey chlorinated

phenols, WhICh may be Separated and purlf*ed or returned to
“the prlmary PCPR reacter.‘ The residual gas is eubeeantlallyj

"In the chlorznat;en of phenol to form PCE, there is a
' progressive increase in temperature to keep the reaction
mixture fluid, The h;gher ‘temperature not only favors the

primary synthetic reaction but also, to some extent favors -

fermatlen of the ver:oue centamlnanee Eound in PCP. S

The eompe51t1en ef technleal .PCP frem dlfferert .

- sources varles senewhet., The PCP content is in the range
~of 85-90%.  Several pexcent of other chlorephenele are also
presént, as well ‘as'a number. of impurities including
chlerephenoxy chlorophenols, ehlereﬂ:benveupadlcxxne,
chlorodloxzns (1500=3000 ppm), chlorofurans (200-600 ppm)}

© and chleredlphenyl ethers, 'The structure ef these various

1mpur1t1ee is shown belew.

:The preeence ef hydrexydlphenyl ethers in tetre- and
pentachlorophencl ‘has been discussed. by Swedish chemists

(Jefisen -and Renberg, 1972 Nlleson and Renberg, 1974- Rappe

and Nllsson, 1972)

m-—@[ c!., c-@w _f'i'c;-'"'ﬁ_l'y c;-‘-""\"c[ , cx

Cﬁleredtexin - Ch!ere.uran ‘:. - Chlerepbeﬂewy c&lcreﬂhene!

preelex:n)

o, -@ _ C,.. l C"@ C

, ch!ercpkenexy cﬁlcraphenel o chiored:pheny' ether

(i;aprednaxnn) .
REe e
aug\cn T

¢hleradshydrexydlphenyl e:her




7.1.2 Composition of Commercial PCP

Results of analysis of a commercial pCp (Dow%cide 7,
Sample 9522 A), produced by Dow Chemical'CQmpany in June
1970 (Dow Chemical Co., 1971), gnq a purified gra@e of PCP
prepared by distillation of Powicide—7 are shown in Tablg

7.1.

The results of recent analyses of a number of domestic
(Dow) PCP samples for chlorodioxins and chlorofuranSQby'
Swiss workers (Buser and Bosshardt, 1976) are shown in

Table 7.2,

The results of analyses of hexa- and octachlorodioxin
in various domestic PCPs (Crummett, 1975) are presented in

Table 7.3.

Comparison of ccmpoéiticn;of commercial grade
‘and purified grade Pentachlorophenol (pCP)

Analytical Results

Component . Commercial® Purified®

' (Dowicide 7) (Dowicide EC-7)
Pentachlorophenol 88.4% ' 89.8%
Tetrachlorophenol , 4.4% C10.1%
Trichlorophenol 0.1% ‘ 0 0.1%
Chlorinated phenoxyphenols 6.2% : ‘ —
Octachlorodioxing 2300 pem 15.0 ppom
Heptachlorodioxinsg 125 ppm 6.5 ppm
Hexachlorodioxins : 4 pom 1.0 ppm
Octachlorodibenzofurans . 80 ppm L. 1.0 ppm
Heptachlorodibenzofurans 80 ppm _ 1.8 ppm
Hexachlorodibenzofurans 30 ppm , 1.0 ppm

gSample 9522 A
Technical grade PCP raduced by distillation
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Table 7 2

Ch?arod1ox1ns and Cn]cro;urans 1n Dcw PCP Prcauc

: (Busar and Basshardt, 1976)
L, Pcuuca)nnm L peor{Boen
'Samnlés',' -Hexaw ne , Oc:a—‘TTetra- Pentae Hexa- n=5'=- LCTa=
 PCP(EC-7) 0,18 "1t 5.5 0,48 - 0,03 0.3 0.5 0.2
PCP(EC-7) 0,03 o.s‘\ 8.0 <0.02 <003 <0.03. <0.7 <01
el e g5 te0 itz 0.5 15 - s - dgs
coeelel e a0 a0 0.5 . gu2s 3 33w 2o
eer-nl® 34 a0 M5 sz 00 11 so e
\.Ftp;;g,.;_]‘la 0130 210 0.20 0.20 13 .70 55
LoPeR . s, 4 130 370 007 0.200 . 9 & 65
' (a) PCEO 3 Po1Jcﬁlardibenzo-p-diox1n |
(b)) PC"*F PoTycMcrcdwenzufuran

(c) Daw prcduct supp11ed by FTuka, a Taboratary c*em1cal supn?xer.

Sample Mfgr' l

”Table 7.3

Hexa~ and O¢tach1orcd1¢x1ns in Domest1c PCPS
(Crummett, 1975)‘ A ‘

.._1

A0ppm
.. N.D.,
Lo too. o 15
B 1 -
" Reichhold . .. '20
R & &
R 23
oM Y U NLD.
. Méonsanto 15

:VTVuléag‘ u

W00 GV LN LS B

:  10 ﬂk--“,;*'k 120

11 .. 15
12 " ‘Dow N.D.
13 e WD
14 . - N.D.
.15 m. 16
e .. " o 16
17 SRt 5

‘k.Hexachlorcdioxlna‘

1700ppm
N‘DO‘
$2500°
3600 -
- 700
- 600
© 800
. N.D.,
- 1400
1100
1900;.
NPT
2
" N-iDt
- 1500
1800
3400

.D¢ta¢hluroaioxinb \

fa)"Detectlon llmlt 0 3 ppm. except for sample 8 whxch is 2

. pPpm; N.D. = nob detected,

ppm, N. D ;'not detected

‘(b) Dection: limi¢ 1 ppm, except for sample 8. whxch is 6



A composite lot of PCP (Lot 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 GC-MS
analysis of a sample of Monsanto PCP):

Hexg~ Hepta- Octaw
PCDD, ppm 11 199 1170
PCDF, ppm 19 a1 - 137

Since the structure-biological 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
information is available on the levels of individual
chloredioxin or chlorofuran isomers in PCP. Estimates of
the relative amounts of hexa- and heptachlorodioxin isomers
in PCP (Dowicide 7) and a sodium pentachlorophenatea
(PCP~Na) sample examined by Buser {1975, 1976) are given
in Table 7.5. The levels of individual dioxing were
estimated from chromatogram or mass fragmentogram peak
heights and the total recorded concentration of hexa- and
heptachlorodioxins, \

Table 7.4

GC-M5 Analyses of Monsanto PCP
{Goldstein et al,, 1977)

HxCDD B pem
HCDD 520 pem
QCDD 1280 ppm
PCDF 40 ppm
HCDF 90 prm
HpCDF 400 ppm
QCDF 260 ppm

The Dow 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 examinatien of three Mow
products for hexachlorodioxin isomers are shown in Table
7.6, .
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Chlorodioxins

- Chlorodioxin

E

Table 7.5

“in a‘écmméréiéigPCP and
‘ ,(Buse:y"1975, 1976)

i

Ipcp&wg Sample

ppm Chlorodioxin in.

=
3
5

-

. 63
171

- 250

- PCP-Dowicide 7 ~ DPCP-Na

e o
Peak - HxCDD. Isomér -

‘Table 7.6

' Relative TIsomer %, HxCDD Concentratio

' ‘Hexachlorodioxin (HRCDD)'Iéometﬁ.inﬂThréé Dow Products -
.as De:erminedjby-Gas-Liquid'Ch

by hromatography (GLEY
.j‘[‘(Stehl*and‘Crumme . o

tt;.1977),

AT 1,2,4,6,7,9-
B 1,2,3,6,8,9-
| for 1,2,3,6,7

c'-‘-hlf2'3;5rzra‘7tﬁ
"D,: l"l,2,3f7}319;;

., 35
19‘)»
a3
,9-)

6 "

| Ratibs‘gf.25+5Qféskabﬁicidé 7) for‘the
,pompa:e.withnﬁusg:fs

- Dowicide G = Dowicide 7  Dow 8td § =A

. A-B-C isomers
‘vglUEs”qu10~35—55; j' : R



Table 7.7

Chlorodibenzofurans in Dow PCP Products

Tetra Penta Hexa
2;3;6;7_ 2,3;4,6;7“ 1,2,3,6,-7,3-
2;4;6;7_ lp2,4f7,8"“’

2,3,4,7,8~-

A list of chlorodibenzofurans tentatively identified
by Dow 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

Chlorodicoxins may be prepared in condensation
reactions from ortho-substituted chlorophenoxy tradicals
(Rulka, 1961) or anions (Pohland and Yang, 1972). Accord-
ing to §,L. Vogel, Monsanto Industrial Chemicals (o.
(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 polyechlerocyelohexadienone produced by
over-chlorination of tri=-, tetra-, or pentachlorophenal.
The phenoxy radical (an electrophile} attacks electro—
negative sites (ortho or para positions) on a polychloro-
phencl molecule to form phenoxyphenols 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). The tetrachlorophenol present
in commercial reaction mixtures {very little trichloro-
phenol ig present) serves as a substrate for chlorine
radicals, limiting the chain reaction with PCP molecules
which accelerates PCP decomposition., The c¢hlorination is
nermally stopped when 3-7% tetrachlorophenol remains.,
Further chlorination results in increased decompogition
(Table 7.8).
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Pearrangement via a spirocyelic anion (Smiles
tearrangement) can yield additional isomers (Gray et al.,
1975)., Highly alkaline conditions ate required for
efficient operation of the Smiles rearrangement since the
reaction involves rapid equilibration of the anion forms of
a phenoxyphenol through a spirocyeclic intermediate. This
is iliustrated by the formation of 1,2,3,6,7,8- and.
1.2,3,7,8,9-hexachlorodibenze-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 rearrangément vs, the levels of individual
dioxin found in PCP (Vogel, 1977) are shown in Table 7.9,
The hexachlorodioxins found agree with those predicted to
form without the Smiles rearrangement,

 TABLE 7.9
Digxin Cengeners in Commercial ECP

Possibla Dioxin Cincanars in 202
No Smiles With Smiles Reiative ¢

‘ Rearraqcenent _ Rearrangement Iscmars Found PCP in ppm(a)
1,3,3,8 (106%) 1,3.6,8 (25%)
1,3,7,9 (753) None N.D.
1,2,4,7,9 (73%) 1,2,4,7,9 ésx.zsz)
1,2,3,7,9 (25%) 1,2,3,7,9 (2¢%) " None N.D.
. 1,2,4,6,8 (43.73%) .
1,2,3,6,3,9 éscx) 1,2,3,6,7,9 (31.25%) :40‘-0
}.gii.g.;,g (zsz; 1,2,3,6,8,9 E]S.?Ez) =3
iy iyl y Zsz 1:2’4,5,739 12.5:)
1|2,4,6,8,9 (12‘53)_ 20""40 ca 15
1,2,3,7,3,9 {18.75%) . Trace
1,2,3,6,7,8 (6.25%)° 20-40
1,2,3,4,6,7,9 (75%)  1,2,3,4,6,7,9 (73%) ca 60 ca 200
1:2,3,4,6,7,8 (25%)  1,2,3,4,6,7,8 (253) ca 40’
1,2,3,4,6,7,3,9(1¢c2) 1,2,3,4,6,7,3,9(100%) 100 ca 1000

(a) FCP producers camposite sample.



ff‘ yleld dlbenzofuran.‘

thtle 1nfnrmat10n ‘is. avallable on the formatlan oE

"dlbenaofurans during. pCp productich, Formatlon of

dibenzofurans can. be explalned by the ‘production of

, polychlorodxphenyl ‘ether 1ntermed1ates (Kulka, 1961, -
‘Plinmmer, 1973-‘Arsenault 1976) whlch can lase chlorlne ko

‘“L Cleavage of the palychlorodlphenyl ether in the
presence of HCl ylelds PCP and hexachlorobenzene.

el et

el cl

- Various free. radical reactlons mlghtlalsb~yiela a
nunber °f blphenyl campaunds. o LT T
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Mass spectral data obtained from analysis of contaminants
in pPCps (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

7.1.4.1 Pentachlorophenol

The chemical and physical properties of compounds play
an important role in their behavior, persistence in the
environment, and biclogical effects, Properties of PCP are
given in Table 7.10. PCP is volatile in steam and soluble
in most organic solvents, although of limited solubility in
CCl, and in paraffinic petroleum oils (British Crop
Pra@ection Council, 1971). Also see Bevenue and Beckman
(1967) for data on solubility in various solvents,

Differential thermal analysis of BCP (Langer et al.,
1973) revealed a s0lid state transition at 75°C, followed
by melting below 200°C and vaporization above 300°C.
Prolonged heating in bulk ahpove 200°C resulted in
formation of octachlorodioxin in a tar residue, Heating
the PCP in a sealed capillary at 250°C for ten hours
resulted in formation of about 50% polychlorophenoxyphenol
and a small amount of oc¢tachlorodioxin. Sodium
pentachlorophenate exhibited a strongly exothermic reaction
at about 3609¢C; upon cooling, essentially pure octa-
chlorodioxin crystallized.

Physical Properties of Pentachlorophenol (PCE)

Molecular Weight . | . 266.35

Melting Point lSlOCJ

Boiling Point 310% (decomposes)
Density 1.987 |
Vapor Pressure ' 1.5 b4 10f4mm Hg (259)

1.2 X 10" imm Hg, (100°C)
40 mm Hg (211°C)

Solubility H,0 | 20 ppm at 30°C
Solubility of sodium salt, H,0 33g/100g
Partition Coefficient 11X 105'01

Molar Refraction 53.5



7,1;4a2 ' thqg§§§bxin§

. Properties of various chlorodioxin congeners are given-
in Table 7.11, “Mhe solubilities of 2,3,7,8~tetrachloro=

- dibenzpép-dEQXin,(T;DD);‘haxachloroﬁibenzp—p—diqxin {HEXCDD,

. & sample of mixed isomers), and octachlorodibenzo-p-dioxin

 (OCDD) in several solvents (Stehl and Crummett, 1977) are .

shown in Table 7.12. : I S R

. :The.visible absorption spectra and electron spin . ‘
resonance spectra and g factors of a2 number of chlorodioxin
-catiqn;radicals‘havE‘been-reparted (Pohland et al., 1373).
The crystal''structures of several chlorodioxins have ‘been
determinﬂd by‘x—ray,diffrapticn“studies. . The compounds
. 'studied included 1,2,3,7,8,9~hexachlorodibenzo-p-dioxin
"(Cantreli'etyaly, l969),‘and'2,7hdichl¢rd+2;3,7,8,- ,
‘tetrach;orﬂ—‘and‘bctachlorodibenzn-pfdioxins {Boer et al.,

- 1973). ‘The x—ray'diffractionVdatafindicate.that the ‘

C=Cl distances shorten with increasing chlorine . '

/' 'substitution on the rirngs, This effect could result frem a
o reduction'in‘Effedtiweielectrqnegativity-difference between .

Cl. and € as more electron density . is drawn from the - ‘
-a:omati¢”ring,”Whichw§hould,_in turn, result in increased
covalency of the C-~Cl bonds- and give shorter distances
(Boer et al., 1973). e L e T

- number of chlorodioxins as well as 2,8~-dichloro- and -
‘Qctachlardfuran'havegbeen'repqttedfbnyhen,{1973).

Infrared spectra and characteristic freguencies of a

7.1.4.3  Chlorofurans

.. Little information is available to date on the L
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
compounds for chemical and toxicological study. Some
properties of séveral chlorofurans (Gray et al., 1976;

Page, 1976) are ¢iven in Table 7.13. |
”7;1;4,4‘“‘Chlaﬁqdiphéhyi:Eﬁhers“aﬁé chldrophenéxy Phenq1s;

~ Data on the physical and chemical properties of
chlcraphénoxy,phenqls‘arg:limitea."Lundstrom‘and,ﬂutzihger
11976) prepared several chlorodipHenyl ethers and also. :
- cited a number of .these compounds prepared by other workers
via various routes. The melting points of some of the '

o chlgrOdiphéhYLTetherssa:efg;ven in Table 7.14.

P
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TABLE -7.12

. Solubility ¢fvseyera1 Chlapodibxins‘in_Vafious-SQIventsa

SOlublllty in g per llter

Y

 solvent .. -TOD -‘gfggg‘b) oo
'3a¢et¢n§ ‘ "‘ .* 90 f.‘f“-. ‘*ﬂ‘ ' '. R 5
Camisole - -= - . 2600 . - 1700

benzeﬁé _ J;u  :‘4§61 S lsod‘ . ‘_,.“~ 1000

. ghiarpfmrm ,i 1' 550,‘f‘f‘f f] . E  .l; L 55Q“

Qméfhaﬁo;‘ ‘  f ”f.1o ..u :¥"f‘ _— ; ‘]_‘ ‘ ) f;”

toluene == 1o 1500

EWQYléﬁé" | t' ;‘ f-n'  l - . —+l’Q ‘”":_ .}35qd 

: waﬁér-{ S b.0002 . ) —— A -

‘-;findicatéSVpo data.

‘a)'FireStone'observed that i,2;3,6,7,8-HxCDD is considérably
- less soluble in organic: sclvents than-other ‘HxCDD isomers.
The solubility of tha 1.2 3,5 7 Bﬂxsomer in: isoactane is
- about 20 mg/l.‘ , S .

(B) pow standard 82-A, a mixture of 71t 1,2,3,6,7 a-axcnn and
U 29%1,2,3, 617,9-HxCDD and '1,2,3,6, a,g-chnn..
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~Tabié 7.14

Meltlng Po1nts af Chlorodiphenyl Ethers-

Dlphenyl ether “' : M.PTFC
2,4,4'- 51-52 ..
2.21 4‘4!;, : 70
2;3!,4}4'- “oil
3;3',4,4'=~ . eil
2,3, 4, 5,6= : 132-133

. 2,27 ,4, 4 5u : ©oil

-_2,3 44,5  G5=67

S 2,20 +d, 4',5 . ol -
2:3,4,4" 6= .. 36

2,2 3 45,6 6= 147-148
Deca 224-225

7.1.4.5 - Gas hiqdid"Chromatagréphy.(éﬁcj Behavihrnéf.-'
Chlorodioxin and-Chlcrophenol Cﬂngeners

The GLC behavxor of varlous chlarcdloxlns and

‘,chiorofurans on nanpolar (OV=101) and. Polar (Silar IG—C)

columns is reaﬂrded

.times depend on the
in the ring system.

in Tables 7,15 and 7.16.  Retention
humber and location of. chlcrzne atoms
Crder -of elution and retention times

+ of chlorodioxins on glass capillary aalumns,is reported by
. Buser (1975, 1976). e o o ‘

 7.L.8 Reactlons

7.1. 5 1. Pentachloraphenol
. fe

L PCP is relatlvely stable and w111 not decompnse when
. heated up to its boiling point; however, it is. rapidly and
-extensively . degraded by ultraviolet irradiation in the

- ‘laboratory and by sunlight (when PCP is in solution) and is
. decﬂmposed by strong ¢Kld121ng agents (Bevenue and Beckman, 

.1967)

Slmllar to any phenol, the phenoli¢ hydraxyl of BCP

‘ takes part in nucleaphlllc reactlons, e.4., it forms esters
©.. with organic, and inorganic acid and ethers with alkylating

agents such as methyl iodide or diazomethane. Electron

"'T.withdrawal by the ring-chlorines causes PCP to be: unusually

-acidic (pK,5.26), roughly comparable to. propionic acid
- (PKp4.9), and causes .it to be a relatively weak nucleo-
fphlie while stabllizing its salts (sodium pentachloro- .

"Jphenate is a stable item of commerce). While the high -

degree of chlorlnatlon makes ‘the aromatic ring sufficiently
electropositive to form stable c¢harge-transfer complexes
‘with . electron’ danars, the ‘'ring ehlorines are. as resistant

- to nuclecphllxc displacement under normal conditions . as are’

E .those of the chlorlnated aramatlc hydrocarbcns.

65
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"TABLE 7.15

Chlorinatad 31_engorurans
GLC Retzntiazn Times Rziative to
2,3,7,2-Tetrachlorodibanzg-n-dioxin {(T£O0)

aqr{t)
{anganear DV-!Gi(Z) Silar 1GC(3)

2,4,-C1, 0.24 0.38
3,7-C1, 0.25 | 0.40
2,3-C13 0.26 0.47
2,4,6-C1, 0.44 0.73
2,3,8-C15 Q.47 0.83
2,4,7-C13 — 0.64
2,4,8-C13 - 0,64
1.4,6,8-C1, 0.70 -
2141518"{:14 0-70 "
2,3,68,8-Cl, 0.80 -
2,4,8,7-C1, 0.82 1,26
1.2.7,8-C1, .89 1.04
2.3,7,8-C1, 0.89 1,30
2,3,5,7-c1g 0,93 1.38
3,4,5,7-C1, 0.55 1.78
1,3,4,7,8-Cl, 1.35 1.27
1,2,4,7,3-C13 1.35 1.27
1,2,3,6,7-C32 1.52 1.58
2,3,4,7,s-c1§ 1.63 -

C15 - 3.95

¢17 - g'g§

7 - .
Cig 8.8 | 8.75

e vy VA AN iy w e e

(1) RRT = retention time ralative to TCDO.
{2) “ﬂt& of D.W, PRillipson, FOA; 2 m x 0.2 c; i.d. column sackad with
w 0V-101; column :=ﬁ:eratare, 200°¢C,
) D:ta of DLW, Fh1111c5 n, "0A; 2 mx 0.4 em i.d, calunn packed with
3% Sitar 10C; column temserdsurs, 200°C. .

¥
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Congenar

)

" TABLE. 7.16°

~ Chlorina

Co v GLE Ress
w0 2,3,7,8=Tetrac

hlgredidenze-p-dioxin (TCOD)

ted Ditenzs<g-dioxins, =
ntion Times Ralative 1o -

)

: ECHRespansetd)

1y
(2)
3y

)

47,2
3,4,7-C10
12,3,7,8-C130
2,4,6,7,9-1.0
2,3,4,7,8-C130
2,3,6,7,8~C120
2,3,7,8,9-¢10
2,3,4,6,7,9-C1.0
:2,3,4,6,7,8-C140

Coraet® . sitar 10ef3)

- {Silar 16C Column)
o 0.90

0.28
0.49 .

0.3z
' 0.40
0.25

0.52.
.54

0.52
g8 -
.00
1.0
o 1.08

188
1078

OoC.
L I |
L

*

4
A L G
CRNNO M G s

*

» .

L)
SO0 aoooo
L |

L]
POO

. s S e

b i .

.aarﬁ=-fs£;htéon-efme-féia:fwéftd'2,3,7,s;c14n. o
Data of D, Firastene, FRA; glass coil, 2t x 0.4 ¢m {.d., picked wis!
2% QV-1C1 on-8Q-100 mésh Chromosord &P: column temparature 2106°C,

Data ¢ 0. Firestans; glass coit, Zm x 0.4 em i.d., packed with 71.2%
Silar 1GC:on 80-100 mash Chromgsord WEP; column tamgeraturs 200°C.

_EC Respensa =

at 16.x

nanagrams t3 giva 1/2 full scale deflsetion (127 mm)
teanuation, HewlettfPackard*MQde}f5713A:gas :hrcmqtugraph‘
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Chlorination of PCP (or overchlorination of phenol
during PCP manufacture) can give rise to a series of
interconvertible nonaromatic cyclic ketones including
hexachloro—z,S-cyclohexadien—l-one, hexachloro=3-
cyclohexen-l-one, heptachloro=3-¢yclohexen-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 agueous
acetone or from hexachloro-2,5-cyclohexadien—l-one by
reduction with aqueous sulfur dioxide or potassium iodine.
Heat (as in a gas chromatograph) also generates phenols
(Svec and Rubelka, 197%).

Pentachlorophencl, being a weak acid, reacts with
strong basesgs to give the corresponding water-soluble saltg
at a pH of 5.0; the solubility of the sodium salt iz about
79 ppm; at pH 8.0, the solubility is greater than 4000 ppm.
PCP is readily converted to the ether derivative, which is
useful for analysis by gas chromatography. PCP iz 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 (Hutzinger, 1969): these complexes are usefgl
for chromogenic detection and mass sapectrometric
identification.

Treatment of PCP with powerful 0xidizing agents
produces pentachlorophenoxyl radicals which combine
reversibly to form "dimers." For example, in the presence
of fuming nitric acid or nitronium flucroborate, PCP
provides 2,3,4,5,5—pentachlorn—4—pentachlorophenoxy—2,5-
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 radiecal dimer 2,3,4,5,6~-pentachloro-2-
pentachlorphenoxy-3, 5~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,Q-Qctachloradibenzo-pmdimxin {Sandermann et
al., 1957). The reaction proceeds through an intermediate
phenoxyphenol, now called a2 "predioxin,” which is readily
detectable in technical PpCP,. Nenvolatile, 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 of
the chlorinated cyclohexenes themselves smoothly provides
QCDD (73% vyield from hexachloro-2,5-cyelohexadien—l-one at
270 - 2809C), probably through a pentachlorephencxy—
pentachlorocyclohexadiene such as 2/3,4,5,6=4-pentachloro=-
phenoxy-2,5=cyclohexadienone. ‘



Resultq of“combustlng wnad -and paner treated w;th PCP
or PCP-Na. 1nd1cate that actachlorodloyin ‘wag not formed
durlng cﬂmbustlon ‘with PCP. ' However, -ppm levels of

' actachloradxaxln are “formed ‘during combustien of paper

treated ‘with PCP-Na (Stehl and Lamparskl, 1977 ~Ahling and
Johansson,\l???) ‘ L

The absorptlan Of light energy rather than heat allows

~ PCP'to undergo- & humber of reactions. under very mild
.conditions; maximum light absorption lies in the ultra-

violet region (245 and 318 nm). . In either water or organie

.solvents, PCE undergaes photochemlcal reductlon to 1somer1c‘””
o kxi- and tetrachlcrophenols (Crasby and Hamadmad, 1971).
-Nuqleaphilas, ‘such as bromide ion, can displace ¢hl¢rida

from the PCP ring. (Crosby and Wong, 1976), and in water the

predominant reaction is replacement of an ortho-, meta—, or

Eara-chlcrlne by . hydrcxyl to provide tetrachlcrccatechol,;

‘tetrachlororesorcinel, and tetrachlorohydroqu;ncne,

respectively. The penta¢hl¢rophenoxlde anion c¢an also y
displace chlovide in sufficiently concentrated .solution
with eventual cycllzatlon £o OCDD in water at amblent

'temperatures (Crcsby and ang, 1976)

Photoreactlons of PCP in orqanlc sclvents result

. primarily in reductive denhlorlnatlon (Zabik et al., 1976}
. The sodium salt of PCP in agqueous solutions yields a
‘variety of. colored products when irradiated with sunlight
ineluding. phenoxybenzoguinoneg, chloranilic .acid (2,5=

dichloro=-3,6-dihydroxybenzogquinene), and 2,4,5,6-tetra-

chlororesoreinol (Munakata and Kuwahara, 1969) Plimmer et

al. (1973) showed that alkaline aqueous SDlutIDnS of PCP,

. 1rrad1ated with: llght ‘in the 300=350 nm region, yielded

octachlorodlbenzowp-d1ox1n. ‘Although a free radical

mechanism was proposed to- aceount for the observed products
'of unsensitized photnlysxs of 'PCP=Na (Munakata and
Ruwahara, 1969); Crosby.and Wong ' (1976) demonstrated tha;

octachlorodlbenzowp-daox1n is generated photochemically
from. PCP in dilute agueous sodium hydroxide by a cycli-
zation, process analogous to its generation from PCP by heat
{Sandernann et al., 1957). This: mechanism invelves

. photonucleophilic dlsplacement af chloride ions frcn BCP by, o
L pentachlnrophenaxide ion. '

Cl ¢l
3
¢l (ol
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7.1.5.2 ' Chleorinated Dibenzodioxins

OCDD and related cyclic ethers appear to be rather
stable chemically, perhaps due to their planar and
electropositive rings. For example, QOCDD distills
{sublimes) unchanged at 350°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,B-tetrachlorodibenzo-p-
dioxin is rapidly dechlorinated via tri- and dichloro=-
dioxing (Crosby et al,, 1971); di-and octachloro-dibenzo-
furans are dechlorinated more slowly, and the rate of QCDD
photoreduction is still slower although transient hepta-
and hexachlorodioxinsg are detectable,

These compounds are relatively stable and only slowly
biodegradable, When dissolved in concentrated sulfuric
acid or triflucromethanesulfonic a¢id with oxidizing
agents such as H,Q, or KNO; or with ultraviolet
irradiation, blue Eo blue—green coclored species are .
obtained, due to formation of cation radicals (Pohland e
al., 1973; Yang and Pohland, 1973).

H-I*

- - Y
o - '. - 0. N -
QIO + ety Ry o @1, 13 - 5y,
. 2 .

3
9

b=
@L;@ * H 4+ CH' * H0

TCOD (2,3,7,8-tetrachlorodibenzo-p~-dioxin) is quite
stable to 700°C. (50% decomposition at this temperature
after 21 second exposure), whereas decomposition is com-
plete at 800°C after 21 second exposure (Stehl et al,,
1973).

TCDD is stable in refluxing agueous alkali solution
(50 ml of 32% aquecus 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 c¢ongeners in refluxing KOH
solution are shown in Table 7.17.

70
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- Estlmeted Half-lees (t 1/2) ef
Severel Chleredlexlns 1n Refluxlng KOH Solutlon (a)

Cengener . ;.f‘ ".‘.' ]-;, R | t 1/2

1,2,3;5,7,8"‘ and’l,2’3'7 a B-HxCDD l- o 7 hrS‘
1.,2,4,6,7,9=- and 1,2,3,4,7, B-HxCDD - ... 2 hrs
1,2,3,4,6,7,8~ H-CDD E I - S 23 min
112t3'r‘4r5r7r9'—HCDD“ _ o . o 15 min

(a) 10-40 ng chlovodioxin refluxed gently with 50 ml*ofszef

squeeus KOH selutxen and 20 ml ethnel

Cresby et al. (1971, 1973) found that TCDD is’
rapidly phetedeeemposed (by reductive dechlorination) in
alcohols whereas octachloredioxin .is much more stable., In .
either sunlight or simulated sunlight, 2,7-dichloro-,2,
3,7-trichlore—~ and 2,3,7,8- tetraehleredlbenzeup*diexins (5
mg/l in methanel) were ent;rely decomposed in a few heurs.

Kim et al. . (1975) 1rradlated varleus ehlered;exln
congeners in iscoctane ‘as well ‘as in- ‘methancl. The . :
‘'photolysis rates of the ¢hlorodioxins in methanel solvent
“were srmilar te those reperted by Cresby et el. (1873).

While photeehenieal deehlorinetlen is by far the most - -

rspld known reaction aof these compounds, three conditions
are required: the dioxin or dibenzofuran.must be accom=

panied by an erqanic, hydrogenwdnnating solvent (such as a
pesticide or fermuletzng agent), UV light in the wavelength

" region of 290=320 nm must be present . and - the light must

;,‘penetrete £he solvent’ (Crosby .and Wong, 1977). The rate of
. photereduction is inversély proportional 'to the degree of ‘
‘¢hlorination, and, therefore, ‘dechlorinated products do not-

accumulate. Unlzke PCP and 2, B-dlchlorcdibenzefuran, pure .
. OCDR and TCDD:do not. ‘appear to be photeolyzed in water at
_appreciable: rstes due, perhaps, to the;r very lew L
‘fsolublllty. ' ‘ : : L

: It has been reported thst a hydregenwdoneting selvent
. 'is net requ;red for. phetelysxs to oc¢cur, . There are
- indications’ that a; cellulese substrate w;ll permit
' 'phetelysls. : C ‘

o *§Ee Testlmeny oE ﬁEEert . Arsenault Keppers
.Cempeny, Inc,, April 3, 1978, in “Testlmeny of Interested
Partles,"‘sectlen 8 2 3 ef this répert. ‘

T
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It seems probable that the observed hexa- and hepta=
chlorodioxins are formed thermally from o-phenoxyphenals
(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 phenoxyphencls {"isopredioxins")
are also detectable and may account for the observed
dibenzofurans; dibenzofurans can also be formed photochemi-
cally by rearrangement and subsequent dehydration of o
phenoxyphenols (Crosby et at., 1373). The original ~
pyrolytic conversion of a PCP salt to OCDD was accompanied
by a large proportion of hexachlorobenzene {Sandermann et
al., 1957), suggested to arise from decomposition of
decachlorodiphenyl (Kulka, 1961), but this reaction has not
been confirmed.

7.1.6 Methods of Analysis
7.1.6.1 Pentachlaorophenol

The review of PCP by Bevenue and Beckman {1967)
discusses a variety ¢f colorimetric and chromatographic -
methods of analysis, including gas chromatography.
Colorimetric methods suffer from lack of sensitivity and
from spectral interferences. Gas chromatographic methods
usually involve preparation of the methyl ether derivative
with diazomethane. Argauer (1968) prepared the -
chloroacetate for detection of ¢hlorophenols including PCP
by electron=-capture gas chromatography (EC~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 chromategraphy-mass spectrometry
(GC~-MS)., Farrington and Munday (1976) described the pre-
paration of chlorophenyl 2,4~dinitrophenyl ether for EC-GLC
determination of trace amounts of PCP and other
chlorophencls.

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 column containing 3% diethylene glycol sucecinate (DEGS)
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
chromatographic separation of PCP and other phenols using
an acryliec resin, and Renberg (1974) reported an ion
exchange technique for determination of PCP in fish and
watey,
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Yip (1971) reported a modified method Cor PCP and -
chlovophenoxy a¢id herbicides din total diet samples
involving extrdction of ‘the sample with ‘acetonitrile or
chloroform, methylation, Floricil chromatography to sep=

‘arate PCP from the other herbicides, and EC-GLC analysis..
- Modifications, based on Yip's method, are currently used by
- FDA for total diet analyses. - However, the methad suffers

from low and erratic recoveries, particularly for high-fat

-samples at the limits of detection (ca 0.01=-0.02 ppm). In

some instances diethyl ether or diethyl ether-petroleum

 ether (1:1) have been used as extracting solvents in an

- effort to improve recoveries of PCP.

hlorodioxins, Chlorofurans and Other
Contaminants ih PCP- ‘ I

.. PCP contains a number of hexa-, hepta- and’ octachloro-
dioxins as‘Well*asjother*¢0ntaminant59{Eirestone.et al.,,, -
'1972; Woolson et al., 1972; Buser, 1975). Until recently,

EC~GLC had beenTusedaﬁainly‘fctf¢hlbrpdio;in analysis. But
because of the presence of cother components, mass
spectrometry has come into use for specific detection -and
confirmation of chlorcdioxing as well as chlorofurans. -

. ‘Vilianueva‘EE”al}‘{1975)-cempafed-fcur'methoas |
(Firestone et al., 1972; Jensen and Renberg, 1973; Crummet:

~and Stehl, 1973:3Rappa.and.NilSson,_lQ?Z)‘for‘ana1Yzing_for |

chlotodiqxins1in_PcP;g‘The.q;ummett‘and”Jensen-method,
which involved extraction of non-acidic material in PCP

~with etherhexane (1:1), gave the best recoveries, although

the Crummett method, employing ion exchange to remove the

~acidic components, was simpler than the Jensen method.

Crummett and Stehl (1973) employed GE-MS for

determination. of hexa- and octachlorodioxin in PCP,  Buser

(1975) developed a specific method for -analysis of

.. chlorodioxins and chlorofyrans in PCP and other chloro—
r‘phenqls,w;PhenclicxcoﬁPQUnds?wére_extractEdawith‘alkali‘and

“thé,néutrél“materialicthhatOgraphéd;on:a§basic'alumina‘

micro—calumn:to‘Eliminategpclydhlorinatedvbeﬁﬂenes-and‘pely—

'chlorodiphenyL‘éthers;T7The.fraéticﬁwd¢ntaininQ‘"”

"fchloradioxinsfanduchlérbfurané-was‘then'subjeetéd to mass’

‘ﬁffa@méntqq:aphia‘(Gcéﬂs)ganaIYsiSAatyseleéted‘m/e;values.'
It is important to remove ortho-phenoxyphensl isomers from
the extract since they can undergd ring.closure by

resulting in formation of a chlorodioxin (Jensen and

elimination of HCl upon injection inhtheygaSuch:omatagtaph,

Renberqg, 1973). . .
WOUA, ~— AL
R QH:Q'I ‘y lu=,.‘ g : ?”.‘ | CI?



Recoveries were determined with hexachlorodioxin; the
values ranged from 85% at the 0.2 ug level (0.05 ppm) to
over 95% at the 10 ug level (2.5 ppm).

Buser and Bosshardt (1976) employed the GC=M§
procedure to examine a number of commercial PCP and PCP-Na
samples. Chlorodioxins and chlorofurans were detected by
mass fragmentography and their presence confirmed by
complete mass spectral analysis, Hexachlorodioxins were
recovered from PCP and PCP-Na samples with 80-95%
efficiency (0.1-30 ppm), and octachloredioxins with 95%
“efficiency (10~30 ppm).

Buser (1976) prepared glass capillary columns with OV=-
101, OV-17 and Silar 10C stationary phases for high
resolution gas chromatography of chlorodioxins and
chlorofurans. The best separations of hexachlorodioxin
lgomers 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 205-225°C, The use of
high resclution glass capillary columns permits the
detection and quantization of individual isomers.

Pfeiffer (1976) investigated the use of liguid
chromatography for determination of chlorodioxins in pCp.
The technique was found to be useful for paid examination of
non=phencolic impurities in PCP. Samples could be analyzed
in four hours with detection limits of 0.2 ppm for hexa-
chlorodioxin and 0.1 ppm for octachlorodioxin.

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 oc¢tachloroedioxin are determined by
GC-M5. In methed (B), proposed by J.P Mieure and ¢. Hicks,
Monsanto Industrial Chemical Co., phenolics are removed by
chromatography on slightly deactivated basic alumina, and
chlorobenzenes, chlorobiphenyls and ¢hlorodiphenyl ethers
are removed by activated (super 1) basic alumina. Ouant-
ization of chlorodioxins and chlorofurans is accomplished by
GC-M3. In method (C), a2lso 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) reparted a pracedure for analysi$ of

¢hlorodioxins in beef liver and fat samples invelving- solvent
-extractiocn, H2804 cleanup, chrnmatﬂgraphy on basic

‘alumina and mass spectral analysis using either electron
. impact (EI) mass spectrometry or negative chemlcal ionization .

(NCI) mass spectrometry (Bunt et al., 19753)'in the selected
ion moniteoring mode. Limits ‘of detection of hexa-, ‘hepta=-,

~and octachlorodioxin in liver (17-23 g sample) were. 0.2-0.5

.ng/¢g (EI) and 0.005-0.,1 ng/g (NCI); in fat (3-3 g sample) the.

‘respective detection limits were: approxlmately 2 ng/g (EI)
~.and 0,01 ng/g (NCI). Co : .

FlrEBtone (1975) repartad detectlon of 0.1 tm 23 ppb of

total chlorodioxins (hexa=, hepta=-,. and octachlerad;ox;n) in

commercial gelatin.'  Samples. after extraction and cleanup on
alumina and Florisil ¢olumns were examined by EC=GLC. . The -
presence of hexa-; hepta-, and ‘octachlorodioxin and penta=,
hexa~, and heptaahlorefuran in. one of the samples {imported
from Mexico) was confirmed by GLC-MS.. Phctndech1¢r1natlon was

‘used to confirm the presence of actachloro&iox;n in some of
-the samples.

¥

The posslble number of positicnal isomers of

'CthdelOXlnS and ¢hlorofurans are. shown in Table 7.18.

Aryl hydrocarbon hydroxylase aﬂtLVLtY {AHH) for dibenzo~p~ -

. ,dioxlns and dibenzofurans are shown in Tables 7.l9 and
‘7 20 respectlvely.

H‘J ‘.;,f  j - TABLE 7 13

Chlorlnated Dzbenzodiax1ns and Dibenzofurans
. ‘: Isomers and Sources

4

Passzbre Number of Po51t1¢na1 Isomers

' Ne. of Iscmers

el Substitutlon""fﬁ . .- . . Dioxin _ Furan
Hono=— -~ . . R
Di- - e g g
Tei- . . 14 . 2B
- Tetra- R Co22. . 38
Penta~" . - . o 14 .. 28
.  Hexa- . . = S e X ) 16,
' Hepta=- = . . e g ' 4

B R

e T T
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7.2 Environmental Contamination and. Exposura
7.2.1 Environmental Behavior of PCP and its Contaminants
7.2.1.1 Atmospheric Behavior

Most compounds have a measurable vapor pressure at
ambient temperatures. 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 £lux, air
movement, i.e., the thickness of diffusion layer, and a number
of other factors are of egual importance (Hartley, 1969; Hague
and Freed, 1974; Plimmer, 1973), It is the rate of escape or
volatilization that is of interest in considering aerial
contamination and transport rather than vapor pressure, per
se. The rate of velatilization may be determined experi-
mentally, but, where constraints make this impractical the
rate of volatilization may be calculated using the vapor
pressure data by the following eguation:

This equation giyes an estimate of the rate of volatilization
in terms of g/cm2/59c 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 contaninants, a
conservative factor would be about 20 fold. In view of the
apparent strength of adsorption of these materials, this
factor is more likely to overestimate rate of volatilization
than underestimate.

Turning to the consideration of pentachlaropgenol, we
observe that it has a vapor pressure of 1.6 x 1077 mm gg at
25°C_and this would yield a vapor density of 2.3 x 10~

g/sz when evaporating from its own surface, Following
adsorption on a solid sEsface,zthe calculated rate of evapora-
tion would be 1.7 x 10~ g/cm

/sec,
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‘ Dibenzo u-d1c&1rs fD)
Approx mate ACt?VTLJ of Congznérs in Shizk ETcrjo HSS&]
fcr Induq,1on c. Arji hfaracarscn deOXjT& a( '

| | Cumpound ‘ .

BEREE P O D 'g‘ e A
cgsclh A
1,3C10 0 B
1.6C1,0 B .

1,9-C150 -
2,315 8,0
. 2.7-c120 . -A,E
2;3~c}39 B g
3:7":] 30 : A‘,B,C :
12,3,8C1,0 Ag
+2,6,7-C130 B
’3,’6’8-c1 ‘iD o . ) ) A,
‘,337,8-CTQD e ; ! B .
3,7,8-C1,0 (1cuu) ABLCLO.E
,2;3,4,7-c150(4)f' A
"‘2’3’ 7’8"'{:.[:& ' ‘ . C i
12,4;7,8-C130 c
2,4,6,7,9-C10 AL
2,4,6,8,9-CLD 8
2,3,4,7,8+C130 A,C,0 .
2,3,6,7,8-C120 . e
,2;357,3;sfc1§a-.w ' S
1,2,3,4,6,7,6-C1,0 c
1.2,3,4,6,7,8-C170 ¢c
1,2,3,4,6,7, 8,,46133 U ALE
2,3-Ct (UL- EE N
2,3,7,8-CT5(1, s e g

5Sdurte 

| Apprcx. A tivity(s)

Relative to TCOD

" lnactive
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- 0.001

1
0.3
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u

Inactive
-Q.002
- Inactive .
0.1
1.0

¢.1.°
0

o. 002

-0.15

.3
Q.25

0.25
g.602 .

05
- 0,002 |

Inéétive“‘

. 1.0

--—l‘“-ﬁﬂﬂq'—
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Approximate Activity'in Chick Embrvo As

Hydroxylase.l

CcmEcqu
2,4-CL<F
Z,B-C}EF
3.7—C12F

2,3,4-C13F
2.3.5*C13F
2,3,7-ClF

Ul nwou e

§i
g
SR

r

112;3,4'5,7,3,9—(:1 E'

lActivity data provided by A. Poland; see also J. Biocl. Chem. (1978)

251, 4936=4948,

2(A) A. E. Pohland:

April 4. 1974):

3

by b oty b ohye

TABLE 7,20

I
Ww Wwo

o o
oo« wh ~
nnn

mmm
Nn

117
Ny o~
. n

D
0

o o

B,E
B

A,B
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Dibenzofurans (F):

2
Source

3

say for Induction of Ary)l Hydrocarkon

Approx,. Activity Relative s TCDD

3

Inagtive

0.00%
0.001
0.001

0.001

A

Inactive
0.02
0.01

. 0. 005

0.7

Q.01
Inactive
0.01

(B) A. 3. Kende (See paper ORGN 130. manuseript in
Preparation. 167th Mational Mesting, American Chemical Sogiary, L. A,
{C) A. P. Gray (Sees .J. Qrg. Chem. (1976)'i£, 2428-2434): (D)
1. H. Pomerantz; and (E} J. D. MeKinney (in preparation): (F) 5.W. Page (See
pPaper CRGN 63, manuscript in preparation.
San Francisco, Cal, Aug. 3I0-3Sept 3, 1976.)

172 nd dational Meating, ACS,

2,3,7,8-7CDD is assigned a relative activity of 1.0.



‘ ‘ Table 7. 21 presents the' estlmated vapor deuslty and
 rate.of éevaporation®of chlotodioxins. The low vapor pressure
of’ the chlorﬂdioxlns coupled with the strong adsorptlon Lo
‘surfaces, . as indicated bv the high molar refraction and the
data of KearnEy et al. (1972 1973). lend CrEdlbillty to the
'values.‘ L : o

Table 7 21

Estlmated Vapoinnensity and. Rate
s Qf Evaporatxa (Q) of CthEOdeXlnE

- Compound -~ Vapor Density (g/cmB) g gggcngsec)[ -
2,7-di 8.2 x10-11 6.1 x 10712

. 2,3,7,8-tetra 2.9 x 1073 .2.0 x ‘10712
penta 1.7 x 1071l S R x‘,lt‘.l"12

© hexa 1.4 x 10'11, ,‘3;4_2'10-13

~ hepta C 6.9.x% 107%2 4,0 x 10-13
-octa 4.5 x 10732 2.5'x l0"l3.¥

L*

(a) Abave own surface, (b) fram adsorbing surface.‘

. Accordxng to Table T 21, the rate of vqlatlllzatlnn of -

- thée chlorodioxins is very low. This low rate of ‘'evaporation’
- compared to pentaahlorophenol cculd very rapzdly expla;n the
_ flndlngs of Levxn et al. (1976)

. Table 7 22 presents szmxlar data for the chlorxnated
dlbenzofurans.‘ ‘The data here indicate a slightly. greater
. vapor density and evaporative loss for the chlore-
-dibenzofurans. . This would be- expected of cﬂmpounds of
slightly lower molecular we1ght, hxgher vapor pressure, and
.lawer mclar refractlon. A o

= TABLE Tz

Estlmateq3Vapar DERSItY and Rate of o
(Q) of Chlorlnated Dibenzafurans -

o ‘Evaporation

 CcmEound“'l‘] Vapar Density (9. cm3l f gg£¢m2£sec
A-dis 0 g x10mll - gg y 1oml2
b4, 6=tri 5.2 x 10731 - 4,0 x 10712
+3,7,8-tetra 3,0 x 107+ 2.1 x 10712 -
r4,6,8=tetra .. 3,7 g 1o-il 2.7 x 10~12
;3:;4,7,8-penta - 1.9 x 10711 1.3 x 10712
13/4;7,8~penta . i2,27x 1071l 1,5 x 10”12
ta | 4.3 x 10712 2.5 x 10'13‘

~ (a) Above own_su:faéé; {E).froh;ad$arbin§“SQtface.

19



Although PCP has a relativ§ly high vapor pressure (1.6 x
1074 torr at 25°¢C and 3.1 x 1077 torr at 50°C, the ‘
temperature of a sunlit surface), there ig evidence that it
may be slow to volatilize. However, its volatilization from
wood into an enclosed airspace is measurable, and the
atmosphere in a woogd-treatment 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 dioxinsg or
dibenzofurans in air., The solubility and vapor pressure of
TCDD and OCDD 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: Hagque and
Freed, 1974)., Adsorption occurs predominantly on the organic
matter (Hartley, 1969) and clay of seil, though the coarser
mineral particles also adsorb. Laboratory meagurements that
have been shown to correlate well with adsorption include
molar refraction, latent heat of solution, and partition .
coefficient. Based on this, one would expect that penta-
c¢hlorophenol 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) (Ruwatsuka, 1972). Adsorption is greatest in a
s0il in the pH range of 4,6-5.1, with very little adsorption
above pH 6.8 (Choi and Amoine, 1974). Microbial degradation
is relatively rapid, especially in wet so0il 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 pentachloroacnisole and 2,3,5,6-
tetrachlorol, 4-dimethoxybenzene 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 pentachlorophencl (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 breekdown of pentachlorophennl and . ehlorodloxxns in
s0il have been” 1ncompletely 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. (1872, 1973) report a half-life of approxi~
- mately one year for 2,3,7,8- -tetrachloredibenzo-p-dioxin in

s0il; the number of’ species of microorganisms. attacking the
'chemlcal appears llmlted (Matsumura and Benezet, 1973) .,

‘ The fate ef PCP and" Lts 1mpur1t1es jin or on treated wood
. is not known, but practical. experlments indicate that PCPF
- remaing fungicidally-effective for yeere (Arsenault, 1976).

. PCP- conceivably ¢ould generate OCDD in sunlight, but the usual
presence of hydrocatbon solvents .would tend to promote
eventual. dioxin photolysis on the wood surface. | The burning

"e of PCP-treated wood or sawdist generates QCDD which sub-

‘sequently volatilizes, ‘but the proportien 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, preeently discounted, that TCDD forms similarly

£tom . organlcfhetter ‘containing trlchlerophenel derivatives
(Buu~Hei et al., 1971), but attempts to repeet the observet;en
have falled } o oo

S 7.2.1. 3 BehaVLQr 1n Aquatie Syetems _
"‘7 2 l 3 1 ‘ Phys:.cal Behavzor |

R The transport and per51stenee of PCP end sodlum PCP in
aquatic systems has been extensively etudied, particularly
where these chemicals had been used as a molluscicide (Strufe,
.1968),' Here it has been : found that the material is rapidly

-~ adsorbed on suepended Pparticulates. Where there is a. heavy
load of sediment in.the water, the eencentratien of PCP or
sodium PCP is. repzdly reduced in the -agueous phase and the

. material settlee to the bottdm with these particles, PCP,
,both as a free phenol and as a sodium sale,- has been found to
- ‘undergo quite rapld degradatxon in water, both from eunlxght
and anaereblc proceesee in the bottom mud. . .

o thtle 1nfermatlon is avaxlable on behev1or end fate of

- the chlorodioxins.and the chleredibenzofurane in aquatic
systems, but it would: seem correet to infer that with their

- greater. propensity for: edeerptlon they would even more rapidly
and tightly bind to sediment than PCPE. ‘Since the biological
activity of pentachlorophenel has been shown to be markedly

. reduced by the adsorption. (Strufe, 1968), it would be presumed

that the eeme would hold true for the dloxlns end dlbenzo-
furans.‘ -

7 2 1 3 2 Breakdewn in Aquat1c Syetems

In dllute equeeue selutlens expoeed to sun11ght, PCP er
‘ its salts underge the replacement-of ring chlorines by
‘_hydroxyl groups -described above.  The- resulting tetrachloro-
hydrequ1nene and’ tetrechlorccetechel are readily oxidized by
air to guinones. which ‘in turn are dechlorinated, If the .
Morlglnal PCP eolutxen is Suff1c1ently eencentrated (as 1n the
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case of a rice=-paddy), the tetrachlorodiphenols can react with
the gquinones to give a variety of nontoxic minor products.
However, under most circumstances, the guinone 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 selubilities of TCDD 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., 1In 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 Exposure

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.g9., Indonesia, sodium pentachlorophenate is the
principal form in which this preservative is used,

There are two principal methods by which pentachlorophencl
may be applied for wood preservation (Arsenault, 1976),
préssure treatment or direct application of a solution of penta-
chlorophenol by painting, dipping or spraying. 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 iIs the thermal process (hot and
cold bath/submersion) which is used to introduce PCP into wood
{Qchrymowych, 1978). ' ' '

In the pressure treatment with pentacdhlorohencl, the
phenol, in appropriate solvent, is applied to the pole or lumber
in a pressure retort at somewhat elevated tenperatures., 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 oceur during preparation of the treatment solution or when
the retort is opened following treatment and the gystem 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 theseé
instances unless there iz 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 Indenesia 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 Ehvirqnmeﬁtal:TrénsPﬁfﬁ'and'Ekpqsaréf'

” Pentaéhlorbphéhgl‘has‘been.fohnd in a number of

-different environmental samples (Kutz et al., 1976), &.G.,
-house dust, air, water, and in the urine (Bevenue et al.,

1972) of presumably non-exposed humans. Mis would appear
to indicate a rather high environmental mobility for penta-
chlorophenol. However, it must be remembered that -

'-fpentachlotophenol'mayrbezgeﬂerated-in_chlcrinatiqn qf;watér

and that there is a residual background- found upon analyses

- ‘of soil that gives analytical results. similar to PCP."

However, -based on ‘the properties of pentachlorophenol,
namely that of vapor pressure and rate of volatilizatien,

- 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 vaporized material
would be found adsorbed to particulates in .air. “Another .

‘routq'ofutrahsport.ta'air:would be ‘the ‘erogion of
contaminated.dust particles; R

Oh the,cthér~hand,‘théuphlorodioxins-and chloredi-

‘benzofurans that occcur in pentachloropheniol, having much-

loWer‘ratesﬁcf'volatiiizatiah;fwuulﬁjng;~be-expe¢ted-tu“be
found as. frequently in air samples.' Again, because of the

‘propensity for adsorption and the low water solubility
' (about 3 ppt for OCDD; Arsenault, 1976). one would not

expect to find a great deal of these materials in watexr, As
indicated earlier, the relative vapor pressures and rate of

' evaporation ¢f pentachlerophenol, chlorodioxins and

dibenzofurans would perhaps ageount for the findings of the

.Swedish workers (Levin et al,, 1976). Here it appeared

that the ratio of chloredioxins and chlorodibenzofurans to |
pentachlorophenol in wood increased appreciably. over the
ratio found in the original treatment solution. It seems.
that a reasonable explanation would be the probable greater

', loss of pentachlorophencl through vaporization from the

sawdust in contrast to the other two types of chemicals.

' ThéﬁgnfpentagﬁlbrOPhéﬁnivaﬁdfité contaminants. are

- probably transported by air and water (probably in the
- adsorbed state), their biclogical activity is probably much

' reduced by adsorption, thus attenuating the effect of

exposure, It has beén found, for example, that pentaw
chlorophenol adsorbed on sediment found in water had low

activity so far as control of 'snails is ¢oncerned. (Strufe,

1968). It is likely that the adsorptions of  the chlore-

‘dioxins. and chlorodibenzofurans also-result in a reduction

of ‘their biological 'availability.
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Breakdown ig another factor in reducing the concen-—
tration and biclogical 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 sead alfalfa and seed
clover, and sodium PCP is used in dilute agqueous solution
as a postharvest fungicidal dip., These are considered as
non-food uses, and no tolerance has been established,
although feeding treated forage or threshings to livestock
is not permitted in the United States,

Measurement of total diet residues (FDA Market Basket
Survey) has shown occasional PCP contamination (for e¢xample,
nine of 30 composite samples showed 0.01-0.02 ppm of BPCP in
1972-3; two-dairy products, one legume vegetable, and six of
gsugar) (Johnson and Manske, 1976). OCDD and HCDD 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.qg.,
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 (0,02~0.08 Ppm) and have caused
a2 musty taste (Curtis et al,, 1972). PCP was reported to
occur at low ppb levels in f£ish caught in open water not
expected to contain appreciable levels of PCP (Zitko et al.,
1974).

74245 Biclogical Uptake and Concentration

Higher plants do not absorb appreciable amounts of PCPp
or TCDD 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 TCDD about
10,000 fold from water (Isensee and Jones, 1975), although
they metabolized rather than conecentrated PCP (Lu and
Metecalf, 1975). ‘

Rodents excreted PCP partly unchanged, partly as
glucosonide conjugate, and partly as tetrachlorohydro-
quinone and its conjugates (Jakobson and Ylliner, 1971;

- Ahlborg et al., 1974), Tetrachlorohydroquinone alseo was
- detected in the urine of human workers cceypationally
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exposed to PCP (Ahlborg et al., 1974). However, the rhesus

& monkeyfexcreteﬁtch‘mcre”slpwly,'andsapparently.onlyfas

- 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 he no data-on organ accumulation of PCP

during-chronie. exposure, but recovery of PCP and its

. conjugates from urine and Feces certainly is not quanti-

f~tatiVe}-for'example, about 11% of a-lo-mg/kg'dﬂse.of PCP

- 'was stil] retained by the monkey after 360 hours (1% in
tiver, 7% in intestines, and 3% in other organs) (Braun and

' Baugerhoff£,-1976). - . . .. " S

‘Animals in a.me@élﬁaqﬁatic;ecosystem‘éonéenﬁrated PCP
as much as 300-fold during.48 hours. of continuous exposure
(Lu and Metcalf, 1975), although up to 74% of the. applied

. dbse was metabolized in. that period. Fish accumulated the

most PCP after 120 lours of exposure to 0.1 ppm of PCP.

~ Fish had concentrated it 1000-fold,. primarily in the gall-

bladder; return to.clean water caused an initially rapid
clearance;-mastly,in,cpniugated-form..Eventually-up-to'30%

‘“af.the‘driginaleCPthdyfbugﬁen:was,rgtaingdsfkobayaShi and

Akitake, 1975),

Surprisingly, no data ﬁere-availablelanuthe.Eiacén-‘7

- ¢centration of dioxins or' dibenzofurans in higher animals

during chronic exposure, After a single oral dose of

ﬁo‘ug/kg;wthefrat cleared TCDD with a half-life of 17 + § -

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% after 21.
days.uBudy’burden‘qf-TCDD‘was only determined to 21 days,
at which time it still represented 40% of initial dose:

";here is no indication of what terminal residue eventually

might exist, if any. No metabolism of dioxins was evident.

~ Bioconcentration of TCDD in aquatic model ecosystems

. was reported by Matsumura and Benezet (1973) and Tsensee ‘
+. and Jones (1975). Biocconcentration was proportional to the
- amount of TCDD'ia[the"watar:.the.biagdncentration factor of
~ approximately 10% in the species.included and was rather

indepeﬁdent'offthehaqueous'cah¢entra;ion. -Attempts to
detect TCDD and other dioxins in samples' from terminal

. predators in.the environment (gull eggs, eagle fat, and

sea~lion blubber) were unsuccessful, although the

- analytical sensitivity was limited to the ppb range:

(Woolson et al., '1973; Bowes et al., 1973).
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While the potential exists for limited bioconcentration of
PCP from food and the environment, its rather effective
metabolism by higher and lower animals suggests that the
effect may not be pronomeed. On the other hand, TCDD shows
a bioconcentration potential (10%) roughly similar. fo
that of the more inert chlorinated hydrocarhbons (10 ).

7.2.6 Socurces of Exposure

Table 7.23 lists major registered uses of PCP.
From these, it is possible to determine a variety of
potential sources of occupational exposure (Table 7.24), but
in only a few instaneces (primarily in wood treatment
industries) has the exposure of workers been analyzed
(Rlemmer, 1972; Ahlborg 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 ligts
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 dig-
charge (2itko et al,, 1974), and in the urine of random
samples of human populations not exposed cccupationally
suggests a continual low-level background of environmental
PCP which reguires further investigation,

Major Registered Uses of PCP

Herbicide and desiceant for forage seed crops
Insecticide for beehives, seed flats, greenhouse use.
Microbiostat for commercial and industrial water cocling
Postharvest wash for fruit

Microbiocide for burlap, canvas, cotton, rope, and twine
Microbiocide for leather

Microbioceide and insecticide for wood treatment
Preservative for oil- and water-based paint

Slime control for pulp and paper

Microbiocide 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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1  Table 7.24

Scme PQtentlal Scurces cf Occupatlcnal Expceure'

]-“.,” B T BCP and PCP Impurities

3Manufecture and shipplng of 1ndustr1a1 chlcrcphencls
Sawmills. - .

?chd-treatment plants X

Carpentry .and other: lumber and wccd wcrklng

‘Termite control .

Agricultural pestlcide eppl;catlcn . s
Greenhouses - ' :
Industrial ccclzng tcwers end evapcratlve ccndensers

Treatment and handllng cf burlap, canvas, rcpe, leather e

1 Paper manufacture

©  Petroleum: drllllng

Paint manufacture and. use’ . o
Telephone and electrical llne wcrk

EET I
-

Table 7 25

_.Some Pctent1a1 SOurcee ‘6f Incidental Expcsure .

to PCR. and PBCP ‘Impurities.

-Smcke frcm sawmills and burnlng ecrap lumber ;

- Sawdust (fuel, floor covering, particle bcard, ‘eta, }
. Vapor from treated lumber and plywood .

' Home treatment of lumber for termxte control -

Burlap, canvas, and rope R

‘\“Leather products

. Paper products : ‘ '

Contac¢t with paint . and palntea $urfaces :

Uses of utllity and structurel pcles and raxlrcad t1ee
Ornamental wccd-chlps

Dalry prcducts,,sugar products, and fish

: 37 :
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11:00 a.m, | AERRREAK***
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o Agenda Notes

ENVIRONMENTAL HEALTH ADVIJORY COMMITTEE g

K April 3-4, 1978

R 'f - AGENDA
. (Cont1nued)

“Aof11'3 1978
R TTEis,a.m ss4; Comments and- Discussion

. 12330‘p:m,s‘ ‘?‘.hg n  -2*"3 ***LUNCH*** n

thSO'o.n._ 5. Comments and Discussion (Cont‘d) and

Development of . Commzttee Recommendationsv~ ‘

f‘_BEDO‘p.no f'E Informational Items

. publication of
“No1se - A Health Problem“

T - Status of Benzene Assessment Reports .

o $3:30 pum.. ﬁ7‘ Coneluding Remarks -

o ,‘*#*RECESS***

by Members of Committee and Study Eroup S

" Dr.

Br.

'Mr.
Br.

Dr:

Nhittenberger

‘Whittenberger

Marrazzo
Saz

Whittenberger

br. James L. wh1ttenberger, Professor of Phys1ology: James Stavens Simmons
Professor of Public Health, Sehool of Publio Health, Hervard Un1vers1ty,

-*.\; Boston. Messachusetts

CoDr. Sheldon D Murphy,‘Professor of Toxico?ogy, Depertment of Phanmeoology,
University of Texas Medical School at Houston, Houston, Texas

‘.Mr. Rudy Merrazzo, 5o1ence Advisor, 0ff1oe of Noise Abatement and Control

U.s. Environmentel Proteotion Ageney, Nashxngton, D. C

‘Dr Arthur K Sez. Cr1ter1a Deve1opment and, Spec1e1 Studies D1v1s1on,
- Qffice of Research and Develooment AU.5. Env1ronmenta1 Proteet1on

Agency. Washlngton, D C B
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821 $AB Meet:l.ng - April 3, 1978 .

Stetement as AWPI cammlttee Cha;rman ”

| My name ;s Dennre Lrndsay.: T.am. employed by Vulcan
 .Mater1ale Company, a. penteohlorophenol proauoer. The remarke

Inw;eh,to mege nQW‘ere-on the behalf of the Amerloen Wood . |
:‘Preeervere“lneritﬁte, also known ee AWPI. Approx;metely three
| years ago the wood preserving lnduetry organized an. Env1ronmental
‘ Progreme Task Group w1th1n the AWPI, a pre*exletlng trade eesocre—
tron. The purpoee and goal of the taek ‘group was and etrll is
to make possible the eurvrval of thetwood preservrng lnduetry |

 dur1ng thle tlme of extensLVe governmental regulatron. We monitor

. the govarnmental reguletory agenc1e5 and cemment when approprlete

: upon propoeed reguletlon. We frequently offer our, eselstence

" in helplng the egencies underetand what it is they are ettemptlng

eto regulete.i Our taek group ehelrman aopolnts euboommittlee and

eESLgne to- them verioue responezbilitlee." | |

| T am chelrman of EPTG suhcommittee #6, on pentechlorophenol

”whlch was ﬁormed ebout two’ yeere ago with the prlmery purpose

belng to defend penta durlng the entieipated RPAR process and

'eventually get lt reregietered under FIFRA.- |

o Our euhcommlttee appeered before your etudy group on. pente

. conteminents at a meeting they held 13 monthe ago todey.u |
'mede oomments and supplled informatlon whlch I trust was eomewhet

f;useful e them. Your etudy group has worked drllgently as .

evideneed by thEII dreft report It 15 by far the most
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comprehensive document to date and does an excellent jeb of
explaining the mané-facets of this domplex problem.

Qur 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 ackivities and infafm you of
certain facts.

First of all I wish to call to your attention the fack
that we, as'penta producers, are one less in number than we
were a year ago. In the fall of 1970, when the U.S. Department
of Agrieultu;e first expreséed concern about the presence of
chloro-dioxins in some "economic poisons", that now missing
producer was the greatest among us. Their production and sales
o penfe ‘

Aexceeded that of any other producer.

Thirteen months ago, I reported to your study committes
that we had been négotiating with the Pacific Bio-Medical Research
Center at the University of Hawaii concerning the retrieval and
statistical analysis of data generated in a long term project

known as the Community Studies on Pesticides., 'This study deals
cee uﬁg‘f_f"‘:}/ ‘

with chronicAexposure to technical penta. We did fund that project.

We had hoped for an earligr report; however, it is due within
the next two or three months. We will make itlavailable te
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 étudy group. Most of
the work done during the past year by Dr.‘Gary Van Gelder,

University of Missouri, concerning Michigan dairy herds was funded
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by ﬁhiS‘CDNMittEE$1‘it weS‘lergely Dr. Ven Gelderfe work‘whieh

led the heerlng effleer, Dr lebert H. Wlse, D V.-; to conclude*‘

"The evzdenee,wwhlle not remnv1ng all pOSSlbllLtY ef
‘ﬂ_hezerd, deee net support a flndlng of any meesureble
‘“t magn;tudE.Qfl:lsk;Q:“likellhood ef‘harn te“the humen
| food ;.-.'aai:; ‘from "e'xga';'aré: of ”.fced em.mals to CDD.-in -

' technieel‘pente." (Peée 16 of heering efficer's report).

”“_I have attached a eepy of Dr. Wise' s full repert and fendlngs

fer yeur 1nfermeti0n.ﬂ The underlining end netatlone are my own.
Next, I weuld llke to cell yeur attentlen te the current )
. dreft report.‘ Under III, Seet;on 2, “Toxlcology of Chlorineted
Dlexlns end leenzofurane i pege 5, the lest sentence stetes;
'-“CQntrelled doslng experlments, recently Lnltlated,
may help answer questlons ralsed by the Mnchlqen fleld
l-studies ccncernlng the phermecek;net;cs and toxlclty
‘ t uf pCP and lts cnnteminants in cattle.?l-x
eIt 13 hnped thet that report, wnen eempleted, weuld also.
~ be con51dered by your study group prxer to thexr reachlng a
'conclusion and recommendetion.f _
In addltlen, we are eware‘of a study by Dr Fireﬁtone in
- wh;ch he fed technieel pente to 1actat1ng cewe. Any infermetlon
'relevant te this problem should be ennsiﬁered prier to-a final
‘f:report by this cummlttee. _
our commlttee ls eurrently ccnslderlng the. fundlng cf a
“.lBO-dey celf feedlng etudy using verylng dOSes of dlfferent kinds

of pentachlqrnphenaltwhich:wnuld be done by Dr. Van-Geldert‘
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We are presently walting upon the results of the Firestone
and Moore studies Ec help us decide what questions remain
unanswered. »

At the reqﬁest 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 woﬁd,inténded for use in housing food

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

to act responsibly in dealing with these problems.

3/28/78 g
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- SAB Meeting - April 3, 1978

. ‘Statement aauVMC~Rapraaahtativa‘.

a‘uGaatIeaaafHI am changlnq hats naw. ‘The ramarka 1 wiil

.?maka fram hera oa are. as a reprasentatlve of Vulcan Matarlala
CQmpany | | | | ‘" o | |
I wauld flrat 11ka to dlrect your attentlon to tha draft

rapart, I, page 4. The last santenca af the top paragraph raada

" as fallows.

"Of‘caufaa, tha‘pfaaactiaa Qf thia-ﬁbra-putified

‘fproduct entalls lncraasad productlon coata, and some

“.raprasentatavas of industry fal; this would rasult
[.‘Ln a praduct whlch may ba ‘more difficult to handle.

‘That atatemant lS nat atrong anough I an ¢anv1ncad that
this. would result in a praduct which xa ‘more dlffiﬂult £0 handla..
I know af thrae saparata cases whara xt waa attamptad to ‘use
‘:Dow1c1da EC-? in cnnventaonal bulk handllng systama. All were
consmdared fa;luraa in the ayaa of tha custamer, and one resultad
in ccnsxdarable damaga to tha equlpmant.;‘ : |

Dow has apparently acknowladqad thla fact, alnca they
racantly announcad that thay will now produca panta only in tha ?
"block farm. That actlon haa causad a larga number of smaller

consumara of penta who have baen Dow customara to come to the

' other‘producars-for a source, They (tha amallar conaumers)

~,hcannot afford ta purchase the block dlﬁSQlVlng aqulpmant.

Vulcan lntroducad bulk handllng of penta tan yaara ageo, and

we belleva it to ha unaqualed in convanlanca, flaxmblllty and

\ .
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reducing expesure to plant personnel. Blocks may be a
useful manner of handling penta, but blocks or bulk handling
simply will not serve the purpose of everyone in the industry.

Thirteen months ago cur greatest concern with penta'was
that of its contaminants. Today we hear concern exprassed 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 while environmental considerations were not the
underlying reasons, you can be sure that the uncertain future
for this product helped tip the scale in their decision-making
process.

I would like to propose whét I believe iz a common sense
solution to this problem. It is not a new idea. Others have
propesed it before, but in my opinion, it has merit,

After studying the draft report of your study group, I
conclude that sufficient scientific evidence upcon 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 this study group should direct théir attention
to oQutlining the t;sting which would enabIg.them to make a
decision. Such testing might be accomplished on a cooperative
bagis by the chemical prqduceré. In this way the wood treaters
would be spared the ¢ost of different handling egquipment until

such time as it was necessary, if at all.

3/30/78
108



. Forest Proﬁucts Dlvismn Koppors campany Iru:. :
Pltt:burgh PA 15219, Talephone 41229233300 227 - 2460

" Robert . Arenautt o E\kﬁéﬁdw !W :‘!E?Lg

e cevsiosmet . Architecturaland
L . o CmshuctionMatqﬁais‘

. April13, 1978

- . 'Mr; Ernst Linde

o Scientist Administrater
‘Science Advisory Board, A-101
Envirenrmental Protection Agency
Washington, D. C. 20460

' Dear M‘r.; "L'In‘dé‘-‘ L
Attached is tl:u: wrx.ttm statement. of. essmna.}.ly wha.t I said at the

S.AB Meetmg. o

Smcerely yuurs.

raé!-ﬁ-i‘ b afw&%&',‘?“'g.

. Rnbert D. Ars enanlt

- -RD‘A-/‘sz'

enclogures
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Testimony to the EPA Science Advisory Board
Environmental Health Advisory Committee on Pentachlorophenol
April 3, 1978

My name is Robert D, Arsenaunlt. I am Manager of Froduct Development,
Forest Products Group, Koppers Company, Inc, I was formerly associated
with Monsanto Company, Paper & Wood Chemicals Group, as Market
Manager for pentachlorophenol and as such I had considerable working
knowledge of pentachlorophenol chemistry and use in wood preservation,
Koppers Company uses considerable quantities of PCP in its wood treating
facilities and in formulating blended products for millwork, sapstain control
and other uses, In addition, Koppers sells PCP as a bmker, formerly for
Monsanto and now for Reichhold and Vulecan,

I appreciate the opportunity to speak to the Environrnental Health Advisory
Committee today, [ will restrict my comments to the draft report of the
Study Group en PCP Centaminants. I will first make some géneral com-
ments followed by specific cornments,

Cn the whole I fee] that the study group has done an excellent job m reviewing
the current knowledge on PCP contaminants, Their conclusions concerning
the potential hazards are especially noteworthy, but these conclusions are
inconsistent with the bottom line conclusion,

For example, on page 1=-3 the statement reads, "there is really very little
data on the environmental persistence and transport of the dioxin and dibenzo-
furan contaminents of pentachlorophenol”, On page 1-6 the paper reads,
"The toxicological mformation necessary to make the evalunation of relative
hazard of purified versus standard commercial PCP is also deficient.
Pentachlorophenol itseif is a toxic chemical in its own right," On page 17
the paper reads, '"This finding of low, but detectable, levels of chlorinated
dioxins in tissues of these animals is a matter of public health concern,
however, the biological significance of this finding is not presently known. "
And, "There is insufficient information conceming the identity and dosage
of dioxins involved to allow these observations in man to be useful in a
quantifative assessrnent of the relative hazard of purified PCP versus com-
mercial products containing dioxin contaminants, There are no data that
permit an estirnate of the relative susceptibility of humans to systemic
effects of the dioxins and related contaminants of PCP.!" "As yet, there is
no quantitative information which permits a ccamnanson of the toxicity of
dioxn to humans versus other animalg, ¥
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o A11 these statements remforce our consxatent opmmn tha.t there are no

Jnown, significant. hazards related to the current levels of . impurities n .

- PCR, and there areno: da.ta to set any target level judged to be "safe",

Yat, these, cmclusmns were the result of a review of all kmown data on

h hazards. No such review was made of the costs associated with gammg
these unstated "henefits" fmm removing the impurities; yet, the state-
ment is made on page [-4 ”Df course, . the. pruductmn of this more

- purified pruduct: entails mcreaa ed produ:tmn costs and some repream-

' tativés of industry felt this would result in 2 product which may be more

difficult t6 handle,” A thorough stady of the "costs would Have shown
*that not only are they huge, but the costs would include an increase in
‘exposute to PCP due to the product being more dusty, - Also, the casts
" would include disposal problems with diexin still bettoms and difficulty
musing the purer grade in some mdustry aulvmts sm:h a.s Koppers :
. Cellon process. - - : : :

o Despﬂ:e all the abcwe men.t:.aned }.a.ck of mfurmatmn, the Study Group wrm‘:e
cmclus ion 10 wh.i.ch s:.mply sta.tes that since technulogy is available to clean

“up PCPR, "it would seem. prudent’' to de so. This statement seems to us to
be unjusts.fmd, though i LS pohtma.lly expedxent. - : ‘

~ On pa.g&s I[-'I a.nd V-3-35 a.r:lmowledgement is ma.de: tha.t some of. the FC“

m'the envirciment may come from gmeratmn of PCP by chlorination of

- water or. creatmn by natural pruc:eases. Huwever, the implication is that
PCP m the. mw.ronment, found imurine of non-exposed humans, and in

. txssue comea from exposure to. trea.ted woo& n the ennrunment.

- One uf the problems tha.t has a.nsen is tha.t pentachlorophenul in the environ-
‘ment geems to be ubiquitous,. .Ik is found In samples taken from the environa-
“ment fram a.m.mala, and frnm humans. - For example, the Mareh st issue

. of Pestmu‘.e & Toxic Chemicals News reports-that the "Environmental

Protection Agency‘s national huma:n mnnitormg program has found n the

: 400 samples of numap urine ana.lyzed that'nearly 85%. of the. samples show

- 'quantifiable, amounts of pentac:hlnronhenol', a constituent of many wood
preservatives and a ccm.ta.ct herb:.c.lde“ Also, the June 30, 1976 issue of
Pest:.mde Chemxca.l News contained an article that stated, "hexachloroben
Zene res idues ha.v-e be- found 75% of mother's mxﬂc samples and 959, of ..
hurnan adipose tissue samples collected in the U.S. by the EPA", Attached

is a copy» of the entu-e text of this artxcle. It also states that HCB. contami-
nation of meat is: mcreasmg ang breast fad mfa.nts, in a worst case situation,

"could he expoaed to HCB levels apprnachmg thase demnnatra,tmg adverse

) e.ffects m Labora.tnry zmxmals. . ‘
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Tying these two findings together in order to show that PCP and HCE are
interrelated one would only have to prove that pentachlorophenol is 2 metab-
olite of hexachlorohenzene, or vice-versa. Since pentachlorophenol is used
in small quantities as a wood preservative compared to hexachlorobenzene
production in the chemical industry, one would have to agree that pentachloro-
phenol could be a2 metabolite of hexachlorobenzene in humans, if shown in
laboratory animals, [n fact, it was shown in monkeys that hexachlorohenzene
metabolized to pentachlorophenol. Iam attaching a2 copy of a paper by Yang,
et al entitled, "Chromatographic Methods for the Analysis of Hexachloroben-
zene and Possible Metabolites in Monkey Fecal Samples™,

Another paper by Engst, et al, "The Metabolism of Hexachlorobenzene in
Rats', confirmed earlier findings by Mahendale in 1975 that pentachloro-
phenol was a metabolite of hexachlorobenzene in animals, Iam also
attaching a copy of 2 paper by Rourke, et al entitled, "Identification of
Hexachlorobenzene as a Contaminant in Laboratory Plastic Wash Bottles',
which references three papers by Yang, et al on the metabolism of hexa-
chlorobenzene in Rhesus monkeys, Ihave given you a copy of the paper by
Renner entitled, "2,4,5-trichlorophenol, A New Urinary Metabolite of
Hexachlorobenzene',

Now how does the hexachlorobenzene get in the eavirearment? To answer
that question I am enclosing 2 copy of a paper written for the Hazardous
Waste Management Division of EPA entitled, "Sources, Characteristics,
and Treatment and Disposal of Industrial Waste Containing Hexachloro-
benzene”., According to the paper there are 23,665 tons per year of
hexachlorobenzene containing waste materials from chlorinated solvent
production alone plus 2,650 tons of hexachlorobenzene from chlorinated
solvents which were presumably removed from the chlorinated solvents
before the sale of the solvents, It is also known that many of the chloria
nated solvents used for dry cleaning contained traces of hexachlorobenzene
and this could be another reason why humana are exposed to hexachloroa
benzene everywhere,

Another paper which was sent to us from the Office of Toxic Substances
entitled, '"Hexachlorobenzene, A Man Made Pollutant", is attached for
your information,

It is apparent also that this is not a one-way proposition, Peatachloro-
phenol could conceivably degrade to hegxachlorobenzene under certain
conditions., Dr. Donald Crosby in his paper to the EPA Science Advisory
Board, "Reactions and Eavironrmental Fate of Pentachlorophenol and its
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Impurities", stated, "the origindl pyrolytic conversion of a PCP salt to
OCDD was accompa.med by a/large portion of hexa.chlombmzene, Sug=
gested to arise from decompasition of decachlnrnd;phenyl, but this has
not been, con.ftrmed” Hexa.chloroheuzene also appears to be a byproduct

of UV hght degradatmn of pentachlerophenol on the surface of wood, It

is. my 1rnpressmn that hexachlorobenzene contamination of the environ-

i _ ment is. caused frnm the he.::a.c.hlo robenzeae xmpur:.hes n chlorinated

} ,chemmals as well as the over 26 mxlhm tons per year of HCE contammg
wa.ste whlch are dum‘ped - ‘

'Also attached a.re twn a.r!::.c:les wh:.ch a.ppea.red in .I. Env:ran. Secis Health
in 1976, both covnrmg angther scurce of penta in‘the envirconment, The
wae nf lindane as an msecticxde on lettuce and endwes Pestlted in the
ln:lda:ne to convert to tnchlomphenol, tetra.ch.lomphmol, pmtachlo rophenol,

;and conjugates of tetra and pentachlérophencls, Non-polar compounds,

ncluding, hexachlorubenzene were also formed, In the top soil was also
some peata, ‘While the a.rtmla calls these brea.kdown products metabolites
g from the erop, I thmk ﬂ: more hkely that they are UV' hght brea.kdown
‘products. “ .

‘ ,The uther article covers the metabnlmm of lmdane in rats. Pmtachlaro-
‘phenol is shown to be ene of the metabahtes. Other metabolites include
- 2,3,4, 6-tetrachlcrop&enol. 2,3. 5,6-tetrach1orophenal and 2,4 fatria
‘chlorophenol. Minor metabdlites were gamma 2, 3,4, 5, énpentachlqro-
"‘cyclohexene and its meta.bnhte, tetra.chlorocyclohe:anol.

This. work a.lso shows other chemxcam which ha.ve pmta asz a meta.bohte.
- They are pentachlcrubenzene and 2,3 4,5, 6-pentachlorucyc1uhex=ne-(2)..

o 01-(1) a.nd gamma. 2,3 4 5 6 pentachlaracyciohexme.

, It is begmnmg to look hke there are ma.ny ways for pmta to end up in
the. food chaid,: both as metabohtes and as breakdown products of other -
:ummon!y us ed peat r.cx.des, mcludu:.g hexachlorohenzene and 1u1da.ne.

j We at Koppers feel s strongly a.hout th:.s issue of pentachiorophenol
‘being a unweraal cmtamma.nt "ca.used by ause in wm:d preservation® that
I a.sked R. 8. Detrick. of Koppers to present a pa‘pe!.‘ which appeared in-

-'j.the Forest. Pradunts Journal in 1977. Attached iz a copy of the paper.

B refera to many of the items which I'have already dxscussed but in-

©. gumraary it shows that pentachlorophenal in the ppb level can be c..aused

[from other fa.ctors than, pentachlorophenol e.::‘posure. ‘

i "There is a.nother area of concérn wbxch I feel must be dea.lt with in the
'Report, - Photolys is. of PCP can create OCDD and hexachlombenzene in
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the environment. Since both of these contaminants are already present
in technical PCP, we question why take them out if they are only going to
form again from sunlight, However, they also rapidly break down in the
same sunlight,

The paper on page II-8 states that PCP photodegrades in water and varicus
solvents. This is covered again briefly on pages V-3-17, V-3-19, Vv-3-20,
V-3.22, and V-3-32, However, on page V-3-22 the Report states that
organic, hydrogen-donating solvent rmust be ptesent for photolysis of
dioxins or dibenzofuran to occur. This is not true, We have demonstrated
repeatedly that photolysis and rapid degradation occurs when dioxins are
present on cellulose substrate without solvent, We have extensive infor-
mation to EPA with a letter to Mr, Edwin Johnson dated June 1, 1977 on
the degradation of PCP and QCDD by suanlight and artificial UV light. None
of these data are referenced in this report,

Tam attaching a copy of that June st letter and also a capy of a letter
written to Dr, Donald Islib as part of the Michigan Hearing Record, These
documents show that both technical PCP and EC-7 BCP reach the sarme
maximom of QCDD level in micrograms per unit surface area after one
day irradiation by UV light, This maximum was then deplated as the OCDD
photodegraded and there is no difference in the rate of buildup or the rate
of breakdown between commercial PCP and EC-7 PCP, The OCDD con-
centration oo the surface reached 3060 ppm on the basis of initial PCP
concentration regardless whether the initial PCP started with commercial
PCP (1600 ppm QCDD) or EC-7 PCP (60 ppm QCDD).

Hexachlorobenzene also is a degradation byproduct of photolysis of PCP.
However, HCB is also a contaminant of PCP, In fact, we found a sample
of EC-7 PCP contained approximately four times the HCE level (170 ppm)
as Monsanto's PCP (45 ppm). In wipe tests of wood utility poles exposed
to sunlight for less than one week, poles treated with EC-7 PCPE in oil had
approximately ten times the level of HCB on the surface of the poles as
expected based on the amount of PCP present. When compared to poles
treated with commercial PCP in oil after three years exposure in Ohio
(different oil}, the EC-7 treated polés had about four times the level of
HCB on the surface as the commercial PCP treated poles. While these
levels are not judged to be an environmental hazard (levels of 0. 001 to
0.02 ug/in. 2 HCB), they do indicate that there is no benefit from the
environmental standpoint of reducing the contaminaats in' PCP,

We are continuing our work on photolysis of PCP, OCDD, and HCB using

wood as a substrate. As more information is generated, we are finding
that UV light degradation eliminates these products from the environment,
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‘.Therefore, although the grade. of PCF makes no dtfference in: quanttta.twe

amount of. 1mpurttles formed; in reality the impurities are. not a haza.rd
whether in the. PCP unt;a.lly or fnrmﬂd from UV light,

115




June }, 1977

Mr, Fdwin L. Johnson

Deputy Assiastant Administrator
for Pesticlde Programas

Environmental Protection Agency

Washiagton, D, C. 20460

Dear Mr, Johnson:

In the past we have submitted information to you on the environmental
fate of peatachlorophencl {PCP) including information on degradatica of
PCP in soll and the degradation of actachlorodibenzo-p-dloxin (OCDD)
in soll. Thia wns a part of the package which was submitted by Ron
Dreer to the Scicnce Advisory Board Ad Hoc Panel studying the dioxin
question, '

We understand that the Scicnce Advisory Doard will shartly be completing
their report and recommendations, One part of the Draft copy of the
report, wrltten by Dr. Croaby, referred to pentachlorophenoxide-ion
undergoing cyelization to QCDD in water, and also photodegradation of
CCDD by ultraviolet (UV) light in the presence of a hydrogen donor such
ag aleohol. Dr. Crosby wrotce that, "the rate of photo-reduction is
Inversely proportlonal to the depgree of chlorination, indlicating that the
lower chlorinated dioxins degrade faster than the higher chlorinated
dioxins. He further wrote that, "PCP could conceivably generate OCDD
in aunlight, but the usual preaence of iydrocarbon soivents would tend
to promote eventual dloxin photolysia on the wood surface™,

Aa part of our contiauing program of environmental and heaith studies
with wood preservatives, we have been investigating the photochemiatry
of pentachlorophinol and the contninecd dioxins. Thus far, this work
rupperta the atatementas made by NDr, C‘.runb','. and the results emphasize
that diexina that may be penerated from PCP irradiation ¢on the gurface
of the wood are thiemerlyven degraded, A hydrogen donor aalvent, however,
ia not necessary. Cellulosic material can act as the hydrogen donor,
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Mo, I;rl\vln L. Julmaun
C Page 2 '
L Junell 1'977

F‘rum :-'Ln cnvlrcnmc‘ntnl pﬂlnt uf view the aurfu.ce of the trentt‘:d wood ls
impartml: beeage It conatitutes an nvcnuc of oxpwurr to man and the
environment, In urdor ta uimulate the aurface of the wood without having

: “-intrructlonu auch a8 blncdmg, varinbility, and analytical dlfl'l:u!ty. we
‘have donc most of our wnrk wxf.h filter papcr impregnated thh & ualuticm '
. of PCP or OCDD ‘ : :

We havo conductr‘d sowrnl exprrimmts f.-xpuuing techni:a.l PCP, purified

PCP. Dowicide EC-7 PCP, and ‘OCDD on filter paper and technical FCP -
and Dowleide EC-7' PEP on woad, with and without oil present, in artifi- .

ceial UV light and in. Bunlinht. Our cxperiments are :mt!nuing. but we
“have prellminary results that we feql are meanmgful even though we hn.ve :

not yet complcted these studxrs. “l k

W’orkmg wlth flltor pa.;wr, ‘our utudll:'s nhnw that when, PCP 1s c.:cpoucd to
UV light, photndogﬂdatlon Gececurs md QCDD 1s one of the products {ormed,

Continued expogure to UV light' degradca the OCDD,. These chemical

reactlons oceur whether the PCP being éxposed te uv. hght iz of the EC-7

“grade or the tecimlcnl pnde. - What surpriged wa in our studies, huwever,
“waa that l'l"'}"'lt‘dl(‘ﬂﬂ of the or!g!nnl CCDD coritent of! the PCP, the ultlmate

lcvcl to wh!ch the DCDD buxldn up la nbuut the same,

. The EC-T. umple we uacd cmtainod 13 ppm uf QCDL’J. The commercial

PCP umple contained 1, 466 ppm of OCDD.  When 15 mg of EC-7 grade
PCP was irradiated for tm: daya, thp dioxin level on the filter paper rose
from the initial 9.2 ug to $8 ug. of OCDD, When 15 mg of commercial PCP
was Irradiated, the dioxin lavel I'D!H‘ from the initial 22 ug to 64 ug, . The
EC.7 gradf- Pt‘"P gmrmtrd 58 ug in the same time that cnmmercml PCP

: gmoratrd 42 upt, and both grades.of PCP dcvelopcd upprﬂxlmately the
. same level of QCDN, Oneea critical level of DCDD was rea:hed, the
OCDD photodegradcd to lowcr levels. ) o

o .Mter uvm d'tyn anly 3 Yo of thc urinlunl I"(‘P rrmamrd nnd the DCIJD
o lcw-l had dropped ahout 33"" from the peak valie, M’tcr ten dnya the '

‘OCDD level hadfdroppc-d to about ‘50 o, nf tlm peak value. . o

Tn our tc-nt- CA h e p-ut ot‘ tlw peE waa. lowt dur to vohuhzatlon rather
- than phntoh,.nln. w orking without UV hght but krepl.n:: al! other condi~

- tions conatant, 52% ofa 7.5 mg qnmplo volatilized In thrce daya' exposure,
Slhnilar studie a have not brcn conducted aa yet on QCUD,. ‘However, inas-
'rnuch as DCUD h*m a vapor prcauure lesu thnn 1/800 that. oI PCP. it ia

_11-'1‘



Mr., Fdwin L. Johnoon
I'ape 3 '
June |, 1977

asaumed that algnificant lons by volatilization does not gccur, Ve would
expect higher chlorinated dioxins to degrade on the surface by UV light
rather than vaporize inlo the environment,

Qur worlk with PCP treated wood poles hans not reached the point today
that we can prove conclusively that dioxins are (ormed from the FCP

on the surface of wood that ia expoacd to sunlight, We believe, however,
that such is the case., The worlk does Indicate that there is a breakdown
‘of dioxins that are originally present or which may be formed oa the sur-
face of the wood,

Wipe tests conducted on three commercial PCP/Cellon treated polas
which were in place for three years in California, show lower PCP and
QCDOD concentrations on the susny south side of the pole than on the north
shaded side. The PCP content oa the south side of these poles averaged
'0.34 ug/sq, in, and on the north side averaged 2.08 ug/sq. in. The
corresponding OCDD levela were 0,010 ug/sq, in. on the south aide aad
0.024 ug/sq. in, on the north side, The lower OCDD content on the south
slde of the pole a0 compared to the north slde reflects the effect of UV
light on QCDN. We interpret the higher ratio of OCDD to PCP on the
south slde of the pole as compared to the north side of the peie to reflect
both the eflect of UV light on.the degradation of PCP aad vaporization of
PCP.

We have found somewhat the same relationship when PCP/oil treated
poles were tested. These alac had beea In service three years. On the
south alde of these poles the PCP level was 0,7 up/ag. in. aand on the
.north slde the PCP level was 3.1 ug/sq. in. The QCID lavels respeca
tively were 0.013 and 0.032 ug/sq. in, These data substantiate that
cven though dioxins might {orm from PCP In wood cxposed to the sun,
they alsc arc eventually deatroyed by the san,

We have indicationa that these same phenomena oceur on poles treated
with EC-7/oil solution.. The wood inslde thene poles was extracted aad
analyzed to conflrm that the polen were, In fact, treated with FC-T.
The PCP contained the averape of 22,5 ppm of CCDD. The wood con-
tained an average of 1,157 I'CP. However, on the surface of the poles,
wipe tests showed {rom 0,001 to 0,008 ug/eq, in. of OCDO on poica
which were two werekn to two months old. We have found substantixlly
the sare levels of OCDID (L 001 to . 008 ug/sq. In,} on the surface of
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' “:Collon pnln trﬂtcd w;th t\hr tcc!mwal j.‘&"ldt‘ o[ PL.P after 15 woeks!'
- expesure to the sun.in. Prnnuylmnln. Vchrtlmr theae numbers reflect
"f:'csultn from blrc:lmg, FCP loas or sunllght gmcration is uncorxﬂrmcd.
‘Wc fcel thnt thcm roan!ts nuppqrt the: concluulana drawn t'rom the
' .lnburatory t:-ata that {1) EC-T grade PCP on a cellylose substmtc

. Jexposed to UV light phntodrpradru ta ocnn, rrachmg the anmae QCoDD |

‘toncentration level am technicenl grade rCcp exposed - ander. the same
N conditlons, and (2) alter reachlng gome cqritlcal lcvel the DCDD can-
" ccntrntlun dc:rcaa cs due to photudcgmdatlm. o L

It Is importnnt to nute tlmt we hnw not found nny tctrachlornd;benr.n-— p- -
dioxln formed, due to phutolysm of PCP or C!C.'DD, either in the .
laboratory or floIr! studles.  Much of the work regurtcd here are the
prcl:mmary rcaults ina contlnumg utudy.

" f.-We will kccp you mformcd a8 new lnformahon is gmcratcd. We will

| o apprcciatc the opportun tty to vie 1t with ym; ta dluclzu.q the resulta of
our, wcrk ln more detall ‘ L o

+

| ‘_Shi‘cé'rel‘y yours,
; BéBcrt D. Ars‘maﬁlt
RDA[mz

bcc | R‘.“'l?:. .,'-:'».[Q;‘\‘_t;;'.‘ )

L, Tg-" 1 }l;l‘.‘.hl"ﬁ-
I ‘ G, -Itﬂ“,‘!h;\tn
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July 20, 1977

Hr. Donald R. Islib

Chief Deputy Director ‘
Michigan Dept. of Agriculture
Louis Cass Bldqg.

P. 0. Box 30017

Lansing, Michigan 48909

Subject: Effect of UV Light on
Pentachlorophenol (PCP)

Dear Mr. Islib:

At the Public Hearing on Proposed Reguiation No. 637 on Mav 26, 1977, our
Mr. R. D. Arsenault mentioned that studies by Koppers Company had shown
that pentachiorophenol deposited on callulosic filter paper and exposed
to UV light was decomposed and gne of the produtts of decomposition was
octachlorodibenzodioxin (OCDD) which in turn was alsc decomposed by the
UV 1ight. At the continuation of the hearing on July 12, the validity of
the Koppers data was questioned on the basis that the artificial 1ight
used by Koppers was substantially different from sunlight. The purpose

of this letter is to provide you with additional information and comments
on these subjects. .

Even though pentachlorophenol is toxic im its own right, much of the
discussion of risks before the hearing hoard has focused on the chioro-
dibenzodioxins that are impurities in commercial grades of pentachlorg-
phenol. Octachlorodibenzodioxin (QCDD) is the most prevalent chlore-
dibenzodioxin in commercial grades of pentachlarephenol and its analysis
is subject to fewer uncertainties. Therefore, much of the following
discussion will focus on octachlorodibenzodioxin (0CDD). Tetrachlorodi-
benzodioxin (TCOD) was not detected as a degradation product of either

OCDD or pentachlorophenol, Hexa- and heptachlorcdibenzodioxins were
detected, but not quantified.

Octa- and tetrachlorndibenzedioxing {0CDD and TCOD) deposited on filter
paper are readily degraded by UV light from both sunlight and artificial
light sources. Experimental data are summarized in the attached tables

I and II. These tables include long and short wavelength intensities of

the artificial light source and Fittsburah suniight and are shown to be
simitar. The calculated velocity constants, assuming first order reactions,

are shown in Table IIl. The experimental procedure by which thase data were
obtained is also attached. . -
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.« Pentachlorophenol (PCP) (both commercial grade and Dow .EC-7 grade) deposited -
on filter paper is readily degraded by UV tight.  Experiments were confined
. to artificial light, because this light source was considered to be a
reasonable facsimile of sunlight, it is uniform from hour to hour while
sunlight is not, and the degradation of péntachlorophenol by sunlight had
‘already been demonstrated by other investigators. : . ‘ '

‘The attached paper .entitled "Weathering and Stabilization of Polyolefins® hy
‘J. A.Melchore (IZEC Product Research & Development, Vol.1, No. 4 pp 232-235
- (1962) describes the artificial Tight source used in our work. The wave-
lengths of 1ight in sunlight and: the artificial light are shown in Figure 1.
Both sources emit 1ight at wavelengths below 350 my which is the wavelength
‘below which pentachlorophenal {PCP?fabsorﬁes UV light. " Pentachlorophenol
(PCP) absorbes UV. Tight strongly at wavelengths below about 310 mu. ‘
Presumably,  these are. the wavelengths that provide the energy for the .
observed degradation of PCP,, = = .~ = . o

| ‘ExEEfimehté}‘ﬂataﬁfoﬁ the ﬂV,dégradatﬁoﬁ-df,beﬁfébh10rophénol'(PCP) o
- obtained in recent weeks are sumnarized in Table IV and V, for commercial
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% of the PCP had degraded in'seven days.
In -both cases, 0CDD was produced as a degradation product at a peak value
. of 23'ug QCDD regardless of the initial concentration of OCDD in the PCP. ‘
- The same 'data are:.shown in Tables VI and VII, in which the OCDD 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 0CDD .
concentration reachgd 3060 ppm in both cases, D ' ‘
- In assessing the risks of exposure of either humans dr,animéls to treated
~-wood, chemicals on-the surface of the wood should be the principal concern,
not the ‘chemicals embedded in' the: internal. structure 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 commercial -
grade or EC-7 grade of Pentachlorophenol would not be significantly
different. = - R ‘ o
| '_;Yodrs fruly,“‘ o S
L Tntiiel
. F. S. Detrick, MHanager
. . ‘ Environmental Health and Safety Section
o RSQ:mjt‘ e | o o
~ Attachments

cbeer teo R Ardenandy
C e B L. Daving
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EFFECT OF UV LIGHT Ot PENTACHLOROPHLNOL (PCP
ARD SELECTED CHLORTDIGELZUDI0XIR

1. Experimental Procedure

standards of 0CDD and 1,2,3,4-TCDD were obtained from Analabs, and the
2,3,7,8-TCDD from D. Firestone of the FDA, All diexins were used without
further purification. A1l stock solutions were prepared in reagent

grade benzene, and stored in aluminum foil covered bottles in the dark.
A1l work concerning the TCOD was done on the 1,2,3,4-TCOD isomer unless
noted, .

Dioxins to be frradiated by UV were applied in benzene solutions via a

2 cc pipet onto a 2-inch by S-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 OCDD were calculated to be in the same ratio as
they exist on a typical penta-treated pole. o

The UV degradation rates of 0COD and TCOD in various sample systems

wera determined in both sunlight and artifically produced UV light. The
description and operation of the artificial UV exposure system is
discussed by Melchore.3 The Uy radiation was measured at the surface

af the samples by an Ultra-Violet Products UV Meter at both short and
Tong wavg]engths_ The average intensities for the unit were 1.02 mil1i~
watts/cm™ for the short wavelength (254 mm peak), and 0.63 mwatts/cm
for the long wavelength (365 nm peak) detactor,

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 c¢

aliquot of benzene. The samples were shaken on a wrist action shaker

for 30 minutes, and the benzene solution was analyzed by a gas chromata-
graphic technique.

Gas chromatographic analyses (GC) were carried out on a Hewlett-Packard
Instrument (Model. 5701A) using a 3’ x 1/4" glass column packed with 10%

OV-101 on 60/80-mesh Chrom Q, a silane-treated diatomaceous earth support.

Programmed temperatyre gas chromatography was ysed for the analysis of
all samples containing OCOD. Samples containing only TCOD were analyzed
isothermally at 2509C. The temperature program consisted of holding

at Z309C for 8 minutes, raising the temperature to 2800C at 8eC/min.

and holding at that temperature for an additional 8 minutes. Under
these conditions the TCOD eluted at 4.4 minutes and the QCDD at 17.0
minutes. A Ni63 electron capture detector was used because of its
sensitivity to halogenated compounds. The carrizr 75 was a 90/10
mixture of argon/methane, and its flow rate was 40 cc per minute. Samples
ware analyzed quantitatively for either TCDD or QCHD by using band area
‘ m:asgragents (the height x width at half-height method) and absoluta
standards,

3. "Weathering and Stabilization of Polyolefins," Melchore, J.A.,
I8EC Product Rescarch and Developrent, Vol. 1 No. 4, pp 232-235%,

December, 1962.
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2. Clean-up-Procedires’

,. a;~-ﬁbnsanééﬁﬁ2£hod No. 70-207. .

: Tﬁig-methbd'prOVfded‘by.Mcnsahtbm€s.designed fo,femove.From the éamp1a

_Phenolic compounds. which might 1ntevférenwi;hjthe.analysis;of”the
various. chlorodioxins. - In this method, the sample, which has been
. dissolved in benzene; is extracted three times with 20-cc portions of

5% N&OH, ahd-béckwashgd-twice-with“ZO—tc portions of distilled water -

- containing about 0.2 gram NaCl. The benzene solution ic then passed |
- through c¢lean-cotton 1n,thegtfp‘nfﬁthe-separatory funnel, This benzene

. 501ut1bn.1s”eitherganaiyzed;directlyJob further purified by the alumina:
“column described below.” = =~ 7 , o

: qE.ffAidmiﬁa:“Min1ﬁiéDIUmn§"

‘The “mini?Cb]umnsfhere,preﬁared'ffom,sfnh31.n.ﬁgiass'tubiﬁg'wﬁichwas

“drawn te a fine tip. ‘A small plug of glass wool was jnserted, and the
column filled with Alcoa F~20 alumina heated Far 1§ hours at 4000C, The
height of ‘the alumina was approximatély 200 mm. A S-cc aliguot.of the
sample ‘solution was .placed on the column. Since some of the sample

- solution was. absorbed on. the column, additional benzene was added until
- exactly 5 cc was eluted from: the column, This was done by placing the tip

of the CQ1umn!intd.a*5—ccuvqiumetric flask and fiTIing_it-tu‘the mark as

. the benzene solution eluted from: the column.

3. Recovery of 0CDD and TCOD from Filter Paper Strips -

‘Standard solutions of 0CDD and TCODD, were applied to the filter paper
* strips and recovered as. previously described. The recovery was determined
- for various periods of time, These included: (a} immediately after the
- benzene had evaporated, (b) after 18 hours in the dark, and (c) after
67 hours in the dark.. The resilts show that ‘the recovery of 0COD was
at least“Qﬁztwith.or‘withQUtroil;,the;récovery-of TCOD averaged 92%-
with or without oil. - v 7T o

‘: 4.15Recoﬁéryiaf 0CDD frbmfﬁfumfna*ﬁﬂfni“‘CuYumns

‘fS}nde the:aluminai"minﬁﬁ-culumns were usedttO‘c]ean‘Up.thefwbod,extraéts,

- the recovery of the 0CDD was determined to insure that no 0CDD was being

‘n;  a) ‘the degradatioﬂ{nf‘TCDQ'i

. adsnrbed,by“the columns, A B-cc aliquet of an OCDO standard, treated
: as_previous]xﬁdesfribed,.gave 100% recovery. L C

5. Degradation Rates of 0C00 and TCOD by Artificial Uy Light

Standards of’DCUO,‘1,2,3,437690,'andu2,3,7,8-TCDD“were,app?iéd‘to fitter.
Paper sirips and exposed to artificial v light for varying periads of
time.'.The‘data,whichﬂis'shown;jnltable I' can be surmarizéd as follows:
s faster than 0CDD,-b) the degradation of
- 0cDp ﬁs‘faster'1na5ystems-containing 0il (P-9 or Nujol) than in systems

not containing ofl, .¢) the degradation of QCOD is faster in systems containing
Nudo].than‘systemsrcqntaﬁning P-9 ail, and-d) the degradation of 2,3,7,8-TCOD
is Fastet‘than-thatydf 1,2,3,4-TCOD, . The UV degradation. of both 0CDD

and TCDD on cellulose appears to occur at a faster rate than in solution.l

\
1

1. “Photo Decomposition: of Chiorinated Dibenzo-p-D
‘ﬁand;woolson..E;}A;,'Science} August 1971, o

ioxins.“‘?limmers‘J- R.,



&. Deyradation Bateé;gj_ijpﬂ and 100e by Sunlighi

Standards of 0CD0, with an without oil, and TCOD were applied to filter
paper strips and exposed to sunlight for varying pericds of time.  The
8-hour and 16-hour exposure tests were run over a perind of 2 to 3 days,

and were stored in a dark cupboard overaight, The UV intensity during
exposure was measured quite frequently because of the axtreme variation that
was observed, The intensity data was integrated over the axposure time

to measure total exposure. The degradation datz which can be seen in Table IV
showed the same trends abserved for the samples exposed to artifiefal UV
Tight, except that the rates in sunlight were slower than those observed in
the artificial light. The first order velocity constants were calculated
for all samples to further substantiate the observations noted above and
can be seen in Table [II. :
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lable 1

 Degradation of 0CDD and TCDD by Artificial UV Light

S ‘ ‘Expo‘s‘ure "I“‘tﬁnsity‘. o |
_— .+ Ewposure - . (mwattsfem") o
‘Bioxin ~ _0il = . (hrs.)  Leng Wavelength Short Wavelength % Remaining

1 063 . 102 94
2 . 128 2,04 | 88
a0 22 T 4.08 . 83
& 3.8 6.2 7
Cie . .y 1613 80
67 . 621 . 68.3 _ 33

i DCDﬁ"‘ ‘Nane*

., [ TGDD _None 1 0.63 | “1.02 : 86
Lo 2 .. 126 o206 ‘ 81
b 2.8 T 4.08 69
g -7 7 3,78 . 612 58
6 10,1 RIS - 20 20

~ eopY - Nome TR SR 2.52 . 4.08. .. 38
e T 504 © o B.16 ¢ - 28
w0 0.1 0 163 6
ocpd . Nujel v 6 r 3.7, .12 -
A | S 104t : 6.3 - .« 0.5
P9 . &7 . 421 . 683 8

Lo
L

"1/ This TCDD is-the:2,3,7,8 isomer.
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Degradation of OCDR and TCDD by ¥ainral Sunltight

Expasure Intensity

Exposure - (mwatts/em™) j
Dioxin 051 (hrs.) Long Wavelongth Shore Wavelangth % Remaining
ocDD None 5.5 2.28 4.19 89
'8 3.86 6.78 o1
16 6.88 12.1 83
0CDD P-9 5 2.26 4.19 ° 47
3.8 3.86 6.78 47
16 6.88 12,1 34
ocDD Nujol 5 © 2,26 4.19 48
3.s 3.86 ‘ 6,78 42
16 6.33 12.1 18
TCDD Nona 3.5 2.26 ‘ 4,19 a2
8.8 3.856 6.78 .17
16 6 .88 12.1 57
TabTe_III
Velocity Constants for tha Décampusition .
of 0OCDD and TCDD |
o
Dioxin UV Source Oil Veldcity Constant, Hrs,"t
0CDD Attificial - . A2
2,3,7,8-TCDb Artificial - . L40*
oCcDh . Artificial Hone .033
1,2,3,4-T20D Avtificial | Nore . 100
2,3,7,8-TCDD Artificial Kang ' 215
oCoD Sualight Hona 012
ocnp . Sunlighg r.g 081
CCDD . Sunlight Nujol 108
1,2,3,4-1C0D Sunlight Nona 035

“These reaction veloclty constants were calcul.ted h: the Mathematics Group
from duta presented in the paper "Fhato Ducomposition of Chlurinaced
Dibenzo-p-Dioxing,”" Plixmer, J. R. and ¥oolson, E. A., which appeared in the
Augusc 1971 iazue of Science. PRate sendisy were done in methanol sslutions.
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‘.Tdhlt IV*
Effect of Oy lilht on . .
Commﬂrc1al Pentach10r0pheno] (PCP) - |
7 on Filter Paper |

C smgeny

. Exposure . o ocop SR AR
. Time .. - “Found . “Remaining

cBays . . . w9 . f ug

o1 75007
CooooE L sa0
ey 1800

T & R &
- T LB )
W e 180

S W N e

Tab]e v

Effect Of yv Liqht on
’ ’EC 7 Pentachiorophenol (PCP)
‘J‘*. ' on Filter.Paper. B
. (7.5 mgecp)

Expcsure AT | - OCDDi”"f' o i.n‘:uPCP

f.‘ Time j o 0 Found , " Remaining

Days . w g

045700
S L 2100

R B R P 7.0

21 1380
s T e
e es T g0

kqm N—" c‘: oz
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" Table V!
Effect of UV Light on
Commercial Pentachlorophenal (PCP)
on Filter Paper |
OCDD Relative to Initial PCP

Exposure 0C0D as
Tima ppm of starting
Days PCcP

0 1600

1 3060

2 3060

3 2530
7 2000

14 1040

“Table VII

Effect of UV Light on
EC-7 Pentachlorophenol (PCP)

on Filter Paper
0CDD Relative to Initial PCP

Exposure ' 0CDD as
Time ppm of starting
Days Pce

0 60

1 3060

2 3060

3 2800

7 2400

14 1130
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March 24, 1978 .

© . Seience 'Advisory Board
C U.S. EPAL ¢ 0 S
- Washington, D.C. - 20460

‘TGii ﬁfEnvifohmenta]‘Hea1thuAdvisory;Cdmmittee'f

FROM: G. A, Van Gelder
- Veterinary Toxicologist
. College of Veterinary Medicine
. University of Missouri
CoTumbia, Missouri 65201
Telephone 314-882-7011

RE: . Draft Report on Pemtachiorophenal ¢

i Intro&uétion: | ‘

" During the past year I have served as a consyltant to FDA, the’
‘American Wood Preserver’s Institute, Reichhold Chemical Company and

- Vuchn‘Mataria1s‘Compqny‘in-matters‘reiatfng to pentachlorophenol
and animal health. My reports have been made a matter of public . - -

- record,

THIS STATEMENT WAS PREPARED AT MY OWN INITIATIVE AND EXPENSE.

‘IT‘REPRESENTS*MY”PERSONALiOPINIONS‘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 summarizing complex issues there.is a risk of being imcomplete or
misunderstood. - If any of the committee have questions please feel free

~to call or write. A copy of a letter I vrote earlier is attached as an

- appendix. This discusses in more detail some of ‘the animal health
 aspects.. . oo o L T o

 BatkgEouﬂd:‘ ;7f3J"

1) I have visited most of the farms, including those in Michigan,
.- inwhich pentachlorophenol related health problems were alleged.
-2} I have conducted Timited studies with pentachlorophenol and related.
-~ concentrated contaminants, a ' o
3 I have reviewed the available chronic rodent studies with penta-
. .chlorophenol including inhouse reports submitted as part of the -
... Michigan hearings. L T o
4} 1 set through and heard all testimony at all the Michigan Penta-
. ch}qrophend] Hearings except for the one day Dow Hearing on the proposed
. rule. R y S co . : - ‘
- '8) 7 I reviewed all material available under freedom of information
-7 n the files of the Michigan Department of -Agriculture related
. to the alleged pentachlorophenol related herd health problems.



Page 2

6) 1 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 ", . . dioxins in
tissues from a dairy herd in Michigan in which there were undiagnesed
health problems of chronic duration.”, is not an accurate statement of
the facts in this case. Serious communication and decision making
process related problems existed within the diverse group of paople
handling this herd. In fact, a number of diagnoses were made. The
problem was one of poor communication. 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 several
farms. Politics played a larger role than s®fence. The problems
existing on the Lemunyon farm basad on information in the Michigan
Department of Agriculture files included:

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

b) & random culturing of cows showed a 50% incidence of infectious
mastitis,.including bacteria that are more resistent to usual
treatment, ‘

¢} infectious diseases in the calves of a type that are associatad
with severe early calf losses.

d) a serious ventilation problem in the barn. .

e) at times a lack of adequate bedding that contributed to the
mastitis problem. :

A complete serious study of the muitiple 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 ". .
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 i11 during the 21 day post-calving period, Toss body condition and
in many cases died. This 1s 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 cal?
room are not unexpected.

It is my opinfon that the allegation of undiagnased health problems

should be deleted from the draft report. There is no need to perpetuate
this unfounded statement any further than has already been done.
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- The problems in the Léﬁunyon‘herd do not provide acceptable
scientific data on which decisions related to potential adverse health
effects of pentachlorophenol-can be based. In my opinion, the Lemunyen
herdf epresént5‘a“pentachTOrGDhenoT and dioxin chemical residue problem
-and not a toxicologic problem, - | oL | o
2) . As an example of the decision making process occurring at the time,
-3t s pointed out that oné of the Kerds included in the pentachlorophenol -
“ralated quarantine had blood penta levels repovted as 2 parts per bitlion.
This is consistent with the fact they were not being housed in a penta

 treated facility.

3) . Two toxicologists have estimated the daily penta expesure in the
Lemynyon cattle. One estimate was 0.12 mg/kg and my estimate was 0.3 mg/kg.
BchfleVeIs‘are.1&33fthan\tbe;no‘significant‘effect lavels in long term
rddgnt feeding studies with technical or purified pentachlorophenat.

No one hés'SHownﬁby'expebimenta1“§tudiés'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. N

4) , In my opinién;.tﬁeupfihbipIE'sourté”of diaxin exposure for the Lemunyon
-cattle was the sludge residue on the 2x6's used to construct the sides
of the feedbunk. I have been in numereus penta treated pole barns and

- wood eating is something you just do not see with cattle, It did not
- occur even in.the herd that was not hging\fed‘an]adequate;diet;

: .fﬁé,s1uhge,ﬁés}pfeseht’aﬁ‘Brylresidue'dh‘the”wodd thét coutd be
-~ scrapped off with a knife. The residue was pretty much gone from both
sides;gf‘theyfeedbunk.by[February‘1977. L

5) ThéxﬁataLin-fhéitﬁbJe at'thé bdttoﬁ:uf'pagé I11-2-4 means next to
nothing ta a toxicologist. What the toxicologist wants to know is:

..a; what were the levels? - o L
b) ‘what were the ‘recoveries for the method and,
c) what was the repeatability?
If the Tevels of HxCDD wers 10-60 ppt then it should be so stated.
. Few readers of this report are tikely to have access to the actual data
unless it is inc¢luded.” = S ‘

o “6J-. Page‘III¥245 refers to myuwufk on this‘pfbblem. ‘The pertﬁnent -
- findihgs-Werer R SR ‘ _ IR ‘

2) . injections of extracts of the surface residue did not affect
© the health of mice at doses estimated to be equivalent to the.
. catile consumming all of the material in 1-2 days. .
b)  Extracts of the residue did.not cause skin’lesions when
o injected subcutaneously in albino rabbits. ‘ ‘
e} . Guinea pigs fed finely ground wood obtained from the Lemunyon
- barn were unaffected during.-the 64 day exposure to wood,
‘solvent, penta and whatever else was in the wood. ~Exposure
wag at a level comparable to tha cattle eating the barn in
180 days. . S -
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7) I am incomp1ete&§& quoted an page II[-2-5 where the statement

“. . . Van Gelder condluded . ., . that the PCP contaminants in the treated
wood were less toxic than PCP ifself." Certainly, HxCDD it more toxic
than penta. But when one is exposed to technical penta, for each qram

of material there is much more penta nresent than HxCDD. My positien

has been and continues 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,

- 8) I 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
animals is greater for pentachlorophenol than for the contaminants when
considered from the viewpdint of relative exposurés.

10) One must keep in mind that reported laboratory studies with technical
pentachlorophenol do_shed 1ight on the relative toxicity of the cantaminants.
Statements like "minimal focal hapatocellular degeneration” in rats

fed 30 mg/kg technical pentachlorophencl for 90 days is hardly alarming.

11) Considerations of chioroacne in industrial workers is a mixed bag.
Most of these people are alse exposed to other chemicals, some including
TCDD. A process of producing Tow non-phenolic penta from technical
penta does not eliminate the industrial exposure. Workers are stil]
needed to operate, clean and maintain the technical penta manufacturing
equipment., In addition, individuals involved in the distillation of
technical penta to produce the Tow non-phenolic product are also
potentially exposed. Arguements based on industriai considerations must
include full consideration of the entire process. :

12) The overall hazard of accumulating concentrated penta related .
contaminants in barrels, tanks or flasks for later offiline incineration
or other form of disposal needs to be weighed .against the low magnitude

of problems generated by technical pentachlorophenol manufacture and

usage qQver the past 40 years., One judgement error in handling a barrel of
contaminants could have great environmental and/or heéalth impact.
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o 1803 Building » - . '

Dow Chemical U.S.A. - 7 o

. Midland, itichigan 48640 Lo

© Dear Bern: -

" Thank you ¥or your letter of December 8. I'certainly agree that. -
T communications arapneedad,1n.thisﬂentire-matter."Unfbrtﬁnate?y,-
. your letter catches ma at a_rather busy time, Consequantly I wiil not
. be able to generite a datailed assessment of the Michigan PCP-Oloxin
- sltuation with cross refeérencas to testimony and lahoratory reports.
A complete description of my aporaisal énd analvsas of tha ¥ichiqen
~dairy herd hezlth situation would require a minimum of 50 pagas,

1) Statistical Amalysis:

- A5 [ stated in our October 13 meeting, I quite agree that Dunnstt is |
7 an agpropriate test for comparing treatment means against & comwon control
::-grnup,,;fﬂunnezt..qﬁ‘Am;.Stat. Assoc. . 50: 1098-1121, 1988), Ry '
~ point is that Dunhett should also.ba used on the data fron the first
. study. See Steel'and Torrie (1960)" pages 101-112 for a discussion
of the various muliiple comparison tests and their ralative sensitivity,
1 disagrea that the Bunnetts t would hava detected mora differences
“than a-blanket application of student t tests. If you make 73 commarisons
‘at the 5% level, 4 of them by chance alone will appear significant.
- Dunnetts 1s a riore conservative test.. Dunnatts will discover more “real®
‘differences in your data, that is differsnces due to treatment as
compared to differences due to treatment and chance. L k
- My concern 1s not that you would declare EC-7 similar to 95/5 on the
-, .basis of your analysas, but rather that by using the multipie "t" tests
- on ‘the Dow.7, 9575 da%a you would ba led imto declaring differsnces
‘which-may be due to chance. Whether or not you or your management ,
‘makes those decisions s your business. I hardly think decisfens costing
" millions of dollars pased on less than appropriate available statistical
- proceduras’ is an academic matter. ' do not know 1f the results would
. - change if you used Dynnett on the original data. You will have to run .
~ the analysis to find out. Check me $o sea 4f I am wrong, but if you use
the mulgiple t test on the EC-7, 83 day data, [ beliave you.would find
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that 1 mg/kg has a statistically significant effect cn absolute liver
weight. In other words, multiple t finds differences that Dunnetts
more conservative test which takes into consideration the numbar of

treatment levels keeps the {nvestigator from declaring stgnificantly
different,

My other peints regarding the 83 and 2 year studies not addressed

In your summary are includad here. Thare ara 2 bioloyical changes occurrinag
in the Dow-7 groups that do not fit the overall. response pattern. The
‘first is the depression in REC (and coupled PCV, Hb) at 30 mo/hkg.

This effect at the high dose (1/4 - 1/5 the acute LD o) has been found

by others and not found by others, Since it is5 a re?at1va1y small channe
and occurs at such a high dose it can be describad as interesting but

not very exciting. . )

" The othar affect was the changa in albumin 1évels with Dow-7, My question
was vity you did not follow that up in the £€-7 studias? Since the
EC~7 studies do not includa this measyre one camot say mucn gbout it,

The other resnonsas fit a common pattern although thare are differences
in dose-response, But my point is that before one can complataly
compara the resulis one woyld 1ike to see the data analyzed with a
uniformly anplied pethod,

2)  Comtunication: .

It 1s my opinion that had MDA parsonne} heen cormrunicating witn each
other and with tha MSU faculty 2 Tot of the prasant situation would have
heen aveidad., For examnle, it was very clear from my first visit to
Michican in February, 1977, that the MDA-MSY people ware not comrunicatinn
in a 2-way manner. Qne person would say the problem was XYZ and anothar
would later say 1t was ABC. Consequently, my first report racommended
"1 think all those involved should reconsider the gvidence upon which
they are raking varfous decisiens. !y concern 1s that wa not chasa
after something which may turn out to be present byt only as 2
secondary or tartiary factor and not related to the cause of tha
preblem. Those parties involved are encouraged to go back and review
the information upon which they are making decisions to ensure that each
decision is baing made on cold, nard facts and not an isolated comments
or observations.® My report also pointed oyt "there also saems to be a
nurber of different ideas amoung the people who have been 1nvoived in
the problems assogiated with this farm (Lemunyon}, 1 am not sure who

is responsible to try and pull all these peopla together with all the
informatfon that each one has and present some kind of debate or discussion
as to what the problem(s) really is{are). Further"as a 'start it woyld
seem appropriate for someone to obtain or prepare a detatiled history as
to when the death Tosses occurred, how long the cows were in the barn
before dying, when did deaths occur relative o caiving and what

diagnostic services were actually conducted on each of the animals that
died.” | .
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- and a marked loss in weight In_severaly affocted cows"..
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" Page 3 - . " o
- December. 13, 1977

o

3) Régarﬂ?ng theHerd'Héélth,PrubTemsjﬁ.&ichfg&n; -

" You need to decide whether yoy are going to be in or out on this matter.
- In the past, Dow has maintained the posture of "non=-1nvolvament", If
' NOW you. want to. get 1nvo1ved.then-p1ea5e do your hoinework. . Rzad all the
- transcripts, study the Taboratory rerarts, go to the farms, Taok at
-the cattle, look at
c-entire picture,

the management, get a herd history, Took at the

]3fjFuéthérmﬁfé;gsﬁbéfa£g d§t thefCQndttidns on the various ?arms,,each-dﬂe
‘ﬁwas,different;in‘one'a;pect ar-anqther, I did net intend to. Teave
N the-impression-that;the only problem on the Lemunyon farm was Fat Cow

- disease. He had other probTems as well.. Certainly all of thesae

disease prqblems.canfjnteract;aﬂThe diagnosis of fatty cow was not mine,
1t'was‘madg‘by*Dr..Coylfn & lattar to Lemunyon on August 24, 1976, -

.and by Phase III team in 2 report on Qctober 27, 1976, and by Dr, Davis

In'a visit to the farm in May 1975, at which time\he-necrqpsfed;a CoOW
. -that-had just died, The”othar'piece“bf.information?to consider is the -
. herdphistory;"The-prnb]em as definad by MDA eceurred during the early
. Post partum perdod which*is,at? part of the fatty covw svndrome. Your
. surmary table on body weight changes {s confused because you did not

separats. acuta from chronic effects in the fatiy cow syndrome, - Reraad

";‘the'paper\byfmorrow,,p. 1626 - %iMaen recovery from the fat ¢ow syndrome

402s gecuy thare is. fraquantiv a delay in thenanpet of post partus
merbranes and"metritis,‘,.

Bﬁ'w&y'qf‘explanatfbﬁ one neads tb"sd?t'éoﬁe‘things out in this complex .

s ‘s1tuation,-ﬂFirst;?oneﬂraﬂe1y f1nd5won7y:on9‘problem presant in a. herd
-ﬂh&alth‘&1;uatiun-with:qairyjcattle;,;Dne often finds a number of
problems incTudjng.mastitis;;métritfs. soma faot/joint problems

"”especially‘w1th‘catt1e‘onfcnnpratevzd'h0ursfday and compoundad by deficient -
- bedding, sore calf problems and some nutritional problems. If T Teft '
‘.,‘the,impressién.that-the-an}x;probiem,was fatty cow than.T was too hejef
-~ 1n my,commentsfsince”my<FindinQS’in this matter from the very beginning -
;- have identified a number of problems. . - LT -

. One hust &Téofﬁbrtfdutftﬁe c]fnftéi‘WBrkups;and!hecrbpsies done on
- animals'submitt&dviiVe”varsus those done on animals dying on the farm.

;The*diagnusis‘bf'fatty COW was haSedgunmanimaTs‘necropsied at the

£ .

« ‘farm. The clinical workup reported. by Dr, Ellis et al was on chranically
11, 1ive%cowsjsubmit;ed'to'the;Un1Versity R L

I also §éf¢ous1yquéstfpn*thgpurportédxobservatibh:of'“93nerai 5

debilitation” in the Michigan dairy cattle, | observed the cattle

- .,on‘the Lemunyon farm as we1}'astuur'uthar-invﬁTVed farms.' Even in
- Lemynyon's’ case one could not say there was a general debilitation.  The
“herd T saw 1n Fehrqary;qu-in‘average condition.” There wars some thin

N
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cows as well as soma very fat cows, They wera bright, alert, active,
Thz aileged chloracne simply was not prosant. The few skin lesions I
obsarved on the dorsal neck were typical of skin rubbing les{ons seen
in catfle that have an opportunity to rub the top beard on the rmanger.
In the case of Lemunyon, this was a 2x6 with tongue down, The tongue
was worn smooth. To conclude that chloraecna was present without
substanting histopatholouyy is unwarrantad in my opinion. Consequently,
since 1 have personally observed the cattle, looking, specificalily for
significant skin Tesions and not finding them I must conclude that thay
did riot exist. I do not know who actually made such a diagnosis, The
discussions I attended alluded to open abscesses op blesding skin ulcers
on the legs. .Again, I did not see these when 1 examined the caitle.

Hnat I did see were some hemotcmas on the legs which often resylt frem
cattle getting banged around against free stalls and other CoYnars

or protrusions. On occasion these become infacted, abscess and ulcarate.
You mignt be intarested in noting that some Michigan farmers were

blaming ths hamotomas on PEB's as they stond and talked to you whila
Teaning an a sharp ended pine Jutting cut in the main alley wayl

The hard in the worst shape was the Dale Hice herd in which he had

been quarantined for unsanitary conditions because of a dean accummulation
of manure and several dzad cows baing found in the barn by the milk
inspector, Hardly a usual situation. Ho was quite frankly, by his own
admission, not providing adsquate care for the cows. Consanuently,

he lost is 1wilk markat, then ran out of feed, was broke and

could rot tuy fead, and his catile, as per the Hichizan Yoterinary
Diagnostic Laboratory report of February 27, 1977, sufferad frem
malnutrition secondary to poor-quality feed; suppurative mastitis,

[ saw the Hice herd in March, they were uniformly thin, but alert and
active. They ware receiving a minimal amount of hay as their total diat.
Anyone wanting more {nformation on the management and operztion of this
farm can cbtain access %o other renorts in MDA 7iles under the Hicnigan
sunshiag Taw. I have read them and as a result concur with the opinion

of Or. Davis, MOA that the problems on the Hice farm were caused by factors
other than PC? or dioxins. If cattle ar2 being fed a qrossly inadequate diet
one does nct need to ook under rocks to determine the cause for loss

of body flash.

The diagnoses of mastitis and calf viruses were made by MDA or MSU
veterinarians, The remarkable conclusion 1s that the mastitis was

claimed to be caused by bacteria which were allegedly cleared up by
antibiotics but cell counts persisted. This conclusion was reached

in the 1i¢ht of 1) there s nothing concrate in the vecord that any cows
were cultered after troatment to see if in fact the infection was
eliminated.” This in the light of a 50% infaction rate that ineluded not
only strep, but also staph. A background staph probiem is more difficult
to eliminate than the strep and furthermore, a background staph problem
n=y become more-severe when the strep infection is cleared up.
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| A;great‘deal.ﬁaslbefng'nade about fmwune supprassion based on this
- mastitiso situation. One must seriously question such an implication
. based on tha above workup. The other factors not accountad for in the

"',qworkup as testified to Included lack of avidence that @ilking equipment

was, in fact, chzcked to make sure it was in proper working condition,

- - the stage of lactatfon was not considerod in the evaluation of call counis

. and other stress factors such as beddirg vere either 1annred or not
cnnsider&d. ' ) , : ‘

,.“Oth&r inf ormatiun on- the Lewunyon hard was ebtained which sﬁawed that cow
. death 108585 ‘Wara occurring pirimardly in th2 period of 21 days post partum.

" This, fits the fatty cow syndrome. This coupled with the feading pattern

and radical changes in diet, to advice given Mr,. Lemunyon to feed dry
cows separately from Tactating cows plus the MDA diaunusi5 of fatty cow
: syndrnme cannot be. 1cnorhd. o .

fIf one reads the oaner of Inrruw ana ‘1rds that Par?ed 1055 of weicht
s seen in seversly affected cattle. What ona needs to differentiate is
. pre-partum condition from post partum condition. Consequently, the
. - initial recosmendaticn to MDA was to get a geod herd history, This

- was never done by MDA to the bast of Y know1edre, Others have ..

. ‘done rore 1n this area., - :

A similar restra1nt 15 warranted fn the Tntnrpretation of ciinicai
patholony data, Are the samples from acutely 111 cows? Chronic cows?
Cows. with systemic {nfections?  These are important Faétors hecaJse

' fa*ty Cow. syndrame is nam 2 simple patuoiogtc cordihion.

o Regarding your cumment abnut white blood cell cnunts tha fbilowing is
‘offered. Cows have W3C counts ranging from 7-10,000 with agad dairy
-COWS naving courts, as. 1cw 2s 5,000, Catt1e norvally have {approximate)

L 25-3u% neutrﬂnhils, 60=63% 1vmphocytes, manoc;tas and 2.30 ensinopni?s.

If. yﬂu Icuk at the blood picturn for the 13 Lemunvon cows thained bv ﬂSU
~ {w Mareh, 1877 you will find two cows with elevated WEC counts hoth of
which have. greatly. increased neutrophil counts which indicates an
- active {nfectious procass, The remaining cows have W3C counts.
within published normal ranges; Furihermore, if one looks clasely at
the chlorodioxin {mmung suppression data one gats'a picture of izmune
- suppression coupled with a decrease in absoluie lymmhocyts counts. I¥-
you- carefully anaiyze the. Lenmnyon bBlood data you will find that absolyte
1ymphocyte counts are within normal rangss with the exception of the

| T tWo. Cows with a 1eft shift {ndicating an active 1nféct10n..u‘

| "The abovp c:cnments ho‘ld fcr the blood picturﬂ on the other farms 2s 1
remember them. It has bzen some time since I carefully studied those.

-gJConsequentlv, T do not’ know what data your summary table is referring to

~when it makes the suwrmry statnment of “hBE count markadiy 1ncreased“

P

!
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Dr. Coy mentioned an eosinophelia 1n six cows. I would guass you were
as surprised as 1 was when he did not follow that up with 2 diagnostic
check for internal parasites. You may recall the response from Dr. Wisa
the hearing officer. .

As an aside we also found a marked eosinogphelia in the Hice cattle we
necropsied. The intestinal parasitic lesfons it the usual pattern.

-1 would suggest a bottom 1ine along this avenye. Both Dow toxicoloeists
and myself have estimated the PCP dose for Lemunyon's cows to be 0.12-0.3
mg/ka per day. Your group analyzed the lumber and as 1 interpret the
resulls the dioxin levels found indicate a typical technical PCP. Pased
on all your studias on PCP and on all the Titerature do you really

think there is any percaptible risk to the health of a cow with 10 npt
HxCDD or 1.4 pob HxCDO in Tiver in light of the publishaed work on

Targar TCOD liver residues in rats at levels claimed to be no effect?

I appreciate the fact one can always say "He do not know because we

have not tested it", but as a toxicolonist on2 often uses his total data
base in making interpretations subject to experimental verification.

I Teal much more confident zhout accepting the MDA diannosis of fatty

cov, mastitis and viral infactions and questioning the totally unsubstantiatad
diagnosis of chloracne tian I would be by accenting the chloracns diagnoses
and rejecting the otner diagnoses made by FDA, At least I know MDA
veterinarians have saen the other conditions on numarous occasiens,

[ doubt if they ever saw chloracne or ever heard of it before. Add staph

to your 1ist of causes of infectious mastitis, It is an importan:
consideration in view of the way the situation was handled.

Also, differentiate hetween the acute phase of fatty cow and the chromic
sequalea. Covs may take one entire lactation o recover. I[f anpreariate
management changes are nct mada then the syndrome can be more severe

in the second and third lactatfons.

Dr. Davis's primary reservation with the fatty cow diagnosis as the prirary
factor was because he had not saen such larga death losses praviously. Yet MEj
has published on such a high mortality. More racent studies oyt of

Tennassee support the finding of high morbidity and nich mortality with

this diseasa.

[ am a2 1ittle bit confused by your referenca to the gross and histcpath data
on the various PCP studies as being the primary concern. In the production
grade study of November 1571, on page 10 of the report it it stated

"Gross sxamination at necropsy revealad no compound relatad chancss.

Minimal focal nepatocellular degeneration and necrosis ware obsarvad upon
microscopic examination of Tivers from rats maintainad on dists containing
the ton dosage level of sample 2822A% these changes wera not observed

in rats maintained on a diet containing 95/5 which provided a similar dosage
of PCP." In view of the apparent minimal nature of the changes at a

daily dose equivalent to 1/4 - 1/5 the acute LDgg one cap also come to the
conciusion that thare is not much of a hazard associated with low level
(fractions of mg's) exposure to technical PCP.
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I quite agraa with the andTngs of Dr. Hise that 39n51b1e use rﬂstrictions
+ and use guidelines will do more io reduce the hazard associated with PCP.

- Alone that Tine has Dow ccme up with a recowmandation on the use of EC-7
tu treat feed bunﬁs? ' o ‘

’u‘jI quite agree with yaur statement “a1so becausn the d1ox1n contant of PCP

gould be reduced, we have consistently recorsiended that the nonpheénelie

- content of PCP be reduced, etc.”. If I was a corporate manager and had
just {nvested a million du11ars in a thermal oxidizer(incinerator) and
saw an opportunity to get dual use by cleaning up 2,4,5-T and PCP

‘a"at the same time, I'would do it also, It is a neat marketing manuver,

‘Unfortunataly, the tax1cn1091c picture is less elear because of the
~difference in opinion on the actual hazard dssociated with technical
- penta. Is Dow aware of any problems encountered in livestock related
- ‘to the non-phenolig content in Dowicide=7? Or did that product have a
 ¢lean use record for 30 years except For the- nbv1ous occasional misuse?

1 AN

j fS1ncere1y yourﬁ, ‘Ufﬁ_‘l“

o Gary A, Van Ge1der D.V.M,, P, D.
 Prafe$sor and Chairman s

GAVG nc

l ce: Dennis Lindsay
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‘Adgress Realy To

Dr. Shelden D. Murphy REICHHOLD CHEMICALS, NG
i P.C, Box 1482
Professor of TOKJ.CD[ng ’ Tacoma, WRS-:TI"IQI"JD 2aans
Department of Phar macology Telaphone 206-572-5800
University of Texas Medical School at Houston Taletype 970-445.2355

P.Q. Box 20708 e e
Haousten, Texas 77025

Dear Dr. Murphy:

SCIENCE ADVISORY BOARD '
ENVIRONMENTAL HEALTH ADVISORY COMMITTEE
Ad Hoc Study Group on Pemntachlorophencl Contaminants

™ Draft Report ~- Public Hearing April 3, 1978

The purpese of this communication is to amplify. Reichhold's testimony pre-
sented to the Committee April 3, 1973, :

On page & of our testimony, 1 made reference to the Committee's draft report,
page [-10, paragraph 10, where it is concluded that technolegy is now available
which could markedly reduce the levels of chlorodioxin and dibenzofuran
contaminants in pentachlorophenol (PCP). I pointed out that consideration must
be given to the question of trade-off of occupational hazards. It is assumed
that the process referred to in the draft report is the facility designed to
produce low-dioxin content pentachlorophenol at Dow Chemicals' Midland,
Michigan complex. It has been known for some time, to those skilled in the art,
that the dibenzo-p-dioxin and dibenzofuran contaminants can be separated from
pentachlorophenol and tetrachlorophenol by various methods. - The probiem
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 thik 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. 3ome of the disposal methads which we have considered include:

1. Collecting and shipping to a suitable disposal site. No disposal site is
known which is licensed to accept these wastes. In 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. 1t has been suggested in the report that technology “to
© ' dispose of "thesé waste stréams exists -- presumably ' this' means by
- incineration.. - Construction of a suitable incinerator desigried to handle
- this highly toxic chlorinated. material, as the principal material to be
. Incinerdted, is a very expensive and difficult proposition. Experts advise
- us that theseé highly chlorinated refractory materials require temperatures
. in the order of 1200°C to assure complete conversion to HCl, CO, and

- H,0. - Because of the presence of HC! and other corrosive by-px"c:c?ucts,

. th% materials of construction are critical and expensive. Operating costs.

to achieve and hpld""the‘pecassaryltemperatures are high, ‘

. “To the best of our krowledge, thera is no licensed incinerator in operation
' that will" accept these materials for incineration. Therefore, we must .
conclude that-the technology is 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 gavernment which haye addressad 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

. this Committee is Lloyd Taylor, : o

- We have applied substantial resources to the investigation of the chlorination of
- phenol without the formation of chlorodioxins and have, as' a result of this
- study, substantially reduced. the chioredioxin and -dibenzofuran content. This
reduction yields a technical grade PCP with a total dioxin content in the range -

of 1200 ppm. . : o : o ‘

The ideal ‘solution weuld be to produce pentachiorophen withbut co-producing
| -any toxic contaminants. The technology to do this is not known. We betieve

.that the years of experience with . technical grade pentachlorophenol has

indicated thar it is far better to widely distribute a less than no effect

concentration of the contaminants 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 catastrophic
. 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 transpertation - broken pipelines, leaking
drums, derailed rail cars, etc, oo o P - '

- If they dre ultimately conveyed safely to an incinerator, then the safe operation

.of the incinerator is of. paramount: importance. - The incinerator must be
‘constantly monitered or the contaminants will merely be made airborne and

. dispersed over a substantial area in more than toxic effect concentrations. An
- improperly 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 consideration, ‘

Again, thank you for the opportunity to appear before your Committes, We
deeply appreciate the many hours of concentrated effort that the members
applied in bringing the facts to light regarding pentachlorophenol. '
Very truly yours,
- REICHHOLD CHEMICALS, INC,
%./J.'Sheiton
Vice President

Science & Technology Worldwide

FlS%:cm

)
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R TESTIMDNY ON PENTACHLORQFHENDL TD THE
- .“SCIENCE ADVISORY BOARD ENVIRONMENTAL HEALTH
‘ ‘ ' ADVISDR.Y COMMITTEE

Aprti 31972

L .
' L}

My name is Fredenc 3. Sheiten. I am Vu:e Pt'ESIdent, Scxence dc
' Technology Worldmde, for Reichhold Chemxcais, Inc., Rem:hhold is one of the three

_ major manufacturers ef pentachlorophenol in the Umted States, and as such has a

Il

‘ _du:'eet mterest in all phaaes ef regulatery actmty concermng PCP. QOther

| manufacturers mclude Vulcan Matertals Cempany and Dow C‘.hemu:al Company.
: Rezchheld 15 appeanng here today in response to a ietter dated March 14 1978,-
-advising ef a two-day rneetmg of the Enwmnmentai Health Advxsery Cemrmttee of the
““‘Scxence Advxsory Beard. Smce the prmc.tpa! purpose ef. ﬂ“lls meetmg was to censzder :
| “_and dzscuss the draft report of the eummlttee's study =rroup an pentachierophenol |
| cuntammants, Retchhold requeeted ttme durmg the meetmg ef the Envxrenmentai o
3 .Health Advmsory Cammxttee te present cumments on the draft repert. Rezehheld‘
thanks the Envxronmental Health Advxsory Comrmttee for thxe apportumty. i o
' As backgreund, Rexchheld has’ manufactured commercxal grade penta-‘

chiorophenol (PC‘.P) smee 1955, and smce the begznnmg of preductxen has been deeply

e concerned about the health and sa.fety aspects of PCP, both m regard to the general

, pubhc, te the env;renrnent, and S 1ts employees. PCP, and the eeﬁtammants whxch_

| are present as the result of manut'at:ture, have been a sub;ect of study at Rexchhold‘
since manuiac:tunng was cemmenced. Through the years, Rexehheld has eponsered and

| "'partxcxpated in several sezentzfu: mvestxgat:ens mto the chemtcai rnakeup of .

.- cemmercxal grade PCP and has conducted a number ef tomeulogu:al studles des:gned |

A
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to assess the safety of commercial grade PCP, As a result of the work which
Reichho!d has conducted, the company is not aware of any studies or reports whi;:h
suppert the premise that commercial grade PCP containing trace quantities of
contaminants, including chlorodibenzo-p-dioxins (CDD's) and chlorodibenzofurans
(CDF's), present any significant hazard te man and the environmént when properly
used. The results of these studies and investigations have been presented to the
Federal EPA as well as to various state regulatory bddies. :

Reichhold conducts physical examinations on each of its production
employees on an annual basis, 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 cohmercal
use in the wood treating and preservation industries because of its toxic properties. [t
must be handled and treated with respect because of its innate toxicity. The handling
and treatment afforded PCP and PCP cnntainiﬁg products, becaus;e of the toxicity of
PCP jtself, is sufficient to protect the users, and others who come into contact with
PCP treated wood, from any hazards due to the chloredioxins contained in the product.

In the earliy 1950's, PCP was used and recammgnded for a broaﬁ sper:"crum
of pesticidé uses, In most of these uses, PCP wa.s‘app[ied froma s.o!ution prepared by
disselving the PCP in a petroleum distillate. If a water solution was ‘required, the
alkali salt of PCP was prepared by reacting the PCP with aqueous sodium or potassium
hydroxide. Early uses of PCP inciuded all phases of wood preservation and protection,
bath against 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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= ﬁpeultry houses. ‘ Retchhpld felt that many ef these hxstpncal uses of PCP presented the

‘ppssmmty of exeess user exposure to ‘the erttatmnal and tpxxcologxcal properties of

L 'prpper!y used.

E “ PCP Ltself. AIthough Re:chheld has had a large number of reg:stratxons C:pvenng a.
- w:de vanety of PCP uses, it. currently rnamtams a regxstratmn fpr the use ef PCP for
manufacturmg purposes (wepd preservatmn) only. , Reu:hhald's PCP is sold to
epmmerr.ual wood t:eaters and is used in the mdustnal treatment of wopd by a vanety !
of prpcesses. , We beileve that cammerexal grade PCP, as rnanufaetured by Reichhold

and others, does net ppse undue hazard 0 man, hvesteck and the env:renment, when

| We wpuld hke to npw cprnrnent spemf:cally on several pprtmns of . tha’
; " draft repprt of the Ad Hde Study Group on. pentaehlerophenpi centammants, dated
Mareh 1973. On page I—8, under Item 3, Canelusmns, paragraph 1, Retchhpld confirms -
" ‘that 11: has not deteeted any TCDD (2,3, ,S-tetrachlorpdtbenzo-para-dmxin) in any
| samples of PCP whxch 1t has analyzed. Dn page 1-9, paragraph 5, the eanelusmn is
drawn that expesure to rnan and ammals o CCD's rmgratmg from PCP treated wood
shpuld be prevanted. Retchhpid supports this eoncluslen and suggests that eansxder-
atmn be g.wen ta prpmulgatmg apprapnate rules and regu!atmns to prevent contact of
"human fppdstuffs pr ammai feeds d:.rectly w;th PCP treated wepd. : In addttmn, we
"_‘.thmk 1t wpuld be. desu'able 10 restru:t the use ef uneoated PCP treated Weod from
5 ,certam pertmns of decpranve fem:mg, perehes and other reereatmnai Structures whers
' "du-ect hurnan cantaet eeuld be antxcxpated. . H
Relchhold agrees w:th the. cenciusndn drawn in paragraph 7 that the most
‘iprpbable pppprtumty fer exeess human exposure tp PC.':P is’in the PCP pmductmn and
- utmzatmn mdustrles. Retchhald w:»uld Iake to emphaszze the pemt that any propesed‘

‘ sxgnmcant c:hanges in manufaeturmg of applxc:atmn af PCP must cpnszder the effect
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that these changes would have on the workers involyed.

A number of alternative methods for producing various grades of PCP
have been proposed. Some of these processes present the possibility of increased
worker exposure to PCP and/or PCP contaminants because of the characteristics of
the final PCP producad,: Reichﬁuld has examined its process for the production of
PCP, as well 3s the handling characteristics of its finished product, and feels that
presently it cannot suggest a reasonable alternﬁte to its PCP product, Reichhold urges
that before any action is taken, 'that all aspects of the praduction and utilization of
any new PCP product ba thoroughly examined. We fes] that particular emphasis should
be placed upon tha physical‘characteristics of the final PCP product, as well as the
creation and disposal of any wa.ste‘or by-products caused by its production.

On page 1-10, paragrapﬁ 9 Reichhnld certainly agrees that certain uses of
PCP be objectively examined and that regulation be considered to reduce those
applications of PCP treated wood which may come in contact thh humans or animals,
or food products. However, as we have repeatedly stated, we believe that there is an
absolute need for PCP treated wood for use in and around farm 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 been
disclased which is designed to reduce the leveis éf 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 like to emphasize that consideration must be given
ml the question of trade-off of occupational hazards. Reichhoid'fee!s that there are

significant ‘occupational hazards associated with the use and handling of the PCP
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| products whxch it has seen on the market whxch are claxmed o have reduced levels of
CDDs and CDF’s. Rexchhold furthermere, is very eeneerned abnut the eeneentratmn.
f'.‘of GDD's and CDF’s in waste strearns generated by the dlstﬂlatmn preeess used for the
":.e!eanup ef the teehmeal PCP The eeenomxe 1mpact evaluatmn weuld haVe to take.
into cons1deratmn the dxsnllatmn process and eIeanup ef PCP as we.u as the
memeratmn of the waste stream genera’ced‘ It would aiso have te take mto account
| ,the autematmn of the process whu:h would then rmmm;ze expesure to the wa.ste
: stream. The eemt‘here;al preeesa used by Rexchheld to preduee PCP deee not preduce a
‘ “concentrated waste r.tream centammg CDD‘s and C.':DF's. 3 ‘We urge the Sexenee :
”Adwsery Board Env:renmental Health Advmory Commxttee 1o \.r'eryr sermusly censxder_
' .thm posmble reute of expesure to eoneentrated C‘.DD's and CDF‘s strearns predueed ina -
| PCP d;snl!anen proeess when cunsxdermg possible hazard n-ade-oﬁs.
‘ Centmumg, on page 1.3, a ehart is gwen exemphfymg the compesxtmn of
a purxfxed grade of PCP, Iabeled Dowexde EC- [t is noted. that only certain
. ehlormated CDD's are hsted namely the eetachlere, the heptaehtero and hexachlerol
| dxbenzo-para-dmmns. However, en referrmg to Seetmn V—-3, page 52, Appendnx Ne. 4, |

tis mdxeated that the posslble number of CDD's are Ixsted as be.ng 75 in number. The

hexa, hepta and eeta CDD's weuld aeeeunt for apprexlmateiy 13 of the pesexble 75.

| Thu.-: weuld appear te leave 61 addxtmnai CDD's whxch ceuld be present since it has
\been estabhshed that no- 2,3 7 x-tetrachlorodxbenzo-para-dmxm hds been detected in

any dexrtestxc grade ef PCP cemmercxally avaxlab[e today. Smce the purpoee of this Ad

- Hee Study Group is to examme and repert on all of the. CDD eentammants in PCP, wa

- fee! that cernment is needed relatwe to the presenee or abeem:e of one or mere of
. '-these ether pesmble €DO's. - ‘We feel that the study should be thoreugh and eempiete.

befere any regulatery actmn ss taken. It would be extremely dxsruptwe te the mdustry
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if considerable sums of meney and }*echnical developmant were expended to reduce
certain CDD's only to learn at some later date that certain remaining CDD's were
present at levels which were then determined to be environi‘nentally undesirable, It is
Reichheld's position that prior to any regulatory action mandating a reduction in
chlerodioxins, that consideration should be given to all of the chlorodioxing which
might be presgvrlrt.

Or:; page [[I-1, the report states that cctochlorodibenzo-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, c_:.ontains as the major CDD contaminant, oCDD, .
Typically, thé amount of DCDD present is on the order of five to seven times greater
than the amount of hepta and hexa CDD's.

On page III.3, one raference was cited which detajlad an experiment pén-
ducing chloracne in rabbit ears. This test indicated that commercial samples of PCP
have produced chloracne in 1.:he rabbit ear bicassay tests wherein purified PCP did not
produce chloracne. h Reichhold conducted similar tests at IBR-US5 Laboratories, in
Miamisville, Ohio. The results of these tests indicated that no significant differences
could be discerned in the results obtained .using‘ either commercial, analytical or
purified commercial grades of PCP. The results obtained from one material were
comparable to results gbtained with another, This information was submitted to the
Sczence Advisory Board Ad Hoc Croup, and the results of this tests have not been |
included in this report.

On page [II-.9, péragraph 4, referance is made‘ to work done by Kimbrough
in 1972. Reichhold has reviewed all referenced articles'.authored by Renate

Kimbrough, dated 1972 and has not seen any report implicating technical grade PCP in
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| the concenttatmns of COD's present in technical PCP are sufftc:ent 1o

: caﬁ'sihg tétatdgénic -éfiects in 'wom'en.‘ ‘We suggest that'this reference be verified.

On page III-12, Conclusmn &, Retchho!d agrees that all commerctal grades,

' _ techmcal and punfled, of PCP contam quanttfzable amounts of, CDD's;y however, we ara

‘ not ::onvmced ncr are we aware of any studtes whtch conclus:.vely demonstrate that

4q’#ﬁ=rae 4o ﬂ:
-ha—b-be{o-g:ezﬂy

. me Whue lt qught be proven a.cademtcally that by molatmg certam chlorodioxing
'-:'and cnnductmg labnratery bmlogtcal studtes ‘with them, effects rmght be noted,
‘Retchhqld feels that these results are’ not a.pphcahle 1o the reai world s;tuatmn

s wherem man car ammals do not c:ome tn contact thh sufnc:ent quanttttes ‘of these:

Moviow j3

ma.tenals to. pruduce harm. Rexchhol&mmmmw .

| '; i PCF or reqmrmg PCP to have certam leveis of CDD's is n¢t mdxcated

On page III-Z-# reierence is made to a study done at the Natmnai Instt- .

'.tute of Envzronmental Ht-.alth Sc;enca Wh.lCh ct:nststetl of analyz;ng txssuﬁ taken fmm

‘ - datry herd m mchtgan for CDD's. The tmpresston gwen by the mfotrnatton ptowded_
"on page III-2-¢ would lead one to cnncludtt that mgmﬂcant quantttms of CDD's were

: dzsco\rered m the anzrnal ttssue.s and that they could be hnked to the undiagnosed

: .health problem in thts datry herd in Mu:htgan. We would like to pmnt out that the lavel

- of CDD's reported m these ttssues ranged as follows.

Hexa CDD ol ppb o 1.3 ppb
Hepta CDD C 03 ppb to 12 ppb
Dc:ta C'.DD .23 ppb to’ #7 ppb

Investtgatmn by a team of htghly qualtf:ed toxtcolagmts, dairy herd

4

o specxahsts, and wood treatment spemahsts, of the entire Mtchtgan daxry h=rd mt:tdent
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allegedly connected with PCP exposure, has resulted in a number of papers being
published which define and describe the herd health problems in these Michigan dairy
herds. As a result of this work, it was concluded that thesa dajry herd problems were
not related to exposure to FCP or CDD contaminants. All of these dara and reports
have been previously submitted 1o the National Institute of Environmental Health
Sciences, Em_;ironmental Protection Agency, as well as to the Food and Drug
Administration, and to the Ad Hoc Study Group on pentachleropheno! contaminants,
In addition, the Michigan Department of Agriculture conducted 3
Rearing on the application of Reichhold for reinstatement of its state PCP registration
which was summarily suspended during the dairy herd incident. Dr. Gilbert H. Wise,_
DVM, the hearing officer appointed by the Department concluded, after the week-long
hearing, that the cancelled registrations should be rainstated, Dr. Wise, in an 13-page
decision, found in part as follows: |
"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 CDD (chlorodioxins) in penta, |
"The evidence,_ whiie not removing all possibility of
hazard, does not support a finding of any measurable
magnitude of risk or liklihood of harm to the human food
chain from exposure of food animals to CDD.in technicai
penta,” |
On page IV-5, 3 hypothesis has been put forth which suggests that chlorin-
ated dioxeoins, chlorinated dibenzofurans, polychlorinated biphényls, polybrominated

biphenyls, and chlorinated azoxy benzenes should be considerad as a class from the
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L ‘-xtOX.I.CDlOglCEll standpmnt. Rexchhold d;sagrees with thls prermse because it has been-

B .repeaﬂy demonstrated that specmc members ofa class Qf cempounda may have vastly

‘ _dszerent bmlogxcal acnvmea. Dne neads dnly to rev1ew the work done in the drug -

/

" mdustry ta realxze that 11: is dependent upen these vanatmns in ac'cmty, relatwe to

" ‘structure, to preduce drugs whxch rmmmh.e pam and suffermg. We thmk !.‘t would be
: extremely r1sky and unsuppdrtable to regulate various mdmdual readxly 1dent1f1abie
chemmcal compounds aa a class rather than as mdmduais. .

There are nurnerdus reperts that PCP has been fdund in many parts of the

| .envzmnment, mcludmg m man and amrnais. It has generauy been aaaumed that this

PC:P has been cormng from the w1de—spread cemmerczal use of PCP as a woodw

preservatWe or pestzcxde. !t sheuld he noted that 1t has-been reported that ECP may
be formed as a metabdhte i-rem ammals and mxcrdorganmms.- Furthermdre, it is re-

: .ported that PCP may ba- fermed in the envxmnment from other chemicals such as
) hexac:hlcrdbenzene and LI'\IDAN E and from the. c;hlormatmn df drmkmg water.

| The saurce of CDD's m the env;ronmem: is not excluswely from PCP.

| "Other chermcais such as. hexachiorophene and pelychlormated biphenyls alsc cdntnbute
-CDD' . Dther wxdeiy used pestxc:des such as 2,4,5-T ‘are recogmzed as cnntammg

‘-‘CDD's.I | |

| PCP has a numherlof registered uses. for whn:h there are. reasonabla
| aiternatw.es. Re:chhold would urge consideration of theae recr:stered uses df FCP and
3 ‘that an effdrt be made to- determme where proven alternatwe matenals are avaﬂable. ‘
- Perhaps thxs concem over a. w:de-spread use of PCP <an be more easdy regulated by
I restnctmg the reglstered uses df PC.‘.P to those fer whxch the"e is no reasanable

‘ 'al ternatwe, such as for weod preservanon. ' | l

On the W["lOIe, Rexc:hhdid applauds the work whu:h has gone into the pre—
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paration of this draft repert. We feel that much effort has been made 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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,=Tho Dow Chemxoal Company 8 position wzth rospoot to tho nonR=
f‘phonolxc meurztzos in PCP has been and centinues to be:

ol;;‘that pontachlorophonol oontaznzng such lmpuritles above .

:'.zooortain levels manifosts onhanoed toxloologlcal responses
'7jtas domonstratod by laboratory test animal expex;monts.

2. that thoso non-phonollo impurmtles should be m;n;mizod by
”‘,tho manufacture and use of a PCE containing the least
[,'amount of these impuritios teohnioally ooss;blo.

“3.7othat it would not be po551ble to assess adeouatoly the hazargd
of the many 1nd;v1dual non—phenollo impurities in PCP.
K Thereforo, it was logioal and prudont to reduoo these meurzw
otios to the lowest poss;blo level for oommarolal BCP and,

; theroby mlnimize the risk to the produoo*, the usors, and
“the envi:onment.

4. that road;ly idont;fled adaptable toohnology is. available
SR - soparato the . nonﬂphonolio impurltles from PCP ‘and that
.‘disposal of sich imporitieo oan bo dealt with -a% the pro-

- duo;ng szte whore aoknowlodgod risk can be mlnlm;zod.

5. that a pentaohlorophonol can’ bo manufactu:od in oommoro;al

| ‘7quantit1os that mimics chemically pure PCE in hoth acute
- and subohronlo toxioologxoal studies.. With tho urging of
| the EPA and at roasonablo -expense to Dow, such a commercial
‘:faoility has boon construoted and is bolng operatod. : ‘

Tho ad hoo oommltteo draft report ropresents a s;gnlfloant and
| worthwhlle offort to compile all the available lnformation per=
:tlnent to the prosonoo of non—phooollo impurzt;os in technical
. BCP, Tho report is thorouqh in polntlng out that-
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Suitable analytical methods for the specific dioxin and

- furan iscmets present in technical DCP are lacking,

There are very little data on the environmental persistence

and transport of the diexin and furan contaminants of PCP.

The cemparative chronic toxicological information on purified

versus standard commercial PCP is limited. (Sub-chronic
studies have revealed texicological differences khetween

these two grades of PCP, especially in the liver,)

There are virtually no data on the chronie toxicity of the

non-phenolic contaminants of Pcp,

The biological significance of the finding of low, but
detectabla, levels of chiorinated diexins in tissues of

farm animals is not presently known.

There is insufficient information on occcupatignal exposure
of man to these PCP‘cohtaminants by manufacturers_or users
to allow gquantitative assessment of the relative hazard of
purified PCP versus commercial products cohtaining dioxin

contaminants.

These informaticn deficiencies are usad in the draft report to

explain why an ultimatum to the weoed treating industry to manu-

facture and use only purified grades of pentachlorophenc) cannet

be issued.
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: &lbenzafurans is rectgnized

fDn the ather hand the draft report without ex:eptzcn, descrlbes
'the canstant tﬂncern assoclated with the. presence of the nen-

'5 phen¢l;ca;mpurit1es-in PCP.;-For.example:

Q‘The toxlcxty of the polychlorlnated dlbenzodzmxlns angd .

r

-‘The recant reparts of Lnductlcn of neoplasms by TCDD ralse

 fthe specter that the pclychlorinated dibenzadicxzn contami-

't-nants in PCP may alsn have ‘thisg potentlal.

‘  health cnncern.

.The findlng Qf low but detectabla 1evels of chlarinated

d;cxins 1n t;ssues cf farm an;mals is a matter of :uhl‘c

Reyorts af occupaticnal exptsure ko chlarina ad dlbenza-

"t'diaxins, which reaulted in adversa health effects in man,‘

;“pwere menticnad. :

Cop

‘All these raferences and comments clearly indicate ‘the relevency

of conclusicn, No, lB, which reads 1n part,

"Technozagg 44 naw aua4£¢b£a whtch could mam&ediy

:‘nedute zhz £eue£4 05 d&benzad¢ax4n and dLbenzaﬂuAan

'7a‘canzam4uanza (Ln PCF] I: wauld seem pmudent

j.the&aﬁa&a :a canznaz :ha canzamtnanté to tae extenit

‘.poa4¢b£z by beaz manuﬁantuAAHQ pnmattca";
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The PCP producers were initially urged by federal regulatory
agencies to reduce the nen-phenolic impurities content in 1971,
and again advised to proceed in that direction in 1973, 1t is
now 1978; specific timing as to when all commercial PCT? should
be of a purified grade, or the specific reascns as to why a
purified PCP grade is no lenger necessary, is urgently nesded.
The original charge to the ad hoce ccmmitteg was to comment, o
the extent possible, on the potential hazard to humans which
can be attributed to registered uses of PGP and the exteant thae
this hazard'may be'mitigated by the use of the cOmmercial‘pro—
cess which results in lower levels ¢f the contaminants of
interest. We urge that this charge be completely satisfiad as
Soon as possible in a less ambiguous manner and witheout
encumbrances of economic constraints which have created ambiguity

in the present conclusions. | |
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8.3 COMMENTS OF INTERESTED PARTIES
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8-3.1

EAC g 1um

SUBJECT: C(omments on EPA Science Advisory Beard Environmental Health

TO

FROM

Advisory Committee Meeting: Pentachlorophenol Contaminancs
(April 3, 1978) ‘ '

Erngt Linde, Executive Secretary, Science Advisory Beard (RD-673)

~ Paul E. des RosierJ?ggenicr Staff‘EnginEEr, Industridl and
Extractive Division (RD-681) :

P

I believe it is important that the Seience Advisory Board (SAR)
be made aware of gertain facts in order that all aspects gf the
pentachlorophenol (PCP) contaminants lssue are addressed correctly,

As you krow, I was present during the session held on
Menday, April 3, 1978, during which time current producers of PCP,
namely, Dow Chemical Company, Reichhold Chemicals, and Vulcan
Materials Company presented their respective statements to the
SAB Environmental Health Advisory Committee. T am considerad anp
Agency expert on the treatment and control of organochlorine
chemicals, have in-depth experience with military defoliancs
dating back to 1967, and as a result, am thoroughly familfac with
disposal/detoxification methods for Herbicide Orange and its teratogenic
artifact, tétrachlorodibenzo=p—dioxin (TCDD).

In this respect, I was a member of rhe EPA Herbicide Orange
Disposition Advisory Pamel to the U. 8. Air Force/Defense Supply
Agency, provided taechniecal] consultation to the Stare of Missouri
Department of Health concerning the Veroma, MO TCDD episode, and was
interviewed by the British Broadcasting Corperation regarding the
Seveso Icmesa plant TCDD ineident in Italy. ‘

In retrospect, I was particularly impressed at the zeeting by
the perception of Dr. Van Gelder, a veterinarian, who in his
testimony, alluded to the fact thar disposal of concentrated
quantities of PCP contaminants might prove to be more of s problem
than maintaining the statuys que.

At this time, I wish ro delineate some pertinent historical
facts relating to significant dioxin-type incidents:.

(1) 2.3 miilion gallons (24 million 1bs) of Herbicide Orange
with approximately 2 mg/kg TCDD (about 49 1bs) could not be disposad
of by incineration ejither in Illineis (Monsanto's Sauget facility)
or in Texas (Rollins contract facility), or by'land assimilarion
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' ‘ethers,=haxachlotobenzéue,”chlarinﬁta&fb;phehyls, chlorinated polymers.

,in,deh\dflin'Orqun;

(2) Chemidai‘deﬁnxificatinﬁ~of ﬁe:biqidé drange-w:s‘prbpdséd to

"?the”ﬁ. §. Air Forece by the Veléi:ol‘chemi¢3l'Cdrpq:atiun, which entailed -
,Vfdeésterificatioﬂ*Via{alkalrne'hydrplysis/sulvent extraction/UV-photo-
' .chemjcal de;umpasition/rEEprmula:ion;"howeve:, Velsicol withdrew its

-ptﬁpoéal."Agént-bhemic&l\lncarpqrg:ad wag selected by the Air Force.
tn[demonsq:ate}at‘pilat‘sgale,“an*édtiﬁated coconut charcoal method

:R‘fp;.ﬁstniéhibmétrih"@selectivearemnval‘of.TCDD'f:pm*HErbicide‘OfangE;
«'however3‘d;s§usal'a£ spent:chg:¢¢al,caftridgeS'cnntaining‘high concen—

trations-of TCDD présented a significantly gvéacEr‘epviranmen:al risk,

and the: project was pfficiall?:curtéiled‘ —

(D) 7Th£ MfT1Vultanus-iﬁ&ine:afq:gship”w#s-émﬁldyed'té‘cumhust‘
Herbieide Orange zt sea sbme‘ZOO‘miles.SQuthwés;‘of‘thnston Izland

- in the South Pacifie.’ Incineracion of the defoliant was sccomplished
At 1250-1450°C with a dwell/retenfion time of 1.3 seeond, at a cost

exceeding §3 million. - Subsequent to the,suchSEEullin;ineration,
theFMlT‘Vulcauuﬁ‘has“been”unablewtb.ob:ain recertification because

. othdntaminatipn of ;ha;shipﬂsw5toraga':aﬂks[deckfwith.minisculg
amounts of TCDD (ppt). - R

" (4) There aisn‘égisté7today‘in:Vercnﬁ, MO, éppinxima;ely 4600

gdllons of highly contaminared (300—350.ppm,TCDD)'chlorinatéd still
. boftcmS“from‘previpusfhaxachlbrophene manufacture, Systex Agribusiness,
- the prasgent owners Qf.the_industrial‘sita;'anditheﬁstata”of Missouri
have been' unable to secu:e~;n‘ehvirdnmantallypacceptable unethed for
, the ultimate disposition df.nhé,Waatea:esidue.‘ . - a

(5)  Préséntif;1for‘évérfﬁsﬂbo‘lbﬁfﬁr of PCP méhﬁfactured;-

f'appréximatelyflO‘perben; ar ‘500 lbs/hr of still bottom residues
" are prnduced,-wh;ch_may contaim, at varying concentrations;. ocra-,
- hepta-, hexa- chlorodibenzodioxing and chlorodibenzofurans, tetra-

L‘chln:oPhean3;tfiéhldrdphenol;.;hlbrophenoxyphEnals, hydroxydiphenyl

ete. This‘rQSidua.praduétiounwoﬁld]bg,equivalgnt to roughly 4 2000
tnns/Year‘qnantity]requiriﬁg'diSpGSal.f ‘ ' . o

* Spgdifi:ationé”fof»th& firse at-ééhvincinératipﬁ-ﬁf Sheli Chemical

Company’organochlorine waste redidues by the M/T Vulcanus were based
on Missigsippi State Univers;tylPrpf,‘B.'J;”Stujanoyic*s muffle

' furndce data obtained,with‘analy;icél-grade.TCDU;“JHe found TCDD

cquletglyncbﬁbus:éd betwegn-930-1000“6;

u;Frum.the,fdregﬂinE, it becomes obvious thar public awareness and

anxiety play important roles as to how; when, where, and by which
‘method a "diuxinﬁ‘bpﬁtaminatédﬁma:erialIWaste.is to-

be treated,

159 -



Should rhe SAB Envirormental Health Advisory Committee recommend that
technical grade PCP be purified to reduca contaminant levels to less
than 0.1 percent, then EPA is faced with a pradicament - the question
of trade-off of occupatignal hazards.

There 1s no doubt that it is technically feasible, although at a
higher cest, to produca commercially purified grade PCP that can meet
reasonable regulatory coastraints relative to chlorinated dioxins and
dibenzofurans. Furthermore, I have doubt concerning Dow's contention
that it possesses incineration capability to "destroy" the waste
residues therefrom. Neverthaless, the Dow case is unique - the Midland
MI facility represents probably the largest integrated petrochemical
complex in the . 8. and large volumes of waste residues are admixed
with relatively small volumes of PCP wastes, the latter essentially
losing its idencity through volumetrie dilution before incineration
commences. . : ' ‘

Such iy not the case with Reichhold and Vulean, however. Special
incinerators would have to be designed, parts ordered, constructed,
and subsequently evaluated prior Lo application for an operating
permit. Such a permit request would undoubtedly require a public
hearing because "dioxins" are present in the wastes. Based on my
experience, I can assure you that the resulting permit requirements
will be severely restrictive (e.g., exhaustive monitoring, cperatiomal
constraints, etec.) and quite possibly could eliminata land-bhazed
incineration as a technology optien. (Since both Reichkold and
Vulcan would solicit strong guarantees from EPA that, once equipment
was on arder, they would indeed be allowed to proceed with full-scale
constyuction and be able to operate the incineration units without
undue harassment from envirommental groups. Naturally, EPA would be
in no position, legally or' otherwise, £o honor such requests.)

In my opiniom, there are but four alternatives available for
consideration by the SAB regarding thils matter:

(1) At-sea incineration aboard a vessel similar to the M/T
Vulcanus. .

(2) Privately owned/contractor operated incineration facility
(e.g., Marquardt's high efficiency SUE incineration unit.)

(3} In-process change/process modification (i,e., catalyst
substitution) to minimize dioxin/dibenzofuran byproduct
production = to include analysis of feedstoak (phenol)
quality.

(4) Encouragement of dccelerated R&D into incorporation of PCP
waste residues as feedstocks to cement kilns.

All options could be explored should the SAB desire.
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~ College of Veterinary Medicine

g : | ‘_ Veterinary Anatormy—Physiclogy
UNIVERSITY CJF M!SSOUHI-CQLUMBIA > . Columbia. Mi —
quephone (:314) 282-701"

Apm 2, 19,73._ R

~ Mr. Ernst Linde
. Executive Secretary’ -
Environmental Health Advisory Committee
~ Science Advisory Board A=101
“‘Wash1ngtnn, D.C. 20460

'Dear Hr..Linde 4: o },\

\‘Enc1osed are 20" cnp1es of a report containing my addit1onaI comments
~on the draTt repart on pentach1orapheno] contam1nants ‘ C ‘ -

- PTease d1stribute thesa to. the proper persons.
fﬂSin:ere?y yuurs,

e

- - Gary A, Van Gelder, D. V. M Ph.D.
‘Veterinary Toxicolag1st g

EAVG nc-*J
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T0:
FROM:
RE:

April 15, 1978
" Part II (part I dated
3/24/73)

Mr. Ernst Linde
Dr, Gary Yan Gelder

Comments on Draft Report on Pentachloraphenol -

The following additional comments are made relative to the draft report.

1)

2)

The charge to the committee was to assess the hazard to humans due
to contaminants in pentachiorophencl. Other than industrial
chloracne resulting in all probability from exposures to mixtures

~ of varjous ‘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 negqligence 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 sti1]

possess the presently alleged chloracne hazard since the starting
reactions are similar for both processes. The renort implies

that obtaining concentrates of the contaminants is less hazardous
than working with very diluted concentrations. The abave implication
1s 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 relfability of incineration.
Critical issues are:

a) frequency of stack monitoring

b) levels of detection ‘

¢) Tlocation 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 asscciated
with any significant, isolatable problem? Risk assessment involves
more than simply saying since process B exists we should use it.

Page 1-7 of the report refers to dioxins being found in milk from
Michigan cattle but no data are presented. The report later refars
to dioxins in liver and fat. This point needs clarification.

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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6)

ty

© . Ing one’ sense the draft: report ‘begins to pull together the ava11ab1e
- information.” The next steps are evaluation.and interpretation.

o In my op1n10n the Iast steps rema1n as uncompIeted tasks for the
. committee.- ‘

Page III 9 - states “techn1ca1 grade PCP has been implicated in
causing teretugenlc effects in women - Kimbrough, 1872." The

~ report by K1mbrough does not make this statement St111b1rths'with
- PCB 5 are reported

Page I11-9 - The Larsen study c1ted is 1nedequate to address the i

.questien of 'placental transfer. Based on information presented -

it is Tikely that pIacenta/fetaI PCP IeveIs are cnmperabIe to.
maternal quod 1eve1s ‘

Stat1st1caI methods used to evaluate the varioys 90-720 day studies

~ are not cuns1stent. Sea my letter to Dr. Schwetz of Dow Chemical
'whwch was attached tu my comments dated March 24,

‘-TJJ‘DWh11e I epprec1ate the comments of saveral’ 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 understand1ng

- of coments made by members of this committee believe that low Tevel
' . exposures to technical PCP kills cows. - I am satisfied with the
‘ '_“‘progress being made to resoIve that m1scmncept1nn
- -8) The remain1ng issue is one of safety/hazard evaIuat1on.- It is
. amazing that an EPA sponsored committee was not. provided or did not
" raview the rasults of studies sponsored by EPA to evaluate the human
. health effects of PCP.. why th1s body of . 1nformatien hes been 1gnored

is. unexp]e1nab1e. o

One. cannot prove safety for any product or proeess, what one daes

is evaluate toxicity and assess risk (hazard). Consequently,

studies done where techn1cal PCP was fed to animals prov1de information
on the tuxic1ty of the pce- related cantaminents :

ﬂFurthermmre, evaluatiun of worker related health. probIems ar the
o lack of problems are also important items to cons1der in risk assessment-
i ‘9)~f‘My princip]e concern . in th1s entire matter has been based on a |

- ~ broad view of the entire situation. First, PCP is an economic
s 'poison, Fortunater, it's toxicologic characteristics are 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

‘.‘econnmie effect is a worthwhile goal. Addit1on311y, PCP constitutes
only 5% of what. is put into wood to presérve-it. The toxicity and

residue characteristics of the other 95%.of the material has not
been determ1ned - What is found as residues are generaTIy those things
that excite an eIectrun capture detectnr.

These considerat1ons plus my own observat1ons nf over use and.
unnecessary use of PCP treated wood in places that facilitate

~5'.an1mal exposure - Ieads me te a broad based recommendat1on that addresses:
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10)

the entire problem. Namely, the need to develop sensible use
restrictions to reduce animal exposure. The casual rubbing
against a post or cccasional lick of a post is of no concern tg
me. The issue is one of feed bunks, bunker silos and use of
treated wood in above grade, dry locations. The concern expreassed
in item 10 below Vs alse a part of my decision information base.

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 their intent to
conduct additional studies in this regard.
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S2op> DOW CHEMICAL US.A..

May '9, 1978 - - o o S Lo PO BOX 18e7
T - T . ' o ' 040 DOW CENTER
T o MIDLAND, - MICHIGAN 48640

 Mr, Ernst Linde .

Executive Secretary.

Environmental Health Advisory Cdmmittée "

. Science Advisory Board: = .
‘U;-S;‘Envirpnmental‘P:nte¢;inn Agency
- Wasghingten, D. €, 20460 - . -

- Dear 'Mr: Linde:

"Atﬁachédiis theufequéstéd-desqription'6£:tha‘gene£al procedures
- wtilized by Dow Chemical U,S.A. to contain and destroy the con=-

taminants resulting from the production of DOWICIDE* EC-7 .

Antimicrebial grade of pentachlorophenol. ' We believe this is

the kind of ‘additional ifformation that was nesded by the

:.EnvironmEﬁtal*HEalth-Advispry Committee Study Group on Penta-

chlprﬂphénol-chtiminantswtu.aaSQ;eﬁitSE;f that these impurities

~¢an be feasibly handled.

As Dow has reFEEtédly statéd, wé contédd that‘disposhl of the

- toxic impurities inherent to commercial pentachlorcphenocl

should be dealt with atﬂthe‘prcducing‘site,wherglackncwlédged
risk.WDuld-be-Minimized;'\ThE'fact‘that we produca. and market

- /& grade of pentachlorophenol with significantly reduced non-

phenolic impu:ityldpntentusupparts thig,pasiﬁian;f-‘

We have ineluded ld'ébpies‘cf?the;reQuested informatien. I

additional copies: are required”for.distribution; for example,
to members of the Environmental'Health‘AdVisory_Commi:tee,“

) “please do not hesitate to let us' know.

| 'rVE'rYf'ﬁrulf“Yau:f-s.b L

Robert L. Johhson

Desighelerb'uqts‘Department

.TEchnicaljSErwi:e &‘Devégbpment"“'

517/636=1524"

mbh

 attach, .

'*_.‘*Tréde@ark'dffTheﬂDowiChemigal Company

| AN OPERATING UNIT. OF THE DEW CHEMICAL COMPANY
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DISPOSAL OF PENTACHLOROPHENOL IMPURITIES
Dow Chemical U.S8.A.

The product known as DOWICIDE* EC-7 Antimicrobial grade of
pentachlerophenol (PCP) differs in chemical aszay from the
older form of PCP. Numerous publications describe the com—
mercial process utilized in the U.S. to make PCP. As noted
in these publications, the process reaction mixture is main-
tained as a ligquid (approximately 10°C akove the product
melting point); no solvent is used or required. The commer-
cial process utilizes final chlorination and the necessary
temperatures to produce a product with a pentachlorophencl
content in the range of about 85-90%. These production con-
ditions also result in the formation of the various contaminants
found in PCP.

The finished reaction mixture, in the Dow prtocess, is distilled
to yield a grade of PCP which meets the impused specifications
for DOWICIDE EC-7. A copy of the DOWICIDE EC-7 %echnical
bulletin, which describes the composition, is attached.

‘The still bottoms resulting from this additional PCP processing

contain the non~pheneolic contaminants identified as chlorinated
dihenzo-p-dioxing and chlorinated dibenzofurans. Other materials
included in the still bottom residue, or tars, are the chloro-
phenoxyphenols, chlorodiphenyl ethers, and even a percentage of
higher phenols such as pentachlorophenol itsalf.

These tars are handled, stored and transported to the Dow
tar burner in closed systems, Eye protection, rubber gloves
and protective clothing are routinely used by all personnel

*Trademark of The Dow Chemical Company

166



B ';nvalved in these aperatlnns. A rigcrous lndustrlal hygiene
‘ and bealhh mcnltcrlng program is and has been in effect for
‘-athese perscnnel. _Anytime that work on aontamlnated equipment

is needed, axtreme protective measures are taken xncludlng

‘ﬂ,fful¢ rubber suits and self-ﬁontained breathzng apparatus.‘

Narmal aneratmng cnnditions in the tar burnex are maintained

'ta achisve a minlmum l 8-gecond res;dence tim& at temperatures
‘af SOO-IOOO“C.‘ The temperatura is ccntinuausly monltcred with

apprﬂarlgte warning alarms and shutwofﬁ devices. Caombustion

‘ gases gc through a threa—stage scrubb;ng system bafore discharge
ff'to the atmcsphere.. The sarubber watar is treated in the wasta
.water treatment plént befcre :ecyqle and/cr dlscharge to the
‘Tlttabawaﬁsee Rive:.

s
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technical data

DOWICIDE EC~-7 ANTIMICROBIAL

GENERAL

DOWICIDE EC-7 Antimicrobial is Dow's designation for pentachloro-
phenol, purified grade. This antimicrobial is designed to comple~
ment DOWICIDE 7 Antimicrobial in all industrial uses that requirs
the control of bacteria and fungi, particularly in the area of
wood preservation.

PEYSICAL PROPERTIES

{These are laboratory or literature data typical of the product
and are not-to be considered as, or confused with, specifications,)

STROCTURE CH

cl

Fomula [ ] - - - - - - - - - - L ] - L] L ] - L] - [ ] - - [ ] - - - c Cl OH
Molecular Weightt . . & & o o 4 4 ¢ v o & = 2 s s s 5.2 2&5.5
FlaSh POint, QF . - - LS [ 3 . [ ] - L] - a - - - [ - - a - - - NDI‘.I.E
rire POint,-°F‘ + a4 8 & 8 & & % & 4 = = s s+ w s s s s a2 None
Speﬁifi‘-: GravitYf 25/25"(: B 2EEE D Y - " & 4 & & B o= s = = 1-9
Solubility, approx. ¢/100 ¢ selvent at 25°C ‘
ACetOne ., . 4 4 s s s s % 4 s e e s s s s s a4 s o4 s . D2
Methanol . + + 4 & + ¢ o s o ¢ & « & = & = o s « =« «.sa 175
Ethanﬂl (FBO) L} * L] - L] - - - - - - - - - - - . . L L] 125
Isopropancl - . & 4 + 4 + & s+ 4 s + & & &« = s = s+« s« « BO
Diacetone Aleoho = s s = s s s % s s s s s s % s s+ 145
DOWANOL TPM Glycol EEReT . v « &+ o o o & s o + o +« & « 115
Ethylere Glyeol . . . & & & & ¢ 4 & & & & & 2 + » » « 12
Methylene Chloride . o v 4 o & & o o o o o s s s + & & 7
G"X}{lenﬂ - - - - - - - L) ) . . [ () - » - - [ - » - * - lB
TurpEntinE * . - - L I ] - ] L] - * - ] - - - - ] "‘ - L] - » 7

NOTICE: Tha informanan i4 presenied in good faith. But ne waFrSnty, gxomkss or imalisd, i4 given
nor s treedom from any patent owned by The Dow Chamical Company oF by others 1o be imarred,

———

THE DOW CHEMICAL COMPANY
DESIGNED FRODUCTS DEPARTMENT » MIQLAND, MICHIGAN 48640
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,DQWICIDE EC 7 ANTIMICROBIAL o
Page 2 ‘ .

l'EPA Reg. No. 454-431

“ FACKAGES

“Prllled and nelletad fcrma of DOWICIDE EC-7 Ant*micrnbial are
“sold in multiwall paper bags having a net waight of 50 pounds,

in fiber drums having .a nat weight of 300 pnunds, in wire-bound
~ boxes having a net weight of 2500 pounds and in bilk to ke '
‘trans;arted in tank trucks and rail ears, The block fnrm is

' seld in units having a nat wexght oﬁ 2000 paunds. -

,"

‘HEPRDDUCT DESCRIPTION : o y ‘
o ‘DOWICIDE EC=-7 Antimicrchzal has the fallawing composition:

Active lngrEdlents e e e E C e e e a . l00%
Pentachlarophenal T A PO -1 1
'2,3,4,6- Tetrachlornphenal e e e e e e s 22%

Chlor;nated Dioxins“
Octachlcrudlbenzo-p—d;oxin
Hexachlarcdibenza-g-d;oxins

ISD.ppm, max.

L]
[ ]
-
-
*
-
[ ]
4

[ ]
[ ]
L]
»
.
»
*
-

. Descriptzan ;‘}-;';":f~;;x;‘}”. . ;I;I;f;-lu._Offwwhita-ta
I , Do ‘ ' light vellow
" prills,

4

:f(TypIcal Laharatcry Data) ) o S S
e o o SR % DOWICIDE EC~7

. - ‘f Tast. O:aanism . . .. for Inhibition.
‘. -__cﬁoderma viride, ATCC#8678 oo RUO025+0,005
- Trichcaerma sp., Madison P-42 "‘ ' L 0.001-0,0025

Ceratogystis pilifera, ATCCEL1S5457 - .. “ 0 0.0005-0.001
“_PQIVﬂQ Tus talipiferde, ATCCEI1245 = - L X0.0001
RhizOBDUS siolonifer,. AE¢C,6227a AR .-~ "0,0001-0.00025
-Lenzices TFfzbez, Madisen 617 . R L 0.0001-0.00023
' Ceracocvstis ips, ATCC#12860 e o 8.001-0.0025
Chactomiun gloposum, ATCCE6205 - 0.0001-0.00025
' Asnerazllus nIger, ATCC“6275 ' _‘- . 0,001-0,0023
‘Ba¢illus cereus var,’ myca;des, AECC#Il??B L -0,0005-0,001
- Bacillus Subtilis, ATCC#8473.. L - 0.005=0,01
- Eschezichia goli,. ATCCElla29 ¢+ S ' 0,025=0.05
Pseddomoras 2eruginosa,’ ATCC#15442 o o 0, =0,25
‘Enterchbacter serogenes, ATCCH#13048 . - 0.05=0.1
. Streptomvges criseus, ATCCE10137 . - - 0,0005=-0,001
“FIavomac.ErI arEa:escens, AECC#4353 ‘ : fU 0Q025=-0,0005

} ‘Fcrmulatars may be requmred o develap the;r own efficacy data as
. well as use and precautionary labeling bhased cn the represented
‘ ‘pruaert*as and intended uses of their finished formulations, and

in acco*dance with all pertlnent laws and regulatinns..



DOWICIDE EC-7 ANTIMICROBIAL
Page 3

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,
prolionged skin contact with the wproduct may cause slight redness
and swelling. Repeated, prolonged contact may result in 2 chemi-
cal burn. DOWICIDE EC~7 is not absorbed through the skin in
acutely toxic amounts., However, the preduct, in soluticn, may

be apsorbed through the skin in acutely toxic amcunts depending:
upon the solvent and the concentration of DOWICIDE EC-7. Dusts
may be irritating to the nose and throat.

PRECAUTIONS FOR SAFE HANDLING

Safety gcgqies should he worn to protect the eyes when DOWICIDE
EC-7 Antimicrobial is handled., -

Protective clothing should be worn when skin cohtact with DOWICIDE
EC-7 is anticipated. Work clothes should be changed at reqular
intervals and when gross contamination cccurs. GCrossly contami-
nated clothing, shoes or gloves should not be reused until they
have heen thoroughly eleaned.

Any axposure to obviously dusty atmospheres will recquire the use
of a dust respirator approved by the U,.S, Bureau of Mines for use
with toxic dusts.

FIRST AID MEASURES

Eye Cortact ~ Contaminated eyes should be flushed with plenty of
water or at least 15 ninutes. Medical attention should be obtained -
promptly. o o

Skin Contact ~ Contaminated skinm should be washed'with scap and
plenty of water. Any irritaticon that develops should receive
madical attention. '

Inhalation - Anyone experiencing any noticeable ill effects from

DreatRidg the Gusts of the product should be removed te frash air.
Medical attention should be ocbtained. ' ‘
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