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ABSTRACT

Pentachloropherol, inerganic arseniceis, and creosote are the major pesticide
chemicsls now in use for wood preservation. An estimated 44.5 million pounds of
pentachlarophenol (penta), 37.2 miilion pounds of incrganic arsenicalg, and
124 million galions of creosote and coal tac are used as wood preservatives annually
to preserve 327.5 million cu. ft. of wood for many end uses such 25 crossties, lum-
ber, timbers, plyweod, cressarms, piling, peles, posts, and other products. Although
large volumes o¢f treated wood products are used, these use patterns are such that
exposure of humans and animals is very low.

The maximam impact to the U.S. econcmy would result from cancellation of all
three RPAR'J preservatives. Based on using substitnte material at 1979 vprices, this
would result in higher costs in excess of 4.5 to $6.3 billion anpually depending on
which combination of substitute msterials is wused. The total costs are higher
because the above range accounts for only BEY of the pressave-treated wood products
and does net include 473 million cu. ft, of wood protected by non-pressure processes.

The noun~wood-preservative uses of penta, arsenicals, and creesote include
herbicide, defoliant, mossicide, bioride, desiccant, growth regulator, fungicide,
insecticide, redenticide, soil sterilaat, disinfectant, Jlarvicide, acaricide,
arachnicide, miticide, and repellent., The most important cf these are cotton desic-
cant {2C to $50 million impact), fungicide ($24 million impact over 6-year period),
herbicide, insecticide, and growth regulator ($5.8 millicn impact).

Low levels of pentachlorophenol exist in the environment with possible scurces
being direct contamination, volatilization, degradation of organic compounds, or from
chlorination of pheucls in water. The breakdown of penta depends upon the factors
that affect velatilization, photodegradation, absorption, and bicdegradatiom. Smalil
amounts of arsenates may leach from treated weod into either water or soil, and like
naturally occurring arsenic, form inscluble complexes with scil or soil sediments.
Arsepate can be metabelized by aquatic or =0il microorganisms; however, cceanic sedi-
ments ave the ultimate sink for 211 arsenic. The amount of creosote that enters the
environment is relatively small. Only limited data are availsblie on the environ-
mentzi fate of the many chemical compounds of creosoie or coal tar.

Based cn ne-gbservable-effect level for penta, the safety facters range from
20 to 580,060C. Most work situations would result in safety factors of more than 100.
The &versge daiiyv consumpticn cf arsenic by humans in food and water iz B0 micro-
grams. Arsenicaliy itreated wood poses minimal exposure because the arsenic is
tightly bound to the wood. There are ounly limited data on the exposure of most other
agricultural uses of arsenic. Exposure data are available for application of arsenic
as a cotion desiccant. OSHA has set 0.2 wmg/cubic meter as the permissible limit for
the particulate polycyelic organic material of creosote.

Keywords: Preservatives, arsenicals, pentachloropheacl, creosote, coal tar, neutral
cil, preservative treatments, wood products, human expesure, animal exposure, eco~
nomic impact, alternatives, RPAR, benefit, risk, crossties, switch ties, peles,
piling, posts, crossarms, lumber, timbers, plywood, woed foundation, millwork, can-
celed use, exposure analysis, home and farm use, sapstain, particleboard, groundliine,
herbicide, defcliant, messicide, biocide, desiccant, growth regulator, fungicide,
insecticide, rodenticide, sterilant, disinfectant, larvicide, acaricide, arachoicide,
repellent, miticide, pesticide, EPA registraltion, service life, biclegic and economic
assessment, toxicity, marine borvers, decay, termites, costs, natural duvabilicy.
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PREFACE

This report is a joint project of the U.S. Department of Agriculture, the State
Land-Grant Universities, and the U.S. Environmental Protection Agency, and is the
eighth in a series of reports recently prepared by a team of scientists from these
organizations in order to provide sound, current scientific information on the bene-
fits of, and exposure to, pentachlorophencl, inorganic arsenicals, and creosote,

The report is a scientific presentation to be used in connection with other data
as a portion of the total body of knowledge in a final benefit/risk assessment under
the Rebuttable Presumption Against Registration Process in connection with the
Federal Insecticide, Fungicide, and Rodenticide Act.

This report is a slightly edited version of the report submitted to the
Environmental Protection Agency on November 4, 1980. The editing has been limited in
order to maintain the accuracy of the information in the original report.

The use of chemicals to extend the life and usefulness ¢f wood and wood products
is extremely important to agriculture and forestry. Durability of wood used in fence
posts, animal holding pens, and outbuildings is a major concern to almost every
American farmer and rancher. How long the life of wood and wood products can be
extended greatly influences our ability to produce adequate supplies of timber and
fiber from our forest lands. Pentachlorophenol (penta), which is widely used as a
wood preservative, is effective against both bacteria and fungi as well as insects.
In addition, its use in preventing sapstain that discolors lumber contributes sub-
stantially to the usefulness, acceptability, and beauty of most wood products.
Primarily due to their cleanliness and paintability, the arsenical preservative com-
pounds are being used more widely in lumber, timbers, and plywood. This trend is
expected to increase with current concerns for aesthetics. Creosote -and coal tar
products have been used commercially as wood preservatives for over 150 years.

Wood preservatives have made it economically possible to use wood in a wide
variety of applications for which it would be unsuitable without treatment. Without
wood preservatives, the cost of replacing electric power poles, forest protection
facilities, bridges, marine pilings, railroad ties, and other such wood products
would make it much more difficult to remain competitive in local and world markets.

The information on agricultural uses, exposure, and economics of penta, arseni-
cals and creosote is published in two volumes. Velume I covers wood preservative
uses for such items as poles, piling, crossties, lumber, timbers, and plywood.
Volume II covers non-wood-preservative uses, such as herbicides, growth regulators,
desiccants, fungicides, and disinfectants.

Sincere appreciation is extended to the Assessment Team Members and to all
others who gave so generously of their time in the development of information and in
the preparation of the report. However, in an effort this large the task of revising
and editing the contributions and final production of the report was accomplished by
a special committee. Members of this committee, which was responsible for the all-
encompassing effort, are:

L. R, Gjovik W. A. Thompson

D. B. Johnson J. T. Micklewright
V. Kozak W. A, Dost

E. A, VWoolson D. D. Nicholas.
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EXECUTIVE SUMMARY

The Environmental Protection Agency (EPA) issued notices of Rebuttable
Presumptions Against Registration (RPAR) on creosote, inorganic arsenicals, and
pentachlorophenol (penta) on October 18, 1978. The presumptions indicated that
these products met or exceeded the risk criteria for various acute and chronic
effects (40 CFR 162.11). Approximately 99% of of these chemicals are used in pro-
tecting wood products against wood-destroying organisms. The balance is used on a
wide variety of sites as fungicides, herbicides, insecticides, rodenticides, defoli-
ants, desiccants, growth regulators, sterilants, repellents, and disinfectants. It
is estimated that 44.5 million pounds of pentachlorophenol, 42 million pounds of
inorganic arsenicals, and 124 million gallons of creosote and coal tar are used
annually.

There are no practical chemical alternatives to these RPAR'd materials for
structural wood protection where the risk of attack by wood-destroying organisms is
high, However, the RPAR'd materials could, in most cases, be used as alternatives
for each other. This fact makes the task of evaluating the economic impact of a can-
cellation difficult. There are no practical alternatives (chemical and non-chemical)
to the organic arsenicals as a cotton desiccant, grapefruit growth regulator, or for
grape disease control and ant bait uses.

Wood Preservative Uses

The cancellation of all three of the RPAR'd wood preservatives would result in
higher costs of 4.5 to $6.3 billion annually depending on which combination of sub-
stitute materials is used. The total costs would be higher than this because the
4,5 to $6.3 billion accounts for only 86% of the pressure-treated wood products and
does not include the 475 million cu. ft. of wood protected by non-pressure processes.

Pressure Treatments

The loss of all preservatives on railroad ties would result in average annual
cost increases of $2,1 billion as railroads shifted to concrete ties. Virtually all
ties are currently treated with creosote. A cancellation of creosote alone would
result in average annual cost increases of $36.8 million if railroads shifted to
penta~-treated ties,

The loss of all three preservatives for wood poles used by utilities would
result in average annual cost increases of 1.9 to $2.8 billion depending on the com-
bination of concrete and steel poles that would be substituted.

Because all three materials are used to treat utility poles, the cancellation of
any one or two of them while retaining the others would result in different impacts.
If only creosote were used, average annual costs would increase by $45.7 million; use
of only inorganic arsenicals would result in cost decreases of $51.8 million; and use
of only penta would result in cost increases of $27.1 million.

The substitution ratio between steel, concrete, and wood piling affects the eco-
nomic impact. If use of all three preservatives were canceled and concrete piling
were substituted for wood piling on a 1.0:1.5 basis, annual average cost would
decrease by $21.5 million. However, if steel pilings were substituted on a
1.0:1.0 basis, costs would increase by $129.1 million. For technical reasons it is
likely that substitution of concrete or steel for treated wood piling would fall
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somewhere between the ratios of 1.0:1.5 and 1.0:1.0. Therefore, the actual economic
impact would lie between the figures presented.

The loss of all three preservatives on fence posts probably would not result in
any significant cost changes if users shifted to steel posts. However, wood posts
are often preferred to steel for aesthetic reasons.

The loss of all three wood preservatives for treating lumber, timbers, and ply-
wood would cost from 485 million to §1,279 million depending on the combination of
alternatives used. Alternatives include untreated cedar, redwood, or pine, concrete,
steel, and chromated zinc chloride treatments. About 70% of all treated lumber, tim-
bers, and plywood is treated with inorganic arsenicals. Neither creosote nor penta
is a satisfactory alternative for these uses,

Non-Pressure Treatment

The cancellation of both penta and creosote for groundline treatment of utility
poles would result in increased costs of $35.3 million annually. Because penta and
creosote are equally effective, with equal treatment costs, the loss of either one
while retaining the other would not result in significant cost changes.

The loss of penta for sapstain control in lumber would result in a shift to Cu-8
with increased costs of $280,000 annually. The loss of penta for millwork and ply-
wood would result in a shift to TBTO at an increased cost of $2.2 million or to Cu-8
at an increased cost of $4.8 million. -

Non-Wood-Preservative Uses

Pentachlorophenol and Pentachlorophenates

The non-wood-preservative uses of penta are: Herbicide, defoliant, mossicide,
apd biocide.

There are effective chemical alternatives for all of the non-wood-preservative
uses of penta. The slternatives accomplish the desired results at equal or lower
cost. The impact of canceling penta for these uses would, therefore, be negligible.

inorganic Arsenicals

The non-wood-preservative uses of arsenicals are: Desiccant, growth regulator
(grapefruit), fungicide, insecticide, rodenticide, herbicide, and soil sterilant.

Of the 12 non-wood-preservative uses of arsenicals addressed, there are effec-
tive chemical alternatives for some, most of which can be used at equal or slightly
higher cost. The four uses for which suitable alternatives are not available are:
arsenic acid (cotton desiccant), lead arsenate (growth regulator--grapefruit), sodium
arsenate (ant bait), and sodium arsenite (Black Measles--grapes). In addition,
alternatives are not as effective as calcium arsenate for Poa annua control in turf,
or for slug and snail control in California citrus.

Cancellation of arsenic acid for desiccation of cotton would reduce annual
revenues of cotton producers in Texas and Oklahoma by an estimated 20.3 to $49.9 mil-
lion. Cancellation of lead arsenate for use on grapefruit as a growth regulator
would reduce annual revenues of Florida producers by $5.8 million. If sodium arse-
nate were canceled for ant bait, householders could shift to other materials that
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would need to be applied more frequently, but total costs would be similar; however,
if commercial extermination is selected as the control measure, the annual increased
cost would be $42 million. Loss of sodium arsenite for contrel of Black Measles
would result in increased vineyard establishment costs and losses from reduction in
grape yields and quality totaling $13.3 million for producers of fresh market grapes
and $11.0 million for producers of raisin-type grapes over a 6~year period following
cancellation,

Creosote, Coal Tar, and Coal-Tar Neutral Oils

The non-preservative uses of creosote, coal tar, and neutral oils are: Disin~
fectant, larvicide, insecticide, fungicide, herbicide, acaricide, arachnicide, and
animal repellent.

Of the 15 non-wood-preservative uses of these chemicals addressed, only 5 are
significant from the standpoint of frequency of use and volume of material applied.
Drain fly and gypsy moth control (spraying undercarriage of vehicles) are two uses
for which registered alternative chemicals are not available.

Fate in the Environment

Penta is ubiquitous in aquatic environments and its sources are unclear. It
may result from direct contamination, from degradation of other organic compounds, or
from chlorination of water. Pentas may be removed from aquatic environments by vola-
tilization, photodegradation, absorption, or biodegradation. Penta's moderate vola-
tility suggests that volatilization may be a route to the atmosphere, but this is
highly speculative. Persistence of penta in soil is extremely variable depending on
pH, organic content, moisture content, clay mineral composition, free iron content,
ion exchange capacity, and the microorganisms present.

Movement, persistence, and fate of arsenate in the environment are well known.
Arsenate forms very insoluble compounds in soil and is generally moved only by ero-
sion to aquatic environments where it may be adsorbed to sediment and removed from
solution, adsorbed to plants, or ingested and metabolized by aquatic organisms.
Under anaerobic conditions arsenate may be reduced to arsenite and metabolized to
volatile alkylarsines. Volatilized arsenicals can be adsorbed on dust particles and
oxidized to arsenate, methanearsonate, or cacodylate. Plants do not accumulate large
quantities of arsenic if they grow well. Oceanic sediments are the ultimate sink for
all arsenic. :

Data on the environmental fate of the many chemical components of creosote and
coal tar are limited. Naphthalene and its derivatives are rapidly biodegraded in
both soil and water. The higher-boiling-point compounds such ag fluorene, chrysene,
anthracene, and pyrenes are much more slowly decomposed than naphthalenes. Avail-
able data are much too limited, however, to permit more than speculation on decompo-
sition rates. Some studies have shown that reductions of these compounds in marine
environments proceed exponentially with time and that residual amounts fall below the
detection limit within 2 to 3 weeks.

Exposure

The no-observable-effect level for fetotoxicity of penta cited by EPA is
5.8 mg/kg/day. This value, divided by actual exposure, gives the safety factor.
Varying exposures gave safety factors ranging from 20 to 580,000 for penta and 868 to
25 million for HxCDD. It is expected that the exposure in most work situations will
result in safety factors above 100,
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Arsenic is present in all water, food and air. Average daily consumption of
arsenic by humans in food and water in the United States is 80 micrograms. Exposure
to people handling pressure~-treated wood is minimal because arsenic is tightly bound
and very insoluble. Urine analyses of exposed workers at a fabricating plant were no
higher than the general population.

There are no exposure estimates for most non-wood-preservative applications of
arsenicals; however, one study of arsenic acid found daily exposure estimates of 13,
9, and 9 micrograms/kg/day for ground rig applications, aerial applications, and
ground crews, respectively. Considering the time spent using arsenic in a year,
annual exposure estimates were 0.4, 0.2, and 0.8 micrograms/kg/day for these applica-
tions. Exposure to bait formulations of sodium arsenate or calcium arsenate would
be negligible.

Exposure limits have not been established for chemical components of crecsote;
however, OSHA has set a permissible limit of 0.2 mg/cubic meter for the particulate
pelycyclic organic material of this preservative. Cooperative studies by NIOSH and
the wood preserving industry showed that actual exposure levels generally fall well
within the 0SHA limit.



SUMMARY

In October 1978, the U.S. Environmental Protection Agency (EPA) placed on record
a notice of Rebuttable Presumption Against Registration (RPAR) of pesticides con-
taining pentachlorophencl, inorganic arsenic, coal tar, creosote, and coal tar neu-
tral oil,

This report has been prepared by a team of scientists from the U.S. Department
of Agriculture, the State Land-Grant Universities, and the Envircnmental Protection
Agency to provide the best data available on exposure to and benefits from the RPAR'd
pesticides, as required by the RPAR process,

The RPAR’d Chemicals

Pentachlorophenol (Penta)

Commercial synthesis of penta is accomplished by direct chlorination of phenol.
Penta and its salts are highly effective, broad-spectrum biocides. Penta is widely
used as a wood preservative, normally carried in a petroleum solvent. A small quan-
tity is converted to the sodium or potassium salt and carried in water solvent. The
following compounds and their uses are addressed in this volume.

Pentachlorophenol (Penta)--wood preservative. )
Sodium Pentachlorophenate (Na-penta)--sapstain control (lumber and poles).

inorganic Arsenicals

Arsenic is produced as a by-product of the nonferrous smelting industry. It has
many uses in forestry, agriculture, and commerce. Restriction of its use would
increase waste disposal problems of smelters. The following uses are addressed in
this report:

Chromated Copper Arsenate (CCA)--wood preservative.
Ammoniacal Copper Arsenate (ACA)--wood preservative,
_ Fluor Chrome Arsenate Phenol (FCAP)--wood preservative.

- Coal Tar, Creosote, and Neutral Oil

Coal tar is a by~product from coking of bituminous coal. Creosote is a complex
mixture of organic chemical products of fractional distillation of coal tar. Neutral
0il is also a coal tar fraction. Coal tar is used in a number of pesticides and is
used, in combination with creosote, as a wood preservative. Creosote is used alone
or in combination with coal tar or petroleum as a wood preservative. Creosote, coal
tar, and neutral oil are used in a number of other pesticides. Specific uses
addressed in this volume are wood preservatives.

Triggers

EPA has determined that penta meets or exceeds risk criteria relating to tera-
togenic and/or fetotoxic effects on mammalian test species; that inorganic arsenic
meets or exceeds risk criteria relating to oncogenic, mutagenic, and reproductive or
fetotoxic effects on mammalian species; and that creoscote, coal tar, and neutral oil
meet or exceed risk criteria relating to oncogenicity.
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This report of exposure to and benefits from the RPAR'd pesticides is divided
into two parts: Wood preservative uses and non-wood-preservative uses. Wood pre-
servatives are covered in Volume I and non-wood-preservative uses in Volume II. Only
the impacts of canceling one or more of the chemicals for use on one or more sites
are considered. Analysis of regulatory options short of cancellation is mnot
included.

Wood Preservative Uses

In 1978, about 631 commercial treating plants treated an estimated 327.5 million
cubic feet of crossties and switch ties, poles, piling, fence posts, lumber, timbers,
plywood, and '"other" miscellaneous wood products. About 47% of total volume wag
treated with creosote and creosote-coal tar solutions (123.7 million gallons), 25%
was treated with penta (40 million pounds), and 28% was treated with arsepical salts
(37.2 million pounds). Volumes of the various commodities treated with each of the
major preservatives are estimated to be as follows:

Product : Volume Treated With
Creosote Solutiens Penta CCA/ACA/FCAP
-------- 1,000 cubic feet - = = = = = - =

Crossties, switch ties, and

landscape ties 103,138 449 2,498
Poles 18,237 41,905 " 4,038
Crossarms 41 1,615 29
Piling 9,993 1,154 943
Lumber and timbers 10,780 21,209 73,317
Fence posts 4,584 10,983 4,461
Other products 7,815 2,681 7,616

Total 154,587 79,996 92,903

About 99% of the creosote solutions, 90% of the penta, and all of the arsenical
salts in the preceding tabulatijon are applied by pressure methods in closed systems.
A small amount of creosote, and about 3.8 million pounds of penta, are applied by
commercial thermal and dip treatment methods in open tanks.

In addition to the sbove, penta and creosote are used for non~-pressure treatment
of a variety of products. Estimates of the preservatives used and products treated
are as follows:

Groundline treatment of utility poles in service--172,000 pounds penta and
655,000 pounds creosote applied at and below the groundline. Approximately
1 million poles treated annually,

Sapstain control in green lumber and poles~-1.02 million pounds penta (1.15 mil-
lion pounds Na-penta) applied by dip or spray to about 255 million cu. ft. of
wood products.
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Millwork--600,000 pounds penta (5% penta in mineral spirits) used for dip or
spray treatment of 60 million cu. ft. of millwork and 15 million sq. ft. of
plywood.

Particleboard-~less than 10,000 pounds penta used for spray treatment of furnish
for 178,000 sq. ft. of particleboard.

Over-the-counter sales--1.5 million pounds penta (5% solution in light o0il) and
1.5 million pounds creosote sold for farm and home use in brush, spray, dip,
or soak treatment of lumber, posts, and other wood products.

Exposure to Wood Preservatives

Generally, all preservative chemicals used in commercial treating plants are
received, transferred, mixed, stored, and applied in closed systems where occasional
leaks are the only sources of slight human contact. Handling of freshly treated wood
is highly mechanized; thus, dermal exposure of employees is minimal. Some inhalation
exposure to penta and creosote vapors and particulates occurs, especially in plants
that use thermal and dip treatments in open tanks. Potential for dermal eXposure is
also greatest in these plants. The extent of exposure depends on type of protective
clothing worn and the personal hygiene of the workers. Exposure to the various wood
preservatives is summarized as follows:

Penta

It is estimated that 4,400 production workers and 800 non-production workers
encounter some degree of inhalation exposure at 295 pressure treating plants.
Potential dermal exposure is limited to mixing and formulating operations and han-
dling of treated wood. An additional 750 production workers and 100 non-production
workers are exposed to some extent in commercial thermal- and dip-treatment plants.
When tanks contain heated solutions, potential for inhalation exposure is enhanced.

An estimated 300 workers are involved in groundline treatment of poles. The
likeliest form of exposure is dermal and the extent depends on the level of personal
hygiene employed.

It is estimated that 20,000 production and 4,000 non-production workers may
encounter some exposure to Na-penta during dip or spray treatment of wood for sap-
stain control. In view of the extremely low volatility of the salt in agueous solu-
tion, most human exposure would be dermal and would probably be lower than that
encountered in conventional thermal and dip treating operations.

An estimated 3 to 6 million people use the 5% penta solutions purchased over-
the-counter each year. This exposure would be intermittent and infrequent. Ventila-
tion in the application area and the care with which the liquid is applied are major
factors influencing extent of exposure. With care, exposure can be low.

Workers who handle, install, inspect, and maintain treated wood are subjected to
varying degrees of exposure. Poles and piling are usually installed mechanically,
but require some manual contact for attachment of fittiangs, etc. Considerable manual
contact is involved in imstalling lumber, timbers, plywood, crossarms, and fence
posts. Installers range from do-it-yourselfers who handle treated wood infrequently
to linemen or contractors who work with the material routinely. Exposure by inhala-
tion is low. Exposure by skin contact varies from low for workers who use protective

xviii



clothing to occasionally high for those who do not use gloves, etc. The latter situ-
ation is usually the case with irregular users of treated wood such as farmers and
homeowners.

Limited exposure to penta is expected among members of the public who have occa-
sional contact with treated wood, but is far lower than that experienced by occupa-
tionally exposed persons,

Quantitative estimates of -exposure of humans to penta (both occupational and
non-occupational) are included in the report. It is considered highly unlikely that
penta inhalation among individuals in the wood-treating industry will exceed
0.07 mg/kg/day (safety factor 8l). Recent data suggest that in a closed structure,
under worst-case conditions, volatilization of penta from treated wood may result in
ambient penta air levels approximating those found in wood-treating plants. PFPoten-
tial human exposure ranges from 0.0006 to 0.0219 mg/kg/day (safety factors of 4,142
to 265).

It is extremely difficult to estimate potential human dermal exposure to penta
since this is highly dependent on personal hygiene., If complete dermal absorption is
assumed, skin exposure to 5 ml. of a 7% solution of penta in o0il will result in a
dose of 5 mg/kg. This is based on the material remaining on the skin long enough for
100% absorption--a likely overestimate. Contact with treated wood is expected to
result in very low penta absorption if the wood is dry and free from blooming.

_ Penta is ubiquitous in the aquatic environment. Circumstantial evidence,

including the detection of penta in rain water, indicates that penta may 'occa-
sionally be present in ambient air. Low levels of the compound have been detected
in both wastewater and surface water. The source of these residues is often unclear
and it has been suggested that, in addition to direct contamination of water by
penta, degradation of other organic compounds or chlorination of water may result in
the chemical production of the compound.

Penta in water may be removed by volatilization, photodegradation, absorption,
or biodegradation. Penta is subject to rapid photodegradation under laboratory con-
ditions. Microorganisms capable of metabolizing penta in soil and water have been
identified and are used commercially in the treatment of penta containing waste
water. Penta is moderately persistent in the aguatic environment, and was reportedly
detected in lake water and fish & months after an accidental spill. The prevailing
use patterns of penta, primarily as a wood preservative, should preclude significant
contamination of water as long as spills and industrial accidents are prevented.

Penta is moderately persistent in soil. Published data indicate that persist-
ence ranges from 21 days to 5 years. Under most conditions, penta will seldom per-
-sist in the soil for periods exceeding 9 months and its half-life will frequently be
far less. Numerous studies have identified so0il microorganisms capable of penta
degradation. The extent of their distribution, however, is again unknown. In most
studies of penta biodegradation, acclimated populations of microorganisms have been
utilized. Penta is strongly sorbed to soil; hence, leaching through the soil profile
and contamination of groundwater is considered unlikely. Since the major use of
penta (wood preservation) does not involve application to the soil, the likeliest
gsource of sovil contamination is leaching or bleeding of the preservative from treated
wood. Such phenomena may result in low levels of penta contamination in the imme-
diate vicinity (several inches) of the treated structure.

Available data indicate that penta is not readily translocated by plants and
that the compound is rapidly eliminated in both free and conjugated forms by mammals

Xix



following exposure. Therefore, significant accumulation in plants and mammals is not
likely to occur. It has been shown that technical penta preparations are sometimes
contaminated. Chlorodibenzo-p~dioxins and chlorodibenzofurans are present in commer-
cially available penta, as a result of the manufacturing process. The highly toxic
2,3,7,8-tetrachlorodibenzo-p-dioxin has never been found in penta of United States
manufacture and has not been detected as a product of penta decomposition.

Inorganic Arsenicals

The quantity of arsenic used in treatment of wood has more tham tripled since
1970. In 1978, there were an estimated 325 treating plants treating with arsenical
preservatives in the United States. These plants employed about 3,000 people, less
than half of which worked in the treating area. The cylinder operator, unleader, and
the stackers of treated wood receive the greatest exposure to arsenic.

The method of handling treated wood varies with the product treated. Poles,
piling, and other large members are handled mechanically, and not by hand. Little or
ne treated wood is handled while it is wet. Treated wood that is to be kiln-dried is
allowed to drip and air-dry before it is stacked and stickered by workers wearing
protective equipment. There is little exposure of workers in CCA and ACA treating
plants. Exposure has been lessened in recent years by OSHA regulations, cessation of
production of FCAP dusts, and general awareness of safety.

All arsenicals are used in closed systems. There are no thermal or dip treat-
ments. There are no known groundline treatments of utility poles, nor are there any
non~commercial brush, dip, or spray treatments.

Those who handle, install, inspect, and maintain treated poles, piling, timbers,
and other products are not likely to be exposed. The products will usually have
dried in storage for several weeks, been transported, handled several times during
loading and unloading, and weathered during this period of time. These factors, plus
the fact that pentavalent arsenic is tightly bound to the wood, make the treated
material an unlikely source of exposure.

Wipe tests show limited exposure to arsenic from handling treated wood. A study
showed no apparent health hazard to consumers via vaporization, leaching, or other
mechanism,

Carpenters or homeowners working with arsenically treated lumber, timbers, ply-
wood, fence posts, etc., are exposed through sawdust and handling to limited amounts
of arsenic,

Arsenic can be found in all components of the enviromment naturally or as a
result of human activity. Levels are generally quite low except around smelters or
where large applications of lead arsenate were made over many years (a use no longer
permitted).

No problems have been found in the literature relative to the effects of arseni-
cal wood preservatives on the enviromment. Arsenate, the form present in aerobic
soils, is bound tightly to soil components and becomes unavailable for plant uptake
or leaching. Arsenic in water is sorbed by sediments and becomes unavailable to
aquatic plants or animals. Phytotoxicity has been observed in apple orchards treated
with large amounts of lead arsenate, but plant residues are generally low. Other
instances of phytotoxic arsenic levels are rare. Arsenic does occur naturally in
aquatic organisms. Marine algae and seaweed contain appreciable amounts of arsenic
bound in organic compounds.
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‘Creosote

An estimated 4,000 people are employed at about 188 pressure treating plants
that treat with creosote solutions. Human contact with the preservative is mini-
mized, but some of these workers are exposed to occasional high exposure by inhala-
tion. About 100 workers are involved in commercial thermal and dip treatment. Some
of these undergo consistently high inhalation exposure.

The largest numbers of people exposed to creosote, estimated to be 50,000, are
those who apply it on-the~job, such as farmers, carpenters, and homeowners. Skin
contact and inhalation may be high on occasion; but it is infrequent, perhaps only
once to a few times per year.

Inhalation or skin contact to applicators is minimal in groundline treatments of
standing utility poles.

During handling, storage, and installation of any creosoted items, there may be
moderate inhalation of wvolatiles, especially on hot days with little wind. The
largest numbers of individuals so exposed would be those installing fence posts, lum-
ber and timbers, and railroad materxrial. Once creosoted items are in place, the inci-
dence of human contact is small because most of the wood is used outdoors and is
wholly or partly buried in the soil.

There are no recorded instances of wild or domestic animals being injured by
creosote. Creosote can be toxic to fish and other marine life, however, where it or
wastewater containing creosote pollutes lakes or streams.

The amount of creosote as liquid that enters the environment is relatively
small, Estimated liquid discharge from all wood-preserving plants using creosote in
the United States totals 9 pounds of phenolic compounds and 68 pounds of "oil and
grease' per day. The fate of creosote in the environment is not known, but some com-
ponents are rapidly biodegraded. Phenols removal in soil exceeds 99%.

Creosote may be lost from treated wood by evaporation, exudation, or leaching.
Some of the lower distilling fractions are lost very soon after the wood is treated,
but the remainder is very slow to be lost. Exuded liquid moves into soil a few
inches before biodegradation.

Alternatives to Pressure-Treated Wood
and Impacts of Cancellation

An estimated 327.5 million cu., ft. of wood products were treated with creosote,
penta, and inorganic arsenical preservatives by about 631 wood-preserving plants in
1978. Total production of treated wood between 1970 and 1978 increased at an average
annual rate of 3.2%. Volume treated with creosote during the period declined
slightly at a rate of 0.8% annually, while volumes treated with penta and arsenicals
increased at -average annual rates of 2.5% and 18.9%, respectively.

The most dramatic change during the 8-year period was in treatment of iumber and
timbers. Volume treated in 1978 was more than double the volume treated in 1970.
The percentages of these products treated with creosote and penta both declined,
while the percentage treated with arsenicals increased from 39 to 70. In terms of
total treated wood, the percentage treated with creosote declined from 65 to 47;
penta's share remained fairly comstant at about 25%; and the percentage treated with
arsenicals tripled from 9 to 28.
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The South led the Nation with 55% of the treating plants, which produced 57% of
the treated wood. The balance of the production was divided among the Northeast
Region--8%, North Central Region--17%, Rocky Mountain Region--5%, and the Pacific
Region=--14%. '

Based on information developed from the 1977 Census of Manufactures, it is esti-
mated that the wood-preserving industry employed 13,300 people; paid $140 million in
wages; spent $796 million for wood raw materials, preservative chemicals, fuels and
other materials and supplies; added $388 million in value; and shipped 327.5 million
cu. ft. of treated wood products with a value of $1,086 million in 1978, We estimate
that an additional 17,400 jobs in producing, harvesting, and processing wood raw
materials were dependent on the wood-preserving industry. This does not include
employment generated by the production, distribution, and sale of some $206 million
worth of preservative chemicals and other materials and supplies. The value of all
products treated in 1978, at prices quoted in late 1979, is estimated to be about
$1.46 billjon, f.0.b. treating plant.

The wood-preserving industry provides markets for more than 500 million cu. ft.
of standing timber. Much of the industry's raw material comes from relatively low-
quality trees and logs which are not suitable for higher value uses, or from species
for which there wounld be few, if any, markets without preservative treatment. The
industry, thus, provides markets for large volumes of materials that could not other-
wise be sold at a profit and, thereby, contributes to sound forest management and
improvement of the forest environment in many areas of the United States.

The benefits of wood preservation in the form of employment, wages, and payments
for wood raw matexials, chemicals, and other materials and supplies accrue to many
thousands of citizens directly and indirectly dependent on the industry in more than
500 communities throughout the land. Most of these are small, rural towns in which
the wood-preserving plant and the production and processing of wood raw materials are
major sources of employment and income.

Except for a sizable volume of arsenically treated materials, suitable chemical
alternatives exist for all treated wood products. Cancellation of any of the three
RPAR'd preservatives for any or all of its uses would, in most cases, lead to use of
an alternate preservative rather than to use of a non-wood substitute. In many
cases, if two of the three preservatives were canceled, the remaining preservative
could be used as an alternate. For most arsenically treated lumber, timbers, and
plywood, and for some arsenically treated poles and posts used in applications where
cleanliness, paintability, and freedom from odor or volatile components are required,
neither creosote nor penta is a suitable substitute. In these cases, cancellation of
arsenicals would result in a shift to untreated wood or to a non-wood substitute
(i.e., concrete or steel). '

Cancellation of Creosote

The costs, advantages, and disadvantages of chemical alternatives to creosote
are summarized below. Crossties and switch ties (67%) and poles (12%) account for
the bulk of creosote-treated wood, followed by lumber and timbers (7%), piling (6%),
and fence posts (3%). The remaining 5% is "other" miscellaneous products which are
not included in the cost analysis.

Crossties and switch ties could be shifted from creosote to penta with a reduc-
tion in service life from 35 to 25 years, Due to the lower cost of treating with
penta, the cost per tie would be slightly less than for creosote. However, due to
the shorter service life of penta-treated ties, the number of ties required, the
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annual investment, and the annualized cost to railroads would be substantially higher
than for creosote. '

All other creosote-treated products, with the exception of piling, lumber, and
timbers used in marine applications, could be shifted to either penta or CCA/ACA.
Material for marine use would require treatment with arsenicals.

Cancellation of creosote and a shift to penta where applicable would require an
estimated $5.2 million investment to convert treaters from creosote to penta. First-
year cost, if amortized over 10 years at 12% interest, would be $§1.1 million. If one
assumes continued production of these treated products at the estimated 1978 rate,
57 million pounds of penta and 10l million gallons of petroleum solvent would be
required, annually, to replace creosote, This would be a 142% increase in the esti-
mated 1978 industry consumption of penta and oil. Penta supply problems and produc-
tion delays would likely result. Substantial capital investment would be needed to
increase production of penta. The price of penta would probably be affected.

Based on late 1979 prices of preservative chemicals and treated wood products,
the value (cost) of treated products would decrease by more than $26 million due to
the lower cost of treating with penta. About $18 million of this apparent saving is
in the lower initial cost of penta-treated crossties and switch ties. Due to their
shorter service life, the average anmual cost of using penta-treated ties would be
$36.8 million higher than for creosote. Thus, the net result of switching to penta
for all products now treated with creosote would be an increase in the annual cost of
these treated products amounting to 28.4 to $28.8 million,

Inorganic arsenicals could be used in place of creosote for about one-third of
the creosote-treated wood (all products except crossties and switch ties). Depending
on which alternatives were chosen for piling, lumber, and timbers, an estimated 18 to
$22 million investment would be required to convert treaters from creosote to arseni~-
cals. First-year cost, amortized over 10 years at 127 interest, would be 4.0 to
$4.8 million. If one assumes continued production of treated products at the 1978
rate, 26 to 34 million pounds of arsenicals would be required annually, to replace
45 million gallons of creosote--a 70% to 90% increase in estimated 1978 industry con-
sumption of arsenicals. This increase in demand would probably necessitate invest-
ment in facilities for expanded production of arsenicals and would most likely affect
the price of these chemicals.

Based on late 1979 prices of preservative chemicals and treated wood products,
the value (cost) of treated products would be reduced by 16.2 to $20.2 million,
assuming that arsenically treated material would be shipped wet. These indicated
savings would be reduced by the high cost of converting treating facilities from
creosote to arsenicals, by any increase in price of arsenicals that might result from
the increased demand, by the cost of redrying any of the products treated with
arsenicals, and by the probable need for additional treatment to protect some arsen-
ically treated products from weather and mechanical wear in use,

Cancellation of Penta

The costs, advantages, and disadvantages of chemical alternatives to penta are
summarized below. Poles (52%), lumber and timbers (27%), and fence posts (14%)
account for the bulk of penta-treated wood, followed by crossarms (2%) and piling
(1.5%). About 3% is "other" miscellaneous products which are not included in the
cost analysis. All of these products could be treated with either creosote or inor-
ganic arsenicals. Due to cleanliness, freedom from odor, ease of handling, and lower
cost, lumber and timbers would most likely be converted to arsenicals.
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Cancellation of penta and a shift to creosote for all products except lumber and
timbers {(73% of penta-treated wood) would require an estimated $2.3 million invest-
ment to convert treaters from penta to creosote. If amortized over 10 years at 12%
interest, first-year cost would be $500,000. Assuming continued production of these
treated products at the estimated 1978 rate, 47 million gallons of creosote would be
required, annually, to replace 23.5 million pounds of penta and 41.6 million gallons
of petroleum solvent. This would be a 38% increase in estimated 1978 industry con-
sumption of creosote. Supplies of creosote appear adequate for such an increase.
Due to its high fuel value and resultant relationship to the price of petroleum,
creosote can be expected to increase in price at about the same rate as the price of
penta in o0il. At late 1979 prices of preservative chemicals and treated wood prod-
ucts, the value (cost) of treated products would increase by $10.5 million due to the
higher cost of treating with creosote.

Cancellation of penta and a shift to arsenicals for all products, including lum-
ber and timbers, would require an estimated $40 million investment to convert
treaters from penta to arsenicals. First-year cost, if amortized over 10 years at
12% interest, would be $8.8 million. If one assumes continued production at the
estimated 1978 rate, 41.3 million pounds of arsenicals would be required, annually,
to replace 35.3 million pounds of penta and 62.5 million gallons of petroleum sol-
vent. This 111% increase in estimated 1978 industry consumption of arsenicals would
probably necessitate investment in expanded productlon of arsenicals, and would most
likely affect the price of these chemicals.

Based on late 1979 prices of preservative chemicals and treated wood products,
the switch from penta to arsenicals would reduce the value (cost) of treated wood
products by §28.7 million, assuming that arsenically treated material would be
shipped wet. This apparent saving would be reduced by the high cost of converting
treating facilities from penta to arsenicals, by any increase in price of arsenicals
that might result from the increased demand, and by the cost of redrying any of the
products treated with arsenicals.

Cancellation of Arsenicals

The costs, advantages, and disadvantages of chemical alternatives to CCA/ACA are
summarized below. Lumber and timbers (79%), fence posts {5%), and poles (4%) make up
the bulk of arsenically treated wood, followed by landscape ties (3%) and piling
(1%). About 8% is "other" miscellaneous products which are not included in the cost
analysis.

Most arsenically treated lumber and timbers (about 86%) and some posts and poles
are used in construction of buildings or other applications where clean, paintable,
odorless treatment is required. Material for these uses camnot be shifted to either
creosote or penta in heavy o¢il. In addition, arsenically treated products for marine
use cannot be converted to penta. Thus, it is estimated that about 30% of CCA/ACA-
treated wood could be shifted to creosote, and only 25% could be shifted to penta.
Except for some limited above-ground, interior applications where chromate zinc chlo-
ride (CZC) might be substituted, cancellation of arsenicals would eliminate the
availability of treated wood for use in confined, unvented, habitable space and for
many residential, industrial, commercial, agricultural, and recreational uses where
neither creosote nor penta could be substituted. About 70% of the market for arseni-
cally treated materials would be lost to untreated wood or to non-wood substitutes.
In addition, an effective, low-cost alternative to creosote and/or penta would be
lost.
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Conversion of about 30% of the CCA/ACA-treated wood to creosote would require an
estimated $16 million investment to convert treaters from arsenicals to creosote,
First-year cost, amortized over 10 years at 12% interest, would be $3.5 million.
About 21 million gallons of creosote would be required, annually, to replace 15 mil-
lion pounds of arsenicals. At late 1979 prices for preservative chemicals and
treated wood products, the value (cost) of treated products would be $9.7 million
higher than CCA/ACA~treated material shipped wet.

If about 25% of the CCA/ACA-treated wood were converted to penta, an estimated
$12.5 million investment ($2.75 million the first year at 12% interest over 10 years)
would be regquired to convert treaters from arsenicals to penta. About 6.7 million
pounds of penta and 12 million gallons of petroleum would be required, annually, to
replace 7.7 million pounds of arsenicals. The value (cost) of treated products would
be $5.2 million higher than CCA/ACA-treated products shipped wet.

In addition to the increased costs associated with conversion of 25% to 30% of
the arsenically treated wood to penta or creosote, there would be large costs asso-
ciated with the use of untreated wood or non-wood substitutes for the 70% of CCA/ACA-
treated wood that could not be comverted. Average anmual costs to users of this
material would be increased by an estimated 283 to $1,007 million, depending on which
substitutes were used for CCA/ACA-treated wood in its various applications. Thus, if
arsenicals were canceled for all uses, the least-cost combination of substitutes
would add about $293 million to annual costs of users. If untreated, non-durable
species of wood were substituted wherever they might be used, annual costs would be
increased by $1,087 million.

Finally, the loss of markets for 70% of the CCA/ACA-treated wood, due to cancel-
lation of arsenicals, would have a severe impact on the wood-preserving industry and
on its suppliers of wood and other raw materials and supplies. Recent growth trends
in the wood-preserving industry would be halted. Few of the 221 treating plants that
treat only with arsenicals would survive. Another 104 plants that treat with arseni-
cals, along with other preservatives, would also be affected. Losses are estimated
to include 2,600 jobs in the treating industyy and $2B million in wages, mostly in
small plants in small, rural communities. In terms of value of products shipped,
losses would approximate $400 million, consisting of the wages cited above, and pay-
ments to producers and processors of wood raw materials. There would be additional
losses in production, distribution, and sale of preservative chemicals ($37 million
worth of arsenicals in 1978) and other materials and supplies to the treating
industry, and lost investments in treating facilities and equipment put out of busi-
ness by such action. Substantial losses of secondary bemefits to merchants, busi-
nesspersons, and others in communities where impacted treating plants are located
would also result. Because 80% of arsenically treated materials is southern pine,
these losses would be concentrated in the South Central and Southeastern regions.
These impacts would be immediate and would continue until such time as affected
individuals and resources could be put to other gainful uses. The extent and effect
of offsetting cross~sectoral and regional shifts in employment and income have not
been evaluated.

To the extent that users of treated products would switch to use of untreated
wood, cancellation of arsenicals would result in increased employment in logging and
sawmilling to produce the increased volumes of untreated products that would be
required. The extent of such a switch, and its effect on the impacts described
above, have not been evaluated,
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Cancellation of Creosote,
Penta, and Arsenicals

The costs, advantages, and disadvantages of alternatives to treated wood are
summarized below. Costs associated with the loss of 700,000 cu. ft, of creosote-
treated block flooring, 1.6 million cu. ft. of CCA/ACA-treated foundation materials,
2.9 million cu. ft. of penta- and CCA/ACA-treated ties, 1.7 million cu., ft. of
treated crossarms, and 18 million cu. ft. of “other" miscellaneous products are not
included. Also, owing to the wide variation in types and cost of substitutes for
treated fence posts, no estimates were made of the costs of substituting untreated
wood or metal for treated posts. Together, these products comprise about 14% of all
treated wood. Therefore, the costs given below represent the estimated benefits to
the U.S. economy from 86% of the treated wood produced and used in 1978.

If all preservatives were canceled, users would probably switch to untreated
wood for some applications of treated lumber and timbers, to concrete for crossties
and switch ties, and to concrete or steel for poles, piling, and the remainder of the
lumber and timbers. If concrete was used for crossties, poles, and piling, and
untreated wood or concrete was used where applicable for lumber and timbers, the
present value of future costs of using these substitutes would be 47.2 to §$55.4 bil-
lion higher than for treated wood, depending on which combination of untreated wood
and concrete substitutes was used.

If steel poles and piling were used instead of concrete in the above analysis,
the present value of future costs of substitutes would exceed that for treated wood
by 57.1 to $65.3 billion.

Based on this analysis, direct savings to consumers of treated wood railroad
ties, poles, piling, lumber, timbers and other products average an estimated 4.5 to
$5.3 billion, annually, compared to various combinations of untreated wood and con-
crete substitutes. If steel is used instead of concrete for poles and piling, the
annual savings from use of treated wood increase to an estimated 5.5 to $6.3 billion.
Additional savings from use of the 14% of treated wood not included in the analysis
would increase the totals given above.

In addition to these direct economic losses to consumers of treated wood, can-
cellation of wood preservatives would have serious impacts on the wood-preserving
industry and ite suppliers in terms of losses of employment, capital investment, and
community facilities. Substantial investments in plant and equipment used in timber
harvesting, wood processing, and wood treatment would be lost.

An estimated 30,700 people were employed in treating plants and related timber
production, harvesting, and processing operations in 1978, Wages paid to these
workers and payments for wood raw materials totaled $650 million; an additional
$286 millicn was spent for preservative chemicals and other materials and supplies,
including fuels and electrical energy. In 1978, the industry shipped treated wood
products valued at $1.46 billion at 1979 prices.

These benefits accrue to many thousands of citizens directly and indirectly
dependent on the industry in more than 500 communities, most of which are small,
rural towns im which the production, precessing, and preservation of wood products
are major sources of employment and income. Finding new jobs for workers displaced
by cessation of wood-treating operations could entail substantial transfer costs to
many families. Many workers might not find new jobs because of a lack of opportuni-~
ties in some areas, or a lack of skills required in other industries. Many would be
at least temporarily dependent on unemployment insurance and welfare.
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Many small forest landowners who supply raw materials to the treating industry
also would suffer economic losses if markets for treated wood were no longer avail-
able. Although some consumers might turn to untreated wood, thereby increasing
demand for timber products, the ultimate result of the high cost of using untreated
material would be a general loss in wood markets, and loss of cash income for many
small woodlot owners, through extensive substitution of other structural materials.

Poles, posts, ties, mine timbers, and most other products generally treated
today can be made from relatively small trees or from grades of material or species
for which markets would otherwise be very limited. Loss of markets for this material
would have a detrimental effect on timber menagement and the forest environment in
many areas of the United States.

Limitations of the Analysis

The projected savings to consumers from use of treated wood (costs of cancella-
tion) are based on the assumption that supplies of alternative chemicals or alterna-
tive materials are sufficient to meet increased demands at current (1979) prices. In
reality, shortages are likely to develop if any or all of the wood preservatives are
canceled. Production delays, capital investments required to increase production of
alternatives, and any increase in prices of alternative chemicals or materials that
might result would add to the listed costs of cancellation and substitution.

Other impacts of canceling wood preservatives and switching to use of untreated
wood, concrete, or steel have not been assessed. These include:

1. A need for more than 29 million tons of cement, sand, gravel, crushed stone
and reinforcing steel, annually, to produce concrete ties, poles, piling, and other
concrete substitutes for treated wood. This would more than double the amount of
these materials used in the manufacture of all precast and prestressed concrete
products in 1977. Such an increase could be expected to cause shortages, delays,
and price changes that would affect all users of concrete products.

2. A need for more than 1.7 million tons of steel to produce poles, piling, and
other steel substitutes for treated wood.

3. Effects of cross-sectoral and regional shifts in employment and income
between the wood industry and the concrete or steel industries.

4, Capital investments needed to build facilities to produce required non-wood
substitutes, and to purchase new installation and maintenance equipment to handle
these materials.

5. Lost investment in present installation and maintenance equipment (espe-’
cially by railroads and utilities) rendered obsolete by conversion to non-wood mate-
rials. :

6. Problems and costs of intermixing concrete or steel substitutes with treated
wood in maintenance programs during the period reguired to convert various systems to
non-wood substitutes.

7. A probable increase in rail transportation and utility rates to cover
increased costs of using substitute materials, and its effect on all users of these
services, .
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8. A substantial increase in the amount of energy required to mine, process,
and manufacture substitute materials, all of which are more energy intensive than
treated wood.

9. Increased air and water pollution and degradation of the landscape (or
increased costs of environmental pollution control) associated with production of
substitute materials.

10. Increased dependence .on imports of non-wood raw materials and energy, with
attendant effects on our balance of payments.

These and other indirect impacts could add to the direct costs of cancellation
and substitution described in this report.

Alternatives to Non-Pressure Treatments
and Impacts of Cancellation

Penta and creosote are registered for use in a number of non-pressure processes
and applications. Some are commercial applications to manufactured products such as
millwork, others are field treatments best classified as maintenance (e.g., ground-
line treatment of utility poles). The function of treatment is to improve perform-
ance and extend the life of treated items or structures.

Nonpressure applications generally require simple equipment and little capital
investment. Users are many and widely dispersed. Specific end uses (products
treated) are innumerable, Costs and benefits are extremely difficult to measure end
evaluate. For these reasons, these analyses of non-pressure treatments are, in most
cases, substantially less precise than for the pressure treatments.

Groundline Treatment of Utility Poles

There are two major types of groundline treatments used on utility poles in
service--one with a high creosote contemt, and the other with high penta content.
The cost and efficacy of the two treatments are the same. There are no other alter-
natives. Continuation of groundline treatment depends on continued availability of
either penta or creosote for this use.

_ Groundline treatments are most often used on sites where decay hazards are
highest and expected life of pressure-treated poles is lowest. Treatment is applied
.to the pole from 6 inches above to 16 inches below the groundline. First treatment
is generally applied 15 to 20 years after initial installation, and two subsequent
treatments are applied at 10-year intervals ( i.e. at 30 and 40 years). This sched-
ule adds an estimated 20 years to the life of the pole. An estimated 0.9 to 1.1 mil-
lion standing poles were treated in 1978 at a cost of 10.3 to $12.3 million. It has
been estimated that the number of poles treated will double in the next 5 years.

Benefits of groundline treatment were estimated by determining the savings in
pole replacement costs resulting from a 20-year extension of pole life. The annual
amount that must be set aside, drawing compound interest, to cover the cost of poles
over their life cycle is referred to as the sinking fund. Pole line managers want to
know how much the sinking fund can be reduced as a result of groundline treatment.
By using 1978 treatment costs, a 20-year extension of pole life, a 10% interest
rate, and a mix of 7% transmission and 93% distribution poles treated, a weighted
annualized savings of $2.12 per pole was calculated.
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Annual treatment of 1 million poles is sufficient to maintain a system of
16.67 million poles. The total annualized savings for the system would be:

$2.12 per pole X 16.67 million poles = $35,340,400

In this case, an annual expenditure of $10.2 million for treatment of 1 million poles
yields significant savings. Potential benefits from groundline treatment would
exceed $70 million per year if the number of poles treated were doubled. About
7.5 million poles would require treatment, annually, in order to include the entire
126 million poles in the U.S. utility system in a groundline treatment program.

If all groundline treatments were canceled, demand for new replacement poles
would not change during the next 10 years; however, reduced life would cause an
increase in replacement pole demand beginning 10 years after cancellation, In the
long-run, annual requirements for replacement poles would increase about 222,300
above those expected with current levels of groundline treatment.

Benefits from groundline treatment are greatest for poles that have the highest
installed cost. If a high percentage of the poles treated in 1978 was in urban
areas, the average installation cost used in this analysis would result in an under-
estimate of savings.

Na-Penta for Sapstain Control

Na-penta is applied in aqueous solutions, by dip or spray methods, to green lum-
ber and freshly peeled poles for control of sapstain fungi. These applications pro-
vide short-term protection against unsightly stains which degrade freshly cut wood
during storage and transportation. An estimated 3.06 billion bd. ft. of lumber and
an unknown volume of poles are treated annually. About 65% of treated lumber is for
domestic use, and the remainder is for export. Cost of chemicals for treatment with
Na-penta averages $0.88 per 1,000 bd. ft. Total cost to lumber producers is, thus,
$2.69 million for chemicals, only.

Copper~8-quinolinolate (Cu-8) is an effective substitute for Na-penta. Cost of
Cu-8, for comparable treatment, would be $0.28 million higher than the cost of
Na-penta. In addition, Cu-8 would cause corrosion of steel treating equipment.
Modification of equipment to prevent corrosion would add to the costs of using this
alternative. '

_ The only other alternative for control of sap stain is rapid kiln drying. To be
effective, the green material must be in the kiln within 48 hours of sawing or
peeling. This greatly limits the potential of this alternative,

Information on the volume of poles treated for sapstain contrel is lacking, as
is information on the cost of modifying equipment for use of Cu-8. The impact of
canceling Na-penta and coanverting to Cu-8 is estimated to be a $0.28 million increase
in cost of chemicals to lumber mills~-an average of $0.09 per 1,000 bd. ft. of lumber
treated.

Penta Treatment of' Millwork

Penta (5% solution in light oil solvent) is applied to an estimated 60 million
cu. ft. of millwork products and about 470 thousand cu. ft. of softwood plywood to
impart water repellency and to protect against mold, mildew, and staining fungi.
Application is by dipping, spraying, or a vacuum process. Window frames, sash,
screens, doors, door frames, and textured plywood siding--all of which are exposed to

XXix



the weather--are the most commonly treated products. Few, if any, interior millwork
products are treataed. Total cost of penta preservatives used for these treatments is
estimated to be $3.2 million.

Two percent tributyltin-oxide (TBTO) and 2% Cu-8 solutions are considered to be
effective alternatives to penta for treatment of millwork and plywood. These pre-
servatives are not currently registered for use at 2§ concentrations. Nevertheless,
the Assessment Team concludes, on the basis of published test results, that 2% con-
centrations are necessary for effective treatment comparable to 5% penta. Estimated
costs of sufficient 2% TBTO and 2% Cu~8 to replace pentsa used on millwork and plywood
(based on late 1979 prices of components) are 5.42 and $7.99 million, respectively.
The impacts of canceling penta and converting to TBTO or Cu-8 would be an increase
in chemical costs to treaters of $2.22 million for TBTO and $4.79 million for Cu-8--
an average of $0.04 and $0.08 per cu. ft. of wood treated, respectively.

The effect of these cost increases on the price of treated wood products to con-
sumers was not determined.

Penta Treatment of Particleboard

A small amount of penta is used by one manufacturer in Oregon to treat particle-
board for protection against drywood and Formosan termites (Coptotermes Formosanus).
The treated product is used in production of cabinets and similar products for use in
Hawaii and other areas where these pests are present.

The penta formulation is sprayed, along with resin and wax, onto the wood par-
ticles during the particleboard production process, and is the only preservative that
is compatible with the resin used as a bonding agent. There is no alterpmative to
penta for this use. Penta has been successfully used to pressure treat finished par-
ticleboard by the Cellon process.

An average of 180,000 sq. ft. (3/4-inch basis) of treated board has been pro-
duced, annually, by the Oregon manufacturer over the past 7 years. This is less than
1% of the total production of the Oregon plant, and an infinitesimal percentage of
total particleboard production.

The impact of canceling penta for this use would be slight from the standpoint
of the manufacturer, and hardly noticeable from the standpoint of the total particle-
board industry. The real impact would be concentrated on consumers in limited market
areas, mostly in Hawaii, who would be deprived of this termite-resistant product for
use in structures where the hazard of termite attack is high.

Home and Farm Use—Penta and Clreosote

About 1.5 million pounds of penta (3.75 million gallons of 5% penta in light oil
solvent) are sold annually for use by homeowners, farmers, and others to protect
various wood structures and products in use. About 1.5 million pounds of creosote
are also sold in solutions for similar purposes.

Penta solutions frequently contain water repellents which reduce shrinking,
swelling, checking, and warping of treated wood. Penta protects against numerous
decay and stain fungi, insects, molds, and mildew. Typical items treated include
decks, siding, fences, shingles, and outdoor furniture. Treatment iz most effective
for wood used above ground. Ready-to-use solutions may be colorless or may incorpor~
ate pigments for simultaneous staining of wood, in a variety of colors. Treated wood
igs clean and paintable.
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Alternative chemicals registered for use at the home and farm level are copper
naphthenate (Cu-Naph), zinc naphthenate (Zn-Naph), TBTO, Cu-8, and creosote. None of
these has the broad-range effectiveness of penta, but all have some merit as substi-
tutes for some uses.

Cu-Naph, Zn-Naph, and creosote products are all persistently malodorous. The
Assessment Team considers registered concentrations of Cu-8 (0.25%) and TBTO (0.3%)
to be ineffective (inferior to 5% penta) against insects and fungi and, therefore,
recommends 2% solutions of both chemicals for protection comparable to 5%‘penta The
amounts of these alternate preservatives (except creosote) sold for home and farm use
are unknown.

Cu-Naph ready-to-use solutions may contain water repellents. Most are for
above-ground use, but some highly concentrated formulations contain directions for
use in ground contact. Cu-Naph stains are for use above ground only. Cu-Naph
imparts color to the wood, makes a poor base for paint, and is difficult to finish
naturally.

Zn-Naph is colorless, but is considered to be less effective than Cu-Naph.

TBTO solutions are colorless, and leave the wood clean and paintable. TBTO can
be degraded by sunlight. The chemical has some protective qualities but, as noted
above, is inferior to 5% penta at registered concentrations. Technology is such that
a 2% concentration of TBTO would be difficult to achieve, and considerably more
costly than currently available formulations.

Cu-8 is colorless, clean, and paintable, but less effective than 5% penta at
registered concentrations. Two-percent solutions would be substantially more costly
than currently available formulations.

Creosote golutions discolor wood and render it unpaintable, thereby restricting
the utility of the treated wood.

A check of retail prices at several Washington Metropolitan area building mate-
rial and hardware stores revealed the following prices, per gallon, of the various
preeervative formulations discussed above:

~ Penta--5%, in mineral spirits with water repellent, clear or

pigmented . . . . . . . . L . 4 v . e e e e e e e e e s 48950
Cu-Naph--20% (2% Cu) in m1nera1 spirits with water repellent,

BYECIL . & « v v v v 4 e e s e e e e e h e e e . $13.45
Zn-Naph--13.5% (2% Zn) with water repellent, clear . . . . . .$12.40
TBTO-=0.3% + « « o o e e e e e e e .. 314,50

No price was obtained for creosote or Cu-8 preservative. Available information on
prices of components indicates that the cost of creosote wonld be about the same as
that for penta, and Cu-8 formulations would cost 1.5 to 2 times as much as comparable
TBTO solutions. As noted previously, 2% solutions of these chemicals would be con-
siderably more costly than currently available formulatlons which are less effective
than 5% penta,

Application rates (coverage) of these preservatives, per bd. ft. or cu. ft. of
wood, would vary with product, species of wood, surface characteristics (rough vs.
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planed), and thickness of material. If one assumes a rate of 4 gallons per 1,000 bd.
ft. of l-inch lumber for brush applications (approximately 500 sq. ft. per gallon

when applied to all surfaces) the cost of these preservatives per 1,000 bd. ft. would
be: ' :

Ratio:
Cost of Alternatives
to cost of Penta

Penta (%) - - - - - - - $38.00 1.00
Cu-Naph (2% Cu)- - - - - $53.80 1.42
Zn-Naph (2% Zn)- - - - =~ $49.60 1.31
TBTO (0.3%)= = = - - = = $58.00 1.53

At these prices, the cost of superficial treatment with these chemicals approaches
the cost of pressure-treated wood. Lumber pressure treated with CCA/ACA to ,25 pcf
retention has an expected life of 50 years in above-ground use, Considering the fact
that several brush applications of the above listed chemicals would be required over
a period of years to come anywhere near the expected life of pressure-treated wood,
use of pressure treated material would appear to be a very economical alternative to
use of the do-it-yourself preservatives on untreated wood. One limitation of this
alternative, at the outset, might be lack of availability of pressure-treated mate~
rial in sizes and grades required for home or farm uses. Also, this alternative does
not satisfy the continued need for supplemental treatment of existing structures, or
for treatment of cuts and borings during installation of pressure-treated material.
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INTRODUCTION
Purpose and Scope of the Report

In the October 18, 1978, Federal Register, the Office of Pesticide Programs
of the U.,S. Environmental Protection Agency (EPA) placed on record a notice of
YRebuttable Presumption Against Registration" (RPAR) of pesticide products con-
taining pentachlorophenol, inorganic arsenic, coal tar, creosote, and coal tar
neutral oil. Under the authority of the Federal Insecticide, Fungicide, and
Rodenticide Act, EPA issues an RPAR when it has been determined that there is suffi-
cient risk involved in the use of the pesticide to warrant a review of the advisa-
bility eof its continued registraztion and use. This review, then, is required as
part of the RPAR process.

The RPAR review process includes several steps: After the existence of a risk
(trigger) has been demonstrated by EPA, (1) an RPAR is issued (EPA)}, (2) risk data
may be rebutted, (3) benefits and exposure are determined (USDA/States/EPA Assess-
ment Team), (4) risk/benefits are weighed (EPA), and (5) judgments regarding re-
registration, regulatory options, and limited registrations are made (EPA). USDA,
along with the States and the EPA, has the responsibility for developing information
for item (3). The following report is a review of the benefits of the agricultural
uses of the subject chemicals, the human exposure incurred in usage, and an-estimate
of the economic impacts of cancellation. The report is divided into two major parts:
Volume I, wood preservative uses, and Volume II, non-wood-preservative uses.

The primary focus of this impact assessment report is on how the user is
affected. Secondary and tertiary economic and social impacts are only cursorily
addressed. This covers only those sites, pests, and chemicals which were deemed
important to agriculture either from current use patterns or desirability to retain
the compound since it is biologically beneficial. Only registered chemicals are
fully considered as viable alternatives to the RPAR'd chemicals; however, for the
sake of completeness and perspective, some non-registered chemical alternatives, and
all viable alternative structural materials (such as concrete, steel, and plastic),
are discussed.

The RPAR'd Chemicals

Pentachlorophenol (Penta)

Penta is a widely used wood preservative that is normally carried in a petro-
leum solvent. Approximately 54 million pounds of penta were produced in 1974
(Fuller, et al., 1977), and it is estimated that similar volumes are presently being
produced by the three U.S. chemical firms engaged in its manufacture. Although a
small quantity is converted to the sodium or potassium salt and used as a broad
spectrum water-soluble biocide, most of the penta produced is used as a wood preserv-
ative.

The commercial synthesis of penta is readily accomplished by the direct chlori-
nation of phencl. Chlorination proceeds stepwise and catalysts such as FeClB, AlCl3,
and SbCl3 are employed. Production of the monovalent alkali salts is accomplished

by reacting penta with the corresponding base.
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Penta is effective against bacteria, fungi, and insects, and exerts its toxic
effect by uncoupling oxidative phosphorylation in living cells. Since this bio-
chemical process is essentially the same for the aerobic generation of adenosine
triphosphate in all biological systems, penta and its salts are highly effective
broad-spectrum biocides. This characteristic has resulted in the usage of these
compounds in applications ranging from industrial preservation of cellulosic mate-
rials to slimicidal uses in papermills and cooling towers.

The following compounds and their uses are addressed in this document:

Pentachlorophenol wood preservation
Pentachlorophenol herbicide, defoliant, and mossicide
Sodium pentachlorophenate sapstain control

Sodium pentachlorophenate herbicide, mossicide

Sodium pentachlorophenate biocide in mushroom houses

Inorganic Arsenicals

Arsenic is prodoced as a by-product of the non-ferrous smelting industry,
mainly from copper smelters but alse from gold, zinc, and lead smelters. The air
pellution and disposal problems associated with smelter operations will exist
whether the arsenic is refined for further use or not. If its usage is restricted
in commerce, smelters will have an increased waste disposal problem.

During smelting, white A3203 fumes are formed and are then condensed in brick
buildings called "kitchens" as the gases are cooled. The crude A3203 is collected
and further refined in this manner at one installation in the United States, the
American Smelting and Refining Company in Tacoma, Wash,

Arsenic trioxide is used as a rodenticide and as a starting material for all

other arsenical pesticides. Dissolution of A3203 in sodium hydroxide produces

sodium arsenite, a contact herbicide and fungicide. Oxidation to arsenate in the
presence of various cations gives rise to the other arsenical pesticidal materials.

Some of the arsenic-containing products registered by EPA are no longer used
for a variety of reasons: (1) better alternatives; (2) adverse side effects on the
crop treated and the enviromment; (3) lack of supply as a result of governmental
regulations Occupational Safety and Health Administration (0SHA) which resulted in
plant closings; or (&) refusal to invest additional resources in manufacturing
plants until a decision relative to re-registration of the arsenicals is made.
These reasons work in concert to make an economic and benefits analysis for some
products difficult since they are not currently being used, even though they may be
as good or better than some alternate materials.

Some arsenicals, which are no longer a part of some current use patterns, are
still registered with EPA, Therefore, these st111 appear on the site-pest lists
derived from the registered labels.

The following uses are addressed in this document:

Chromated copper arsenate wood preservation
Ammoniacal c¢opper arsenate wood preservation
Fluor chrome arsenate phenol wood preservation
Arsenic acid desiccation~-cotton



Arsenic trioxide rodent control
Calcium arsenate annual bluegrass~-turf
slug bait--citrus
fly control--poultry

Lead arsenate growth regulator--grapefruit
cherry fruit fly--cherries

Sodium arsenate ant bait~-~buildings

Sodium arsgenite Black Measles=--grapes
Dead Arm-~grapes
termites--buildings

so0il semi-gterilant

Coal Tar, Creosote, and Neutral Oills

Cresote is a complex mixture of organic chemicals that are products of the frac-
tional distillation of coal tar. Coal tar is a by-product coking of bituminous coal.
This may be conducted over a wide range of temperatures which affect the composition
of the tar. Practically all coal tar produced in the United States results from high
temperature processes. In this document the term "“coal tar'" refers to the so-called
high temperature coal tar. Coal-tar neutral oil, as defined in PD-1 (Federal
Register, 1978), is a mixture of several chemicals, other than tar acids and tar
bases, and includes such compounds as naphthalene, fluorene, anthracene, and similar
hydrocarbons. In fact, the product defined by that document basically is creosote
with tar acids and tar bases removed and contains all of the compounds shown in
Table 11, However, as currently used in the trade, the name "neutral oil" denotes
those neutral fractions with boiling points between 150°C and 270°C which consist
principally of c¢cal tar naphtha, methylnaphthalenes, and dimethylmaphthalenes. Both
creosotes and neutral oils may be obtained from a variety of organic materials,
including petroleum and wood; but both are assumed to be distillates of coal tar for
purposes of this document.

Commercial creosote is actually a blend of several coal tar distillation frac-
tions selected to provide specific physical characteristics to the resulting product.
This blend, in turn, may be used alone or diluted with coal tar or petroleum oil,
depending upon end use, Almost all creosote is blended with tar acids and processed
with fatty acids to form a water-emulsifiable product that is used as an insecticide,
disinfectant, animal repellent, acaricide, and other miscellaneous uses. Coal tar,
in addition to its uses in preservative solutions with creosote, also finds use in
various non-wood-preserving applications, including insect repellents, disinfectants,
and arachnicides.

Creosote, coal tar, and neutral-oil products have been used for both preserva-
tive and non-preservative purposes for nearly 150 years and have been registered for
many site-pest applications. Because of the current availability of more effica-
cious products, coal tar and its distillates are no longer used--or are used only
sparingly--for many of the purposes for which they are registered. In many in-
stances it was difficult or impossible to ascertain whether a particular registered
use was, in-fact, still part of the current use pattern. Conversely, it was dis-
covered that certain coal~tar products, primarily neutral oil, are regularly used in
applications for which registrations have been canceled. The specific uses
addressed in this document are as follows:



Coal-Tar Products Use

Creosote Wood preservativea
Animal repellent
Larvicide
Fungicide
Herbicide
Insecticide
Acaricide
Arachnicide

Coal~Tar Wood preservativea
Insecticide
Disinfectant
Animal repellent
Fungicide
Acaricide
Arachnicide

Neutral Oil Wood presgervative
Animal repellent
Insecticide
Acaricide
Larvicide
Disinfectant

"I'rlggors

Pentachlorophenol

EPA has determined that registrations of pesticide products containing penta
meet or exceed the EPA risk criteria relating to teratogenic and/or fetotoxic
effects on mammalian test species [(40 CFR 162.11 (a)(3)]. The EPA PD-1 (Federal
Register, 1978) explains the basis for concluding that there is a Rebuttable Presump~
tion of risk from the use of penta and compounds containing penta.

Inorganic Arsenicals

EPA has determined that pesticide products containing inorganic arsenic meet or
exceed the risk criteria relating to oncogenic effects (human epidemiology studies),
mutagenic effects, and reproductive or fetotoxic effects on mammalian test species
[40 CFR 162.11 (a){3)]. The basis for this determination is set forth in the in-
organic arsenic PD-1 (Federal Register, 1978).

Coal Tar, Creosote, and Neutral Oil

EPA has determined that pesticide products containing coal-tar creosote and
coal-tar neutral oil meet or exceed the risk criteria relating to oncogenicity
[40 CFR 162.11 (a)(3)]. The basis for the determination is cited in the coal~tar,
creosote, and coal-tar neutral o0il PD-1 (Federal Register, 1978).

3 Creosote may be used alone or in combination with coal tar or petroleum as a wood
preservative. Coal tar is never used as a wood preservative except in combina-
tion with creosote.



Physical and Chemical Properties of RPAR’d Pesticides

Pentachlorophenol and Its Salts
Physical Properties

In the pure state, pentachlorophenol (penta) is a white, needlelike crystalline
solid. Since it is practically insoluble in water, its readily water-soluble sodium
salt is substituted for many practical uses. Some of the properties of penta are
given in Table 1 (Bevenue and Beckman, 1967).

Chemical Properties

Penta is quite stable. It does not decompose when heated at temperatures up
to its boiling point for extended periods of time. Pure penta is considered to be
rather inert chemically (Bevenue and Beckman, 1967). The chlorinated ring structure
tends to impart stability, but the polar hydroxyl group tends to facilitate biologi-
cal degradation (Renberg, 1974). It is not subject to the easy oxidative coupling
or electrophilic substitution reactions common to most phenols. All monovalent
alkali metal salts of penta are very soluble in water, but the protonated (phenolic)
form is wvirtually insoluble. Hence, transport of penta in water is dependent
largely on the pH of the environment.

Penta is volatile enough to be steam~-distilled, a property that can be exploited
by the analyst. A closed system should be used when heating environmental samples
or recoveries are poor (Bevenue and Beckman, 1967). By analogy to other chlorinated
organic compounds of low vaper pressure, volatility will cause losses of penta from
soils as shown by Briggs (1975). Volatilization from treated wood may also occur.

Photodecomposition

The photochemistry of penta and other chlorinated phenolic herbicides has been
widely investigated. Model studies have shown that aqueous solutions of penta or
its salts are subject to photodegradation and this observation has been borne out by
practical experience in this field.

Photochemical reactions of halogenated aromatic compounds appear te follow
free-radical pathways (Plimmer, 1970). Because of the free radical character of the
reaction, the structure of the products depends on the properties of the solvent.
Since water is the solvent involved in environmental photochemical reactions, studies
of photochemical degradation in aqueous sclution are particularly pertinent; extrap-
olation of photochemical reactions performed in nonagueous solvents should be care-
fully considered for applicability to environmental conditions.

It is well known that the absorbance spectra of phenols undergo a characteristic
bathochromic shift when changed from the protonated form to the anion. Since the
wavelength of light absorbed is affected, it is reasonable to assume changes in
photochemical behavior as well. According to Plimmer (1970), the nature of the
reaction products slso depends on the wavelength of light absorbed. Some other
factors which influence the spectrum of a molecule are the surfaces with which it is
associated in the environment, specifically, bonding interactions with the surface.
Types of interactions which will affect the products of the reaction include simple
adsorption, coulombic forces, van der Waals forces, and charge transfer. In short,
the chemical environment of the molecule profoundly influences its photochemical
behavior. Unfortunately, there have been relatively few studies of pesticide photo-
chemistry on environmental surfaces (Plimmer, 1970). Adsorption on silica does cause
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Table 1.--Physical properties of pentaa

Property Value
Empirical formula CGCISOH
Molecular weight 255,36
Melting point 190°C
Boiling point 293°C
Density 1.85 g/cc
Vapor pressure 20°C 0.00011 mm Hg

100°C 0.12 mm Hg

PK 4.8

a

Solubility: (g/100g solvent)

In water 20°C 0.0014
In water 30°C 0.0019
In methanol 20°C 57
In methanol 30°C 65
In diethylether 20°C 33
In diethylether 30°C 60
In ethanol 20°C 47
In ethanol 30°C 52
In acetene 20°C 21
In acetene 30°C 33
In xylene 20°C 14
In xylene 30°C 17
In benzene 20°C 11
In benzene 30°C 14
In carbon tetrachloride 20°C 2
In carbon tetrachloride 30°C 3

2 Source: Modified from Bevenue and Beckman, 1967.

a shift in the ultraviolet (UV) spectra, providing evidence for hydrogen bonding of
the phenol.

Aqueous solutions of sodium pentachlorophenate (Na-penta) were decomposed when
exposed to sunlight as evidenced by a color change from clear to purple after about
10 days (Munakata and Kuwahara, 1969).

Hamadmad (1967) characterized some of the breakdown products of penta in vari-
ous solutions. Ultraviolet irradiation of penta in hexane or methanol gave 2,3,5,6-
tetrachlorophenol, presumably by reductive dechlorination. However, an aqueous sus-
pension of penta produced little tetrachlorophenol when irradiated polymeric sub-
stances were the major photolysis products.

Crosby and Hamadmad (1971) concluded that 2,3,5,6-tetrachlorophenol was the
major breakdown product of penta photolysis, but their work used only organic sol-
vents and no aqueous solutions.



Munakata and Kuwahara (1969) studied the photochemical reaction products ob-
tained on irradiation of an aqueous solution of 20 g/liter of Na-penta. After
10 days of sunshine 50% of the Na-penta had been lost. The chemical structures of
the degradation products are shown in Figure 1.

Hiatt, et al. (1960) recognized that photochemical degradation may be a factor
which reduces the efficacy of Na-penta on its target organism. They reported field
observations of unexpectedly poor control of the snail vectors of schistosomiasis in
South African streams. These streams were all small, shallow, and rapidly flowing
and were exposed to full sunlight during the day. The water was exceptionally clear.
It was speculated that photochemical destruction of Na-penta was the cause of the
poor control. This phenomenon was confirmed by Hiatt, et al. (1960). A further dis-
cussion of penta photodecomposition can be found in Chapter 3 (fate of penta in the
environment).

Analytical Methods

Many methods of qualitative and quantitative analysis have been developed for
penta (Tables 2 and 3). Since samples are sometimes expected to contain penta and
no chemical analogs, methods for this type of sample are usually less sensitive and
specific but more convenient than those used for residue analysis.

Colorimetric and oxidation methods of analysis are less sensitive and specific
than chromatographic methods. Attempts to modify the nitric acid-oxidation method
and the 4-amino-antipyrine (4-amino-2, 3-dimethyl-l-phenyl-3-pyrazolim-5-one) colori-
metric method to improve selectivity and lower detection limits have not been espe-
cially successful when small amounts of sample are available (Bevenue and Beckman,
1967).

Chromatography has become very important as both a method of separation and as
a means of assay. High-pressure liqQuid chromatography using Amberlite XAD-7 Resin
(Fritz and Willis, 1973) has been used recently to separate complex mixtures of phe-
nols and thin-layer chromatography or paper chromatography can be used to separate
penta from many interfering substances {Bevenue and Beckman, 1967). Thin-layer
chromatography can also be used to estimate semiquantitatively the amount of the
component present in microgram gquantities (Zigler and Phillips, 1967; Davies and
Thuraisingham, 1968; Geike, 1972; and Frei-Hausler, et al., 1973).

_ Infrared (IR) or UV spectrophotometry can be used to identify and determine
penta. These spectrophotometric methods must be preceded by purification steps which
effectively separate the penta from interfering substances of similar absorptivity.

The most widely used technique for analysis of penta in practically all sample
types is gas-liquid chromatography (GLC). The electron capture detector is used
routinely because of its high sensitivity to halogenated compounds; quantities in

the nanogram to picogram range (10_9 to 10-123) can be measured., The GLC technique

is often sufficient to analyze and jdentify the penta if retention times are
determined on two or more different columns,

When more rigorous identification is required and a sufficient amount of sample
is available for the collection of a gas chromatographic fraction of the suspected
penta, final confirmation of identity may be obtained by UV or IR spectroscopy. With
the advent of computerized gas chromatographmass spectrometer (GLC-MS) interfaces
(Elkin, et al., 1973) it is possible to scan automatically the mass fragments
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Figure 1. Photochemical degradation products obtained from irradiation of an aqueous
solution of penta. Source: Modified from Munakata and Kuwahara, 1969.
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Table 2.--Methods of determination of penta in several sample materials

Sample

Isolation Method

Analytical Method
. and Sensitivity

- Remarks and
Anthor®

Urine
Human adipose

tissueb

Urine, blood,
air

Urine

Natural latex

Natural waterc

Extract with petroleum ether;
reextract with NaOH and
acidify.

Extract NaOH solution with
hexane; acidity; extract
with ether, ethylate with
diasoethane; pentachloro-
phenyl ethylether separated
from hexachlorophene on a
silica gel column.

Air samples collected with
midget impingers using
alkaline water or iso
octane.

Add NaOH; extract with hexane;

acidify; extract with hexane.

Coagulate with acetic acid;
extract with acetone.

Turbidimetric; 5 mg/liter.

Electron capture gas chroma-
tography; 5 micrograms/kg.

Electron capture gas chroma-
tography.

Electron capture gas chroma-
tography; 2 micrograus/
liter.

Thin later chromatography
with CuSO4-pyridine spray;

10 mg/g rubber.
Colorimetric using methylene

blue or Safranin-0;
5 mg/liter.

Rapid scanning, routine
method (1).

Method requires about 200
mg tissue (2).

Air sampling procedure was
inadequately described

(3).

Seven alkyl ethers of
penta were used and
several different
columns were used in
detection (4).

Semiquantitative, rapid
method (5).

Hard water or water con-
taining Fe or Cu yield
interfering precipitates

(6).
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Table 2.--Methods of determination of penta in several sample materials--continued

Sample

Isolation Method

Analytical Method
and Sensitivity

Remarks and
Authora

Natural water

Wood

Wood

Toy paints

Water and
sewage
effluents

Soil
Water
Fish

Biological
tissue
Water

"Acidify and extract into

chloroform.

Oxidize with chlorine
dioxide.

Extract with acetone.

Extract with benzene followed

by K2003 solution:

acetylate and extract with
hexane.

For soil and fish extract with
KOH; acidify; extract with
toluene.

Acidify; extract with hexane,
reextract with borax
solution.

Ultraviolet radio spectrom-
etry; 2 micrograms/liter

Electron probe micro-
analyses; 0.1%

Microscopy; 0.022%

Flame ionization gas chroma-
tography with dansyl chlo-
ride derivitization;

GC - 1 mg/liter
TLC - 4 mg/liter.

Electron capture gas chroma-
tography;
0.01 microgram/liter

Electron capture gas chroma-
tography of methyl ester;
soil - 0.5 microgram/kg;
water ~ 0.01 microgram/kg;
fish - 0.5 microgram/kg.

Electron capture gas chroma-
tography of ethyl ether;
tissue - microgram/g;
water - 0.01 microgram/
liter.

Other phenols do not inter-
fere at chosen wavelength

(7).

Determine distribution of
penta in wood (8).

Determine distribution of
penta in wood (8).

Minimum background obtained
by acetone extraction (9).

Acetylation in K2003 reduced

interferences (10).

Trimethylsilyl ether pre-
pared for mass spectros-
copy for confirmation

(11).

Organochlorine insecticides
did not interfere (12).
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Table 2,--Methods of determination of penta in several sample materials--continued

. ' Analytical Method Remarks and
Sample Isolation Method and Semsitivity : a
Author
Blood Extract with ethyl ether, Electron capture gas chroma- (13).
Urine extract ether sclution tography; 0.01 mg/liter or
Tissue with 5% NaOH, acidify, 0.01 microgram/g.
Clothing . extract with benzene.
Human blood Acidify and extract with Electron capture gas chroma- (14).
benzene. tography of methyl ether;
20 micrograms/liter.
Human urine Acidify and extract with Electron capture gas chroma- No background interference
petroleum ether. tography; picogram to (15).
nanogram range.
‘Biological Acidify, extract with ethyl Paper chromatography Laborious procedure (16).
samples ether, chromatograph on followed by ultraviolet
Celxte—H S0, column; spectroscopy;
4 5 micrograms/
extract wlth Na pyro- & g-
phosphate.

2 Source: Assembled from several publications, numbers in parentheses provide citations as follows:
(1) Comstock et al., 1967; (2) Shafik, 1973; (3) Casarett et al., 1969; (4) Cranmer and Freal, 1970;
(5) Davies and Thuralslngham, 1968; (6) Haskins, 1951; (7) F Founta1ne et al., 1975; (8) Resch and
Arganbright, 1971; (9) Van Langeveld, 1975; (10) Chau and Coburn, 1974; (11) Stark 1969; (12} Rudling,
1970; (13) Barthel et al., 1969; (14) Bevenue et al., 1968; (15) Bevenue et al., 1966; and (16) Erne, 1958.

b Sample contained penta and hexachlorophene.

< Sample contained Na-penta and Cu-penta.
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Table 3.--Methods of determination of penta

in several sample materials containing other phenolsa

Sample

Isolation Method

Analytical Method
and Sensitivity

Remarks and
Authora

Uriane

RNatural water

Biological
tissues
Natural Water

Wood

Acidify and extract with
petroleum ether.

Acidify and extract with
petroleum ether.

Steam distillatjon into
sodium hydroxide.

Acetic acid/methanol
extraction and adsorp-
tion on Bio-Rad AG2-X8
resin.

Gas chromatography mass
spectrometry; picogram
to nanogram range.

Two-directional thin layer
chromatography with
4-aminoantipyrine or
silver nitrate spray;

0.1 microgram using silver
nitrate; 0.5 microgram
using 4-amino-antipyrine.

Chromatography on Amberlite
XAD-7 resin using high
pressure liquid chroma-
tography with ultraviolet
detector.

Colorimetyic nitric acid
oxidation; 0.01 mg.

Colorimetric 4-aminoanti-
pyrine 2 micrograms/g.

Thin layer chromatography
after dansyl chloride

spray.

Tetrachlorocatechol and
tetrachlorohydroguinone
also assayed (1).

Specific for chlorophenols;
little or no interference
from inorganic compounds,
coloxr or turbidity
2,4,6~; 2.4 5-trichloro-
phenols, 2,4~-dichloro-
phenol, m-chloro-
phenol also assayed (2).

Bromophenols, chlorophenols,
methylphenols and nitro-
phenols separated from
penta (3).

Other chlorophenols
analyzed (4).

2,3,5,6-tetrachlorophenol
also assayed (5).

2-chlorophenol, 4-chloro-
phenol, 2,4-dichlorophencl,
3,4~dichlorophenol,
2,4,5-trichlorophencl,
penta, 3 chlorophenol,
phenol all assayed (6).
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Table 3.--Methods of determination ¢f penta in several sample materials containing other phenolsa-—continued

Sample

Isolation Method

Analytical Method
and Sensitivity

Remarks and
Author®

Fish tissue
Soil
Natural water

Fats

Oils

Waxes

Commercial
food grade
fatty acids

Biological
tissues

Biological
tissyes

- Purification by binding

acidic substances
to anion exchanger,

Acidify, extract with
petroleum ether, extract
with NaOH, acidify and
extract with chloroform.

Steam distillation and
extraction with pentane
or toluene.

Acidify and extract with
isopropanol /hexane.

Electron capture gas chroma-

tography {derivatized;

0.3 microgram/g for fish;
1.5 micrograms/liter for
water; 1.5 micrograms/g for
soil.

Electron capture gas chroma-

tography; 0.5 microgram/g.

Electron capture gas chroma-

tography ethyl ether;

.10 nanograms/g for wood or

litter extracts;

1.0 nanogram/g for fat;
and 0.1 nanogram/g for
muscle.

Gas liquid chromatography of

acetate; microgram/g range.

Other chlorophenols also
assayed (7).

2,3,4,6-tetrachlorophenol
also assayed (8).

2,3,4,6-tetrachloroanisole,
pentachloroaniscle and the
corresponding chlorophenols
also assayed (9).

Chlorchydroxybiphenyl also
assayed (10).

a
Source:

Assembled from several publications, numbers in parentheses provide citations as follows:

(1) Elkin et al., 1973; (2) Zigler and Phillips, 1967; (3) Fritz and Willis, 1973; (4) Deichmann and
Schafer, 1942; (5) W1111ams, 1971; (6) Frei-Hausler et al., 1973; (7) Renberg, 1974; (8) Higginbotham
et al., 1970; (9) Gee et al., 1974; and (10) Zitko et al., 1974,



expected from the penta molecule. This technique uses the mass spectrometer as a
molecule-specific detector. There are also less sophisticated systems of GLC-MS in
which the mass spectrometer is used to take the spectrum of only a few selected
peaks. This is still a wvery powerful tool since the mass spectrum of a compound is
normally an unambiguous identifier.

Penta is most often isolated from samples by a series of liguid-liquid extrac-
tions. The most common technique for so0il samples is extraction with sodium or
potassium hydroxide, followed by acidification of the extract, and extraction from
the acid solution with a nonpolar solvent such as benzene, toluene, or petroleum
ether. The phenol is then reextracted from the nonpolar sclvent with a basic aqueous
solution if further purification is desired. Biological tissue samples have been
treated in much the same way, but sometimes the tisswe is treated with concentrated
sulfuric acid (Erne, 1958) and anhydrous sodium sulfate and extracted by a Soxhlet
technique. Recovery was variable (90 to 95%) but was similar to other methods,
Steam distillation is used for isolation of larger (mg) amounts of penta in soil and -
biological tissue. Water samples are easiest to handle. Most authors simply acidify
a large amount of water and extract it directly with a nonpolar organic solvent.
Recoveries of penta are greater from water and detection limits lower (microgram/
liter range) than for other environmental samples (Stark, 1969; Rudling, 1970;
Renberg, 1974; and Chau and Coburn, 1974).

Some exceptions are reported: Difficulties were encountered in removal of penta
from samples of high fat content (Remberg, 1974} especially fat of marine origin,
and with certain soil samples which form gels when their alkaline extract is acidi-
fied to a pH lower than 6 (Stark, 1969). Since penta has a pK-value of 5, extrac-
tion under these circumstances can be difficult or impossible. These difficulties
can be eliminated by ion exchange reactions {(Renberg, 1974). In this procedure,
acidic substances are bound to an anion exchanger and the liquid phases can be dis-
charged. This method gave recovery values from soil and water of >97% and from fish
a value of 92%.

In summary, the chemical methods of isolation and determination of penta exploit
the dual nature of the compound, i.e., it exists as a polar anion under basic condi-
tions and a nonpolar molecule when acidified. By using this property, its parti-
tioning is controlled easily.

. In determining penta in soil, water, or biological material, the validity of
results is assured only when the sample is representative and the penta in the sample
is identified and measured accurately. In sampling anything as complex as soil,
water, and sediments, the experience and common sense of the investigatoer are very
important in considering the unknown or complex relationships affecting representa-
tive sampling. Compromise must often be reached between the best method of sampling
and the funding available,.

Given a representative sample, the performance of an analytical method will
depend on the quantitative extraction of penta and its accurate measurement and
identification. Analysts must be careful that their method of determining extrac-
tion efficiency can be extrapolated to environmental samples and provide uniformly
quantitative extraction from a variety of samples. For water samples, penta distri-
bution between extractant and water is important. For soil and sediment samples,
the removal of pesticide from sorption sites is necessary (Chesters, et al., 1974).
In biological tissues, separation from lipids must be achieved (Renberg, 1974)

The actual method of analysis must be sensitive encugh for quantities of penta
present and not subject to interference from other compounds. Some methods (e.g.
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ultraviolet spectroscopy) require "cleaner" extracts and more elaborate cleanup prior
to final determination. Gas-liquid chromatography has inherently great potential
for separation of compounds, so rigorous cleanups are not necessary.

These are some of the criteria that must be applied when assessing the suit-
ability of a method for analysis of environmental samples. It is beyond the scope
of this document to list the many other specific factors to be considered in evalu-
ating such a method. For a detailed review see Chesters, et al. (1974).

Under guidelines discussed previously, the following publications were judged
to present the best methods of analysis of those reviewed: Rudling (1970); Bevenue,
et al. (1968); Renberg (1974); Zitko, et al. (1974); Buhler, et al. (1973);
Frei-Hausler, et al. (1973); and Cranmer and Freal (1970).

Toxic Impurities In Penta

In examining the toxicity of penta and Na-penta it must be realized that one
may be studying the toxicity of several distinct compounds. For example, it has
been shown in recent years that technical penta preparations are sometimes contami-
nated with chlorinated dibenzo-p-dioxins and chlorinated dibenzofurans. Many isomers
of these general compound classes are possible depending on the number of chlorine
substituents and their location on the rings. The basic structures of dibenzo-dioxin
and dibenzo-furan and the sites where chlorine substituents may be attached are
presented in Figure 2. Many reports are available demonstrating the presence of
these nonphenolic contaminants in commercial and technical penta, and it is likely
that their generation as by-products occurs during penta synthesis. The lack of good
standards and sensitive quantitative identification techniques frequently makes it
difficult to discriminate between isomeric forms containing the same number of chlo-
rine substituents. Consequently, chlorodioxin concentrations are usually expressed
in terms of amounts of unspecified tetra, hexa, hepta or octa isomers.

Some of the chlorinated dibenzodioxin isomers are extremely toxic compounds and
have been implicated in chick edema disease, chloracne, various pathological changes
of organs including alteration of enzyme activities, and teratogenicity in humans or
experimental animals (Johnson, et al., 1973; and Kimbrough, 1972). The dibenzofurans
are suspected to possess similar properties, but information on their toxicological
properties is scant (Crossland and Shea, 1973). :

One of the dioxins, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), is particularly
noxious although it has never been detected in penta of U.S. manufacture. Acute
toxicity values as low as 0.6 microgram/kg body weight have been reported for guinea
pigs. The compound is teratogenic at doses of 1 microgram/kg/day and embryo toxicity
is noted at doses of 0.03 microgram/kg/day. Finally, chloracne may result from con-
tact with solutions of 0.04 microgram/liter concentration. More highly chlorinated
dioxins (hexa, hepta, octa) are far less toxic than this tetra isomer. Toxicities of
a number of dioxin isomers have been compiled for comparative purposes and presented
in Table 4.

The hexa, hepta, and octa isomers have been reported in commercially available
penta. Levels of hexachlorodioxin in technical grade penta range from 0.17 to
39 micrograms/g penta depending on the specific sample and -analytical technique
employed. Heptachloredioxin levels ranging from 2 to 1,000 micrograms/g penta have
been reported and octachlorodioxin levels may be as high as 2,510 micrograms/g penta
(Firestone, et al., 1972; Johnson, et al., 1973; Woolson, et al al , 1972; USDA, 1971).
Additionally, Flrestone, et al. (1972) reported the qualitative 1dent1flcation of
tetra, penta, hexa, hepta, and octa isomers of chlorodibenzofuran.
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Figure 2. Structures of Dibenzodioxin and Dibenzofuran. Chlorine
may be attached, in various combinations, at the 1, 2, 3, 4, 5,
6, 7, 8 positions. Source: Modified from Kimbrough, 1972.
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Table 4.--Toxicity of various dioxin isomers to experimental animals®

Teratogenic Embryo Acnegenic

Compound LD-50 Effect? Toxicity’ Effect”

mg/kg Body wt. mg/kg/day mg{kg(dag mg[liter

2,7-Dichlorodi-
benzo-p-dioxin 1,000 None None None

2,3,7.8-Tetrachloro~

dibenzo-p-dioxin 0.0006 0.001 0.00003 0.00004
Hexachlorodibenzo-p=
dioxin 100 0.1 0.0001 0.01

Octachlorodibenzo~p-
dioxin 1,000 None 100 None

3 Source: Modified from Alliot, 1975.

Values denote the lowest dosage or concentration which gives rise to the
corresponding effect.

Hexachlorodibenzo-p-dioxin possesses teratogemic properties (Alliot, 1975; and
Schwetz, et al., 1973). Octachlorodibenzo-p-dioxin is apparently not teratogenic
while information on heptachlorodibenzo-p-dioxin and the chlorodibenzofurans (also
present in technical penta preparations) is not available. Recent data indicate that
penta may possess teratogenic and fetotoxic properties when the compound is adminis-
tered in sufficient doses to maternal rats (Federal Register, 1978). It is not the
intent of this document to examine the validity of these results or their possible
extrapolation to humans. It will be assumed that the published data may be directly
extrapolated to humans and that potential human health effects depend on the likeli-
hood that sufficient exposure to the compound will occur. These questions will be
dealt with in more detail in a later section.

. Concern over possible production of dioxins from penta in the environment has
recently surfaced. Dioxin production might occur during penta photolysis, pyrolysis
or microbial degradation.

Production of trace amounts of octachlorodioxin from penta exposed to ultra-
violet radiation has been reported (Plimmer, et al., 1973; and Stehl, et al., 1973),
although other chlorodioxin isomers were not detected.

The production of dioxins during pyrolysis of penta is controversial. Jensen
and Renberg (1973) reported the production of 0.73 mg heptachlorodibenzo-p-dioxin
and 0.47 mg of the octachloro isomer after burning 73 mg of penta (in the form of
impregnated sawdust). Dioxin formation also occurs during pyrolysis of Na-penta
according to Langer, et al. (1973). On the other hand, Stehl, et al. (1973) snalyzed
the combustion products of wood and paper treated with peanta and detected no increase
and possibly a decrease in octachlorodibenzo-p~dioxin concentration. Arsenault
(1976) heated penta-oil solutions at 104° C for 200 hours and noted no change in
octachlorodioxin content. It was noted, however, the higher processing temperatures
(180° to 500° C) could conceivably lead to dioxin formation.
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Dioxins have never been detected as microbial breakdown products of penta.

In summary, it is clear that chlorodibenzo~-p~dioxins and chlorodibenzofurans
are present at various levels ranging from 2 to 2,500 micrograms/g in commercially
available penta, probably as a result of the manufacturing process. The highly toxic
2,3,7,8~tetrachlorodibenzo-p-~dioxin has never been found in penta of U.S. manufacture
and, furthermore, has not been detected as a pyrolytic or photolytic product of penta
decomposition. Hexa-, hepta-, and octa-chlorodibenzodioxin as well as various chlo~
rodibenzofurans have been qualitatively (and sometimes quantitatively) identified in
technical grade penta. The compounds probably do not pose an acute toxicity hazard;
however, the possibility that chronic effects may result from exposure to them has
not been sufficiently evaluated. Several chlorodioxin isomers have been detected
following photolytic or pyrolytic decomposition of penta, but the extent to which
these processes contribute to envirommental contamination by dioxins is unknown.
Much more research is needed in order to evaluate the hazards posed by dioxins and
furans in penta.

Inorganic Arsenicals

In the natural environment, arsenic is rarely encountered as the free element.
More frequently it is a component of sulfidic ores, in which it occurs as metal
arsenides. Arsenates of aluminum, barium, bismuth, calcium, cobalt, copper, ironm,
lead, magnesium, manganese, uranimum, and zinc also occur naturally, along with
arsenic trioxide, which is formed as the weathering product of arsenides. Realgar
(tetraarsenic tetrasulfide) and orpiment (arsenic trisulfide) are naturally occurring
sulfides of arsenic. In one form or another, arsenic is present in rocks, soils,
water, and living organisms in concentrations of parts per billion to parts per
million. The commercial use and production of imorganic and organic arsenic com-
pounds have raised local concentrations of this element in the environment much above
the natural background concentrations.

When metallic arsenides or arsenic-containing sulfides are roasted in air, and
when arsemic-containing coal is burned, arsenic trioxide is formed. The vapors con-
dense in the flues and on the walls of the stacks as a powder commonly called “"white
arsenic.”" Some arsenic trioxide finds its way into the air. Condensation of the
vapors on a surface at temperatures above 250°C forms the glassy modification, which
slowly changes to the crystalline, monoclinic form.

Arsenic trioxide is the primary product of arsenic smelters, This oxide has
direct applications in industry. Other commercially useful organic and inorganic
arsenic derivatives are prepared from it. -

Oxidation of elemental arsenic or arsenic trioxide by nitric acid, followed by
evaporation of the resulting mixture and dehydration of the residue, yields white
hygroscopic crystals of arsenic pentoxide. Thermal decomposition of the pentoxide
converts it to the trioxide with concurrent loss of oxygen. The pentoxide, in con-
trast with the trioxide, is very soluble in water; 630 g of arsenic pentoxide dis~
solve in 100 g of water.

Presumably, when arsenic trioxide is dissolved in water, the solution contains

o-arsenous acid, H3A503. When ASAOG was dissolved in an acidic aqueous solution,
only the undissociated species, As(OH)3, was detected. Raman spectral and nuclear-

magnetic-resonance studies indicate that, unlike the phosphorous acid molecule, which
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has both hydrogen-phosphorus and hydrogen-oxygen bonds, all the hydrogen atoms in
arsenous acid are linked to oxygen atoms. Arsenous acid, however, cannot be
isolated. On evaporation of its solutions, arsenic trioxide is obtained. The suc-
cessive pKa values for As(OH)3 have been reported as 9.23, 12.13, and 13.40. 1In

alkaline solution, the anions AsO(OH)z-, Ast(OH)-z, and A803

, is also present in such

-3 might be present.

However, it has been claimed that the m-arsenite ion, AsO

solution. 2

o-Arsenous acid and m-arsenous acid could form as products of the hydrolysis of
A54 6 By amalogy with the phosphorus compound, the meta acid would be expected to

be polymeric. However, the arsenic-oxygen-arsenic bond is known to possess extreme
hydrolytic instability. Hence, the monomeric ortho form would be expected to be the
predominant species. This question merits additional investigation.

The hydroxides of iron(II) or iron(III), chromium, and aluminum readily.absorb
arsenous acid.

o-Arsenic acid, H Asoa, can be prepared inm the form of a white crystalline
solid, H3

in nitric acid and the solution is evaporated, It is a fairly strong acid, with pKa

A304-~5H20. This is the product formed when arsenic trioxide is dissolved

values reported as 2.20, 6.97, and 11.53. Arsenic acid is an oxidizing agent in acid
solution.

It is generally agreed that trivalent arsenic is considerably more toxic than
pentavalent arsenic, so the question of whether arsenic exists in aqueous media in

the form of arsenite or arsenate--~i.e., AsO -3 or ABOATS-“iS very important. Thermo-

-3
dynamic calculations indicate that, in oxygemated ocean water, the ratio of the

activity of arsenate to that of arsenite should be 1026:1

Arsenites of the formulas HHZASOS’ MZHAsoa, and H3A803 are known. In these

formulas, M represents a univalent metal cation or one equivalent of a multivalent
cation. 'The alkali-metal arsenites are freely soluble in water, the alkaline-
arsenites are slightly soluble, and the heavy-metal arsenites are insoluble.

Arsenic acid forms a corresponding series of salts that have similar solubility
properties. Commercial lead axsenate, used as an insecticide, consists of PbHAsO4

and some Pb (Asoé)Z' The pH of a saturated solution of PbHAsOA, containing 0.22 mg/
liter at 25°C, is 4 to S. The solubility product constant for Pb (ABOA) has been

reported to be 10 35. Commercial calcium arsenate, also used as an insecticide,

consists of 61 percent calcium arsenate and 9 percent calcium arsen1te (of variable
composition}.

Some chemical and physical properties of various arsenic compounds are listed
in Table 3.

Creosote and Ot't_m Coal-Tar Products

The four principal oils produced in coal-tar distillation are chemical oil,
top-of-column oil, uncorrected creosote oil, and heavy oil. The residue is pitch.
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Table 5.--Chemical and physical properties of some arsemic compounds

Chemical ' ;
H;I?EE:“ Density Form Solubility ”;i'.‘;‘t‘g
Name Formula €1 t
g/liter °C
Arsenic H,_AsO 151.1 2.0-2.5 White translucent 167 35.5
. 374
acid crystals
Arsenic As, O 229.8 4.5 White amorphous "1,500 315
. 2’5
pentoxide powder (decomposes)
Sodium NaZI'IASO4 129.9 1.9 Gray-white powder Very soluble
arsenate
Sodium N34A3207 353.8 2.2 White crystals Very soluble 1,000
pyroarsenate (decomposes)
Lead Pbl]’AsO4 347.1 5.8 Monoclinic leaf Insoluble 720
arsenate (Std) crystals (decomposes)
Calcium Cas(ASO4)2 398.1 3.6 Colorless 0.13
arsenate amorphous powder
Ammonium NH4A302 125 1.3 . Colorless rhombic Very soluble decomposes in
arsenite crystals hot water
Arsenic A5203 197.8 3.7 Amorphous white 20.6 sublimes at
trioxide powder 193
Sodium NaA502 129.9 1.9 _Gray-white powder Very soluble
arsenite




Figures 3 and 4 are schematics of the distillation processes. Creosote is a blend
of the various distillates designed to impart specific physical characteristics that
meet standards of the American Wood-Preservers' Association. A typical blend used
to meet the provisions of Standards Pl, P2, and P13 might be as follows:

AWPA P1
Solvent naphtha 10 parts
Naphthalene still residue 35 parts
Uncorrected creosote 55 parts
AWPA P13
Solvent naphtha 5 parts
Naphthalene still residue 35 parts
Uncorrected creosote 45 parts
Heavy oil 15 parts
AWPA P2
Coal tar : 10 parts
Uncorrected creosote . 90 parts

Some formulations may employ slightly different ratios or omit the naphtha solvent
or still residues.

In terms of the starting material, the vield of fractions that are blended to
make creosote ranges from 25 to 40%, depending upon the point at which distillation
is terminated. Both the vield and the chemical and physical properties of the vari-
ous fractions are influenced by the characteristics of the coal from which the tar
originates, the type of equipment used in the distillation process, and the par-
ticular process used.

There were 64 producers of coal tar in the United States in 1972 and 24 tar dis-
tillation plants producing creosote (EPA, 1975). A list of the latter plants, with
production data, is given in Table 6. Only one company currently produces neutral
0il. This fraction is normally blended with the acid fraction of creosote and sold
under the name "tar acid oil" to formulators and packagers of disinfectants, insecti-
cides, and related products.

Physical Properties

Because their chemical composition and properties are not uniform, creosote and
blends of creosote and coal-tar are normally described in terms of their physical
properties. American Wood-Preservers' Association (AWPA) specifications for creosote
for various uses are given in Table 7. Similar standards have been promulgated by
the American Society for Testing and Materials (ASTM) and the General Services
Administration (GSA). The principal differences among creosotes for the three uses
shown are in specific gravity and the fraction of the oil distilling within various
temperature ranges. This is likewise the case for creosote-coal~tar solutions, AWPA
specifications for which are shown in Table 8.

A comparison of physical properties of coal-tar and creosote in Table 9 indi-
cates much higher distillation residue for coal-tar. Various proportions of coal-tar
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Figure 3. Principal cuts produced in coal-tar distillation.
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Table 6.--Creosote production in the United States in 1972 by planta

Estimated
Plant Capacity

Estimated Annual
Production

Allied Chemicals Corporation

Detroit, Michigan
Ensely, Alabama
Ironton, Ohio

Koppers Company, Inc.

Cicero (Chicago), Illinois
Follansbee, West Virginia
Fontana, California

Houston, Texas

Portland, Oregon

Kearny (Seaboard), New Jersey
S8t. Paul, Minnesota
Swedeland, Pennsylvania
Woodward, Alabama

Youngstown, Ohio

Reilly Tar and Chemical Corporation

Cleveland, Ohio
Granite City, Illinois
Ironton, (Provo), Utah
Lone Star, Texas
Chattanooga, Tennessee

USS Chemicals
Clairton, Pennsylvania
Fairfield, Alabama
Gary, Indiana

The Western Tar Products Corporation

Memphis, Tennessee
Terre Haute, Indiana

Witco Chemical Corporation

Point Comfort, Texas
Total Annual Production (1972)

Million Pounds/yr.

100-200
100-200
100-200

100-200
100-200
200~-300
10-20
10-20
10-20
10-20
10-20
100-200
106-200

10-20
10-20
10-20
10-20
10-20

100~-300
100~-200
100-200

10-20
10-20

10-20

Million Pounds

250-350

350-450

50-100

250-350

20-40

% U.S. Environmental Protection Agency (EPA, 1975).



Table 7.--~Physical properties of creosote and its fractionsa

American Wood-Preservers' Association Standards

P1-65° p7-72° P13-65°
Water % volume <1.5 <1.0 < 1.5
Xylene, insoluble, % wt. < 0.5 < 0.5 < 0.5
Specific gravity 38/15.5°C :
Whole creosote > 1.050 > 1.060 > 1.080
Fraction 235-315°C > 1.027 e > 1.030
Fraction 315-~355°C > 1.095 - > 1.105
Residue above 355°C - - > 1.160
Distillation, % by wt. Min. Max. Min. Max Min. Max.
Up to 210°C - 2.0 - 1.0 —-- 2.0
235°C -—- 12.0 - 10.0 - 12.0
270°¢C 20.0 40.0 - - 20.0 40.0
315°C 45.0 65.0 - -— 45.0 65.0
355°¢C 65.0 82.0 65.0 - 65.0 75.0

Shall remain fluid and crystal free after

3 hours at 5°C.

2 For land and fresh water use.

b For brush or spray application.

€ For marine {coastal water) use.
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Table 8.--American Wood-Preservers' Association specifications for creosote-coal

. a
tar solutions

Grade
A B c D

Compogition

Creosote <80 <70 <60 >50

Coal Tar - - - .-
Water (% by volume) > 3.0 > 3.0 > 3.0 > 3.0

Xylene, insol. (% by weight) > 2.0 > 3.0 > 3.5 > 4.0

Coke residue (% by weight) > 5.0 > 7.0 > 9.0 >11,0
Specific gravity 38/15.5°C

Whole oil 1.06~1.11 1.07-1.12 1.08-1.13 1.09-1.14

235-315°C 1.025 1.025 1.025 1.025

315-355°C 1.085 1.085 1.085 1.085

Residue - - -- --
Distillation

To 210°C 5 5 5 5

To 235°C 25 25 25 25

To 270°C - - - -—

To 315°C 36 34 32 30

To 355°C 60 56 52 48

Residue -- -- - -

AWPA Current Book of Standards (P2-68).

Table 9.--Comparison of the physical properties of coal tar
and creosote

Creosote® Coke Ovenb
Coal Tar
Benzene insoluble, % wt. 0.99 4.6
Specific gravity 38/15.5°C
Whole oil : 1.102 1.180
Fraction 235-315°C 1.054 00 wesmaa
Fraction 315~355°C - 1.133 2 eeea-
Distillation, % wt. _
Up to 210°C 1.87 1.8
235°C 6.89 7.1
270°C 19.39 18.2
315°C 49.8 28.3
355°C 72.58 41.9
Residue above 355°C : 26.67 57.6

3 Lorenz and Gjovik, 1972,
b Martin, 1949,
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are mixed with creosote to treat crossties, switch ties, and piling where surface
appearance is not critical.

Chemical Properties

At least 200 chemical compounds have been identified in creosote. Although the -
chemical composition of this material varies for reasons discussed above, it is
generally agreed that several thousand different compounds could perhaps be identi-
fied with modern analytical instruments. Most of these are present in very small
amounts, however. The major components of a typical creosote of U.S. origin and one
of German origin are shown in Table 10, There are some rather striking differences
between the two, especially as regards phenanthrene, anthracene, dibenzofuran, and
several other constituents. The significance of such variations in composition, as
they relate to efficacy as wood preservatives, is not clearly understood.

The greater part of the composition of creosote consists of neutral fractions.
Tar acids, such as phenol and the cresols, as well as such tar bases as pyridenes,
qQuinolines, and acridines, constitute a rather small percentage of the total weight
of creosote, Unlike the neutral fractions the tar acids and bases are usually
soluble in water and hence contribute very little to the efficacy of creosote as a
wood preservative. It follows from the foregoing statements that the chemistry of
creosote and that of the coal-tar neutral fractions are quite similar. So, for that
matter, is the chemistry of the parent material--coal-tar. Compositional data for
coke-oven coal tar from three sources are given in Table 11.

Table 10.~-Chemical composition of a United States and a German creosote

Compound or Component U.S. Creosote® Germanb

Naphthalene ' 3.0 7.3
Methyl naphthalene 2.1 4.2
Diphenyl dimethylnaphthalene —— 3.2
Biphenyl 0.8 -
Acenaphthene 9.0 4.1
Dimethylnaphthalene 2.0 -—-
Diphenyloxide “-— 3.4
Dibenzofuran 5.0 ——
Fluorene~related compounds 10.0 9.6
Methyl fluorenes 3.0 -——-
Phenanthrene 21.0 12.6
Anthracene 2.0 -
Carbazole 2.0 ———
Methylphenanthrene 3.0 5.4
Methyl anthracenes 4.0 ——
Fluoranthene 10.0 6.8
Pyrene 8.5 5.0
Benzofluorene 2.0 4.6
Chrysene 3.0 2.8
Other compomnents not identified 31.0

® Lorenz and Gjovik, 1972,
b Becker, 1977.
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Table 11.--Avefage chemical composition of three coke-oven coal tars

Component British German American
Water, % 4.9 2.5 2.2
Carbon, % (on dry tar) 90.3 91.4 91.3
Hydrogen, % (on dry tar) 5.5 5.25 5.1
Sulfur, % (on dry tar) 0.84 0.75 1.2
Nitrogen, % (on dry tar) 0.95 0.86 0.67
Ash, % (on dry tar) 0.24 0.15 .03
Toluene insolﬁbles,-% (on dry tar) 6.7 5.5 9.1

Components wt., % (on dry tar)

Benzene 0.25 0.4 0.12
Toluene 0.22 0.3 0.25
o~-xylene 0.04 - .04
m-xylene 0.11 0.2 0.07
p-~xvlene 0.04 - 0.03
Ethylbenzene 0.02 - 0.02
Styrene 0.04 - 0.02
Phencl 0.57 0.5 0.61
o-cresol 0.32 0.2 0.25
m~cresol 0.45 0.4 0.45
p-cresol 0.27 0.2 0.27
Xylenols 0.48 - 0.36
" Higher-boiling tar acids 0.91 - 0.83
Naphtha fraction (bp 150-200°C) 1.18 -- 0.97
Naphthalene 3.94 10.0 8.80
l-methylnaphthalene 0.72 0.5 0.65
2-methylnaphthalene 1.32 1.5 1.23
Acenaphthene 0.96 0.3 1.06
Fluorene ' 0.88 2.0 0.84
Diphenylene oxide 1.50 1.4
Anthracene 1.00 1.8 0.75
Phenanthrene 6.30 5.7 2.66
Carbazole 1.33 1.5 0.60
Tar bases 1.77 0.73 2.08
Medium-soft pitch
(70°C, R and B
softening pt.) 59.8 54.4 63.5
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CHAPTER 1: BACKGROUND AND DATA BASE
- Introduction

The amount of round wood used in the United States each year is comparable in
weight to all steel, aluminum, Portland cement, and plastic products combined
(National Commisszion on Materials Policy, 1973). Wood is of major importance in com-
merce and construction. Since wood is abundant, low cost, renewable, expandable,
recyclable, and environmentally beneficial, it is anticipated that it will assume a
position of even greater importance as a construction material in the future.

A limitation of the use of wood is its susceptibility to attack by insects and
marine borers, and to decay by fungi and other microorganisms, Living wood is
usually quite immune to such attack, as are the heartwoods of certain durable woods
such as locust, white oak, cypress, redwoods, and cedars. However, when moisture
and air are present, most woods will decay rapidly, and even those with natural
durability will eventually be degraded. Ground contact is a particularly high decay
condition. In comtact with moist soil, a pine fence post may have a service life of
only 2 years, while a durable heartwood may last 8 to 15 years. If the same pine
fence post is pressure-treated with preservatives, it will have a service life of
- more than 30 years. Treatments with preservatives expand the utility of wood tre-
mendously. Preservative treatment makes it economical to use wood for poles,
© piling, and railroad ties. The product volumes and dollar values of these major
products are enormous.

These wood products are treated with pentachlorophenol, inorganic arsenicals,
and creosote, the major wood preservatives. The major use of this group of chemi-
cals is in wood preservation. However, none of these preservatives is satisfactory
for all wood products., Nevertheless, among the three chemicals, the important needs
for treated wood are met: C(Creosote is mainly used for ties, utility poles, and
pilings; penta is mainly used for utility poles, crossarms, posts, and lumber; and
the arsenicals are used wmainly for lumber, plywood, and poles. Thus, the spectrum
of needs is covered effectively.

This report focuses primarily on (1) the dollar benefits derived from using
treated wood and (2) the exposure associated with the processing and use of treated
wood. The uses, benefits, and potential for human exposure are delineated in detail
for each major preservative (Chapters 3, 4, and 5); alternative chemicals and mate-
rials are listed (Chapters 6 and 7); and the economic benefits and impacts of can-
cellation are quantified (Chapter 8).

Pertinent energy, enviromment, and social considerations are addressed in this
report mainly in Chapter 8 (economic impacts). The low eunergy requirements for
manufacture of wood products and the environmental advantages of forest production
and utilization are well known but not always widely appreciated. By encouraging
the use of wood products, these benefits become a reality. The use of wood preserv-
atives significantly extends the service life of wood and has been perhaps the sin-
gle most important factor in expanding the use potential of wood while not actually
leading to the consumption of more trees.

Research

In the development of this assessment report, information gaps were discovered.
Several short-term research projects were initiated to help fill those gaps. For
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example, new research has better quantified the levels of penta volatilized from
wood under different conditions of temperature and humidity; concentrations of penta
have been measured in enclosed buildings that have incorporated penta-treated wood
in their structure; and migration of creosote into a marine environment is under
study.

The RPAR process provides valuable information that is useful in making relia-
ble decisions, plus a means of broadening the data base in wood preservation through
additional research. Since this process is on-going, it will continually be of
value to the USDA-States-EPA pesticide management programs.

Wood Preservative Chemicals—Background
Pentachloraphenol

Penta was first introduced as a wood preservative in the 1930's and has enjoyed
continued growth, becoming one of the major wood-preserving chemicals in the
United States and abyxoad. Since penta is nearly insoluble in water, petroleum
carriers are used as solvents, and the product has historically been used in appli-
cations where a clean paintable surface is not required. Although it has recently
become possible to produce a clean product by using penta with solvents that are
evaporated from the wood after impregnation, penta in solvents of low volatility is
used primarily to treat poles, crossarms, timbers, and fenceposts. Approximately
1.2 million pounds of Na-penta are used each year in aqueous formulations that are
applied to lumber and poles to control sapstain fungi. Such applications provide
short-term protection against unsightly and aesthetically objectionable staining of
fresh cut lumber during storage and transportation. Long~term protection against
decay and insect damage is not provided by such treatments, however.

Penta is currently available to homeowners and small volume users as a 5% solu-
tion. These formulations are used in non-pressure processes for the protection of
decks and other miscellanecus outdoor wood structures subjected to above~ground
exposure. Most of the penta used in wood pregservation is applied by pressure treat~
ments in a large number of wood-preserving plants located throughout the
United States. Details of the pressure treatment processes currently used may be
found in Chapter 2 of this document. Commercial penta usually contains about B80%
pentachlorophenol, 6% of the three tetrachlorophenol isomers, and 6% other chlori-
nated phenols, with the remainder composed of other chlorinated compounds including
chlorinated dibenzo-p-dioxins and dibenzofurans. These latter compounds have genera-~
ted considerable interest and their contribution to penta toxicity has been
addressed in PD-1 (Federal Register 1978). Mention of these contaminants frequently
occurs within this document, and the exposure analysis conducted by the Assessment
Team includes an evaluation of potential human exposure to dioxins.

Inorganic Arsenicals

The chemical composition and historical information on the establishment of the
three arsenical salts, as wood preservatives, are summarized by Hartford (1973). He
further discussed the manufacture of the arsenic, copper, and chromium compounds for
preservation, and their formulation.

The three arsenical preservatives and the year of patent or initial use in the
United States are fluor chrome arsenic phenol (FCAP, 1918), ammoniacal copper arse-
nate (ACA, 1939), and chrome copper arsenate (CCA; Type A, 1938; Type B, 1947; and
Type C, 1968). The physical properties of the chemicals used are given in Table 12.

33



Table 12,~-Physical properties of compounds used in formulating preservativesa

Formula Ph¥81ca1 Solu‘bilityb Remarks
orm
Arsenic
Arsenic H3A304.1/2H20 White V.8, H20 Usually sold as
acid . crystals _ 75% H3ASOE
Arsenic As, 0O : White v.s. H,0
275 . 2
pent- deliques~-
oxide cent
Arsenic A3203 White Ins. HZO,
trioxide powder sol. alks.
Disodium Na_HAs0O White 8o0l. H,0O
2 4 2
arsenate powder
Chromium
Chromic CrO3 Red flakes v.S. H20
acid
Potassium chr207 Red-orange Sol. H20
dichro- crystals
mate
Sodium Na,Cr0 Yellow Sol. H 0
27774 2
chromate powder
Sodium di- NaZCr207.2H20 Red-orange v.s. H20 Sold as 69-70%
chromate crystals soln.
Copper
Copper Cu, (OH),CO Green Ins. H, O,
carbonate 2 273 powder 2
. sol. acids
(basic)
Copper Cu012.2H20 Green Sol. H20
chloride crystals
Copper Cu(CH) Blue Ins. H,O,
hydroxide 2 owder 2
P sol, acids
Copper Cu0 Black Ins. HZO’
oxide powder sol. acids
Copper CuSO4.5H20 Blue Sol. H20
sulfate crystals
Copper CuS0, .H, 0 White S80l. H,0
472 2
sulfate powder
Others
Dinitro- 2,6(OH)C_H,_ (NO,) Yellow 81. sol. H,O
63272 2
phenol crystals
Sodium CGCISDNa White Sol. H20 Dust very
penta~ powder irritating.
chloro-
phenate

2 Source: Hartford, 1973.

b V.8. = Very Soluble, Ins. = Insuluble, Sol. = Scluble, S1. sol. = Slightly
Soluble.
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ACA is an ammoniacal solution of copper and arsenic which forms an insoluble
precipitate of copper arsenate in the wood on evaporation of ammonia. All ACA used
in the United States is manufactured in a single plant located in Utah. Until
recently, it was formulated from dry arsenic trioxide and finely divided metallic
copper in an ammonia solution. The treatment plant now receives the arsenic as
arsepic acid, and the treating solution is formulated by oxidizing the copper in aqua
ammonia in the presence of air. This is followed by controlled introduction of the
arsenic acid, to avoid corresion problems. The pominal composition is shown in
Table 13.

Table 13.--Nominal chemical composition of Ammoniacal Copper Arsenate (ACA),
Chromate Copper Arsenate (CCA), and Fluor Chrome Arsenic Phenol (FCAP)

CCA
Chemical Aca? FCAP
A B C
------- = ===~ =Percent - = = - = - - ==--~-
CrO3 65.5 35.3 47.5 37
Cud 49.8 18.1 . 19.6 18.5
Aszos 50.2 16.4 45,1 34.0 25
F 22
Dinitrophenol 16

% The weight of the ammonia (NH,) contained in a treating solution shall be a mini-
mum of 1.5 times the weight of the copper oxide (CuQ).

CCA exists in three separate formulations in this country, designated Types A,
B, and C in the order of their introduction. Although significant quantities of
types A and B are used in the preservative treatment of wood, Type C has gained
rapid acceptance since its introduction in 1968 and is now the dominant formulation.
It was proposed in an effort to standardize formulations in the AWPA Book of
Standards.

Type A sclutions are frequently mixed at the plant by blending dry potassium
dichromate or chromium trioxide and copper sulfate with arsenic acid., It also can
be prepared and shipped to the treating plant as a solution with a 60% concentration
on an oxide basis, with a pH between 1.6 and 3.2. Type B is supplied to the
treating plant in paste form. Its pH range is specified to be between 1.6 and 3.0.
This paste is diluted by the plant to the concentration required. Type C is sup-
plied to the treating plant as a 50% solution concentrate, for dilution by the plant.
Its pH is in the range of 1.6 to 3.0. Table 13 gives the approximate composition of
the three types as specified in AWPA Standard P5. The standard allows variation in
a narrow range about these percentages. All CCA formulations result in insoluble
complexes within the treated wood, but the fixation of the components is greatest in
types A and C.

FCAP was used as early as 1918 in the preservative treatment of wood in the
United States. It is received by the treating plant as a dry mixture with the nomi-
nal composition indicated in Table 13. A major disadvantage is that the chemicals
remain partially soluble in the wood and are readily leached by water. This has
limited its use to the relatively mild exposures of above-ground applications. Its
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use has declined rapidly in recent years and all of the current limited demand is
met by imports from overseas,

The arsenical preservative compounds, due to their cleanliness, durability, and
safety, have been finding wider application in lumber, plywood, residential poles,
urban poles, recreational equipment, and decks. In marine piling CCA or ACA is
used alone or in combination with creosote. Given the current concerns for aes-
thetic values, the growth trend in the use of arsenic-treated wood products is
expected to continue. .

Coal Tar, Creosote, and Neutral Oils

Tar products of both coal and wood origin have been used as wood preservatives
since Biblical times. However, the use of creosote and coal tar as commercial wood
preservatives had its beginning in 1838 in England when the first practical pressure
treating process was patented by Bethel. The development of this process paved the
way for the wood-preserving industry as it exists today.

Pressure preservative treatments with creosote were introduced in the
United States in 1875 when the first Bethel process plant was constructed in
Gautier, Miss. The industry grew rapidly during the period from 1875 to 1925, due
to the demand of the railroads for crossties and bridge timbers. Growth was stimu-
lated further after 1925 by the development and rapid expansion of the utility com-
panies and the demand they created for treated poles. It was primarily the result
of the demand for treated wood products on the part of the railroads and the utility
companies that the wood preservation industry attained and subsequently maintained a
position of prominence in the wood products field. During this period of develop-
ment, which spanned approximately 60 years, creosote and its coal-tar and petroleum
solutions were the only "heavy-duty" preservatives available. Their continued impor-
tance in modern times is attested to by the fact that essentially all railroad ties
and timbers, a preponderance of marine piling, a significant part of all utility
poles, and an impressive fraction of other preserved wood products are still treated
with preservatives of coal-tar origin.

Creosote is a blend of several of the fractions produced during the distilla-
tion of coal tar. Because of its complex chemical composition--consisting, as it
does, of some 200 "major" comstituents and several thousand "minor" components--and
because its composition wvaries from batch to batch, creosote traditionally is
described in teyms of its physical properties. The most important in this regard
are specific gravity, water content, benzene-insoluble matter, and the percentage
distilling within fixed temperature ranges.

Three grades, each of which is described in appropriate AWPA specifications in
terms of these properties, are recognized within the industry. They are:

Pl Creosote for land and fresh water use.
P7 Creosote for brush or spray applications.
P13 Creosote-coal tar blend for marine use.

In addition, P-1 creosote may be blended with coal tar in the ratios of 80:20,
70:30, 60:40, or 50:50; or it may be combined with petroleum in the same ratios,
although the ratio of 50:50 is most commonly used. The choice between petroleum and
coal tar as a diluent for creosote in crosstie treatments is generally based on local
costs including freight. The creosote-petroleum solutions are used to treat certain
products, such as railroad ties, the in-service exposure of which is such that per-
formance of straight creosote or creosote-coal tar are not needed for protection.
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Well over 90% of all creosote used as a preservative is applied by pressure
processes, However, a small percentage--about 0.2% of the total~-is applied by non-
pregsure processes, including brush and spray applications. Creosote and its solu-
tions are normally applied alone, but crecsote may alse be injected into marine
piling as the second component of a dual treatment, the first of which is an
arsenical-type presexvative.

Neutral oil as presently formulated is not an efficacious wood preservative,
although small amounts are sold for that purpose. When used for preservative pur-
poses, it is invariably applied by dip, brush, or spray methods.

Data Base—Production of Treated Wood Products

Accurate assessment of exposure to wood-preserving chemicals and benefits
derived frem the use of treated wood require accurate information about the amounts
and kinds of treated wood produced.

Wood preservation statistics, based on surveys of the industry, have been pub-
lished annually by the AWPA since 1909. Statistics on consumption of preservative
chemicals and volume of wood treated for the period 1970~77 are shown in Table 14.

The number of plants surveyed, and response to the survey, for the perioed 1970-
1377 are as follows:

Number of Number of Number of Survey Responge
Year Knowna Plants Plants Not c
Plants Reporting Reporting Plants Capacity

- = - Percent - - - -

1970 395 337 58 85.3 94.0
1971 390 334 56 85.6 93.0
1972 407 346 61 85.0 94.0
1973 397 333 64 83.8 92.0
1974 387 306 81 79.1 unknown
1975 394 297 97 75.4 unknown
1876 415 294 121 70.8 unknown
1977 472 344 128 72.9 unknown

% plants to which survey questionnaires were mailed,
Includes plants reported inactive. '

€ Estimated industry pressure-treating capacity.

From 1970 to 1973, the annual surveys accounted for about 85% of the known
treating plants, and an estimated 92% to 94% of total pressure treating capacity.
Since 1973, the number of treating plants has increased while response to the annual
survey has declined. Thus, the number of plants not reporting increased from 58 in
1970, to 64 in 1973, and 128 in 1977. Moreover, people familiar with the wood-
treating industry generally agree that the number of treating plants significantly
exceeds the "number of known plants" surveyed in recent years, and that the undex-
reporting of industry activity is considerably greater than is indicated by recent

n



g€

Table 14.--Wood Preservation Statistics, 1970-772

Preservative Units 1970 1971 1972 1973 1974 1975 1976 1977
PRESERVATIVES USED, 1,000 UNITS
Creosote Gallons 125,624 116,553 110,499 97,582 111,261 96,266 94,837 89,302
Coal tar do 21,903 21,449 21,670 17,063 19,763 23,635 23,110 23,357
Petroleum de 75,624 £1,122 85,664 79,986 77,258 65,410 63,962 57,146
Total liquids do 223,151 219,124 217,833 194,631 208,282 185,311 181,909 169,805
Penta Pounds 28,461 32,039 46,011 38,837 43,493 35,479 38,924 21,537
CCA do 6,033 8,572 9,748 11,667 15,257 15,875 17,002 24 778
FCAP do 2,687 2,169 1,914 1,683 1,515 1,167 245 122
Other do 820 749 999 1,270 1,336 2,248 1,728 2,400
Total arsenicals do 9,540 11,490 12,661 14,620 18,108 19,290 19,065 27,300
ACC do 755 1,178 1,238 1,635 1,694 843 707 762
CZC do 451 471 599 610 348 272 513 536
Total dry preservatives do 39,207 45,178 60,509 55,702 63,643 55,884 59,209 50,135
WOOD TREATED, MILLION CU. FT
Creosote solutions 159.5 159.1 154.3 130.0 144.9 142.5 138.2 137.4
Penta 65.7 62.5 75.8 80.0 75.8 60.8 65.6 54.8
Creosote-penta 5.4 4.0 1.2 0.6 (D) G.9 0.8 4.7
ccA 15.1 20.1 25.6 29.4 41.1 29.9 44.8 42.7
FCAP b 5.2 7.4 5.5 3.6 2.4 1.8 0.8 0.2
Other 2.9 1.0 1.4 2.0 1.5 1.8 2.2 9.2
Total arsenicals 23.2 28.5 32.5 35.0 45.0 33.5 47.8 52.1
ACC 1.1 2.0 1.9 2.4 2.4 1.4 1.8 1.1
CZC 0.8 0.7 0.9 0.7 0.6 0.5 0.9 1.2
Total preserved wood 255.7 263.8 266.6 248.7 269.0 239.6 255.1 251.3

? Maloney and Pagliai, 1978.

b Mostly ACA.



published statistics. Assessments of exposure to wood preservatives and
benefits from treated wood, based on published statistics are, therefore,
likely to be inaccurate and misleading.

To remedy this situation, the Assessment Team conducted a supplemental survey
of treaters in June-July 1979 to measure the volume of treated wood that was not
reported in the most recent industry statistics. With the assistance of the AWPA
and various suppliers of wood preservatives and wood~treating equipment, we compiled
a list of 347 wood-treating plants that were not included in the most recent indus-
try statistics. The list included plants that were not on the mailing list for the
1978 industry survey (1977 statistics), as well as those that were on the list but
did not respond to the industry survey. In June, we mailed a letter and report form
to each of the 347 firms on our list, requesting information about 1) the type and
size of treating facilities, 2) kinds of preservatives used, and 3) annual produc-
tion of treated wood products. In July, we mailed a second request to those who had
not responded to the first mailing. By mid-August, we had accounted for 229 of the
347 plants on our list as follows:

Forms mailed - = = = = = = = 0 @ % m & = ¢ e o s mm s s e e = 347
Returned by postmaster (out of business, insufficient
address, undeliverable as addressed, etc.) = - = = = = = = 26
Returned by AWPA respondents and plants with
duplicate names= = - = = = = = = = m =2 = = = = = = = = - 30
Net mailed to apparent treaters not
represented in 1977 industry statistics - = - - - - m = - - - - 20]
Forms returned by:
Treaters who provided usable data- = = - ~ = = = - = = = - = 130
Firms which are not treaters = = - = = « =« = « =« =« = =« = = = 26
Treaters who are inactive or out of business - - = = - - « = 17
Total response - - - = = A R T R I W
Nonrespondents to two mailings = = = = = = = = « « « - = = = - = - ~ = 118

Twenty-six of the 347 letters (7.5%) were returned by the Postmaster. In addi-
tion, forms were returned by firms that were listed under two or more names, or who
had responded to the 1978 industry survey under a different name. Elimination of
AWPA respondents and duplicate names accounted for another 30 firms on our imitial
ligt. The letter and report form were, thus, mailed to 291 apparent wood treaters
who were not included in 1977 industry statistics.

Reports were returned by 173 of the 291 firms. Seventeen of these were inactive
or no longer treating; 26 were not wood treaters {(chemical sales, distributors of
treated wood, etc.); and 130 were active treaters who supplied usable data on their
annual production of treated wood products. The remaining 118 firms did not respond
to two requests for information about their operations.

While checking on response to our survey, we acquired the names of 41 additional
treaters who were not on our initial list. Production data were supplied for 20 of
these firms. Thus, our survey obtained data from 150 treaters, and 139 firms did
not respond.
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Wood Products Treated by Survey Respondents

The 150 respondents treated 55.6 million cu. ft. of wood products in 1978
(Table 15). About 14% of the total was treated with creosote solutions, 32% was
treated with penta, and 54% was treated with inorganic arsenicals. Respondents also
reported about 280,000 cu. ft. of products treated with CZC and fire-retardant chemi-
cals. Lumber and timbers made up 62% of the total treated products., Poles (143),
fence posts (12%), and crossties (6%) accounted for most of the remainder.

Table 15.--Production of treated wood by respondents to Assessment Team Survey, 1978

Treated With

Products All Creosote
Preservatives® Solutions Penta CCA/ACA
------------ 1,000 cu., L, = = = = = = = =« =« - -
Crossties and
switch ties® 3,554 3,432 23.0 99.6
Poles 8,008 1,568 6,193 247
Crogsarms 243 - 225 18.3
Piling 495 300 79.7 115
Lumber and timbers 34,215 1,022 8,016 25,176
Fence posts 6,520 1,240 2,980 2,300
Plywood 322 - 23.4 298
Other products 2,232 20.1 378 1,834
All products 55,588 7,582 17,917 30,089

a Creosote, Penta, and CCA/ACA only. CZIC and fire retardants not included.
b Includes landscape ties.
Note: Components may not add to totals due to rounding.
Most respondents reported production in board feet. Others reported cubic feet

or number of pieces treated. Production was converted to cubic feet using the fol-
lowing factors: '

Crosstieg - = = - = = = = = a4 = = = ~n = 83 cu. ft. per 1,000 bd. ft.
_ 3.33 cu. ft. per piece

Poles = = = = = = = v » = = « = = = = = 83 cu. ft. per 1,000 bd. ft,
Utility (West)= - « = = - « = 25 cu. ft, per piece
Utility (South) - - - -« = « - 15 cu, ft. per piece
Construction~ - - = - = - - - 3 cu. ft. per pilece

Crossarms « = = = = = = - = « =« = = ~ - 83 cu. ft. per 1,000 bd. ft

1 cu. ft. per piece

40



Piling~ =« = = =« = = = = = = = = = - = = 83 cu. ft. per 1,000 bd. ft.

Lumber and timbers treated with:

penta and creosote - ~ = =~ - - - - 80 cu. ft. per 1,000 bd. ft.

CCA/ACA- = = = = = = = = = = = = = 66 cu. ft. per 1,000 bd. ft.

Fence posts - - = = = = - - - - - - = = 83 cu. ft. per 1,000 bd. ft.
.67 cu. ft, per piece

Plywood = = = = = = = « = = v o = = = - 31.25 cu. ft. per 1,000 sq. ft.

Some of the respondents to our survey were new firms which began operation
during 1978 or in early 1979. Production of plants that began operation in 1979 is
not included in Table 15. For those that started up during 1978, production is
included only for the months that they were in operation.

Estimated Production of Treated Wood by
Nonrepondents to the Survey

Although we did not receive reports of production from 139 plants, we did
obtain some information about the operations of most of the non-respondents. From
various sources, we learned whether they are pressure or nonpressure plants, what
preservatives they use, and the number and size of cylinders operated. Ninety-eight
of the 139 nonrespondents are pressure treaters, and 11 are nonpressure plants. We
obtained no informatiom, except a name and address, for 30 firms. The 98 pressure
treaters operate 111 cylinders--54 treating with CCA, 37 with penta, and 20 with
creosote, Using this information, we estimated the volume of wood treated by 109 of
the nonrespondents. No estimates were made for the 30 plants for which we had no
information as to type of operation or preservative used.

From the information supplied by 130 respondents, we determined average cylinder
size, and volume of wood treated in relation to cylinder void volume, for different
types of operations. For example, the average cylinder size for one~cylinder plants
treating only with CCA was 6 x 50 feet (1,414 cu. ft. void volume), and volume of
wood treated averaged 325 times the cylinder void volume. This level of production
is equivalent to approximately 650 charges per year, or 2.2 charges per day for
300 working days.

" Multi-unit treating plants tended to have larger cylinders than single-cylinder
plants. Plants treating with penta had larger cylinders and lower production rates
than plants using CCA/ACA. C(reosote treaters had the largest cylinders and lowest
production rates of all. The averages, as determined from 130 respondent plants,
are as follows:

Production

Average a

Plants treating with: cylinder rate
) feet

CCA/ACA (one cylinder) 6 x 50 325
CCA/ACA (multi-cylinder) 6 x 77 225
Penta 6 x 69 133
Penta and creosote 8 x 85 84

2 Volume treated + ¢ylinder void volume.
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In estimating production by nonrespondents, we assumed that reports had been
received from most of the larger firms, and that the majority of nonrespondents are
small firms whose production is somewhat lower than the average of the respondents.
For this reason, we further assumed that nonrespondent firms would produce at one-
half the average rate determined for respondents. Estimates for nonrespondents are
based on the following factors:

Average Production
Plants treating with cylinder rate
CCA/ACA 6 x 50 160 x void vol.
Penta 6 x 60 100 x void wvol.
Creosote 6 x 70 80 x wvoid wvol.

Where cylinder size was known, estimated production was based on actual cylinder
void volume multiplied by the appropriate production factor (above). Where cylinder
size was not known, the void volume of the average cylinder shown for the respective
preservatives was multiplied by the appropriate production factor.

The average production of 33 respondent nonpressure plants was used to estimate
production of the nonrespondent, nonpressure plants.

Using the procedure described, we computed total production of CCA/ACA-~, penta-,
and creosote-treated wood by nonrespondent plants. Then, we allocated the total
volume treated with each preservative teo the variocus products using ratios derived
from Table 15, {e.g., 83.7% of CCA/ACA-treated wood is lumber and timbers, 34.6% of
penta-treated wood is poles, etc.). The resulting estimates of wood treated by non-
respondents are shown in Table 16,

. Estimated Production of Treated Wood, 1978

To complete the picture of the amounts and kinds of treated wood products pro-
duced and used, we took the volumes reported by 342 respondents to the 1978 industry
survey (1977 production) as a base. To these volumes we added the volumes reported
by our respondents (Table 15) and those estimated for nonrespondents (Table 16).
The resulting estimates of 1978 production by 601 treating plants are shown in
Table 17. No estimates are included for an additional 30 plants for which we had no
basis for estimates. Estimated 1978 production is summarized in Table 18.

Total production of treated wood in 1978 is estimated at 327.5 million cu, ft,--
154.6 million cu. ft. treated with creosote solutions, 80 million cu. ft. treated
with penta, and 92.9 million cu. ft., treated with inorganic arsenicals. Wood treated
with CZC, ACC, and fire-retardant chemicals is not included. The estimated 1978
total production is 78.7 million cu. ft. (32%) higher than the 248.8 million cu. ft.
reported for 1977 by the industry survey. Since all but a few of the plants that
contributed to this increase were in operation in 1977, it is reasonable to assume
that 1977 production was substantially under-reported,
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Table 16.--Estimated volume of wood treated by nonrespondents, 1978

Treated With

Product
All Creosote
PreservatiVesa Solutions Penta CCA/ACA
~ == -e-=-e~-=-1,000cu. ft, » -~ - - == === - -
Crossties and
switch ties’ 2,305 2,264 9.4 32.4
Poles 3,640 1,034 2,520 86.3
Crossarms 102 “— _ 91.4 10.8
Piling 274 198 32.4 43.2
Lumber and timbers 12,968 674 3,262 9,033
Fence posts 2,850 818 1,212 820
Plywood 117 ¢ m- 9.5 108
Other products 825 13.3 154 658
All products 23,083 5,002 7,290 10,792

a Creosote, Penta, and CCA/ACA, only.
b Includes landscape ties.

Note: Components may not add to totals due to rounding.

The 78.7 million cubic-foot difference between estimated 1978 and reported 1977
production breaks down as follows:

40.9 million cu. ft. are CCA/ACA-treated material.

= 52% of total increase.
= 79% increase in CCA/ACA-treated material.

25.2 million cu. ft. are penta-treated material.

= 32% of total increase.
= 46% increase in penta-treated material.

12.6 million cu, ft. are creosote-treated material.

16% of total increase.
5% increase in creosote-treated material.

Hu

47.2 million cu. ft. are lumber and timbers.

= 60% of total increase.
= 81% increase in treated lumber and timbers.
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9.4 million cu. ft. are fence posts.

= 12% of total increase,
= 88% increase in treated fence posts.

11.6 million cu. ft. are poles.

= 15% of total increase.
= 22% increase in treated poles,

Based on the volumes of wood treated with the different preservatives (Table 18) and
average retentions for the various products, we estimate that consumption of pre-
servative chemicals by the pressure-treating industry in 1978 was as follows:

Creosote and coal tar 123.7 million gallons
Penta 40.8 million pounds
Inorganic arsenicals 37.2 million pounds

We believe our estimates of 1978 production of treated wood are conservative for
the following three reasons;

1. The volumes of treated wood reported in the 1977 industry report appear to
be low, especially for wood treated with inorganic arsenicals. The report
shows 27.3 million pounds of arsenical salts consumed, and 52.1 million
cu. ft. of wood treated with inorganic arsenicals. The resultant retention
of arsenical salts (0.524 pcf) is high, indicating that the reported volume
of wood treated is low.

2. Knowledgeable industry officials indicate that 1977 was an "off" year for
the treating industry, Most plants increased production in 1978 by about
10%. If this is so, using 1977 production by 342 respondents to the indus-
try survey as a base for our 1978 estimates would result in a low estimate
for 1978.

3. Our estimates of 1978 production by nonrespondents to the Team survey may
well be low because we assumed a below-average rate of production for these
plants,
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Table 17,~-Estimated production of treated weod, 1978

Treated With

All .
Products . Preserva- Creosote Penta CCA/ACA/FCAP
tives®
------------------ 1,000 cu. ft. L R R I
Ties® 19?72 100,226 97,442 417 2,366
Resp 3,554 3,432 23.0 99.6
Nonresp 2,305 2,264 9.4 32.4
106,085 103,138 449 2,498
Poles 1977 52,531 15,634 33,193 3,704
Resp 8,008 1,568 6,193 247
Nonrasp 3,640 1,034 2,520 86.3
64,179 18,237 51,505 4,038
Crossarms 1977 1,340 41.0 1,299 (d)
Resp 243 -- 225 . 18.3
Nonresp 102 -- 91.3 10.8
1,685 41.0 1,615 29,1
Piling 1977 11,322 9,495 1,042 785
Resp 495 300 79.7 114
Nonresp 274 198 324 43,2
12,090 9,993 1,154 943
Lumber and 1977 5%,122 9,083 9,931 39,108
timbers Resp 34,215 1,022 8,016 25,176
Nonresp 12,968 674 3,262 9,033
105,305 10,779 21,209 13,317
Fence posts 1977 10,658 2,526 6,791 1,341
Resp 6,520 1,240 2,980 2,300
Nonresp 2,850 818 1,212 820
20,028 4,584 10,983 4,461
Other products® 1977 14,617 7,782 2,117 4,718
Resp 2,553 20.1 401 2,132
Nonresp 943 13.3 163 766
18,113 7,815 2,681 7,616
All products 1977 248,814 142,003 54,789 52,022
Resp 55,588 7,582 17,917 30,089
Nonresp 23,083 5,002 7,290 10,792
327,485 156,587 79,996 92,903

oo

H o N

Includes plywood.

Note: Components may not add to totals due to rounding.

Creosote, Penta, and CCA/ACA only.
1977 base, Maloney and Pagliai, 1978.

Respondents to Assessment Team Survey.

Includes landscape ties.

Estimate for nonrespondents to Assessment Team Survey.
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Table 18.--Estimated production of treated wood, 1978%

Treated With

Products
All Creosote
Preservatives Solutions Penta CCA/ACA/FCAP
----------- 1,000 cu, ft, = = = = = = =« = « = -~
Crossties and
switch ties® 106,085 103,138 449 2,498
Poles 64,179 18,237 41,905 4,038
Crossarms 1,685 41.0 1,615 29.1
Piling 12,090 9,993 1,154 943
Lumber and timbers 105,305 10,779 21,209 73,317
Fence posts 20,028 4,584 10,983 4,461
Other productsd 18,113 7,815 2,681 7,616
All products 327,485 154,587 79,996 92,903

2 Volume reported for 1977 (AWPA), plus volume reported by respondents to Assessment
Team Survey, plus volume estimated for nonrespondents.

P Creosote, Penta, and CCA/ACA/FCAP only.

€ Includes landscape ties.

d Includes plywood. )
Note: Components may not add to totals due to rounding.
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CHAPTER 2: METHODS OF APPLICATION

Introduction

Preparatory te preservative treatment, round wood producis must be debarked and
conditioned. Conditioning of round or sawn wood may be accomplished by air seasoning
or kiln drying. Alterpatively, the moisture content of wood may be reduced suffi-
ciently to permit preservative treatment with certain types of preservatives by
either steaming the wood in the retort, heating it in oil under reduced pressure, or
by exposing it to hot vapors of organic solvents in a process called vapor drying.
Preservative treatment of refractory species may be expedited by incising, a process
in which the wood is pierced by knives to provide avenuwes for penetration of the
preservative solution.

Preservative impregnation may be accomplished by either pressure or non-pressure
methods. FPressure treatments involve the application of pneumatic or hydrostatic
pressure to wood in a vessel designed for that purpose to expedite movement of the
preservative liquid into wood. These processes account for fully 95 percent of all
wood treated. Non-pressure processes involve treatments accomplished at atmospheric
conditions, These include thermal, brush, dip and spray, diffusion, vacuum, and cold
soak methods. Also included here are groundline treatments that are applied to wood
in uge to extend its service life,

Pressure Processes

The distinction between pressure and non-pressure processes was stated above.
In the normal application of preservative treatments by pressure processes, wood
loaded on trams is introduced into the pressure vessel and, after appropriate condi-
tioning, may be subjected to either one of two treatment schedules: full cell or
empty cell,

In the full-cell process (Figure 5), an initial vacuum is applied to the charge
for a period of about 30 minutes. At the end of this period, and while still main-
taining the vacuum, the vessel is filled with preservative. The vacuum is released
and pressure equal to 50 to 250 psi, depending upon species, is applied to the sys-
tem, Pressure is maintained until the required gross absorption of preservative has
been achieved. This value varies depending upon the species being treated.

At the end of the pressure cycle, the pressure is reduced to atmospheric level,
the preservative returned to storage, and the treated wood often subjected to a final
vacuum to remove excess preservative from the surface of the stock. The vacuum is
released, the door of the vessel opened, and the treated wood removed. Retentions
achieved by the full-cell process vary from 20 to 30 pounds per cubic foot for most
species.

In the empty-cell process the retort is filled with preservative while either
at ambient conditions or under an initial air pressure of 15 to 75 psi (Figure 6).
The remainder of the treating schedule is the same as that described for the full-
cell process. Retentions achieved by the empty-cell process range from 6 to
12 pounds per cubic foot, depending upon the specifications of the customer.
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FULL CELL PROCESS

200 T | I 1
o PRESSURE PERIOD _
P
a
W 100 [~ —
=
N
(/3]

)
&
50 |- -
BEGIN PRESSURE REMOVE PRESERVATIVE
@ o —— ]
o
zZ s FILL CYLINDER FINAL VACUUM |
. WITH PRESERVATIVE
; 30 | | | l |
) 2 4 6 8 10 12
TIME (HRS)

Figure 5. S8chematic showing the treating schedule for full cell treatment.

Products such as marine piling are treated by the full-cell process. Con-
versely, products such as poles, crossties, and fence posts are treated by the empty-
cell process. Differences in retention are determined by the biological hazard to
which the treated wood will be subjected in service. The full-cell process is used
for all products treated with waterborne preservatives.

Creosote may be applied in undiluted form or diluted with coal tar or petroleum.
Pentachlorophenol is applied in a solvent of low volatility or in such volatile sol-
vents as mineral spirits, methylene chloride, or liquefied petroleum gas. When a
solvent of low volatility is used, the solvent is left in the wood at the conclusgion
of the treating cycle. Conversely, when the proprietary processes that employ cer=-
tain volatile solvents are used, the solvents are recovered from the wood for reuse
at the end of the treating cycle,

Preservative temperatures employed during the treating cycle vary with the pre-
servative used. Creosote and its solutions are normally applied at temperatures of
210° to 230° F. The temperature used with penta solutions varies with solvent and
may range from ambient to 220° F. Except for ACA all waterborne preservatives are
always applied at ambient temperature.
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EMPTY CELL PROCESS
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Figure 6. Schematic showing the treating schedule for empty cell treatment.
Non-Pressure Processes

Non-pressure processes may be employed commercially or by individuals for home,
farm, and garden uses. Wood treated by these processes must be seasoned to a mois~
ture content of 30% or less prior to treatment. In one exception to this general
rule, wood preserved by diffusion processes is treated in an ungeasoned state.

Most commercial non-pressure treatments are applied by cold-soak or thermal
processes. In both processes, wood is exposed to the preservative in an open vessel.
The preservatives used with the cold-soak process are usually penta-petreleum solu-
tions, although waterborne salts may also be employed. The process simply entails
soaking seasoned wood in the preservative for a fixed period of time, or until a
predetermined gross retention has been achieved. The thermal process is normally
used with penta-petroleum solutions, but may alse be used with other preservatives.
This process involves exposing wood to hot preservative for 6 to 12 hours followed
by exposure to preservative at ambient temperature for about 2 hours. Both round
and sawn stock may be treated by these methods.

Diffusion treatments constitute a variation of the cold-soak process in which
. unseasoned wood is exposed to an aqueous solution of a salt-type preservative for a
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predetermined time period. Treatments in which two salts (e.g. copper sulfate and
sodium arsenate) are applied sequentially are sometimes used to achieve a leach-
resistant preservative following the reaction of the two salts in situ.

Brush, dip, and spray treatments are applied by homeowners or on the job by car-
penters during construction. Penta-petroleum solutions, creosote, and copper naph-
thenate packaged in 1- and 5-gallon containers for this market are used in these
types of treatments. Dip treatments are also used commercially to treat millwork.
Such treatments significantly increase the life of wood in above-ground service and
are widely used for this purpose.

Vacuum treatments are applied in a closed vessel similar to that used with pres~
sure processes. Stock placed in the vessel is subjected to a vacuum for a predeter-
mined period of time; and, while still under wvacuum, is covered with preservative
solution. The vacuum is released, and after a soaking period, the preservative
solution is withdrawn from the vessel. A second vacuum is frequently applied to
remove excess preservative from the wood. This process, while widely used in Furope,
has received only limited use in the United States. It is applicable te non-
refractory species and such specific products as millwork and lumber. Penta in a
light petroleum solvent is the most common preservative used with the process.

Groundline treatments involve the application of preservative in a grease matrix
to the groundline zone of utility poles in line to arrest existing decay and to
extend the service life of the produrt. Both creosote and penta are common ingredi-
enty in groundline treatment formulations. They may be applied from ready made ban-
dages or troweled onto the pole. In both cases, the preservative is placed in direct
contact with the wood and separated from the soil by a paper and plastic film.

Hunt and Garratt (1967), Nicholas (1973}, and Gjovik and Baechler (1977) should

be consulted if more background is necessary on the general subject of weod preser-
vation. .
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CHAPTER 3: PENTACHLOROPHENOL AND
PENTACHLOROPHENATES

Use Patterns and Efficacy

The major use of penta is the treatment of wood to prevent attack by wood-
destroying fungi and insects. The major fungi responsible for biodeterioration of
wood are the Basidiomycetes, which have the ability to enzymatically consume the
structural cellulose and lignin in wood. In addition, the soft-rot fungi, generally
Ascomycetes or Fungi Imperfecti, are responsible for a certain amount of wood biode-
terioration. Typical wood-destroying insects include subterranean (Reticulitermes
and Coptotermes sp.), dampwood (Zootermopsis sp.) and drywood (Kalotermes sp.) ter-
mites, powderpost beetles (Lyctus and Anobidium sp.), flat-headed borers (Buprestis
sp.), round-headed borers {(Saperda sp.}, ambrosia beetles (Platypus sp.), and carpen-
ter ants (Componotus sp.). Another important use is for the contrel of fungi which
cause mold and sapstain discoloration of poles and freshly sawn lumber.

In 1978, approximately 43.6 million pounds of penta were used in the treatment
of wood products in the United States (Dorman, 1979). The usage by region in 1976
is shown in Table 19 (Ernst and Ernst, 1977).

Table 19.--Amounts of penta used by treating plants in various regions of the
United States in 1976

North- North Scuth- South Rocky s

east Central east Central : Mt. Pacific Total
------------------ 1,000 Pounds ~ = = = = = = =« = = = = = =« = « -
1,315 6,560 9,730 14,761 1,871 4,687 39,924

Ninety-three percent of the penta used for commercial treatment ig applied in
"closed" pressure treating systems, and the other 7% in thermal and dip treatment
systems and groundline treatment.,

‘Commercial Pressure and Non-Pressure Treatments

The volumes of wood treated with penta are listed in Table 20, From this table,
it is obvious that in the past 10 years the use of penta for treatment of various
wood products had increased to a small degree, but there have been no significant
changes in any individual product. It is anticipated that this general situation
will continue in the future for all products except lumber, in which case there is a
definite trend toward treatment with waterborne salts. An estimated 40.8 million
pounds of penta were used in these applications in 1978. Commercial pressure and
thermal treatments account for 40 million pounds of penta while dip treatments con-
sume 700,000 pounds (consisting of 600,000 pounds for the treatment of millwork and
100,000 pounds for miscellaneous wood products) of the chemical (NFPA, 1979).

"Millwork" is a general term for such items as window frames, door jambs, doors,
shutters, mouldings, railings, etc., which are used in home construction. Treatment
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Table 20.--Volumes of wood materials treated with penta in the United States by
product in the years 1966, 1972-78

Crossties Lumber

o Cross~ Fence
Year and Piling Poles and Other Total
Switch Ties arms Timbers Posts
e e 1,000 cu.ft, - = = = = = = = = = = = - - ~
1966 262 1,959 31,615 4,386 14,252 9,074 2,361 64,179
19722 129 239 45,230 2,093 16,394 9,924 1,786 75,795
19732 60 288 47,193 2,234 19,663 9,055 1,528 80,022
19740 321 135 42,031 1,947 19,302 9,580 2,450 75,445
19?5b 358 384 32,155 1,301 15,837 9,953 783 60,771
1976° 19 368 36,525 4,541 13,873 9,096 1,208 65,611
1977¢ 417 1,062 33,193 1,299 9,931 6,791 2,117 54,789
1978d 449 1,154 41,905 1,615 21,209 . 10,983 2,681 79,996

‘Gill and Phelps, 1974.
b Ernst and Ernst, 1977.
¢ Maloney and Pagliai, 1978.
d Micklewright, 1979.

with wood preservatives is generally limited to those wood products which are sub-
ject te exterior exposure since interior products are not susceptible to decay.

Most millwork is coated with paint, stain or varnish, so it is important that
the preservative treatment does not have any detrimental effect on these finishes.
In addition, the treatment must be compatible with the various types of metal fasten-
ings that are used in construction.

At the present time, virtually all millwork that requires a wood preservative
is treated with a water-repellent system containing 5% penta in petroleum solvent,
by a nonpressure process. The water repellent helps control excessive swelling,
shrinking, and warping dune to a change in moisture content and the preservative con-
trols wood decay organisms. The preservative is generally applied at the factory
after the wood components are fully machined. A number of treatment methods are
used, but the majority of the millwork is treated by simply dipping the woecd products
in a tank filled with preservative. In some instances a more complex vacuum process
is used which requires a sealed chamber. In this process the wood is loaded into a
chamber, an initial wvacuum of 2 to 5 in. of Hg is drawn and held while the cylinder
is filled with solution. Following this the solution is returned to a storage tank
and a final wvacuum of 20-25 in. of Hg iz drawn to remove excess preservative before
the wood is removed from the treatment chamber. 1In addition, a few plants use a
spray or flowcoat method for treatment. In this method the wood is moved by con-
veyors under spray nozzles or a stream of the treating solution. Following this the
wood moves into ovens, heaters or other equipment to accelerate the volatilization
of the solvent.

Under the category of miscellaneous wood products, a large variety of items is
covered. For example, such things as tent pegs, ladders, trailer bodies, ammunition
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boxes, crates, pallets, etc., are included. Because of this wide diversity of prod-
ucts, there is very little detailed information on these uses.

An additional 50,000 to 60,000 pounds of penta are used annually for dip or
spray treatment of plywood and particleboard (NFPA, 1979). For these two products,
plywood is by far the largest volume product, consuming approximately 50,000 pounds
of penta annually. Most of the material treated is rough-sawn textured plywood that
is used for exterior siding. The penta preservatives generally contain water repel-
lents and the combined system provides protection against mildew and water stain that
can develop before a finish is applied.

The use of penta in particleboard is limited to a single manufacturer who treats
approximately 10,600 cu. ft. at a level of 0.65%, based on the oven-dry weight of
wood (NFPA, 1979). At this rate of application, and assuming a hoard density of
50 pounds/cu. ft., the total annual use of penta for this application would be
3,400 pounds.

The general use pattern for penta in commercial applications is shown in
Table Z1. As can be seen from this table, poles are, by far, the major product
treated with this preservative.

Commercial Fleld Treatments for Poles

This type of treatment is used to fortify the groundline area of poles that arxe
in service. Approximately 200,000 pounds of penta were used for this application in
1978 (N¥PA, 1979). Various combinations of preservatives (i.e., penta, creosote,
fluorides, borax, etc.) are generally used for this application by formulating a
paste which is applied by a trowel or brush and is frequently wrapped with plastic to
contain the preservative, The typical formulation contains 10% penta. Treatment is
limited to a small area above and below the groundline.

Commercial Sapstain Control Treatment for Lumber and Poles

‘Approximately 1.15 million pounds of Na-penta (produced from 1.02 million pounds
of penta) are used each year in preservative formulations that are applied to lumber
and poles to control sapstain fungi (NFPA, 1979). A common formulation consists of
40% Na-penta and 60% borax, but other combinations are employed. The actual treating
solutions contain approximately 0.5% Na-penta. Spraying and dipping are the normal
methods of applying these preservatives. The general use patterns are shown in
Table 21.

Non-Commercilal Brush, Dip, Spray and Soak Treatments

Approximately 1.5 million pounds of penta are used at the home and farm level
for the protection of various wood structures and products subjected to exterior
exposure (NFPA, 1979). This is 3.4% of total use of penta as a wood preservative.
Penta sclutions are applied by homeowners, farmers, and to some extent on the job by
carpenters, to protect wood from insect attack and decay. The application can be by
brushing, roll on, dipping, soaking, or spraying. Typical items sometimes treated
include decks, siding, millwork, lumber, fences, shingles, outdoor furniture, and
other miscellaneous wood products.

‘This type of treatment is intended only for above-ground exposures and is con-
sidered inadequate for ground contact situations because of very limited penetration
of the side grain. In its principal application, to exterior millwork such as win-
dow sash and door jambs, it is quite effective because of good end grain penetration.
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Table 21.-<Commercial use patterns for penta in 1978

Percent Average
Item Application Volumea of Amz;nt Pests Rate of
Method Treated Total p | Controlled Appli-
reservative .
b cation
Volume
1,000 cu. ft. Million Pounds Pcf
Polesg Pressure and thermal 41,905 57 25.1 Wood decay fungi 0.6
treatment and insects
Lumber and Pressure, thermal and 231,209 19 8.5 Wood decay fungi 0.4
timbers dip treatment and insects
Fence posts Pressure, thermal and 10,983 10 4.4 Wood decay fungi 0.4
dip treatment and insects
Crossarms Pressure treatment 1,615 1.5 0.65 Wood decay fungi 0.4
and insects
Piling Pressure and thermal 1,154 1.8 0.81 Wood decay fungi 0.7
treatment and insects
Crossties and Pressure treatment 449 0.4 0.18 Wood decay fungi 0.4
switch ties and insects
Other Pressure, thermal 2,681 2.5 1.1 Wood decay fungi 0.4
and dip treatment and insects
Millwork® Pressure, vacuum and 60,000 1.4 0.6 Wood decay fungi 0.01

dip treatment

and insects
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Table 21.--Commercial use patterns for penta in 1978=--continued

Percent Average
It Application Vblumea of Amz;nt Pests Rate of
em Method Treated Total p . a Controlled Appli-
reservative .
b cation
Volume
1,000 cu. ft. Million Pounds Pcf
Lumber, 4
Sapstain Dip and spray 257,000 2.3 1.02 Sapstaipn fungi 0.004
control treatment and insects
Home and farm  Brush, dip or spray 150,000e 3.4 1.5 Wood decay fungi 4.01
uses treatment and insects
Groundline Brush treatment NDAf 0.5 0.2 Wood decay fungi NDAf

and insects

c . . .
This refers to window and door frames, cabinets, etc.

Values are for 1978 and were taken from Micklewright 1979 for all items except millwork, sapstain, and

groundline, values which are derived from NFPA 1978 data (NFPA, 1979).

b Percent of total penta used to treat this product.

industry sources.

Volume and amount of preservative estimates are from

d This value for penta is equivalent to 1.15 million pounds of Na-penta.

€ The volume of wood treated was estimated from the average rate of application and amount of preservative.

£ No data available.



This provides protection at the joints, where decay normally occurs in these members.
Verrall (1959 and 1965) studied this treatment process extensively. A subsequent
paper indicates a 90% increase in service life of unpainted boxes when treated with
a typical 5% penta formulation and exposed at Gulfport, Miss. (Verrall and Sheffer,
1969). More recently, Feist and Mraz (1978) reported that a simple water repellent
performed as well as water repellent with 5% penta on exposure at Madison, Wis.
However, the exposure severity at this site is considerably less than that through-
out most of the United States. Hence, the use of water repellents alone cannot be
considered to be a viable alternative.

Typical penta products available for retail sale include (1) a 5% penta ready-
to-use solution in oil, (2) 10-1 concentrate containing 40% penta to be mixed with
fuel or diesel o0il, (3) 5-1 penta water-repellent concentrate to be mixed with oil
or mineral spirits, and (4) ready to use 5% penta water-repellent preservative.
Penta solutions are available in 35-gallon drums but are more commonly sold in quart,
gallon, or 5-gallon containers. Concentrates would most likely be purchased for the
farm rather than the home since most farmers have diesel and fuel oil available for
diluting concentrates.

The ready-to-use water~-repellent penta formulation is the most widely used.
Treatment can be for structures already standing (e.g., fences, sheds, etc.) or it
can be for items such as millwork prior to installation. Even though the majority
of treated items are finished with paint, varnish, or stain, some users prefer the
natural finish of the preservative itself. Several water-repellent penta products
are also available as stains in various colors for home and farm applications.

Penta ig effective against numerous decay and stain fungi, insects, molds, and
mildew. The water repellent reduces warping, checking, swelling, and shrinking
caused by the changes in moisture content of the wood. Homeowners and farmers rely
heavily on penta formulations to extend the useful life of wood im above-ground
applications., Formulations are also used to obtain limited protection for wood in
ground contact, such as retaining walls and posts, but treatment effectiveness is
limited in this application because of low retentions and poor penetration.

Exposure Analysis

Qualitative Exposure of Humans at Application Site

A general description of the qualitative exposure at the application site is
presented below. In addition, a summary of the amounts of penta used for various
applications, number of people exposed and relative level of exposure is presented
in Table 22. It should be emphasized that this discussion is sgtrictly qualitative
in nature and none of the exposure ratings should be construed to indicate quantita-
tive doges.

Commercial Pressure Treatment

There are approximately 37 million pounds of penta used annually at
295 pressure-treating plants. Some degree of exposure is encountered by approxi-
mately 4,400 production workers and 800 non-production personnel at these plants.

! Estimates are based on the number of treating plants and an estimate of the number
of workers/plant. The number of workers/plant varies from 10 to 50.
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Table 22.--Summary of exposure to penta preservatives at the application site

Estimated Personpel Exposed

Intensity of Exposureb

Application Method Amount Used -
Number® Job Description Skin Inh?
Comtact lation
Million Pounds
Commercial pressure 37.0 Treating plant 5 2
treatment 4.400 - personnel
! Yard personnel 4 2
Maintenance personnel 2 3
800 - Non~production
personnel 5 4
Comuercial thermal and 3.8 Treating plant 5 1
dip treatment 7.300 - personnel
’ Yard personnel 5 2
Maintenance personnel 5 2
2,400 - Ron-production
personnel 5 4
Commercial in-place
treatments of poles,
piling, and asso-
ciated timbexr members 0.20 350 Applicators 3 4
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Table 22.--Summary of exposure to penta preservatives at the application site--continued

. b
Estimated Personnel Exposed Intensity of Exposure

Application Method Amount Used " Skin Inha-

Number Job Description Contact lation
Million Pounds
Commercial dip treat- 1.2 Lumber stackers 1 1
ment for sapstain Forklift drivers 5 3
control 20,000 - Preservative mix 2-4 1-5
operators
Yard workers 5 4
Spray operators 1 1
4,000 ~ Non-production
personnel 3 4
Non-commercial brush, 1.5 3z 106 Applicators 2-5° 2-4
dip, spray, and soak to . (homeowners/farmers)
treatment 6 x 10

a : . . . .
For commercial operations, estimates are based on the total pumber of treating plants and an estimated number
of personnel at each plant (10-50 employees per plant). For non-commercial operations that total amount of
preservative is known so the estimate is based on the estimated amount of preservative used by each
homeowner.

b 1 = consistent high exposure; 2 = occasional high exposure; 3 = consistent medium exposure; 4 = occasional

medium exposure; 5 = low exposure. These are relative qualitative comparisons only and do not signify
quantitative doses.

€ This application method will normally be used at most only once or twice a year by individual applica-
tors. Thus, high exposure is very infrequent and for most of the year there is no exposure.



Penta is received at the treating plants in bags, bulk, and solid blocks. Fol-
lowing this, the penta is dissolved in a petroleum solvent to provide a 5 to 7.5%
solution for pressure treatment. The type of mixing operation and exposure varies
for the three forms listed above. When penta is received in bags, the mixing opera-
tion involves manual labor and results in a high? level of exposure. Essentially,
each bag is opened and dumped into a fine screen basket which has warm solvent
flowing through it. The level of exposure depends on the ventilation system and
extent of protective gear worn by the workers.

When penta is received in bulk form, it is handled in closed system from the
delivery truck to a storage tank and then to the mixing operation. This greatly
reduces the exposure level during these operations.

Exposure levels for delivery and mixing operations with penta blocks are fairly
low, since the solid form minimizes exposure from airborne particles. Some exposure
from vapor will occur during handling and storage of blocks, but this is minimal
during the mixing operation, since it is carried out by immersing the block in
solvent,

Once the penta solution has been prepared and transferred to the storage tanks,
other personnel are exposed to the preservative at various stages of the pressure
treatment process. The basic treating operation consists of loading the wood prod-
ucts on tram cars, which are then pushed into the treating cylinder. No exposure to
the preservative is incurred during this step in the operation.

During the treating operation, the preservative solution is pumped into the
cylinder and pressure is applied to impregnate the wood. The residual solutiom is
then pumped back to the storage tanks. Because of venting, pump leaks, etc.,, some
exposure is incurred by the plant operators during this step in the operation.

After treatment, the material is removed from the cylinder by pulling the trams
out with a forklift or tractor. The personnel that open the cylinder door and make
connections with the trams are exposed to a heavy level of preservative vapors, but
the duration of exposure is short and normally occurs one to two times per work
shift. The wood products are removed from the trams with a forklift, crane or simi-
lar piece of equipment and stacked in the yard. The personnel involved in this
operation, along with inspectors and supervisors, are subjected to consistent medium
exposure to preservative vapors, but receive only a low exposure by skin contact
because the operations are generally highly mechanized.

Since equipment maintenance is an integral part of any operation, these workers
are exposed to the preservative. This can occur by both skin contact and inhalation
of vapors. A high level of exposure can occur at times, but, in general, they are
subject to a medium degree of exposure throughout the work period.

Some office workers and other non-production personnel are subject to occasional
low exposure, but this is limited to preservative vapors.

2 The high, medium, and low levels of exposure used in this text do not refer to the
quantitative dose received, but rather to a relative comparison between differ-
ent operations. For a quantitative analysis, see later sections in this chapter.
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Commercial Thermal and Dip Treatment

There are approximately 3.8 million pounds of penta used annually at thermal and
dip treating plants. Some degree of exposure is encountered by approximately
7,300 production workers and 2,430 non~production workers.

Thermal treatment involves the use of open vats which are mainly used for
treating poles and posts. In this process, the poles are submerged in the hot solu-
tion which is then allowed to cool. The exposure in this operation is, in general,
similar to that of the pressure treating operation with the exception that personnel
working around the vats are subjected to much higher levels of preservative vapor.

Dip treatment with penta is mainly used for the treatment of posts and millwork.
The exposure during treatment and handling of posts is similar to that occurring
during thermal treatment. On the other hand, considerably more handling of indi-
vidual pieces is required for millwork after it is treated. Hence, the exposure from
both vapors and skin contact is medium to high for those workers involved. Slightly
less exposure occurs when the vacuum process is used for treatment of millwork since
much of the excess solvent is removed during the final vacuum process. Exposure is
low for the spray and flowcoat treatment processes because this operation is carried
out in a contained room with adequate ventilation.

Commercial In-Place Treatment of Poles,
Piling and Associated Timbers

There are approximately 200,000 pounds of penta used annually in the groundline
treatment of poles. It is estimated that this work is performed by approximately
350 workers. '

The preservatives used for this application are prepared either in a grease
type formulation which is applied with a brush, paddle, caulking gun, etc., or as
impregnants in bandages which are applied by wrapping them around the pole. These
bandages have a plastic layer on the outside to minimize loss of the preservative
and permit diffusion into the wood. Treatment is limited to a small area above and
below the pole groundline so only a small portion of the pole is treated.

The treatment of the poles is performed by small (2 to 3) person crews. Expo-
sure by skin contact is low, if the workers use protective clothing and practice good
hygiene.

Commercial Dip Treatment for
Sapstain Control

Na-penta is used in preservative formulations for control of sapstain in green
lumber after it is cut in sawmills and in freshly peeled poles to prevent discolora-
tion. Approximately 1.15 million pounds are used annually at 2,000 mills. Some
degree of exposure is encountered by approximately 20,000 production workers and
4,000 non-production personnel at these mills.

Approximately 75% of the Na-penta sapstain preservative is sold as a liquid con-
centrate and the remainder as a dry powder. Most of the liquid concentrate is sold
in 55 gallon drums, but a small amount is received in bulk containers. These liquid
concentrates are then diluted with water to achieve the desired treating solution
concentration. This dilutionm is carried out either in the dip tanks or in separate
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mix tanks. In some cases, the mixing operation is done automatically which results
in a low level of exposure. When the manual method of mixing is employed, a medium
level of exposure is experienced.

When penta is received in the dry powder form, the mixing operation is carried
out manually. This results in a high level of exposure because of the dust problem.

The sapstain preservative solutions are applied to lumber by three different
methods, namely, bulk dip, across chain dip and across chain spray.

In the bulk dip operations, the lumber is pulled from the green chain and
stacked in bundles. These bundles are then moved by forklift to a large dip tank
where they are submerged in the solution. Following this they are moved to the stor-
age yard. The forklift operator is subjected to 2 medium vapor exposure level during
this operation.

In the across chain dip method, the green chain passes down through a tank which
containg the sapstain preservative. As a result, the lumber is dipped briefly in the
treating solution as it moves on the chain. This treated lumber is then removed from
the chain either by automatic stacking equipment or manually, When the automatic
stacking equipment is used, the machine operators experience a medium level of vapor
exposure. On the other hand, when the treated lumber is handled manually, the
workers are subjected to a high level of exposure from the vapor and skin contact.

In the across chain spray method, the preservative is sprayed on the lumber as
it passes on the chain. The overspray is collected and returned to the storage
tanks. The spray equipment is automatic and therefore regquires no operator except
occasional attention to keep the nozzles from becoming plugged etc. Mixing is usu-
ally done at some modest distance (enough for air dilution), therefore exposure to
vapor may be high but only for intermittent short periods. The exposure conditions
for the workers removing the lumber from the chain are the same as for the across

chain dip method.

After treatment and stacking, the bundles of lumber are stored in a yard. Per-
sonnel working in this area are exposed to a low level of penta vapors.

In addition to the lumber, an unknown number of poles are also treated for sap-
stain control each year. The preservative solution is applied by spraying poles
emerging from the peeler. Personnel working in the vicinity of the spray operation
are subject to a high level of exposure to vapors. After treatment, the poles are
stored in the wyard to dry, which is a low-exposure situation for workers in this
area.

Non-Commercial Brush, Dip, Spray
and Soak Treatment

There are approximately 1.5 million pounds of penta used annually for non-
commercial applications. It is estimated that approximately 3,000,000 to
6,000,000 people are involved in the application of this preservative.

A number of preservative formulations are registered for this use, but the
majority of it is sold as a 5% water-repellent solution using mineral spirits as a
carrier. These preservatives are applied by homeowners, farmers, etc., to various
wood products either before or after installation by brushing, spraying, dipping, or
soaking.
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Individual applicators probably use penta solutions only once or twice a year
for home or farm application. Thus, the total exposure time to either skin contact
or inhalation is low, When the preservative is being applied, exposure depends on
the adequacy of label instructions and how well they are feollowed. Inhalation expo-
sure will range from occasional medium exposure to occasional high exposure depending
on ventilation in the area where the penta is applied and on whether the preservative
is heated or used cold. Exposure by skin contact ranges from low to occasional high
exposure depending on whether or not adequate protective clothing and rigorous
hygiene are used.

Quantitative Ex?osure Analysis of Humans
at Application Site (Commercilal)

To assist the evaluator in determining the significance of specific exposure
situations, the PD-1 (Federal Register, 1978) penta trigger levels are summarized
here. In the coursé of examining various situations with penta exposure, the esti-
mated exposure will be compared to the calculated exposures used in the PD-1 trig-
gers. The ratio between the PD-1 calculated exposures and the known or estimated
exposure will be referred to as the safety factor. If the occupational exposure is
very low compared to the experimental exposure then the safety factor will be large.
Conversely, the larger the occupational exposure the lower will be the safety factor.
A safety factor ratio of 1 would mean that the occupational exposure was the same as
the PD~1 triggér exposure. .

The exposure levels for both penta and hexachlorodibenzo-p-dioxin (HxCDD) in
PD-1 used fetotoxicity as the biologic response of concern. In setting the exposure
levels, the highest dose level reported in experimental studies that did not cause
fetotoxicity was used as the level of exposure against which to compare human expo-
sures. Therefore, the safety factors are based on a comparison with a no-observable-
effect level (NOEL) for that end point. The NOEL for fetotoxicity cited in PD-1 are
5.8 mg/kg/day for penta and 1 microgram/kg/day for HxCDD.

Toxicologists usually examine the chronic toxicity of a compound when deter-
mining an acceptable daily intake (ADI). In this regard Schwetz et al. (1978) have
shown that the NOEL for low-dioxin penta is 3 mg/kg. This NOEL is based on a study
vhere groups of rats were fed different levels of penta for their lifetime. Observa-
tions included growth, body weight, hematology, clinical chemistry and terminal gross
and microscopic pathology. The largest dose that did not resul€ in any significant
adverse health effects was 3 mg/kg. '

A further application of these data is to determine an ADI for humans. Because
of the data that are available on the effects of penta in humans and the short
1-2 day half-life of penta in the body, a safety factor of 100 may be appropriate
(National Academy of Sciences, 1977). Consequently, the extrapolated exposure for
man is 3 mg/kg divided by 100 or 0.03 mg/kg/day. The total body exposure for a 70 kg
man is then 70 x 0.03 = 2.1 mg penta/man/day. These calculated exposure levels are
of use in determining the significance of occupational or end use exposures in
humans.

One way to use these data is to compare the ADI of 0.03 mg/kg with the RPAR
trigger exposure of 5.8 mg/kg. The ratio of 5.8 to 0.03 is 193, which is termed the
safety factor. Therefore, any exposure with a safety factor of 193 or more repre-
sents an exposure that is below both the RPAR trigger level and a level of exposure
based on a conventional approach to chronic toxicity in safety evaluation.
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Potential Routes of Exposure

Chemicals can enter the animal or human body in the following ways: (1) by oral
ingestion, (2) by inhalation, (3) by dermal adsorxption, and (4) by injection into
body tissues, fluids, or cavities. Of these routes oral ingestion, inhalation, and
dermal adsorption are the most significant exposure routes for penta. An example of
exposure by injection would be a wood sliver impregnated with penta that penetrated
the skin. This would result in a low exposure that is of insufficient concern to
warrant detailed analysis.

Available Methods for Estimating
Exposure

An evaluation of the exposure of humans or animals to chemicals can be
approached in several ways. One method involves a chemical analysis of food and
water to determine the level of the specific chemical in the total diet. Oral expo-
sure is then calculated based on the residue in each dietary component and the amount
of that food component consumed per day. Exposure rate is expressed as weight
(usually milligram or microgram) of chemical per kg of body weight per day.

Inhalation exposure, which results from adsorption of chemicals across the
alveolar respiratory membrane, is determined by measuring the amount of chemical in
the air. Concentrations in air are expressed as either ppm or weight of chemical per
cubic meter of air. The amount of air actually entering the lung per minute (minute
alveolar ventilation) is determined and multiplied by the number of minutes of expo-
sure and the air concentration. The resulting exposure is expressed as weight of
chemical per kg body weight per day. There are two major difficulties with this
approach. First, minute alveolar ventilation is not constant. Respiratory rate and
the amount of air per breath (tidal volume) can change many fold depending on level
of physical exertion and tissue oxygen demand. Consequently, assumptions need to be
made about level of physical activity for a particular type of work. The second
problem involves the nature of the chemical in the air. If the material is in the
form of particulates, then the larger particles (i.e., greater than 10 microns in
diameter) are filtered out by the turbinates in the nose or are deposited in the
pharynx, trachea or larger bronchi. Material deposited in these places is removed
via ciliary action and the material is gradually moved to the back of the oral cavity
where it is swallowed or expectorated. If it is swallowed, then oral exposure occurs
in addition to inhalation exposure. Smaller particles and vapors reach the deep
parts of the lung where absorption into the blooed or lymph occurs with subsegquent
translocation and exposure to the rest of the body. Another variable is the amount
of vapor or particulate absorbed. Small particles can stay suspended in inspired air
and subsequently be exhaled. The percent absorption could range from 10 to 90% of
the amount inhaled.

Dermal absorption is particularly difficult to quantify and is not well studied.
Important variables are amount of skin surface area exposed, chemical form, solvents,
and type of skin (i.e., callused skin, nails, hoof)., From a toxicologic concern,
three dermal exposure situations are of most interest: first, dermal exposure to
highly toxic agents; second, poor work habits that result in continuous skin contact;
and third, poor work hygiene that results in the wearing of clothing contaminated
with chemical. Unfortunately, there is little information on the rate of dermal
absorption of penta. However, there is no doubt that it can be absorbed since the
dermal LD50 has been determined in a wide variety of experimental animals. Also,

deaths have occurred in humans from what appeared to be primarily dermal exposures
(Kozak, et al., 1979).
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The second major method for determining exposure is to determine the amount of
chemical in the animal or human body and to determine the pharmacokinetics. Princi-
ples of pharmacokinetics are used to describe mathematically the rates of uptake and
excretion from the body. By definition, at equilibrium the same amount of chemical
will be eliminated from the body as is taken in during the same period of time. This
is called the steady state level. The exposure duration required to reach steady
state condition depends on the kinetics, principally the biologic half-life. In the
instance of penta the use of pharmacokinetics is a particularliy good approach since
penta has a short half-life in animals and humans and, consequently, steady state
conditions are reached in a few days., Additionally, penta is primarily eliminated
in the urine. Therefore, if the urine penta concentration is known, then the total
body exposure can be estimated. The principal variable is the amount of urine pro-
duced per day. Urine production is not constant but varies principally with fluid
intake in normal individuals. A 0.5~ to 2-fold difference in daily urine volume can
be expected.

The plasma half-life of penta in humans is 30.2 hours (1.3 day) and 86% of an
oral dose is excreted in the urine with a urine elimination half-life of 33.1 hours
(Braun, et al., 1978). 1In rats, the whole body excretion kinetics show a half-life
of 17 hours for the rapid phase and 40 hours for the slow phase of excretion. Again,
.70 to 80% of the penta is excreted in the urine (Braun, et al., 1977). In mice the
half-life for urinary clearance is 24 hours with 72 to 83% of injected doses elimi-
nated in the urine in 4 days (Jakobson and Yllner, 1971). In cattle the blood plasma
penta level decreases with a half-life of 1.8 days (Osweiler, et al., 1977). The
monkey is the only animal found, so far, that excretes penta more slowly. The plasma
half-life is 72 to 83 hours (3 to 3.4 days) and the urine half-life is 41 to
96 hours. The monkey does not form penta conjugates which may explain in part its
slower removal from blood (Braun and Sauerhoff, 1976). ¥rom all of this information
it is concluded that the half-life for penta in humans is less than 2 days and that
86% of an oral dose is eliminated in the urine. From the mouse data where penta was
injected subcutaneously or intraperitoneally, the chemical was still primarily elimi-
nated in the urine; consequently, it is reasonable to assume that irrespective of the
route of exposure the kidney is the primary route of elimination.

From studies using mathematical modeling of rates of uptake and rates of elimi-~
nation (a process called pharmacckinetics) it is possible to draw conclusions about
the relationships between exposure and body burden (Goodman and Gilman, 1975). One
major point is if exposure is held constant for 4 half-lijves, then the body burden
will be 93% of the steady state or maximum level for that exposure rate. Conse-
quently, for human exposures to penta the steady state level will be reached in
4 x 1,3 day = 5.2 days, or to be more conservative, 4 x 2 = 8 days. For the indus-
trial worker with a 5 day/week exposure, those individuals will elimirate approxi-
mately 60% (30 hour half-life divided by 48 hours) of the body burden in a 2-day
weekend.

For the chlorodioxins the pharmacokinetic data are less plentiful. In the rat,
octachlorodibenzo-p-dioxin (OCDD), the principal dioxin in commercial penta, has a
half-life of 21 days (Norback, et al., 1975). The bhalf-life of the more toxic dioxin
tetrachlorodibenzo~p-dioxin (TCDD), which is not present in penta, has been reported
several times for rats as follows: 17.4 * 5.6 days (Piper, et al., 1973), 31 %
6 days after a single dose and 23.7 days after repeated doses (Rose, EE al., 1976),
or 12 days for males and 15 days for female rats (Fries and Marrow, 1975). Conse-
quently, it is estimated body dioxin burden will approximate a steady state in
4 x 21 = 84 days. _
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One additional consideration in estimating exposure is to select the most appro-
priate model. In this evaluation two models are possible, namely the 70 kg male and
the 60 kg female. A few comments are in order to explain the effects of different
models on the resulting exposure estimates. In one method used to estimate penta
exposure, the starting point is urine penta residue. Urine volume is a function of
body weight and an average wvalue of 20 ml/kg body weight is used as a standard.
Therefore, the expected daily urine void for the 70 kg male is 1,400 ml and for the
60 kg female is 1,200 ml. Consequently, when total urine penta is calculated and
divided by body weight for any given urine penta level, the same exposure on a mg/kg
body weight basis results.

In anocther method used to estimate exposure, various breathing rates are
assumed. The amount of air inhaled per 8 hour period used to calculate exposure are,

(1) resting: male = 2.02 m3, female = 2.16 m3, (2) moderate work: male = B.06 m3,

female = 10.94 m3, and (3) heavy work: male = 20,16 m3, female = 16.05 m3. The num-

bers were derived from different sources and one obvious reason for the differences
lies in the definition of work intensity. It is important to realize that the expo-
sure estimates derived later in this document will vary and, consequently, must be
viewed as estimates and not fixed values.

Exposure of Humans at Application Site

Human exposure to penta has been calculated using three different methods.
Method 1: Exposure Based on Urine Penta Level

Before the exposure analysis is presented, the method used to calculate penta
based on residue in urine will be presented. A normal 70 kg person will produce a
daily urine volume of 1.4 liters (Guyton, 1971). This could decrease to 0.5 liter
or increase to 2.8 liter or more depending on temperature, degree of sweating, and
fluid intake.

Braun, et al. (1978) have shown that the plasma half-life of penta in humans is
1.25 days and that 86% of an oral dose is eliminated in urine. Consequently, it is
possible to estimate penta exposure in the general population by assuming that expo-
sure is constant and equilibrium conditions exist. The general formula is:

Level in urine (mg/liter) x Volume of urine (liter)
Body weight (kg) x 0.86

Exposure Rate (mg/kg) =

The 0.86 in the denominator corrects the exposure for the fact that 86% of the penta
body burden is eliminated in urine. The formula stated above was used to calculate
the penta exposures based on reported urine penta levels as cited in the following
discussion.

One source of variation in this analysis stems from the chemical method used to
analyze the urine for penta. It is possible that not all investigators used a method
to include penta-glucuronide in the analysis. Consequently, the exposure estimates
could be low by 10 to 15%. The exposure estimates should be regarded as an indica-
tion or range of exposure and not as absolute values.
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Several studies have reported urine penta levels from occupationally exposed
individuals. Table 23 is a summary of these data based on average urine penta
levels. Based on available data the average total exposure for workers ranges from
0.0038 to 0.066 mg/kg. The safety factor is 5.8 + 0.0038 or 5.8 + 0.066 and ranges
from 1,526 to 88.

Table 23.--Estimated daily penta exposures of wood treaters based on average urine
penta levels

Wood Average
Reference Treatment Urine Estimated Exposure
Operation Penta
mg/liter Total mg mg/kg
Wyllie et al, 1975 varied 0.164 0.266 0.0038
Arsenault, 1976 spray 0.98 1.59 0.0227
Arsenault, 1976 pressure 1.24 2.02 0.0288
Arsenault, 1976 dipping 2.83 4.62 0.066
Casarett et al., 1969 dipping 2.6 4,22 0.0603
Casarett et al., 1969 pressure 1.6 2.60 0.0371

The above analysis is based on average exposures. Exposure analysis based on
maximum reported urine penta levels results in the exposures shown in Table 24. The
safety factor is 5.8 + 0.082 or 5.8 + 0.232 and ranges from 71 to 25,

Table 24.--Estimated daily occupational exposure based on maximum reported urine
penta concentrations

Maximum
Reference Urine Estimated Exposure
Concentration
mg/liter Total mg mg/kg
Casarett et al., 1969 10 16.3 0.232
Arsenault, 1976 9.68 15.6 0,225
Wyllie et al., 1975 3.55 5.74 0.082

This exposure analysis is generalized in Figure 7. In the graph urine penta
concentration is plotted against exposure in mg/kg. The assumptions are: 70 kg
body weight and average urine production of 1.4 liter/fday. Exposures are also shown
for assumed daily urine volumes of 0.5 and 2.8 liter. To use this graph it is only
necessary to know the urine penta level.

The maximum and minimum occupational exposures and safety factors are given in
Table 25 for both penta and HxCDD.
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Figure 7. Relationship between urine penta residue and whole body penta exposure. Penta exposure on a mg/kg

body weight basis is plotted on the abscissa and urine penta level in mg/liter is plotted on the ordinate.
The three lines labeled "A, B, C" are based on 3 levels of urine volume/day. Line "A" corresponds to a
daily urine void of 0.5 liter/day, line "B" to 1.4 liter/day, and line "C" to 2.8 liter/day. Line "B" is
the expected normal volume for a 70-kg person. To use this graph to estimate exposure; 1) determine the _
urine penta residue, 2) find the value on the ordinate, and 3) read across to the 3 urine volume lines and
foilow the intersection to the abscissa. The intersects between lines "A" and "C" will give an estimate of
the exposure range and the intersect at line "B" will be the single best estimate. If daily urine volume is
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Table 25.--Maximum and minimum occupational exposures for penta and HxCDD and
calculated safety factors (see Table 23 and 24)

Penta Safety Factor HxCDD Safety Factor
Exposure Exposure

mg/kg . mg/kg

0.0038 1,526 0.0038 x 4 x 10°° 65,789

0.232 25 0.232 x 4 x 107° 1,078

EPA has assumed a hexachlorodibenzo~p-dioxin (HxCDD) level of 4 ppm in commer-
cial penta. Consequently, assuming that the HxCDD exposure and absorption is propor-
tional to penta exposure, then HxCDD exposure rate is obtained by multiplying the

penta exposure by 4 x 10'6.

In summary, the exposure analysis based on actual urine levels is a reliable way
of estimating penta exposures for both general population and occupationally exposed
individuals. This is an accurate and reliable index of what levels of exposures are
actually occurring with this chemical irrespective of the source and route of expo-
sure.

Method 2. Exposure Based on Inhalation of Reported Air Penta Levels

Penta levels in air have been reported for wood treating plants (Wyllie, et al.,
1975; and Arsenault, 1976). These data can be used to determine respiratory expo-
sures, The volume of air moved in and out of the alveolar portion of the lung per
minute is about 4.2 liters/min under resting conditions. Under work conditions pul-
monary ventilation increases up to 6- to 7-fold with moderate exercise and 16~ to
20-fold with heavy exercise for short periods of time (Guyton, 1971). Consequently,
inhalation exposure will vary with exercise. Alveolar ventilation increases with
increasing body size; consequently, an expcsure calculation based on unit body weight
has general applicability (Figures 8 and 9).

The data in the graphs are presented for three different work-muscular activity
levels for 1 hour, 8 hour, and 24 hour durations within each work level. The air

penta concentrations cover the range from 0.0001 mg/m3 to 10 mg/ﬁS. Exposure rates
are calculated on a2 mg penta/kg body weight basis. Alveolar ventilation rates used

were 4.2 liters/min (0.252 m3/hr) for resting, 1.008 m3/hr for moderate work, and
2.52 m3/hr for heavy work.

In a real work situation it is likely that breathing rates vary as well as air
penta levels. The graphs can be used to model a wide variety of assumed work condi-
tions. The exposures in mg/kg resulting from each work segment defined by duration
of exposure, air penta level and work intensity can be summed to determine the total
24 hour exposure. For example, an occupational exposure might consist of 1 hour of
high exposure, 7 hours of moderate exposure, and 16 hours of low or zerc exposure,

Applying this exposure analysis to the air penta levels reported in wood-
treating plants results in the data shown in Table 26. These exposures are based on
data resulting from air monitoring studies in different operations in wood-treating
plants.
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Figure 8. Relationship between air penta level (ordinate) and penta exposure (abscissa) for a 70-kg person at

varying levels of exercise and durations of exposure. Because air levels, breathing rates and duration of
exposure will vary between and within work situations, the graphs were developed to cover a wide range of
possibilities. Air penta levels from 0.001 to 10 mg/cubic meter are plotted. The resulting exposures range
from 0.000004 to 9.0 mg/kg. Exposures of 1~, 8-, or 24-hour durations are plotted at each of the 3 exercise
levels; resting (R), moderate (M), or heavy (H). The lines on the graph are coded by exercise level (R, M, H)
and duration 1, 8, 24 hours. To determine exposure for a given situation, use an estimated or measured air
penta level and then find the line that corresponds to the duration of exposure and corresponding exercise
level. The hourly rates can be multiplied by the hours of exposure to get the total exposure for that period.
Summation of all the hourly or 8-hour-period exposures will yield the total 24-hour daily exposure. Exposures
of less thap 1 hour can be obtained by using the appropriate hourly rate and dividing by the fractional hour
exposure.
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and duration 1, 8, 24 hours. To determine exposure for a given situation use an estimated or measured air
penta level and then find the line that corresponds to the duration of exposure and corresponding exercise
level. The hourly rates can be multiplied by the hours of exposure to get the total exposure for that period.
Summation of all the hourly or 8-hour period exposures will yield the total 24-hour daily exposure. Exposures
of less than 1 hour can be obtained by using the appropriate hourly rate and dividing by the fractional hour
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Table 26.-~Calculated inhalation penta exposure for workers (70-kg body weight) in
wood-treating plants for three levels of exercise/breathing rates

Exposure-mg/kg/8 hr

Area . .
Reference or Alr Resting
Activit Level 2.02 m3/8 hr Moderate Heavy
y 8.064 m3/8 hr  20.16 m3/8 hr
mg/m® - - - - - - - - - mg/kg/8 hr -~ - - - - - - -
Arsenault, 1976 Dip 0.0199 0.0005 0.002 0.005
do Dip ' 0.063a 0.0018 0.007 0.018
do Spray 0.006% 0.0002 0.0007 0.002
do Spray 0.069a 0.002 0.008 0.020
do Pressure 0.014 0.0004 0.002 0.004
do Pressure  1.0°°€ 0.029 0.115 0.288
Wyllie et al., b
1975 Office 0.0003 0.00009 0.0003 0.0009
do Pressure 0.015b 0.0004 0.002 0.004
do Wood a
storage 0.0005 0.00001 0.00006 0.0001

3 Average value reported.
b Largest value reported.

€ Short-term, worst-case exposure, estimated to occur for no more than 20 minutes out
of an B-hour work period.

The range of exposures calculated using reported air levels range from 0.00001
to 0.288 mg/kg depending on air level and activity. It should be emphasized that

the maximum air level of 1 mg{m3 represents a short-time, worst-case exposure when
the treating cylinder door is opened. This exposure will only occur once or twice
during an 8-hour work shift and will be of only a few minutes duration. Assuming
that this exposure occurs twice a day, each exposure lasts 10 minutes and occurs
during heavy exercise, then the exposure encountered during this period will be:

air breathed = 0,042 m3/min X 20 min = (.84 m3/20 min

3 3
(0.84 m”) x 1 mg/m
exposure 70 kg

0.012 mg/kg (20 minute exposure).

In the actual work exposure the individual operating the treating cylinder will
have an exposure of 0.012 mg/kg for the 20 minutes spent at the cylinder door and
the remaining time the exposure will be on the order of 0.0004 to 0.004 mg/kg.
This range of exposures is summarized in Table 27 and the safety factor determined,

The lowest safety factor results from the assumption of a continuous 8-hour
exposure to vapors resulting from the opening of the cylinder door while performing
maximum physical exercise. This is highly unlikely because the cylinder door
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Table 27.--Range of occupational exposure rates and safety factors based on

calculated inhalation exposuresa

Penta Safety Factor HxCDD Safety Factor
Exposure Exposure

mg/kg ng/kg

0.00001 580,000 0.00001 x 4 x 10:2 25,000,000
0.0001 38,000 0.0001 x 4 x 10_6 2,500,000
0.001 5,800 0.001 x 4 x 10_6 253,000
0.01 580 0.01 x 4 x 10-6 25,000
0.1 58 0.1 X 4 x 10-6 2,500
0.288 20 0.288 x 4 x 10 868

3 These exposures span the calculated exposures in Table 26.

normally will be opened only once or twice in an 8-~hour work shift because of the
4- to 8-hour treating cycle and also no one would stand for 8 hours at an open cylin-
der door. The HxCDD exposures are probably overestimates because of the proportion-
ately lower vapor pressures of the dioxins,

Method 3: Exposure Based on Inhalation of Vapors from Treated Wood

Another way to analyze possible exposure is to start with vaporization from
treated wood under specified conditions. If there was no air exchange,the equilib-

4 mm Hg at 20°C (68° F)

would be 0.0016 mg/liter or 1.6 mg/m3. This represents the maximum expected air
penta concentration possible from vaporization at 20°C. In reality, surface arxea,
air volume, co-solvents, interaction with wood, and air exchange rate would decrease
the air penta level. Thompson, et al. (1979) measured air penta levels in a test
chamber containing wood treated with penta and different solvent systems. When
measured at 30°C (86°F) and an air flow rate of 1 liter/min in a 30 liter chamber,
Thompson, et al. (1979) reported the air penta levels as shown in (Table 28).

rium wvapor density based on a vapor pressure of 1.1 x 10

As indicated in the preceding paragraph, the maximum theoretical air penta con-

centration at 20°C is 1.6 mg/mS. The results of Thompson, et al. (1979) suggest that
the presence of the wood plus solvents or co-solvents retards the vaporization of the
penta from treated wood.

Table 28.~-Experimentally determined air penta levels resulting from vaporization
from treated wood (Thompson, et al., 1979)

Type of Treatment _ Air Penta Level
mg/m3
Penta in heavy oil 0.02
CellonR treatment 0.048
Methylene chloride 0.076
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Under worst-case assumptions the reéulting human exposure from penta vapors
would be calculated as follows: Using the equilibrium vapor density penta level of

1.6 mg/mB, a heavy exercise level with a breathing rate of 20.16 m3/8 hr, an 8-hour
exposure and a 70 kg body weight, the resulting exposure is 0.46 mg/kg. In actual
situations these are extreme values that are unlikely to occur,

The predicted respiratory exposures for the three types of wood treatment proc-
esses are shown in Table 29. The wvalues are based on the measured vaporization
rates from wood with different types of treatment. A range of work intensities is
assumed. The values are on the same order of magnitude as those in Table 26. This
means that the predicted inhalation exposure comes out the same if one starts with
observed penta air levels in wood treating plants or starts with observed vaporiza-
tion rates from treated wood,

Table 29.--Calculated 8-hour worker exposure rates (70-kg worker) based on vaporiza-
tion data from penta treated wood at three levels of physical exercise

Exposure Rate

Type of Treatment Air Level
Resting Moderate Heavy
Egﬁgz ------- mg/kg/8 hr - - - - - - -
Heavy oil b.02 0.006 0.0023 0.0058
Cellon® 0.048 0.0014 0.0055 0.0139
Methylene chloride 0.076 0.002 0.0088 0.0219

Based on measured vaporization rates of penta from treated wood, the exposures
range from 0.0006 to 0.0219 mg/kg. These are the same order of magnitude as calcu-
lated previously and the reader is referred to Table 27 for a safety factor assess-
ment. ’

It is also important to consider that chlorodioxin exposure from vaporization
is probably insignificant because of the lower vapor pressure of the chlorodioxins
compared to penta.

Dermal exposures are difficult to predict due to a lack of experimental data.
It is possible to get enough skin absorption to result in c¢linical illness and death
(Xozak, et al., 1979). The reported exposure accidents have involved situations
where workers have not used protective clothing and barrier creams or have resulted
from wearing contaminated clothing.

If treated wood is dry and free from blooming (the formation of crystals on the
surface of treated wood as a result of exudation and evaporation of the solvent),
little dermal absorption would be expected. In Table 30 estimated exposures are
calculated assuming complete absorption of x ml of 7% treating solution per 8-hour
work period.

Comparing the calculated inhalation exposures in Table 26 (range: 0.00001 to
0.288 mg/kg) with the best estimates of daily penta exposures in Table 23 based on
urine penta levels (range: 0.004 to 0.066 mg/kg), it is possible to conclude that the
entire exposure is respiratory. However, most measured air penta levels (Table 26)

77



Table 30.--Calculated penta exposures based on complete dermal absorption of a
stated volume of 7% penta in oil treating solution, based on
70 kg body weight

mi of Solution mg Penta mg Penta/kg Body Weight
0.1 7 0.1
1 70 1
5 350 5
10 700 10
20 1,400 20
100 7,000 100

are low except for the value at the pressure cylinder door. Consequently, if one
averages the air penta levels while eliminating the one short term high wvalue the

resulting "average" air penta level is 0.0237 mg/ms. This compares favorably with

the 0.02 mg/m3 air penta level Thompson et al. (1979) reported for vaporization from
wood treated with penta in oil.

An air level of 0.0236 mg/m3 would result in a best estimate average respiratory
penta exposure of 0.0027 mg/kg for a 70-kg worker doing 8 hours of moderate work. If
one averages the observed penta exposures based on urine penta levels (Table 23),
then one finds that the best estimate of average total exposure is 0.0365 mg/kg.
Subtracting the best estimate average respiratory exposure from the best estimate of
total exposure (0.0365 -0.0027 = 0.0338 mg/kg) results in an estimate of 0.0338 mg/kg
from non-respiratory routes (93%) and 0.0027 mg/kg (7%) via respiration. The
0.0338 mg/kg could result from the dermal absorption of 0.03 ml of treating solution
by a 70-kg human. The reader should be aware of the tentative nature of the assump-
tions made in this comparison. Yet, at the same time it is intuitive that both res-
piratory and non-respiratory routes of exposure are likely to be operative in the
work place. The difficulty is in developing reliable estimates of the contributions
of each route of exposure to total body exposure.

Because the average exposures are low, it is also apparent that any single large
dermal, oral or respiratory exposure could account for the total exposures observed.
Table 31 contains a summary of the estimated human exposures.

Based on these exposure estimates the minimum safety factor is 159. Obwviously
an accident or carelessness could result in higher exposures. Yet, it is emphasized
that exposure analysis using a variety of approaches based on best available data
does not indicate any serious problems. Another way of looking at this is to con-
clude that the evidence supports the contention that this material can be used in
such a way as to result in low levels of exposure.

Exposure Based on Threshold Limit
Value and Toxicologic
Response to Penta

The thresheold limit value is 0.5 mg/m3 (American Industrial Hygiene Association,
1970). A threshold limit value represents the average maximum concentration in air
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Table 31.-~Summary of estimated occupational penta exposures and safety factors for
penta and HxCDD exposure

Estimated Safety Factor
Condition Penta 2 B
Exposure Penta HxzCDD
mg/kg
Exposure based on urine penta
level (best estimate) 0.0365 159 9,125
Exposure based on measured aig
penta level (best estimate) 0.0027 2,148 92,592
Exposure based on vaporization
of penta from treated wood
Heavy oil 0.0023 2,521 108,695
Cellon® 0.0055 1,054 45,454
Methylene chloride 0.0088 659 28,409

% Based on the RPAR trigger exposure of 5.8 mg/kg/day.

b HxCDD exposure based on 4 ppm HxCDD level in penta and exposure proportionate to

penta.

€ Based on a moderate level of exercise for an B-hr day.

for an 8-hour, 5-day/week exposure that if not exceeded is not expected to result in

any adverse effects. A worker breathing 8.064 m3}8 hr {2 moderate level of exercise)
at the TLV would have an exposure of:

3

3
0.5 mg/m_x 8.064 m°_ 4 058 mg/kg.

70 kg

This results in a safety factor of 5.8 mg/kg divided by 0.058 = 100 for penta and
(0.001) divided (0.058 x 4 x 10™%) = 4,310 for HxCDD.

Exposure Conslderations Regarding
Contaminants

Commercial technical penta contains varying levels of other chemical species as
shown in Table 32. The vapor pressure of the chlorodioxins ranges from 1.8 x 1(1'“7 to

6.6 x 1077 (temperatures not specified)(EPA, 1978). Consequently, exposure resulting
from vaporization is predicted to be very low. The vapor pressure of the chlorinated

dibenzofurans in penta ranges from 1.9 x 10_7 té 7.3 x 10-6 at 25° C. Dermal absorp-
tion data for the chlorinated dibenzodioxins and dibenzofurans have not been
reported,

For purposes of discussion and evaluation it is assumed that oral exposure to

penta will result in exposure to contaminants at a level proportionate to their level
in penta. It can be expected that contaminant absorption kinetics will be different
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Table 32.--Calculated penta related contaminant exposure (micrograms/kg/day)
depending on contaminant level and penta exposure rate

Penta Exposure Rate

Contaminant mg/kg/day
by Level
0.001 0.01 0.1 1.0
Exposure to Contaminants
--------- Micrograms/kg/day - ~ - ~ - =~ - -
Dioxins
ocop? - 2000 ppm 0.002 0.02 0.2 2.0
0CDD - 15 ppm 0.000015 0.00015 0.0015 0.015
HpcDD® - 200 ppm 0.0002 0.002 0.02 0.2
HpCDD -~ 6 ppm 0.000006 0.00006 0.0006 0.006
HxCDD® - 20 ppm 0.00002 0.0002 0.002 0.02
HzCDD - 1 ppm 0.000001 0.00001 0.0001 0.001
Furans
C16 - 15 ppm 0.000015 0.00015 0.0015 0.015
Ci6 - 1 ppm 0.000001 0.00001 0.0001 0.001
C17 - 200 ppm 0.0002 0.002 0.02 0.2
€17 ~ 1.8 ppm 0.0000018 0.000018 0.00018 0.0018
C18 - 200 ppm 0.0002 0.002 0.02 0.2
C18 - 1.0 ppm 0.000001 0.00001 0.0001 0.001
Hexachlorobenzene-400 ppm 0.0004 0.004 0.04 0.4

2 Octachlorodibenzo-p-dioxin.
Heptachlorodibenzo-p-dioxin.
¢ Hexachlorodibenzo~p-dioxin,
than the absorption kinetics of penta; however, Table 32 shows the calculated con-

taminant exposure for a 70-kg person based on various levels of contaminants in penta-
and varying penta exposures.

Qualitative Exposure of Humans at Point of End Use

A general description of the qualitative exposure to penta at the application
site is presented below. In additicn, a summary of the volume of penta-treated mate-
rial for various products along with the estimated exposure during installation,
inspection and maintenance, and casual contact are presented in Table 33.

Poles

Poles are usuvally installed mechanically, but require some manual contact for
attachment of fittings, etc. Exposure by inhalation is consistently low. Skin
contact is low, if personnel use protective clothing and follow accepted hygiene
procedures. '
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Table 33.--Summary of gqualitative exposure to products treated with penta type preservatives at point of end use

Exzposure at

Installation Inspection, Maintenance Casunal Contact
Volume . s :
Product Treateda Inten51tycof Inten31tycof Intens;tycof
in 1978 Exposure Exposure Exposure
Number. Number Number.
Exposed Skin Inha- Exposed Skin Inha- Exposed Skin Inha-
Con- lation Con- lation Con- 4 lation
tact tact tact
1,000 cu. ft.
Poles 41,9065 B 5 5 B 5 5 c 5 5
Lumber and c 2=5 3 c 5 5 c 5 5
timbers-outdoors
or in well ven~-
tilated build-
ings
21,209
Lumber and tim- B 2-5 3 A 5 3 A 5 3
bers in en-
clesed, poorly
ventilated
buildings
Fence posts 10,983 c 2-5 3 c 5 3 c 5 5
Crossarms 1,615 B 5 3 B 5 5 NAf -- -
Crossties and
switch ties 4459 A 5 3 A 5 5 B 5 5
Piling 1,154 B 5 3 NA - - NA -- --

? Values are from Micklewright, 1979.

D A =<1,000; B = 1,000 to 10,000; C = >10,000.

€ an exposure ratings are qualitative for purposes of comparison only.

3 = consistent medium exposure; 4 =

1

consistent high exposure; 2 =

occasional medium exposure; 5 = low exposure.

occasional high exposure;

d Wood products pressure treated with some penta/petroleum formulations have a tendency to bleed leaving concentrated deposits of

penta/petroleum on the surface of the wood.

€ Includes pressure treated bridge timbers, piers, retaining walls, fencing, shelters, and pole barnms.

£ NA = not applicable.

Casual contact with such products causes occasional medium exposure to skin contact.



Inspection of poles is routinely made at the groundline and involves removal of
earth around the pole, visual inspection, sounding with a hammer, and boring of the
pole, and where warranted, the pole is climbed for detailed inspection. Poles are
also climbed routinely for maintenance. Personnel responsible for imspection and
maintenance wear protective clothing. Exposure to inhalation and skin contact is
low. This also applies to exposure through casual contact.

Lumber, Timbers, and Plywoodl'

installation Qutdoors or In Wall-
Ventilated Buildings

Considerable manual contact is involved in the installation of lumber, timbers,
and plywood in structures such as buildings, bridges, retaining walls, fencing, shel-
ters, pole barns, etc. Personnel installing the material will range from 'do-it-
yourselfers" who handle the treated wood only once a year, to contractors who work
with the material routinely. Exposure via inhalation will be low when personnel are
working with treated wood. Exposure to skin. contact will vary from low for personnel
who use protective clothing to occasionally high for personnel who do not use gloves,
etc. The latter will usually be the case with irregular users of penta-treated wood
such as farmers or homeowners.

In many instances, treated lumber, timber, and plywood is cut to length during
the installation process. Since this practice often exposes untreated wood, the cut
ends are generally treated with a 5% penta solution either by brushing or spraying.
During this operation the applicator is subjected to medium to high levels of penta
vapors, depending on the application method and type of protective gear worn. Skin
contact exposure will vary from low to high, depending on the attention that is given
to proper hygiene and use of protective clothing.

Intensity of exposure to skin contact and inhalation during inspection, mainte-
nance, and casual contact with treated lumber and timbers is low.

installation in Enclosed Poorly
Ventllated Buildings

Exposure during installation of lumber, timbers, and plywood in enclosed spaces
is similar to those for these items outdoors. The major difference between the two
categories is in exposure during inspection, maintenance, and casual contact., There
is low exposure to skin contact, but consistent medium exposure to inhalation where
penta-treated materials are used in enclosed areas.

Fence Posis

Installation of penta-treated fence posts is usually manual. It may be done by
contractors who install posts routinely or by homeowners, farmers, etc.,, who install
posts infrequently. In both cases, exposure to inhalation will be consistently low
during installation. Exposure to skin contact will also be low for contractors, who
will usually wear protective clothing. For farmers, homeowners, etc., exposure by
skin contact will range from occasionally high to low, depending on whether or not
protective clothing is used.

Fence posts are usually inspected visually, pushed, or probed at ground level
and exposure by skin contact and inhalation is low. There is also low exposure
during casual contact,
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Crossarms

Installation of crossarms involves considerable handling by the workers
involved. There is consistent low exposure by inhalation and low exposure by skin
contact because of the use of protective clothing and rigorous hygiene.

There is low exposure by skin contact and inhalation during inspection and main-
tenance. The placement of crossarms on poles prevents casual contact after instal-
lation.

Piling

Personnel have little physical contact with piles during installation. There is
a low exposure by skin contact when protective clothing is worn. There is consistent
low exposure by inhalation of penta from freshly treated material.

Once the piles have been driven below ground, all exposure is eliminated. Other
types of piles may be inspected and treated as detailed previously for poles with
similarly low exposure.

Crossties

Because of its superiox properties, c¢reosote is the major pregservative used to
treat crossties; however, penta-petroleum solution is employed in some cases. Penta
is rarely used for ties in mainline track applications, where mechanical installation
equipment is employed, so installatien may involve manual handling. In these
instances there is medium exposure to inhalation of penta during tie installation.
Exposure by skin contact can range from occasional high exposure for personnel who
manually install ties frequently to low exposure for personnel who manually install
ties routinely and wear protective clothing.

Railroad companies routinely inspect ties in service. Inspection usually
involves appraisal of the condition of the ties and sometimes sounding with a hammer.
There is low exposure by skin contact and inhalation during inspection.

Railroad personnel, iandustrial and commercial workers, and to a lesser extent,
members of the general public will have casual contact with treated crossties from
time to time. Exposure by contact and inhalation is low in these situations.

Crossties are also used in landscaping. Exposure for landscape contractors
invelved in the sale and installation of old ties will be consistently low for
inhalation, and low to occasionally high for skin contact depending on how thoroughly
safety precautions are followed in handling the ties.

Quantitative Exposure of Humans at Point of End Use

Severasl studies have been reported that aid in estimating total human penta
exposures for the general population. Kutz, et al. (1978) reported finding penta in
84.8% of 418 urine samples representing the general population. The arithmetic mean
was 6.3 ppb (6.3 micrograms/kg of urine; 1 kg equals about 1 liter since the specific
gravity of urine is about 1.03). A normal 70-kg person will produce a daily urine
volume of 1.4 liters (Guytom, 1971). This could decrease to 0.5 liter or increase
to 2.8 liters ox more depending on temperature, degree of sweating and fluid intake.
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Braun et al. (1978) have shown that the plasma half-life of penta in humans is
1.25 days and that 86% of an oral dose is eliminated in urine, Consequently, it is
possible to estimate penta exposure in the general population.

Calculation of average daily general population penta exposure:

level in urine x volume of urine
body weight x % eliminated in urine

= Exposure Rate

0.0063 mg/liter x 1.4 liter
70 kg x 0.86

= 0.00014 mg/kg
AVERAGE EXPOSURE ESTIMATE
GENERAL POPULATION

Kutz et al. (1978) reported that the maximum urine penta level found in their
survey was 0.193 mg/liter. Using the above formula the exposure rate for this
individual would be:

0.193 x 1.4 _

S5 =086 - 0-00448 mg/kg is MAXIMUM EXPOSURE ESTIMATE

GENERAL POPULATION

In Hawaii the background exposure levels are higher. Bevenue, et al. (1967a)
reported urine penta levels for 173 non-occupationally exposed individuals. The
range was 0.0003 to 0.570 mg/liter with an average of 0.044 mg/liter. Using the
above metheod the resulting calculated exposures are:

Average urine penta of 0.044 mg/liter:

9&%52—%—%35 = 0.00102 mg/kg AVERAGE EXPOSURE ESTIMATE (HAWAII)

Maximum urine penta of 0.570 mg/liter:

9?%3§~%n%35 0.0133 mg/kg MAXIMUM EXPOSURE ESTIMATE (HAWAII)

The above exposure analysis does not identify the source or route of exposure. Penta
has been found in foods, and Duggan and Corneliussen (1972) estimated dietary expo-
sure to be 0.001 to 0,006 mg/person/day or 0.000014 to 0.000085 mg/kg/day. If the
above average General Population Exposure of 0.00014 mg/kg (based on urine level)
for general population is correct, then only 0.00001 to 0.00008 mg/kg of this is
accounted for by diet based on levels in food.

In Table 34 the general population exposure rates derived above are summarized
and compared to the NOEL. The derived safety factor is the ratio of the NOEL
(5.8 mg/kg for penta and 1 microgram/kg for HXCDD) to the exposure estimate,

The preceding analysis is the best estimate of penta exposure in the general
population. The remaining consideration is what are the possible exposure limits in
a person using this material in or arcund the home.
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Table 34.--Summary of general population exposure rates and safety factor

Penta Safety Factor HxCDD Safety Factor
Exposure Exposure
mg/kg mg/kg
0.00014 (avg. gen. pop.) 41,428 0.00014 x 4 x-10:g 1,785,714
0.00102 (avg. Hawaii) 5,686 0.00102 x 4 x 10-6 245,098
0.00448 (max. gen. pop.) 1,294 0.00448 x 4 x 10, 55,803
0.0133 (max. Hawaii) 436 0.0133 x 4 x 10 18,797

Exposure Analysis Based on Point
of End Use in the Home

Penta is used to treat millwork such as window and door frames. These wood sur-
faces are later partially covered by sheetrock or paneling and the remaining surface
is covered with something like paint or varnish. The penta exposure resulting from
these applications is unknown. The PD-1 (Federal Register, 1978) cites an air level

of 0.16 mg penta/m3 reported by Gebefugl et al. (1976). It is not known to what
extent this value is representative,

On occasion, larger amounts of penta have been used inside of homes to treat
natural wood ceilings, walls or paneling. Such uses have resulted in problems and
some of the considerations are discussed below.

If penta is used inside a house several physiochemical processes can occur that
influence the resulting exposure. First the over-the-counter (OTC) penta formula-
tions for home use are typically a 5% penta in mineral spirit solution containing
co-solvents, waxes, and antiblooming agents. The material is brushed on, the mineral
spirits evaporate in a matter of hours and the penta is left in the wood. If the
antiblooming agent is not completely effective, then small crystals of penta will
form on the surface of the wood (this phenomenon is called blooming). At this point
two factors are important considerations. First, air currents or housecleaning
activities such as brushing could cause the small crystals to become airborne, thus
generating a dust for respiratory exposure either in the lung or via the mucosa of
the upper respiratory tract. It is difficult to estimate the air penta concentration
resulting from this process. Theoretically, the exposure could range from 0 to a
level high enough to be of health concern. This problem must be dealt with by pre-
vention through use restrictions. The second factor relating to exposure resulting
from blooming is that crystalline penta is available for vaporization. Under these
conditions it is likely that air penta levels in a closed system with a low air
exchange, will come closer to the theoretical wvapor density equilibriuvm value of

1.6 mg/m3 than will result from vaporization from wood treated with penta in oil and
installed in a well-ventilated space. The resulting exposure for an adult female is

shown in Table 35 using both the reported (0.16 mg/m3) and theoretical air wvapor
density (1.6 mg/m3) values.

Under the conditions of penta vaporization there would not be proportional
levels of chlorodioxins in the air because of the lower vapor pressure of the chloro-

dioxins. However, assuming proportionate levels for a worst-case analysis at the
vapor density equilibrium value, the resulting safety factors are penta = 9.35 and
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Table 35.--Exposure analysis for a 57.5-kg female in a closed house with an air
penta level at the vapor density equilibrium value

Assumptions

1) Body weight = 57.5 kg

2) Bex: female

3) Breathing rates (Respiration & Circulation, 1971)
Housewife -~

a) resting - 0.27 mg/hr
b) light work - 0.978 m3/hr
t¢) moderate work - 1.368 mg/hr

d) strenuous work - 2.052 m” /hr

4) Air penta level = 1.6 mg/m3 (the vapor density equilibrium value at 20°C

(68°F)).
5) Exposure calculations mg/kg
a) 8 hours resting (8 x 0.27 x 1.6) + 57.5 = 0.0601
b) 8 hours light work (8 x 0.978 x 1.6} + 57.5 = 0.2177
¢) 6 hours moderate work (6 x 1.368 x 1.6) + 57.5 = 0.2284
d) 2 hours strenuous work (2 x 2.052 x 1.6) + 57.5 = 0.1141
6} Daily exposure {a + b + ¢ + d) = 0.6203

HxCDD = 403. The above is a worst case, 24-hour/day exposure to penta vapors using
the exposure rate {0.062 mg/kg) calculated from the maximum theoretical air vapor

density. If one calculates exposure using the reported air level (0.16 mglms), the
safety factors based on a 24 hour/day exposure are penta = 93.5 and HxCDD = 4,032,

The last exposure phase to be considered in the home is dermal adsorption
associated with application. The critical factor is estimating an average level of
sloppiness or carelessness. On one extreme it could be assumed that the individuals
spilled a gallon of 5% solution on themselves, thoroughly saturated their clothing,
and did not change clothes or bathe for 24 hours, and that there was complete absorp-
tion of the approximately 182 grams of penta/gallon. The resulting exposure for a
60 kg person would be 3,033 mg/kg which would clearly be lethal. On the other
extreme is the fastidious person who follows directions and uses the material in a
well-ventilated space, wears rubber gloves, and avoids skin contact. In this case
the exposure would be low.

On the average, it seems reasonable that the typical application could invelve
some skin exposure. 8ince mineral spirits have a low viscosity the material does not
cling to skin as readily as a more viscous material such as paint, The rate of der-
mal absorption is not directly known. However, Bevenue et al. (1967) reported an
episode that, with some assumptions and calculations, can be used to obtain some
insight into the possible limits of dermal exposure.

In the case reported, a worker washed a brush in a 0.4% penta in mineral spirits
solution. The exposure was a 10-minute immersion of both hands in the solution, fol-
lowed by washing in soap and water. - A 24 hour urine sample taken 2 days later con-
tained 0.236 mg penta/liter, Using the following assumptions and mathematical models
the total exposure will be estimated. A simple one compartment first order elimina-
tion model with a urine elimination half-life of 33.1 hours describes the elimination
of penta in humans (Braun, et al., 1978). In the calculations that follow, the more

86



rapid elimination of the metabolite penta glucuronide will be ignored and the final
calculated exposure adjusted by 25% to correct for fecal excretion and the 12% penta-
glucuronide eliminaticon. The equation describing the elimination of penta in urine

I I
will be the urine concentration during the first 24~hour period after exposure. Cx

is Cx = e-kt where C_ is the concentration at time zero (to) which in this instance

is the concentration at any time following exposure, t is time in days, k is a con-
stant determined by the rate of elimination, and e is the base of natural logarithms.
Based on a half-life of 33.1 hours, the resulting value for k is 0.503. In this
instance the wurine penta level was determined for the period of 48 to 72 hours

-.503t

pest-exposure. Using the equation Cx = C.e s the following amounts of penta

I
are calculated to have been excreted in the urine during the 6 days following expo-
sure (Table 36).

Table 36.--Predicted urine concentrations for the 6 days following an acute dermal
exposure and resulting total body exposure based on extrapolation of
the data of Bevenue et al., 1967a

Total Penta

Day Penta in Urine (mg/liter x 1.4 liter/day)
gm/liter mg
1 0.645 0.903
2 0.391 . 0.547
3 0.236 0.330
4 0.143 0.200
5 0.086 0.120
6 0.052 - 0.073

Total 2.173

A six-day period is used because 93% of the original amount present is elimi-
nated in four half-lives which in this case is 1.38 days x 4 = 5.5 days., The final
correction is to adjust the exposure for fecal excretion and the more rapid elimina-
tion of the glucuronide. Using available information the worst-case assumption is
that the measured urine penta values account for 75% of the whole body dose. There-
fore, the resulting best estimate of exposure resulting from a 10 minute immersion
of both hands in a 0.4% penta in mineral spirits is 2.173 + 0.75 = 2.89 mg. Assuming
a 70-kg body weight, the resulting exposure rate is 2.89 + 70 = 0.041 mg/kg.

Up to this point this analysis has been based on known principles of pharma-
codynamics. The next point in this analysis is based on the assumption that a more
concentrated penta solution would result in a linearly proportionally larger expo-
sure. It is unlikely that the exposure rate would be higher than this and in reality
might be lower than the linear extrapolation. The OTC penta product is a 5% solution
and is (5 + 0.4) 12.5 times more concentrated than the solution encountered in the
above example. A linear extrapolation predicts an exposure of (0.289 x 12.5) 36.1 wmg
for a 10 minute immersion of both hands in a 5% penta solution. The exposure rate
for a 70 kg individual would be 36.1 + 70 = 0.52 mg/kg. The safety factors would be:
penta = 11.1 and HxCDD = 480, ‘
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While the above can be criticized for being speculative, it is no more specula-
tive than simply assuming the absorption of any arbitrary quantity of 5% solution.
In either case the exposure analyses reinforce the recommendation to avoid skin con-
tact.

Exposure of Animals at Point of End Use

Food animals can come into comtact with wood treated with penta. These are dis-
cussed below. In summary, the principal problem is chemical residues in food prod-
ucts of animal origin rather than overt toxicity in animals following exposure.

Cattle

Cattle can come into contact with penta in several ways. Based on laboratory
vaporization studies of Thompson, et al. (1979), the maximum expected air penta level
in a barn constructed in part from polesz and boards treated with penta in heavy oil

would be 0.02 mg/m3. A 514-kg cow breathes 104 liters/min when lying down and
114 liters/min when standing (Respiration and Circulation, 1971). Using the average
value of 109 liters/min then the total volume of air inhaled in 24 hours is

156,960 liters or 156.9 m3. The penta exposure using 100% retention is 3.138 mg/cow

or 0.006 mg/kg. This level of exposure is well below the NOEL for penta in rats.

An exposure of 0.006 mg/kg would result in a predicted blood residue level of
0.013 mg/liter (ppm) (Osweiler, et al., 1977). The prediction is based on extrapola-
tion of blood levels determined by feeding cattle known amounts of penta for 14 days
and analysis of blood penta levels.

Cattle can also be exposed by licking or chewing on treated wood. Penta-treated
wood will contain 10 to 16 gm penta/board foot. Sample calculations are shown in
Table 37 which relates levels of penta exposure, amount of weod consumed, and pre-
dicted biologic effects. There is no evidence that there is any significant accumu-
lation of penta in meat or milk of cows.

Table 37.--Relationship between wood consumption and rate of penta exposure in a
514-kg cow. A wood penta retention of 14 gm/board foot is assumed

Penta Amount of . . . a
Exposure Wood Eaten Predicted Biologic Effect
mg/kg bd. ft./day
1 0.039 No significant effect even if con-
sumed over a long time
20 Ny Some chronic effects after 90 days
at this level, decreased weight gain
70 2.72 Toxic dose, likely to be lethal in
10 days or longer
140 5.44 . Acute toxic dose, death possible

after 1 dose

2 The predictions are based on current information on the toxicity of penta in
cattle and other species. Long term no effect studies have not been reported
for cattle.
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Trace levels of exposure can also occur from low level contamination of feed
coming into contact with treated wood. Examples of this are silage stored in wood
bunker silos and animals fed from feed bunks or self-feeders constructed from
treated wood. The largest exposure would occur with freshly treated lumber that was
bleeding (oozing) the oil-treating solution from the surface. The treating solution
is usually a S te 7% penta/oil mixture, Table 38 relates the quantity of treating
solution ingested, penta exposure level and expected biclogic effects.

Table 38.--Penta exposure and predicted biologic effects in a 53i4-kg cow consuming
a 7% penta-in-oil solution

Solution Penta Predicted Biologic Effect?
Consumed Exposure
ml mg/kg
9.06 1 No significant effect even if
(3 teaspoons) consumed over a long time
181 20 Some chronic effects after 90 days
(0.75 cup)
634 70 Toxic dose may be lethal after
(2.75 cups) 10 doses
1,269 140 May be lethal after 1 dose
(5.5 cups)

2 The predictions are based on current information on the toxicity of penta in
cattle and other species. Long-term, no-effect studies have not been reported
for cattle,

Exposure via licking the treating solution from wood surfaces or from bleeding
wood is self-limiting due to the fixed amount of material present. One board foot of
lumber will contain about 0.6 pound of treating solution or 263 ml of solution.
Consequently, a cow would receive a toxic dose only from a large amount of oil
bleeding from a small amount of wood or a systematic licking of a large wood surface
containing a small amount of oil/unit surface area. Neither of these possibilities
is very likely. The nature of cattle is to do little licking of foreign objects
except when malnourished or salt starved. The occasional cow that licks foreign
objects for unknown reasons tends to stand in one place rather tham walking up and
down the barn licking everything in sight.

Blood penta levels in dairy cattle housed in total confinement-free stall pole
barns without a penta treated feedbunk have ranged from 0.010 to ¢.050 mg/liter (ppm)
which equates to an exposure of 0.004 to 0.033 mg/kg. In ome barn where a larger
than usual amount of treated wood was used and the sides of the new feedbunk were
constructed of treated wood the average blood penta level was 0.279 mg/liter, which
equates to a penta exposure of 0.3 mg/kg (Van Gelder, 1977).

Horses

Horses are more infamous for their chewing habits (cribbing) than are cattle,
Horses can fall into both the companion animal and food animal categories.
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Nothing has been reported about the toxicity of penta in horses. Assuming that
horses respond similarly to cows, the amount of wood a horse would have to consume
per day is shown in Table 39.

Table 39.--Penta exposure and wood consumption for a 454-kg horse.
Assumption: 14 g penta/board foot

Penta Amount of Wood Predicted Biologic Effect®
Exposure
mg/kg bd. ft./day
1 0.032 No effect
20 0.648 Possible health effect after 90 days
70 2.27 Toxic effects, Death possible after
10 doses

140 4.54 Death possible after single dose

2 Prediction based on extrapolation of the effects of penta in other species. No
toxicity studies on the effects of penta in horses. have been reported.

Pigs

Exposure to penta has resulted in deaths in pigs (Schipper, 1961}. The problem
results when sows are farrowed (give birth)} on freshly treated lumber or on wood that
is bleeding. Deaths in the piglets and skin burns on the sow's udder have been
reported. Covering the wood with bedding or untreated wood prevents the problem.

Poultry

The problems related to penta in poultry occur when sawdust/wood chips con-
taining penta are used for bedding (litter) (Curtis et al., 1974). Fungi in the lit-
ter convert the penta and tetrachlorophenol to the correspond1ng chloroanisole. The
chicken absorbs the chloroanisole with the resulting development of a musty taint to
the meat and eggs. This problem has been reported several times. The problem is
prevented by not using treated wood shavings for bedding.

Fate of Penta in the Environment

Kozak, et al. (1979) have prepared a comprehensive review which includes an
extensive discussion of the soutrces and fate of penta in the environment. Raoc (i1978)
also presents much of the recent work on this subject. Therefore, this section is
limited to a brief overview of the subject and is not intended to be all-inclusive.

Air

Penta can enter the atmosphere by several routes. However, information on
atmospheric levels is limited because penta has not been included in the National
Air Monitoring program. Therefore, it is difficult to determine the rates of penta
entrance into the atmosphere, its transport and transport mechanisms,

Penta is moderately volatile (0.00011 mm Hg at 20°C), suggesting that volatili-
zation may be a significant route for penta entrance to the air. Other possible
routes for penta to enter the air include spray drift from herbicide use and
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adsorption onto small particles, which can later become airborne. Penta may
recrystallize on the surface of treated wood (blooming) depending on the solvent sys-—
tems and conditions and these crystals can be brushed off into the air. It is likely
that wvolatilization is the major dispersal mechanism of the compound to the
atmosphere,

The significance of atmospheric transport may be inferred from a number of
studies. Casarett, et al. (1969) found that blood and urine penta concentrations
among workers in a wood preservation plant were significantly higher than levels in
the blood and urine of non-occupationally exposed persons. Significant concentra-
tions of penta were qualitatively detected in the plant atmosphere and the workers
were considered to have received part of their penta exposure by respiratory absorp-
tion. Wyllie, et al. (1975) studied penta levels in air and in the urine and serum
of workers in a wood treating plant. Average air levels over a 6-month period ranged

from 108 nanograms/m3 in an outdoor storage area to 35,930 nanograms/m3 in the
enclosed treating area. Average urine levels ranged from 64 micrograms/kg for the
office manager to 296 micrograms/kg for the pressure treater while the unexposed con-
trol subjects averaged 3.4 micrograms/kg. The significant level for the office man-
ager who presumably had no direct contact with penta suggests that inhalation was an
important route of exposure.

Bevenue, et al. (1967) found an average of 40 nanograms/g penta in the urine of
non~occupationally exposed persons in Hawaii. The source of exposure was unclear,
but penta is widely used in Hawaii for the protection of wooden structures against
decay and termite infestation. This led to the suggestion (Casarett et al., 1969)
that the respiratory tract adsorption was a reasonable explanation., The levels of
penta in rain water collected in Hawaii ranged from 2 to 284 nanogram/liter (Bevenue
et al., 1972a) providing circumstantial evidence for the presence of penta in the
atmosphere. The authors alse found penta in snow samples from Mauna Kea summit
(14 nanograms/liter) and in lake water (10 nanograms/liter) taken from Lake Waiau,
which is fed by summit snows.

Airborne penta has been toxic to plants and humans in confined spaces. Ferguson
(1959) reported damage to conifer seedlings grown in flats treated with penta, appar-
ently as a result of volatilization of the penta. Treatment of interior redwood
paneling of a home (Anonymous, 1970) resulted in the intoxication of the inhabitants,
presumably by volatilization of penta from the paneling. Cattle housed in total con-
finement in a barn that had been constructed in part with penta-treated wood had
blood levels of penta ranging from 270 to 570 micrograms/kg (Michigan Dept. Agric.,
1978).

One can only speculate on the prime sources of penta in air and its movements
through air, because no monitoring studies on atmospheric levels of penta have been
conducted. Finding penta in rain water and snow melt indicates that it can be
removed from air by wash out. But it also seems reasonable to assume that penta can
be degraded by photolytic reactions; however, information on the vapor phase photoly-
sis for penta is lacking.

Water

Penta in the aquatic environment may be dissolved, sorbed to suspended matter
or bottom sediments, or sorbed by aquatic organisms. Penta is non-ionigzed in aqueous
solutions with pH lower than 5 and becomes increasingly dissociated as the pH rises.
The degree of dissociation will determine the extent of solubility and the degree of
adsorption on clays present in the aquatic system. Movement of penta will depend on
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hydrologic factors such as current patterns and mixing. There is evidence of micro-
biological degradation of penta in aquatic environments. Other routes of removal
from water include photedegradation and volatilization.

Penta can enter aquatic systems from several sources. It may be discharged from
factories that manufacture penta or use it in wood treatment or slime comtrol. Non-
point sources of penta pollution of water are diverse in character and may involve
its use over wide areas as a molluscicide, algicide, herbicide, or desiccant.
Another possible non-point source arises from extensive use of penta treated wood.
Leaching from this wood could serve as a continuing source of environmental pollution
in the absence of breakdown.

Raw waste water from five wood treatment plants contained penta ranging from 25
to 150 mg/liter (Thompson and Dust, 1971). Treatment of the water with 2 g
lime/liter reduced levels from 150 to 17 mg/liter. Bevenue, et al. (1972) detected
1.14 micrograms/liter of penta in water of a ditch that drained the grounds of a wood
treatment plant. The samples were collected after a heavy rain and it was believed
that a large pile of penta-treated lumber was responsible for the penta in the ditch.
Pierce and Victor (1978) studied a lake that received runoff from the overflow of a
pond containing wood treating waste including penta. Water level was about
10 micrograms/liter two months after the spill. While fish levels were 295 mg/kg in
the whole body two months after the spill, the levels decreased to background within
10 months. Sediments averaged 100 micrograms/kg and leaf litter 4,500 micrograms/kg
throughout the year, providing a chronic source of pollution to the ecosystem.

Dougherty (1975--as cited by Arsenault, 1976) found penta in the
Tallahassee, Florida water supply at 0.1 microgram/liter. It was suggested that the
source may have been chlorination of phenols in the water supplies. Arsenault (1976)
demonstrated that 10 mg/liter of chlorine is capable of chlorinating 1 mg/liter of
phenol, yielding about 0.2 microgram/liter of penta.

The Sand Island outfall in Hawaii, which receives all the sewage from the
Honolulu area, contained 2.6 micrograms/liter of penta in a 24-hour composite dis-
charge (Bevenue et al., 1972). Buhler, et al. (1973) found pents levels ranging from
1 to 4 microgram/liter from the sewage effluent of three Oregon cities. Water sam-
ples from the Willamette River ranged between 0.1 and 0.7 microgram/liter. These
concentrations in the river were at least 10 times greater than the calculated values
derived from assuming that the only source of penta was municipal sewage. It is pos-
sible that industrial sources may explain the discrepancy.

The contribution of non-point penta pollution to the total environmental load
is difficult to assess. Death of wildlife in Surinam (Vermeer et al., 1974) was
attributed to the use of penta as a molluscicide in rice fields. Fish kills have
been attributed to the use of penta in rice fields in Korea (Shim and Self, 1973)
and Japan (Nita, 1972).

Penta has limited usage in the USA as a herbicide, molluscicide or algicide.
However, in other countries penta usage has continued unabated and residues found in
river waters in southwestern Japan ranged from 0.01 to 10 micrograms/liter in 1969
(Goto, 1971). Zitko, et al. (1974) surveyed penta levels in the aquatic fauna of
New Brunswick, Canada. Values in fish ranged from 0.82 microgram/kg in cod to
3.99 micrograms/kg in white flounder. The source of the penta is not c¢lear, but the
area was considered "relatively clean." Pierce and Victor (1978) studied extensive
fish kills in a freshwater lake following the accidental release of wood-treating
wastes containing penta. The penta water level was about 10 micrograms/liter
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2 months after the spill but decreased to background levels {<50 microgram/kg) after
10 months.

The persistence of penta in the aquatic environment is dependent on a num-
ber of environmental variables,. but the interrelationships have not been fully
characterized. Penta may be removed from the aqueous space by volatilization into
the atmosphere, photodegradation, adsorption, and biodegradation.

Hilton et al. (1970) demonstrated that penta content of aerated solutions
decreases rapidly by volatilization., The contribution of this phenomenon to penta
removal from water in the environment is unclear.

The chemical environment of the molecule profoundly influences its photochemical
behavior. Therefore, photolysis studies carried out in aqueocus solution are the only
ones relevant to problems of the environment. Wong and Crosby (1978) studied the
photelysis of penta in dilute water solution and proposed the pathway shown in
Figure 10. Photodegradation products were found to be chlorinated phenols,
tetrachlorodihydroxy-benzenes and non-aromatic fragments such as dichloromaleic acid.
Prolonged irradiation of penta degradation products yielded colorless solutiong con-
taining no ether extractable volatile materials, and evaporation of the aqueous layer
left no observable polymeric residue such as humic acid. A detectable level of
octachlorodibenzo~p-dioxin was formed when a high concentration of the sodium salt
of penta was iyradiated. Water samples from several northern California locations
were analyzed and penta was detected from several sources. It was occasionally
accompanied by 2,3,4,6~tetrachlorophenol, but none of the other suspected products
were found.

Pierce and Victor (1978) studied the fate of penta in an aquatic ecosystem after
wood treating waste containing penta was accidentally spilled into a fresh water
lake. BSamples of watvr, sediment, leaf litter, and fish were collected from the lake
and analyzed to determine the persistence and distribution of penta and its degrada-
tion products. Penta persisted over 6 months in water and fish following the spill.
Sediment and leaf samples contained high concentrations of penta throughout the two-
year pericod of investigation. The major degradation products were pentachloroanisole
and the 2,3,5,6- and 2,3,4,5-tetrachlorophenol isomers. Tetrachlorophenol appeared
to be formed by photodegradation in the fuel oil solution before entering the lake
while pentachloroanisole appeared to be formed within the aquatic environment.

Lu et al. (1978) studied the fate of 14C-labeled penta in a model ecosystem. Prin-
cipal degradation products were tetrachlorohydroquinone, pentachlorophenyl acetate,
and conjugates.

Soil

80il is one of the more important sinks for synthetic organic chemicals,
including penta, in the environment. Mobility, persistence and fate of penta in

soils depend on physical and chemical characteristics of the soil as well as the
prevailing microbial population.

Hilton and Yuen (1963) compared soil adsorption of penta to the soil adsorption
of a number of substituted urea herbicides. They found that the adsorption of penta
was the highest of all compounds studied. Good preemergence weed control was
achieved only in soils of low adsorption. Excessive levels of application provided
little improvement. This observation is consistent with steep slopes of the adsorp-
tion isotherms found for penta.
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Figure 10. Proposed photolysis pathway for pentachlorophenol.
(Wong and Crosby, 1978)

Choi and Aomine (1972, 1974, 1974a) studied interaction of penta and soil in
detail. Adsorption and/or precipitation of penta occurred to some extent on all
soils tested. The inhibition of wheat seedlings was greater for a soil suspension
than for the supernatant agueous solution above it. This indicates that adsorbed
and/or precipitated penta retains some toxicity to plants.

Choi and Aomine (1974) concluded in a study of 13 soils that adsorption of penta
prlmarxly depended on the pH of the system. The more acid the goil, the more com-
plete was the "apparent adsorption” of penta. Different mechanisms of adsorption
dominate at different pH walues. In acid clays "apparent adsorption" invelved the
adsorption on colloids, and precipitation in the micelle and in the external liquid
phase. Organic matter content of soils is important tec adsorption of penta at all
pH values, Humue containing soil always adsorbs more penta than soil treated with

H202 to remove organic matter. Later investigations led to the conclusion that

adsorption of penta by humas is important when the concentration is low, but at
higher concentrations the inorganic fraction increases in importance.

Three of four allophanic soils showed a significant increase in penta adsorption
at higher temperatures, while the fourth soil showed a decrease (Choi and Aomine,
1974a). ~ The difference between the three soils and the fourth so0il could be
explained by assuming that andosols chiefly adsorb penta as anions, whereas, the
major factor influencing penta adsorption by the fourth soil, showing a decrease with
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increasing temperature, is a Van der Waals force. Decreasing the concentration of
chlorides or sulfate ions also increases the adsorption of penta to soil. These
results indicate the occurrence of competition between inorganic anions and penta
anions for adsorption sites on the soil ceolloid,

Penta mixed with layer silicate clay minerals such as illite, montmorillonite
and kaolinite sublimes at about 200°C. Penta mixed with or adsorbed on allophane
did not sublime but pyrolized between 250° and 500°C, showing a strong exothermic
reaction (Choi and Aomine, 1974a).

The persistence of penta in soil depends on a number of environmental factors.
Young and Carroll (1951) noted that penta degradation was optimum when the moisture
content of soil was near saturation. Kuwatsuka and Igarashi (1975) reported that
the degradation of penta is faster under flooded conditions than under upland condi-
tions. Loustalot and Ferrer (1950) found that the sodium salt of penta was rela-
tively stable in air-dried soils, persisted for 2 months in soil of medium moisture
content, and for 1 month in water-saturated soil.

Soil composition has a great effect on the persistence of penta. It persisted
longer in heavy clay than in sandy or sandy clay soils (Loustalot and Ferrer, 1950).
An extensive study of the soil variables affecting the rate of degradation of penta
was carried out by Kuwatsuka and Igarashi (1975). The rate was correlated with clay
mineral composition, free iron content, phosphate adsorption coefficients and cation
exchange capacity of the soil, while the greatest effect was the correlation with
organic matter. Little or no correlation could be found with s¢il texture, clay con~
tent, degree of base saturation, soil pH, and available phesphorus.

The preponderance of information indicates that microbial activity plays an
important part in the degradation of penta in soil. Penta decays more rapidly when
the ambient temperature approaches the optimum value for microbiological activity
(Young and Carroll, 1951). Ide et al. (1972) found no decay in sterilized soil sam-
ples. The positive correlation between organic matter content of soil and penta
degradation also suggests that microorganisms play an important role (Kuwatsuka and
Igarashi, 1975; and Young and Carroll, 1951). Kuwatsukas and Igarashi (1975) studied
degradation of penta in soils collected from flcooded and upland areas. Upland soils
degraded penta more rapidly in the laboratory when studied in the aerated condition,
while soils obtained from flood conditions degraded penta more rapidly when tested
in the flooded stage. Thus, penta degrading microorganisms present in the soil
survived the transfer to the laboratory and were most active when placed in an
environment to which they were adapted.

A summary of the literature values for the persistence of penta in soil is pre-
sented in Table 40. The persistence ranged between 21 days and 5 years. The 5-year
value obtained by Hetrick (1952) was from dry soil sealed in a jar and probably does
not represent a realistic evaluation of the environmental half-life. Thus, penta
can be ¢onsidered moderately persistent under most conditions.

Numerous degradation products have been isolated for penta-treated soil. Ide
et al. (1972) identified 2,3,4,5-, 2,3,5,6-, 2,3,4,6-tetra~chlorophenol; 2,4,5- and
2,3,5-trichlorophenol; 3,4~ and 3,5-dichlorophenol; and 3-chlorophenol. Similar
products were obtained by Kuwatsuka and Igarashi (1975}, who also identified penta-
chloroanisole as a penta degradation product. This reaction is reversible and penta-
chloroanisole can subsequently degrade back to penta. Demethylation and methylation
of phenolic groups in biological systems are well known (Williams, 1959). Ide
et al. (1972) found 2,3,4,5-, 2,3,5,6- and 2,3,4,6-tetrachloroanisoles; 2,3,5-
trichloroanisole; 3,4- and 3,5~dichloroanisoles; and 3-chloroanisole as methylated
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Table 40.--Persistence of penta in soil

Degradation . Special .
" Parameter So0il Type Conditions Time Reference
90% degradation Arable layer 60% water Approx. 50 days Kuwatsuka
in rice fields  25% water Approx. 30 days and
(11 soils) Igarashi,
1975
Forest red-
yvellow secil 60% water No degradation
sublayer 250% water in 50 days
90% degradation Wooster silt 7.5 kg/ha Approx. 22 days Young and
loam penta, Carroll,
optimum 1951
conditions
for micro-
bial growth
- -= - >5 years Hetrick,
1952
Effect on Fertile sandy Air=-dried >2 months Loustalot
growth of loam Medium water 2 months and
corn and Water saturated 1 month Ferrer,
cucumbers 1950
90% degradation Mature paddy Low organic 1 month Ide et al.,
s0il content 1972
Complete Dunkirk silt Aerated, Approx. 72 days  Alexander
degradation loam aqueous soil and Aleem,
suspension 1961
Complete Paddy soil Soil perfusion 21 days Watanabe,
degradation 1973
- Warm, moist -- >12 months Bevenue
soil and
Beckman,
1967
98% degradation Permeable soil Composted with 205 days Arsenault,
sludge from 1976

wood~-treating
plant

products of penta in incubated soil.

Based on the results obtained from these

investigations, Matsunaka and Kuwatsuka (1975) proposed the soil degradation path-
way as shown in Figure 11.
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Figure 11. Proposed pathway of pentachlorophenol degradation
in soil (as modified from Kaufman, 1978).

When considering the bicdegradation of penta in soils and other environments,
it is importapt to consider which products are actually due to biodegradation and
which are produced by photolytic degradation or are products contained in the origi-
nal formulation. Typical commercial penta contains a variety of substances such as
tetrachlorophenols, trichlorophenols, hexachlorobenzene, chlorinated dibenzo-p-
dioxins, and chlorinated dibenzofurans. The degree of contamination varies with the
commercial preparations examined (Johnson et al., 1973; Nilsson et al., 1978; and
Dougherty, 1978).

Recently, Murthy et al. (1977) examined the degradation of 140 penta in both
aerobic and anaerobic moist soil. Losses by volatilization accounted for only 0.5%

of the penta added and no 14C02 was detected. Gas chromatographic analysis of the

soil extract showed the presence of the methyl ether of penta (0.7%). 2,3,5,6- and
2,3,4,5-tetrachlorophencols and 2,3,5-trichlerophenol were identified as degradation

products following methylation. Total 140 recoveries were about 95%. Similar
results were obtained in aerobic soils with regard to product formation. However,
the principal product was the methyl ether of penta or pentachlorocaniscle. Degrada-
tion of pentachloroanisole (Kaufman, 1978) was examined in both anaerobic and aerobic
soils.  In aerobic soils, only 5.6% of the pentachloroanisole was reduced back to
penta in 24 days, whereas, in anaerobic soils 42.1% was reduced to penta. The
results indicate that, while some interconversion of pentachloroanisole and penta
occurs in both aerobic and anaercbic soil, the reactions involved in the degradation
of these compounds are reductive in anaerobic soils and both reductive and oxidative
in aerobic soils.
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The preceding investigation indicates that degradation of penta in soil occurs
primarily by reductive dehalogenation resulting in the formation of progressively
less chlorinated phenols. This proceeds through a logical sequence with the initial
dehalogenation reactions occurring in either the ortho or para positions. Methyla-
tion of the phenol group is also a common reaction in penta degradation as well as
the degradation of the tetra and trichlorophenol products. Penta metabolism by iso-
lated soil microorganisms appears to occur by oxidative mechanisms. Thus, some
discrepancies exist between the degradative pathways observed in soils and those
observed in isolated microbial cultures,

Chu and Kirsch (1972) isolated a bacterial culture by continuous flow enrichment
that was capable of metabolizing penta as a sole source of organic carbon. The
morphological and