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INTRODUCTION

An information profile is a working paper used by the National Institute
for Occupational Safety and Health (NIOSH) to assist in establishing Institute
priorities. It is an initial step in.petermining the need to develop compre-
‘hensive documents or to initiate research. Fach profile summarizes data on
known and suspected health effects, the extent of worker exposure, physical
and chemical proéperties, and the industrial importance of individual chemicals
and classes of chemicals. The profile may also be used by industry, labor,
and the occupational health community as a synopsis of information on each
subject and to identify possible health hazards associated with their work-
places.

Although detailed literature searches are conducted using computerized
and manuval searching techniques to identify-pertinent ard recent information,
not all the literature obtained is incorporated in the report due to the
summary nature of the profiles. Further, literature published after 1978 may
not be included in these profiles because it was generally unavailable at the
time the search was completed. a
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THE PETROCHEMICAL INDUSTRY

I. SCOPE OF PROFILE

The major processes used to manufacture petrochemicals have been reviewed
for the purpose of identifying the potential occupational health hazards
associated with the industry.

Important products of these processes, and the types of establishments

primarily engaged in their manufacture, are defined by the Standard Industrial

Classification Manual (SIC). Noncyclic intermediate petrochemical products

are included under SIC Industry Code No. 2869, and aromatic or cyclic products
are included as part of the petroleum refinery operation under SIC 2911. Full
descriptions of these SIC categories are provided in Appendices A and B.

SIC 2869 applies to establishments primarily engaged in manufacturing
industrial organic chemicals. The 170 listed products include, in addition to
the 74 acyclic intermediate organic chemicals, other products such as synthetic
perfumes and flavors, rubber additives, tanning agents, etc. Industries
engaged in manufacturing plastics, synthetic rubber and fibers, wood distilla-
tion products, and urea are included in other classifications.

SIC 2911 applies to primary products made from crude petroleum. Although
these are principally gasoline, distillate fuels oils and lubricants, the major
primary aromatic and cyclic petrochemicals are also included in SIC 2911, as
specifically explained in SIC 2865 (Appendix C).

IT. SUMMARY

Each of fourteen processes by which the major petrochemicals are manu-
factured have been reviewed. The four processes that have inherently the
highest potential for adverse health effects are judged to be:

The Dehydrogenation Process - Acyclic (Process No. 2)
The Dehydrogenation Process - Cyclic (Process No. 3)

The Halogenation Process -~ Acyclic (Process No. 6)
The Halogenation Process - Cyclic (Process No. 7)



Process No. 2, used to dehydrogenate acyclic hydrocarbons, produces ethylene

and propylene from crude petroleum refinery feed stock. These olefins, of

all petrochemicals, have the highest total production and the greatest use

as feeds for other petrochemical processes. Approximately 10,000 production

workers are engaged in this process, in about 60 plants operated by over

40 companies; this is one of the larger groups in the petrochemical industry.
Process No. 3, used to dehydrogenate cyclic hydrocarbons, produces

benzene, toluene, and the xylenes, which are the principal feed materials for

the other cyclic petrochemical processes. This process produces the second

largest quantity of petrochemicals. Approximately 8000 production workers

are engaged in the process in nearly 50 plants operated by about 30 companies.

Process No. 6 is used in the halogenation of acyclic hydrocarbons,
especially ethylene and methane, and in the production of chlorofluoro hydro-

carbons. There are nearly 100 plants that halogenate acyclic hydrocarbons.

These plants employ approximately 15,000 production workers, the largest number

of workers employed in any of the several petrochemical processes.

Process No. 7 is used to halogenate cyclic products, especially benzene.
This process is used in aboﬁt 15 locaticns, and employs fewer than 2000
workers.

The dehydrogenation processes have a high potential for occupational
hazard because cof the large number of production workers exposed, the
complexi;y of the operations, and the relatively severe, high operating
temperatures and pressures required. In addition, the tendency to form
coke and scale in the equipment and the toxicity, corrosion, and scaling
effects from sulfides and other impurities contribute significantly to the
potential hazards. The toxicity of benzene further adds to the potential

hazards of Process No. 3.
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The Halogenation Processes, especially the chlorination processes, have
a high health hazard potential because of the large number of workers exposed,
the complexity of the related unit operations, the generally severe corrosive
conditicns arising from chlorine and byproduct hydrochloric acid, and the high
toxicity of aromatic feed compounds (particularly benzene) in Process No. 7.
Alsc, a number of the halogenated products are highly toxic.

Petrochemical workers are exposed to a myriad of specific chemical agents,
each of which has characteristic toxic properties. Epidemiologic surveys have
indicated that (1) workers in the petroleum refining and coal products industry
have an increased risk of mortality from lung and digestive system cancer, and
(2) cancer of the lung, nasal cavities and sinuses, and skin in counties with
petroleum industries is increased.

In conclusion, this profile indicates that, of the fourteen processes
reviewed, processes No. 2, 3, 6, and 7 appear to have the highest potential
risks of occupational hazards. 1In the other processes, the high risk potential
is not comsistent, although several individual processes may have higher risks
than are indicated for the entire classification. An exception to this
conclusion may be made regarding Process No. 4, Oxidation Processes for Acyclic
roducts. Although the operations in this classification are generally simple,
with few steps and involving products of relatively low toxicity, the fact that
approximately 10,000 workers are exposed during production would suggest that
further consideration may be warranted.

ITTI. STATISTICAL INFORMATION

The latest Annual Survey of Manufacturers published by the Bureau of Census

(Anon., 1978e) gives the total employment of production workers in 1976 for SIC

2869 to be 68,700. On the basis that 55 percent of the products listed in SIC 2869

H<=
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are petrochemical based, the number of production workers employed in 1976

on noncyclic petrochemical intermediate products would be approximately 40,000.
The number of operating installations producing these chemicals was about 500,
as listed in the 1977 U.S. Trade Commission report with additions from the SRI
1978 Directory of Chemical Producers; this corresponds to about 50 percent of
all petrochemical operations as detailed in the following section (Production
and Trends). The total number of production workers emploved in the petrochem-
ical industry may be prorated, therefore, to be about 80,000. Based on a
similar derivation, the 50 major petrochemical companies employed approximately
60,000 production workers in 1976. A breakdown on the estimated number of
workers employed in each of the 14 major production processes is presented in

Characterization of Processes (Table 6).

Incidence rates for occupational injury and illness are presented in
Table 1. It should be noted that, compared to that of the total manufacturing
industry, the rates for the petrochemical industry are generally better-than-
average.

IV. PRODUCTION AND TRENDS

The petrochemical industry has been engaged in producing industrial
organic chemicals at rapidly growing rates since World War I. The annual U.S.
production of the fifty primary and intermediate petrochemical products for
1972 and 1977, with annual growth rates for each, are listed in Table 2. These
and other petrochemical products account for about 70 percent of the 150 listed

in Table 3 as the most significant organic chemicals. All petrochemical pro-

ducts (including names of manufacturers) are fully listed in the U.S. International

Trade Association report "Synthetic Organic Chemicals, U.S. Production and
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Table 1. Occupational Injury and Illness Incidence Rates - 1977

Incidence Rates per 100 full time emplovyees

Non fatal
Total Lost work- without lost Lost
cases day cases workdays workdays

Injuries
Illnesses

Total

Injuries
Illnesses

Total

Injuries
Illnesses

Total

Injury and Illness

Injury and Illness

(best 4)

Injury and Illness

(worst &)

Industrial Organic Chemical SIC 2869

4.8 1.9 2.9 31.0
0.7 0.3 0.4 3.1
5.5 2.2 3.3 34,1
Petrochemical Refining SIC 291
5.5 2,5 3.0 44,3
0.3 0.1 0.2 1.1
5.8 2.6 3.2 45.4
Average for all manufacuturing
(non durable goods)
11.3 4.5 6.8 73.5
0.5 0.2 0.3 2.8
11.8 4.7 7.1 76.3
&k
API average for 13 companies (1977)
4.3 1.5 2.8 24.9
API averages for 4 best and 4 worst plants
3.0 1.2 1.8 21.5
11.5 2.4 9.1 50

*

*non., 1978a, 1979
*Anon., 1978b
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Table 3. The Most Significant Organic Chemicals by Quantity
of Production (Austin, 1974)
Production, Production, Production,
Chemical 10° Lb/Yr Chemical 10° Lb/Yr Chemicai 10° Lb/Yr
e
Ethylene dichioride 7.45 Sodium slats of tallow acids 0.505 Ethylene glycol moncethyl ether - 0.136
Urea 6.24 - Tetra (methyl -ethyl) leads 0.504 Sodium and potassium salts of
Methanot, synthetic 4.93 Chlorobenzene 0.485 - coconut oil acids 0.133
Ethyl benzene 4.83 Methyle ethyl ketone 0.480 - Toluene 2,4-diamine 0.133
Formaldehyde {37% soiution) 4.43 n-Butanol 0.468 . Di-isodecyl phthalate 0.123
Styrene 4.34 2-Ethyi-1-hexanol 0.457 Ethylene glycol monobuty! ether 0.107
Vinyt chioride {(monomer) 4.04 Methyi methacrylate 0.445 - Sorbitol 0.105
Ethyiene oxide 3.86 Propytene glycot 0.428 - Acrylic acid 0.100
Ethylene giycol 3.04 Methyl chloride 0.423 Isgoctylalcohols 0.100
Cumene 1.98 Methytene chioride 0.402 - n;-leene 0.099
Ethy! alcoho! (synthetic) 1.96 Dodecyibenzene suifonic acid, Cresylic acid {refined) 0.098
Acetic acid (synthetic) 1.93 sodium salt 0.401 Ethylene glycol monomethyt ether 0097
isopropyl aicohoi 1.92 Aniiine 0.388 Diethanot amine 0.084
Cyclohex: ne 1.84 Dichlorogifluoromethane 0.375 Isobutyl aicohol 0.092
Phenoi o 1.78 1,1,1-Trichioraethane 0.366 Triethylene giycol 0.089
Acetone 1.62 . Poiypropyiene giycol 0.C89
Acetaldehyde 1;61 g;gheiltg\'/‘!::rx;'phthalate 832? 1-Chioro-4-nitrobenzene 0.088
p-Xylene 1.59 Tetraethyl lead 0.325 Monoethanolamine 0.087
AFetxc anhydride 1.59 Lignin suifonic acid, calcium Pentaerythritol 0.085
Dimethyi terephthalate 1.45 calt 0.310 Di-iscoctyl phthalate 0.085
Terephthalic acid 1.33 n-Butyl acrylate 0.084
Propylene oxide 1.18 Totuene 2,4- and 2,6-diisocyanate Triethanoiamine 0.083
Adipic acid 1.08 {80/20 misture} 0.305 « and 8 Pinenes 0.081
Acrylonitrile 1.04 Ethyiene dibromide 0.297 Dimethyl amine 0.078
Carbon tetrachioride 1.01 2,4- and 2,6-Dinitrotoluene 0.297
. . . Trichiorofluoromethane 0.244 Nony! phenol . 0.078
Potassium & sodium saits of rosin Chioroform 0.240 Hexamethyienetztramine 0.077
and tall oit acids 0.924 ' Benzyi chioride 0.075
Celluiose acetate 0.820 Maleic anhydride 0.215 n-Butyl acetate 0.074
Vinyt acetate 0.803 Ethyl acrylate 0.207 Lignin sulfonic acid, sodium satt 0.074
o-Xyiene 0.799 Bisphenol A 0.202 .
N p-Dichiorobenzene 0.070
Phthalic anhydride 0.734 Methyt ‘SOI?"M ketane 0.198 Melamine 0.068
Carbon disulfide 0.721 Glycerol tri{polyoxypropylene) Dicyelopentadiene 0.067
Cyclohexanone 0.714 ether 0.192 o-Dichlorobenzene 0.066
Perchioroethylene 0.707 Glycerol, synthetic 0.191 Sodium carboxymethyi cellulose 0.065
Ethyi chioride 0.678 Ethyi acetate {85%) 0.161 Ethylene diamine 0.062
Phosgene 0.617 Decyl aicohols 0.157 n-Propyi alcohol 0.060
N Nony! phenot, ethoxylated 0,142 . N
Hexamethylene diamine 0.613 Dodecyibenzene sulfonic acid 0.139 «-bis {p-chiorophenyl}-gag-tri-
Trichioroethylene 0.610 : chloroethane {BDT) 0.059
Alkyl benzenes 0.553 Tridecylbenzene suifonic acid, n-Octyi-n-decyl phthalate 0.089
Nitrobenzene 0.548 sodium salt 0,138 Fumaric acid 0.053

N\
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Sales 1977" (Anpn., 1978c). Selected data on these, the synthetic organic
products, are summarized in Table 4 with the approximate corresponding SIC
classifications (Anon., 1972). Production and growth data for the 28 largest
volume petrochemical products, derived from a compilation of the 50 highest
volume chemicals produced in the U.S. in 1977 (Anon., 1978), is presented in
Table 5. Although organic chemical products made from other sources are in-
cluded in Table 5, the quantities produced from these sources are minor relative
to the petroleum based products.

V. CHARACTERIZATION OF PROCESSES

The major petrochemical operations are located in or near crude oil refineries,
pipelines, or other facilities that supply the required feed materials. These
primary feeds are produced from three main reforming sources by the refineries:

1. Synthesis gas, CO, and hydrogen, for manufacturing C-1

(monocarbon) chemicals, e.g., methanol,

2. Liquefiable refinery gases and light naphthas, for pro-

ducing acyclic olefins, ethylene, propylene, butadiene, etc.

3. Heavy reformates, for producing cyclic products, benzene,

toluene, xylene, etc.

The prime products made from these sources feed the other conversion processes
from which all the many intermediate synthetic organic chemicals are produced.
These intermediates are used, in turn, to manufacture the many thousands of end
use chemical products such as dyes, pigments, and medicinal chemicals (Gibbs
et al., 1968).

For the purpose of this study, the major processes for manufacturing the
principal petrochemicals and nearly all the derivatives have been classified
by the reaction type involved, as follows:

. ::'::" : ’ig <
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Table 5. Organics Scored Biggest Gains Among the 50 Top~Volume
Chemicals (Anon., 1978)

Production
Rank Biilllons of ib Common units® Averags annuai change
1977 19762 . 1977 1978 1977 . 1978 1876-77 1975-78 1972-77 1967-77
1 1 Suifuric acid 68.80 67.00 34,400 &t 33,501 ¢ 2.7% 4.2% 21% - 19%
2 2 t.ime® 37.78 38.10 18,888 tt 19,050 tt —=0.9 5.0 —-0.4 1.9
3 3 Ammonia, anhydrous 32.35 33.43 16,176 tt 16,716 tt -3.2 2.0 1.3 3.3
4 4 Oxygen, high and low purity 3186 31.70 385 bef 383 bef 0.5 8.5 1.9 5.8
5 5 Ethylene S 24.65 22.03 24,653 mp 22,027 mp 11.9 7.5 3.8 10.8
8 ] Nitrogen, high and low purity . 2404 21.01 332 bet 290 bcf 14.4 148 14.2 22.4
7 8 Chlorine, gas 213 20.12 10,658 1t 10,060 #t 5.9 10.5 16 . 3.9
8 7 Sodium hydroxide 21.0 20.29 10,483 tt 10,143 #t 3.4 5.9 0.5 3.2
] 11 - Sodium carbonate? 15.97 14.92 7,986 &t 7,459 ¢t 7.1 4.2 1.5 4.3
10 9 Phosphoric acid, total 15.60 15.92 7.802 1 7,988 tt -2.8 3.7 3.2 5.0
11 10 Nitric acld ' ) L1477 01879 7,387 1t 7,894 it —6.4 4.8 -15 = 18
12 12 Ammonium nitrate® T 18.97 0 14.37 6,987t  -7,187# .. —28 14 04 . 22
13 _l14__ Propylene ST 12,86 976 12563mp 9,758 mp  28.7 120~ - 9.7 11.8
14 13 Benzene BRI 11.25 10.61 1,535 mg 1,448 mg 6.0 414 4.5 58
15 16 Ethyiene dichlorlde AT 10.48 - 7.92 10,481 mp 7,923 mp 323 - —0.7 6.8 16.4
16 17 Urea, primary solution S e 8,99 772 . 89890mp  7,721mp 16.4 1.6 53 108
17z 15 __ Toluene, all grades LTy Oy 8.22 1.067 mg 1,135 mg___~8.0 61.0 3.3 6.8
18 21 Ethyibenzene -7 " . <. 7.30 6.13 7,302 mp 6,127 mp 19.2 27.1 5.7 - 118
19 Styrene : G 6.82 6.30 6,824 mp 6,301 mp 8.3 23.3 3.0 10.8
2L__ugtnmmm ‘ L 6.46___6.04 §457 mp 6,241 mp 35 20.6 13 8.8
21 - .23 Formaldehyde, 37 % bv wenqht 8,085 mp
22 18 __ Xylene, all grades . - C 839 mg
. 2 hloride_ 5.808 mp
24 - 25  Hydrochloric acid 2,568 tt
2824 Terephthalic acid' . - 5.009 mp \
26 28 Carbon dloxide, II forms _ 12,2261
27 28 __ Ethviene oxide o 4421 mp
28 et Ammonium sulfate 1,909 1t
29 32 Carbon black 3,477 mp

3,470 mp 3,357 mp

3,187 mp - 3,254 mp

3 Bu!adlene (1 3= )l rubbgr grgde :
. 32 31 p-Xylene 5 3,017 mp 3,199 mp

33 Cumena : 2639 mp 2690 mp . .

34 35 Acetic acld, synthetic 2,579 mp 2,430 mp R .

. 35 - 34 Sodium sulfaied - 1,256 tt 1,258 tt 2. —1.

38 36 Calcium chioride® X L2 1,2121 1,200 tt . .

37 37 _Phenol, synthetig o 0 2.38 2.18 2,384 mp 2,183 mp . .

38 37 Aluminum sulfate . .- - . 232 2.18 St1e2tt - 1,089t . .

39 37 Cycichexang L e 2.24 218 2,242 mo 2,177 mp . .

40 40 Acetong . = N 2.14 1.92 2,145 mp 1,922 mp . . .
41 ) 41 . Propylene oxide ) : o 1.80 1.79 1,897 mp 1,785 mp 5.7 17.8 5.0 13.3
32 42 isopropyl alcohol -1 4 1.72 1,873 mp 1,720 mp 8.9 13.1 08 - -—09
43 45 Adipic acid o irn1.85 1.51 1,853 mp 1,515 mp 22.3 12.7 4.8 9.1
44 45 Acrylonitrile s 1.64 152 - 1642 mp 1,518 mp 8.2 24.9 9.5 14.5
45 47 Vinylacetate . .. ..o v .- 160 . 148  1804mp 1,481 mp 8.3 14.8 6.5 16.6
486 44 Sodium siiicate . 1.56 1.57 779 &t 786 —-0.9 8.6 36 - 27
47 43 Acstic anhydride ) - 1.50 1.51 1,504 mp 1,507.mp =01 3.4 -0.9 —Q.3
48 49 Titanium dioxide -0 1.36 - 143 678 it - 7168t -5.3 18.5 -0.4 - 1.5
49 48 Sodium tripotyphosphate 1.30 1.46 648 tt 730 &t -11.2 —-5.2 —-7.5 = -3.8
1 7.3 —5.9 —-3.2

49 50 Ethanol, synthetic 1.30 1.18 1,304 mp 1,181 mp 10.4  —17.

a Ravised. b tt = thousand tons, bef = billion cublc feet, mp = miilion pounds, mg = millien gallons. ¢ Except refractory dolomite. d Synthetic and natural. e Original solvtion, f inchudes
both the acid and the ester without double counting. g High and low purity. h Solid and liquid. Sources: Burasu of the Census, Bureau of Mines, international Trade Cormunission, and CAEN

estimates
14 =
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Process #1 High pressure catalytic synthesis, such as methanol
from synthesis gas

Process #2 Dehydrogenation of acyclic light crudes by pyrolysis,
producing ethylene and other olefinms.

Process #3 Dehydrogenation of cyclic heavy crudes, producing
aromatics, benzene, etc.

Process #4 Oxidation processes for acyclic products
Process #5 Oxidation processes for cyclic products
Process #6 Halogenation processes for acyclic products
Process #7 Halogenation processes for cyelic products
Process #8 Alkylation and dealkylation processes
Process #9 Chlorohydrin oxidation process

Process #10 Hydration processes

Process #11 Esterification processes

Process #12 Ammonia reaction processes

Process #13 Hydrogenation processes

Process #14 Acid reactions with aromatic chemicals (e.g., nitration)

Table 6 outlines each of the above processes, giving the main
reaction, the range of required process conditions, and the steps involved,
Also included are the principal products made by each process, the number of
principal establishments using the process, and an approximation of production
workers exposed. The classifications are based soley on main overall reaction
types; individual steps and reaction conditions (e.g., temperature and pressure)
required for the production of specific products differ considerably. Further,
specific processes differ in complexity and in the number of unit operations
employed, and involve one or more of many differing preparatory and finishing

unit operations.
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The number of installations or plants listed in Table 6 for each process
has been estimated from the listing for the main products in each group in the
1977 U.S. International Trade Commission report (Anon., 1978c) with additions
from the SRI 1978 Directory of Chemical Producers (Anon., 1978d). Similarly,
the number of production workers for each process was estimated from the number
of locations and the complexity of the process on the basig of the total number
of production workers approximated for the entire industry in Section III.

A sample calculation in presented in Appendix D.

Explanatory text and schematic flow diagrams, which more fully characterize
the reaction sequences involved in each process and sources of potential hazards,
are subsequently presented. Each flow diagram also indicates the nature of
the main stream flow and of off stream flows at various points in the process.
The information presented in both the process descriptions and the flow diagrams
was drawn principally from the following sources:

The Chemistry of Petrochemicals (Astle, 1956)

Faith, Keyes, and Clark's Industrial Chemicals (Lowenheim and Moran, 1975)

"Industrial Hygiene Monitoring Manual for Petroleum Refineries and Petro-
chemical Process" (API, 1977)

"The Industrially Significant Organic Chemicals" (Austin, 1974)

Kirk-Othmer Encyclopedia of Chemical Technology (Anon., 1965)

"Petrochemical Handbook" (Anon., 1977b)

Petroleum Refinery Operation (Nelson, 1958)

Unit Processes in Organic Synthesis (Groggins, 1958)

Process No., 1 - Pressure Synthesis

Catalytic conversion of synthesis gas into methanol supplies feed for

the manufacture of Cl hydrocarbons such as formaldehyde and methyl compounds.

(RN
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Fofmerly the process was run at 5000 psi and 300-600°C with zinc-chromium
catalysts, which were necessitated by the presence of sulfur impurities. With
recent improvements in sulfur removal, new plants are run with other catalysts
at about 750 psi (Austin, 1974). The high pressure, corrosive effects of
sulfur, the toxicity of the carbon monoxide and hydrogen and fouling from
coke formatiom, add, especially in earlier installations, to safety problems
and to the risk of potential occupational hazards. The process is used in
about 20 principal locations for methanol and BASF or Sachsse acetylene and
judged to employ about 3000 production workers.

The process as used for the production of methanol, shown by Flow Diagram
No. 1, is comparatively simple with 4-5 steps. The indicated purge and vent
gases released to the atmosphere require control and monitoring to minimize
potentially hazardous exposures.

Process No. 2 - Dehvdrogenation - (Acvclic Products)

Catalytic and thermal cracking of refinery feed stocks rich in ethane
and propane produce primary acyclic chemicals such as ethylene, propylene,
butadiene, etc. The reaction is controlled to minimize coke deposition at
800~900°C by steam addition. With subsequent quenching, liquefaction at
about 500 psig, and purification, the process has about 15 steps. Ethylene
is produced as the main product, with propylene and butadiene as coproducts,
in proportions that follow the composition of the feed. The tendency to scale
the equipment with coke and other decomposition products, the corrosion and
toxicity caused by sulfur and carbon monoxidé impurities, the tubular or
fixed bed furnace operations, and the other steps in the operations add sig-
nificantly to potential occupational hazards. The high volatility of the
products adds also to the fire hazard (Barmwell, 1978). The process is used
20<
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in about 60 major installations operated by 42 companies. It is judged that
about 10,000 production workers are employed. Process No. 2 consumes about
2 pounds of feed stocks per pound of ethylene produced, or approximately 50
billion pounds per year.

Flow Diagram No. 2 outlines a typical acyclic product dehydrogenation
process. Potential stresses as listed by API arise from the hydrocarbons,
hydrogen sulfide, and carbon monoxide associated with the process (API, 1977).
Also, the fire hazard, heat, and noise add to potential stresses in the
operation. The off stream vents, wastes, and purges to the outdoor environ-
ment tabulated on the flow diagram require careful control and monitoring.
These conditions give this process a high health hazard potential relative to
the other processes.

rocess No. 3 - Dehydrogenation (Cyclic Products)

Catalytic cracking of feed stocks high in naphthene hydrocarbons, with
hydrogen-rich recycle gas to control temperature and coke formation, produces
the principal aromatics benzene, toluene, and xylenes. The reactions are
operated between 200-1000 psig at furnace temperatures of 450-500°C. The
operation is known as hydroforming or platforming. Fixed and moving bed furnaces
are used. The reactor products are separated and purified by solvent extrac-
tion with diethylene glycol involving about 15 steps for extracting, washing,
and stripping. The high pressure and temperature, the effects of sulfur, and
the toxicity of benzene add to the occupational health hazards (API, 1977).
The process is used in about 50 locations, operated by 30 companies, and is
judged to employ on the order of 8,000 production workers.

Flow diagram Yo. 3 outlines a plant for producing benzene by platforming.

Potential health stresses associated with the process as listed by API include,

VA
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in addition to benzene, carbon monoxide, diphenyl, hydrogen sulfide, particu-
late A1203, heat, and noise. The off stream flows that exit to the atmosphere
are indicated on the flow diagram; these require monitoring and control. The
aforementioned factors give this process a relatively high potential for

health hazards.

Process No. 4 - Oxidation of Acyclic Chemicals

The catalytic oxidation of acyclic compounds containing 1 to 4 carbon
atoms is used to produce a large group of organic chemicals. The process
consists usually of reacting the feed as gas or liquid with air or oxygen,
at moderate pressure and temperatures. This is followed by separation and
purification operations. The process is usually simple, involving 4-6 steps.
The process is used in over 100 major installations which are judged to employ
on the order of 10,000 production workers.

Flow Diagram No. 4 typifies the operation of this process to produce
formaldehyde. The relatively simple nature of the process, the favorable
temperature and pressure, and the absence of impurities minimize the risks of
hazardous exposures from this process, although total worker exposure is high
due to the number of products and operations in which this process is used.

The toxicity of the products varies considerably, from highly toxic formaldehyde
to mildly toxic acetone, and is another consideration in assessing the potential
hazards of the operation.

Process No. 5 - Oxidation of Cyclic Chemicals

The catalytic oxidation of cyclic aromatic products is the base for a
number of derivatives. The process is generally liquid phase at moderate
temperatures up to 250°C and pressures usually below 200 psig. The processes

vary in complexity with the product, ranging up to 15 steps for terephthalic

igf:g< 456

RS 154



=g ey wnig

-

Suddyug pus Bujpsoy

.G/6T ‘UBION PUB WIDYUDIMOT]

usg 19npoIg

SO

uorydi958(Q) MOy

e

©

sahony v
on L
PupAey T
oueypoan
smsuspuoy

1ej000

InAeIey

[96T ‘oad1US v
%/6T ‘Ur3Isny
q//6T ¢-uouy

$S90UDIDTAY:
asydsowyy s
o
dep
vaBonin % 12 [LHTEEE
weBAXQ % | oy MO
a2 Aany veBorpAry % 8t onuo) ameiedwsy mpoyy Bunusy sepo WY3HIsS
o} L] 0} 19 440
auop jouspow pajovesuny R0SED) A0JOUSY PaUNIIG anep Bugooy weers
PIPLA % 06-- %58 |
uonnjog jouRIIAY pRrsEBIUn epAyepRutioy W MO
“ puo ° e olaAsey %0p ~ K0E WY3AS
1npoid p pAYep| 4 Jo uonnog PBa11RAUO) %O — %09 GMMIW %09 wepRiouy ,s_
1npory 13Npo1y Jequosqy 1INpoI4 I0}3uay pejoo) amp peziodep poey jouRpay NIV
E] Q 9 ) v

ndoL—g
0

someiduioy

sprpodes

s

1KY —
votey
voany

457

n-sozizn

{ 10uRY18} 1101 apAyap|eLLIO] JO UORINPOIY )
$10NA0YHd DITIAJV 40 NOILVAIXO

% *oN weiSerq MmOl OT1BWAYDG



acid. Since many of the products are solids, filtering and drying are re-
quired. These and other steps in the separation and purification add to
potential occupational hazards of the process. The products vary in toxicity
from highly toxic maleic anhydride to low volatile solids, such as terephthalic
acid. The process is used in over 60 locations and is judged‘to employ on
the order of 8000 production workers.

Flow Diagram No. 5 for production of terephthalic acid from p-xylene is
an example of the process. In this application, the low vapor pressure and
low toxicity of the solid product reduce the potential hazards. Other opera-
tions producing liquid products may not have these advantages.

Process No. 6 - Halogenation of Acyclic Chemicals

The halogenation of acyclic chemicals is used to produce several groups
of products such as the chlorofluoromethanes, chloromethanes, ethylene di-
chloride and ethylene dibromide. The processes may operate in the vapor or
liquid phase at moderate temperature and pressure; they have varying degrees
of complexity, with from 6 to 15 steps in the separation and purification of
the products. Products are generally highly volatile, contributing to the
risks of hazardous exposures. The halogen, as well as by-product acid, adds
to corrosive conditions and potential hazards. The process is used in roughly
80 locations in which it is judged that approximately 15,000 production workers
are employed. The process is used for the production of a wider variety of
products than any of the other processes described, and, as indicated, requires
the largest numbers of operations and production workers.

Flow Diagram No. 6 for a chloromethane plant is representative of the
process. The operation produces 4 products in about 15 steps. The off-stream
vents, wastes, and byproduct acid are tabulated on the flow diagram. The

e
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corrosive conditions, the complexity of the process, and the large exposure
of total production workers give the process a high rating with respect to
potential hazards.

Process No. 7 - Halogenation of Cyclic Chemicals

The halogenation of cyclic chemicals is used to produce a group of
products such as the dichlorobenzenes. The process is comparatively simple,
consisting of liquid phase reaction near atmospheric temperatures and pressure.
The process also requires by-product hydrochloric acid recovery, neutraliza-~
tion, and distillation operations. There are about 15 locations using the
process, employing roughly 2000 production workers.

Flow Diagram No. 7 for the chlorination of benzene typifies the process.
Although comparatively simple and with féw applications, the corrosive effect
of chlorine and hydrochloric acid, the toxicity of benzene, and the small
batch-type operations usually employed gives the process a comparatively high
potential hazard rating.

Process No. 8 - Alkylation and Dealkylation Process

Alkylation of cyclic chemicals is performed usually at ambient or moder-
ately elevated temperatures and pressures; dealkylation applications are per-
formed at higher temperatures and pressures. The operations are simple,
requiring 4-6 steps for the separation and purification of the product and
recycle stream. There are about 30 locations in which the process is used,
judged to employ aboutVSOOO production workers.

Flow Diagram No. 8 outlines the alkylation of benzene with ethylene to
produce ethylbenzene as a typical operation in this process. This is similar
to the alkylation of benzene with propylene to produce cumene, which is another
API selected petrochemical process. The purge, Vent,(and waste streams are

' §§3@§%5
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tabulated on the flow diagram. Other potential hazards associated with the
process are benzene, propylene, acids, and catalysts, in addition to noise
and heat (APIL, 1977).

Process No. 9 - Chlorohydrin Oxidation Process

The chlorohydrin oxidation process is used to produce propylene oxide
and epichlorohydrin. The process is no longer used significantly for making
ethylene oxide, since direct oxidation is more economical (Austin, 1974).

The process consists of production of the chlorohydrin by reacting propylene
with a chlorine water solution at ambient temperature and pressure. The
chlorohydrin is hydrolyzed with lime to the oxide, which is recovered by
distillation. The process is relatively simple, requiring 6 steps. Disposal
of the waste calcium chloride is a critical problem and adds to potential
risks. The process is used in 9 locations, and estimated to employ on the
order of 2000 production workers.

The chlorohydrin process for production of propylene oxide is illustrated
in Flow Diagram No. 9. The off stream flows of purge and waste materials
to the environment are also indicated on the flow diagram. These flows and
the corrosion conditions resulting from the use of chlorine add potential
hazards to the process; however, the number of workers engaged in the process
is comparatively small.

Process No. 10 - Hydration Processes

Hydration of organic oxides, olefins, and organic salts is used to pro-
duce glycols and alcohols. The glycol processes are comparatively simple and
operate at moderate temperatures and pressure. The hydration of ethylene,
however, requires 1000 psig and 300°C. The products are of generally low
toxicity, which lessens the risk for hazards. Approximately 40 applications

of the process are judged to employ on the order of 5000 production workers,
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Flow Diagram No. 10 for the catalytic hydration of ethylene to ethyl
alcohol typifies this process.

Process No. 11 - Esterification Processes

Production of esters by reacting organic and other acids with organic
chemicals is used to manufacture products such as vinyl acetate and ethyl
acetate. The processes are generally simple, but are usually batch (which
adds appreciably to risk from potential hazards). The process is used in
about 20 locations, and is judged to employ about 3000 production workers.

The production of vinyl acetate by reacting ethylene with acetic acid
is shown by Flow Diagram No. 11 as an example of the esterification process.

Process No. 12 - Ammonia Reaction

Ammonia is used for producing amines and nitriles from hydrocarbon feeds.
Moderate temperatures of 300°C-400°C and pressures up to 800 psi are required.
Batch type autoclaves are used for reactors in some cases. The products are

characterigtically highly toxic. The operations are comparatively simple,

involving strippers and distillation operations for purification and separation

of the product. The process is used in 20-30 locations in which it is judged
that 3000-4000 production workers are employed.

Flow Diagram No. 12 for the production of acrylonitrile from propylene
is an example of the ammonia reaction process. The inert gases, other vents,
and the light ends that contain HCN require careful monitoring to control
escape to the atmosphere.

Process No. 13 - Hydrogenation

Hydrogenation is used to saturate some unsaturated hydrocarbons as well
as to dealkylate alkyl aromatics. Operations are moderately simple, requiring

about 6 steps. Pressures up to 1000 psi and temperatures up to 300°C are
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required. The process is used in about 25 locations that are judged to employ
3000 production workers.

The hydrogenation of benzene to produce cyclohexane shown in Flow Diagram
No. 13. API lists the potential health hazards that are associated with this
process to be cyclohexane, hydrogen sulfide, aromatic and cycloparaffinic
hydrocarbons, catalysts, and noise and heat (API, 1977).

Process No. 14 — Acid Reactions with Aromatic Chemicals

Nitration and sulfonation of aromatic chemicals are used to produce
products such as nitrobenzene and benzenesulfonic acid. The batch type
reactors formerly used for nitration have been replaced by continuous pro-
cesses in some new installations. Corrosion-resistant constructions are
required due to the strongly acidic conditions. Temperatures and pressures
are moderate and the processes are comparatively simple, involving product
separation from the acids, neutralizing, washing, and distillation. The
sulfonation operation formerly used for phenol production has been largely
replaced by the cumene process. There are about 15 principal locations using
the process, employing on the order of 3000 production workers.

The nitration of benzene shown by Flow Diagram No. 14 is an example of
the process. Disposal of spent acids and washings requires close control to
avoid serious contamination.

VI. ENGINEERING CONTROLS

The 14 processes described in Section V differ in respect to the types
of chemical reactions employed, but many production details are common to

all. With several exceptions, most of the operations are in liquid or vapor

phase; consequently, the major equipment used to prepare and purify the products

is similar to tower type separators, quenchers, washers, and fractionating

Y= 470



G/ 61 ‘UBIOKN pPUEB WISYUDIMOT
y/6T ‘urasny

LL6T ‘T1dV

q//6T ¢ -uouy

:S90UL Il Iy
jesodsiq
10}
[GRTIRICYY Mod
1904 5 jesodeig Atannapy WVIHLS
10} o 440
ouopn 180 [vnpitoy auoN weayg 1anpoIdAg ouoN
191604039 1010€RY
o1
0D RAPISOY 1A moidog ¥eg Ppoo4 suexel MO
A10A020Y %66 10)1090Y ) segy anpisayy srutuay 10§ sphosy WV3IHLS
wol} poresedog o 1npoLg 10108eY pus NIV
19RPOIY QUBXBHAPAT peayeagy 1yfyy pojtoyoy 1anpoay posuspuoy] Aptey uefoipAy} ‘everteg
E qQ 2 a v
uondiose) Moy
3wy
i e
—— usboipAy
ofga01g onpaty
Supddiys pue Buipvo e
L
]
11Po1g PueYEIOIIAD ] e
M snuapuay @
m |
@ m ¥ @ .
wens Av 1rARED @pIN |
19,009 "D 0007
o100y
v w
i
<

wep

{ euexayo[2A] JO UOHINPOIY )
$S300Hd NOLLYNIDOHUAH

€1 °"ON wea8eT(q MO OTIBWOYDS

40=

471



ey topuitAy

- I

kg pus Buiproy

$EI015 190paig

==

L96T ‘2nd1Ys
‘URIO pPuUBR WL2YUSMOT]

/6T ‘urasny

GL6T

HEERREECEC

pray poni

oIsEAL
o AteAodey
swonog seljnsict 0) o4
sieudiowny lazodug jerodaig Wy3auis
o 10§ o
440
JUBA J0SUSPUOT sBusyseps pioy juads BUON
simeseduiag pejjosuo)
pioy Juedg *® MO
. HEAY pue ssiem woy P peIN WYIHIS
A10A029Y Thid % 96 yrm pervsedes ynm NIVIN
QUBZUBQONIN PEINNIQ | PALSEAR 1INPOLY PalENIN 1INpoIy PARIMN pearoeey) suezieg
L a ] ] v
‘ uondoseq) Moj4
g Py Jusdg
| I i
weng
IR Y EPOS
siepm
W i m
Buturesy te —a—
N’

wep

YT

®

{ BuUaZUB(ONIN JO UCNHONPOI] )
$S3D0HE NO1LOVIY GIJY

*oN weal8er(q MOTJ4 OT1BWSYDG

30062009
ropnN

-

472



R R s MG =

columns. Also, conventional tubular heat exchanges, compressors, pumps,
condensors, and connecting piping are used in all the processes. The only
pieces of equipment that differ significantly are the reactors. Otherwise,
the principal differences between the processes, as discussed in Section V,
are in such characteristics as pressure, temperature, volatility, toxicity,
and corrosive and scaling tendencies.

The potential hazards inherent 1n each process that are directly related
to engineering design can be inferred from the process descriptions and flow
diagrams presented in Section V. 1In the totally enclosed and gas tight con-
tinuous operations, escape of the chemicals to the air is automatically con-
trolled and exposure of production workers does not normally exceed acceptable
levels. Exit gases and vapors are discharged, however, at condenser and
scrubber vents, by air dryers, and by purging operations. Process wastes from
washers and neutralizers are additional sources of potential chemical exposure,
as are leaks from seals on pump, compressor and agitator shafts. Further,
potentially hazardous exposures may result during sampling, weighing, packaging,
and shipping of products, or from cleaning, filling, and venting tank cars,
trucks, and storage vessels,

Hazardous chemical exposure is particularly difficult to control during
equipment repair and maintenance (API, 1977; Selikoff, 1977). The frequency
of maintenance outages, scheduled and unscheduled, is related to the following
characteristics of the processes:

Complexity of the process. Maintenance requirements, outages, and

reliability are directly related to the number of steps or

unit operations. The number of required operating personnel
is affected also.

Temperature and pressure conditions. Maintenance requirements
increase as the level of these factors rises.
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Corrosive conditions. Maintenance needs, frequency of outages,
and equipment replacement are directly affected by corrosiomn.

Fouling conditions. Deposition of scale from suspended solids
and corrosion products requires outages for cleaning the
equipment.

The risk of exposure is the greatest during unscheduled outages; these
unplanned outages may be minimized if a program of scheduled maintenance is
followed. The length of time between scheduled shutdowns is 12-24 months
for most operations and about 6-12 months for cracking. Five hundred to
1000 man hours are usually required per shutdown in a 1000 bbl/day capacity
plant (API, 1977).

Good engineering design is required for the effective control of
occupational hazards. This involves the selection, location, sizing, and
specification for all items of the installed equipment. The selection
process involves the following engineering responsibilities:

(1) Correct sizing of the equipment units for uninterrupted,
reliable, and controlled specified performance. Example:
correct sizing of the piping and the balancing of liquid
flow systems in order to avoid spillages, overflows, etc.

(2) Specifying equipment with adequate strength to withstand
the required operating pressures and temperatures and other
process conditions such as corrosion, wear, and fouling.
Example: selection of safe reactor tank wall thickness of a
corrosion-resistant material.

(3) Proper location and layout arrangement of equipment for
accessibility, convenience, and safe operating attention.
Example: assuring adequate clearances between equipment
and convenient location of controls.

(4) Simplification of equipment for effective control and easy
maintenance in order to facilitate cleaning, repairs, and
replacement. Example: simplified heat exchanger design
for convenient cleaning and repairing; selecting pumps that
are designed to avoid leakage.
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(5) Selection of effective equipment for accurately measuring,
recording, metering, and reliably controlling process parameters,
rates, concentrations, product quality, etc. Example: selecting
a computerized system to control an azeotropic distillation
system; selecting control valves that are easily calibrated
with proper sizing for sensitive response, and rugged construction
for minimum repairs and adjustments; inclusion of a manual or
spare method of control during outages. Reliable supply of the
actuating energy, e.g. air, electricity, etc. is also necessary.
The API publications ligted in the reference section provide
more complete information on these control factors.

(6) Provisions for controlling and monitoring all forms and locations
of emissions, leakages, overflow, drains, spills, breaks, vents,
pressures, reliefs, and wastes that escape the system. These
include ventilation systems, scrubbers, drain liquor collection
systems, waste receivers, and disposal pond systems. Example:
ventilating system for a packing and loading area to comtrol
concentration of product vapor to acceptable limits through
adequate change rate of the room atmosphere; collection and
disposal of liquid from scrubber on the emitted or recirculated
air. Detailed specifications depend on the local conditions and
particular applications.

Training in safe maintenance and operating practices is also essential for
effective hazard control. Operating codes and manuals have been developed
for this purpose by NIOSH, OSHA, and API, and are covered by several of the
referenced publications (Anon., 19763 1977a; 1978; API, 1977; Cocks and
Rogerson, 1978).

VII. POTENTIAL HEALTH HAZARDS

A. Chemical and Physical Agents

Due to the diversity of specific hazards encountered in the petro-
chemical industry, this information is presented in tabulated form in Table 7
for chemical agents and Table 8 for physical hazards. Only the major toxic
effects, derived from both human and animal studies, are summarized; detailed
discussion of the characteristic toxic properties of the end-product petro-
chemicals (Table 2) and other compounds encountered during production

(Section V) is beyond the scope of this report.
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Table 7 Toxicological/Physiological Properties of Specific Substances (API, 1977)

Substance

Toxicological/ Physilological Etfects

Acute

Chronic

Ammonia

temporary blindness and intoler-
able irritation of mucous mem-
branes at concentraticns above
200 ppm

irritation of eyes and mucous
membranes; odor threshold is 20
ppm or less

Asbestos

no significant immediate effects
unique to exposure t0 asbestos

generalized, diffuse fibrosis re-
suiting in impairment of O, trans-
fer, respiratory insutficiencies
and cardiac failure; carcinogenic
potential

Asphalt

no significant immediate effects
unique to asphalt fumes

no evidence of chronic toxicity of
asphalt fumes

Benzene

potent narcotic action at 200
ppm

unique among hydrocarbons as
myelotoxicant; toxic action on
bone marrow resulting in blood
changes, aplastic anemia and
death; can be absorbed through
skin

Butadiene

relatively weak narcotic action
and moderate irritation at high
concentrations { 5000 ppm)

mild irritation at concentrations
of 2000-5000 ppm only apparent
effect

Cadmium oxide

nausea, vomiting, salivation,
choking attacks, diarrhea, loss of
consciousness and abdorninal
paing; catarrhal and ulcerative
gastroenteritis, pulmonary in-
farcts, and subdural hemor-
rhages; death due to puimonary
injury after short exposure to ap-
proximately 50 mg/M3

rats exposed to 0.1-10 ppm Cd
for one year showed no toxic ef-
fects. However, Cd content in the
liver and kidneys increased pro-
portionately indicating eventual
toxicity. Resuits show storage in
lungs, kidneys, liver, bone, teeth
and blood, resulting in anemia,
liver cirrhosis and splenic hyper-
plasia

Carbon dioxide

pronounced stimulation of respir-
atory center at 50,000 ppm,
weakly narcotic at 30,000 ppm

no apparent chronic toxicity
where sufficient O, supply is
available

Carbon monoxide

pounding of heart, headache,
dizziness, nausea, unconscious-
ness and death at concentrations
above 1200 ppm

similar to acute effects but less
severe; no adverse subjective re-
sponse at concentrations of 100
ppm or less

Carbonyl sulfide

——

animal studies have indicated
CNS depressant, paralysis of re-
spiratory system and death

no adverse experience in hu-
mans; animal studies have indi-
cated exposures to 1300 ppm for
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Table 7. Toxicological/Physiological Properties of Specific Substances
(Cont'd) ¢APT, 1977)
| Toxicologicai/ physioiogical Effects
Substance ’ {
| Acute | Chronic i
i ; T
: i | % hour produced intoxication:
i i3200 ppm for 1 hour caused
i : | death
{ I ‘ T
© Chromium cr3+ salts including Crp03 are | chromate exposure causes le-

considered 1o have a low order of
toxicity. However, chromates are
readily absorbed through the skin

sions of the mucosa, submucosa
of the respirataory tract as well as
changes in the spleen and kid-
neys. History of lung cancer
among chromate workers

Cobalt carbonyls*

no reports of significant effects
unique to cobalt carbonyls; by
analogy to nickel carbonyl, acute
pulmonary distress is a potential
consequence of overexposure.

no reports of adverse human ex-
perience; animal studies indicate
a low toxicity lower than nickei
carbonyl due probably to lower
volatility

Cake

no significant effects unique to
coke dust

no evidence of chronic toxicity

Crude oit

compositions and toxicological properties of crude oils vary tremen-
dously; toxicities of component fractions (paraftinic, naphthenic and
aromatic) and associated impurities and trace substances (com-
pounds of sulfur and nitrogen) determine toxicological properties of

| crude oil.

Cumene

potent narcotic; depression of
CNS and respiratory system; skin
and eye irritation

chronic effects similar to but less
severe than acute effects; readily
absorbed through intact skin

Cyclohexane
(see naphthenic
hydrocarbons)

moderately narcotic and irritating
to eyes and mucous membranes

|
|
|

no reports of adverse experience
in humans

Diphenyi (biphenyl)

no significant effects other than
irritation of eyes, nose and throat

mitd irritation of upper respiratory
tract; no reported cases of injury
in humans

Ethylene

considered an “'inert’’ gas; defined by ACGIH as simple asphyxiant
without significant physiological effects

Ethylene dibromide

X

weakly narcotic,
sion, injury to lungs, liver and kid-
neys; lethal exposures resulting
from pneumonia

CNS depres- |

chronic effects similar to acute
effects but iess severe; animals
experienced injury to liver and
kidneys after exposure to 30 ppm
for 6 months but tolerated 24 ppm
with no apparent effects; severely
irritating and injurious to intact
skin

Ethylene dichloride

severe irritation of eyes, nose and
throat; CNS depression; gastro-

chronic symptoms similar to but
less severe than acute effects;
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Table 4

47<

(Cont'd) (API, 15977)

Toxicological/Physiological Properties of Specific Substances

Substance

Toxicological/ Physioiogical Effects

Acute

Chronic

intestinal tract injury; mental con-
fusion, dizziness, nausea and
vomiting; liver and kidney dam-
age; pulmonary edema

nausea and vomiting are striking
symptoms of chronic exposure to
tolerable concentrations

Formaldehyde

primary irritation of eyes, respira-
tory tract and skin at 20 ppm

similar to acute effects; itching of
eyes and skin, dry and sore
throats, unusual thirst after sieep-
ing, some evidence of sensitiza-
sitization

Furfural

depression of CNS; cramps, con-
vulsions, irritation- of mucous
membranes; animal studies (rats)
indicated exposures to 300 ppm
were fatal

irritation of eyes, nose and throat;
headache; rarely reported cases
of individual respiratory sensitiza-
tion

Casoline

composition of gasoline varies significantly; in most cases, the aro-
matic hydrocarbon components will determine predominantly the
toxicological/physiological properties of the mixture

Hexamethylene
tetramine

no reports of significant acute
toxicity

no reported evidence of chronic
toxicity other than occasional evi-
dence of skin irritation

Hydrocarbons,
paraffinic

as a class, these compounds are
narcotic and irritating to mucous
membranes, the severity of ef-
fects increasing generaily within-
creasing molecularweight (meth-
ane, ethane and propane are con-
sidered ‘‘inert,”” or simple as-
phyxiants; generally paraffin
series butane through nonane
exhibits increasing anesthetic
effects

chronic effects (irritation and miid
narcosis) simifar to but less se-
vere than acute effects

Hydrocarbons,
olefinic

lower molecutar weight members
of the olefin series (ethylene, pro-
pylene, butylene), diolefins and
acetyiene are simple asphyxiants
and relatively weak narcotics,
anesthetic potency increases
generally with increasing hydro-
carbon chain length in ethylene
series; no serious injuries resuit-
ing from industrial exposure o
this class of hydrocarbons have
been reported

chronic effects consist primarily
of mild narcotic action and irrita-
tion

Hydrocarbons,
naphthenic

these cyclic saturated com-
pounds are characterized by a

chronic effects are primarily mild
anethesia and conjunctivitis
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Table 7.

(Cont'd) (API, 1977)

Toxicological/Physiological Properties of Specific Substances

Substance

Toxicologicai/ Physiological Effects

Acute

Chronic

low degree of acute toxicity: le-
thal exposures of animails resulted
in excitement, loss of equilibrium,
stupor, coma and death due to
respiratory paralysis

Hydrocarbons
aromatic

with the exception of the unique
properties of benzene (which see)
the aromatic hydrocarbons are
characterized as strong and po-
tent narcotics and are capable of
irritating the eyes, nose, throat
and respiratory tract

generally, headache, fatigue,
slight nausea, irritation of eyes,
nose, throat and respiratory tract

(see also toluene and xylenes)

|

¢ Hydrocarbons,

polycyclic
aromatics

no significant immediate effects
unigue to polycyclic aromatic
compounds

some specific polycyclic aromatic
{PCA) compounds are capable of
inducing abnormal growth in tis-
sues; animal studies (primarily
mice) have demonstrated that
several PCA's can elicit skin can-
cers after repeated contact lead-
ing to involvement of peripheral
blood, spleen, lymph nodes and
bone marrow

Hydrogen flucride

moderate to severe irritation of
the conjunctiva and respiratory
tract; 120 ppm the highest con-
centration tolerated by man for
one minute

chronic effects similar to acute
but less severe; sour taste in
mouth; prolonged exposures pre-
sumably would lead to fluorosis;
concentrated aqueous solutions
are extremely injurious to skin al-
though there may not be pain as-
sociated with contact

Hydrogen sulfide

even brief exposures to concen-
trations 600 ppm can resuit in
unconsciousness and death; se-
vere pulmonary irritation and re-
spiratory paralysis

irritation of eyes, mucous mem-
branes and respiratory system;
painful conjunctivitis; photopho-
bia, olfactory nerves readily fa-
tigued to the point that odor is not
perceptible

Hydroguinone

animal studies have indicated in-
creased motor activity; hyper-
sensitivity  to stimuli.  dyspnea
and cyanosis; no significant
acute injuries reported in man

most significant chronic effect is
characteristic eye injury consist-
ing of lens curvature changes
sometimes long after exposure

iron oxide

no significant acute toxicity at-
tributable to iron oxide

"'siderosis,”’ also known as mot-
tling of the lungs, is consideredto
be that of benign pneumoconiosis
because it does not lead to fi-
brous profileration; it is of low or-
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Table 7 Toxicological/Physiological Properties of Specific Substances
(Cont'd) (xP1, 1977)
Toxicologicai/ Physiological Effects
Substance

Acute

Chronic

der of severity and usually re-
quires six to ten years of expo-
sure before diagnosable roent-
genographic changes occur; no
evidence of physical impairment
is associated with these clinical
findings

lron pentacarbony!

no reported human exposures;
animal studies indicate toxicity is
similar to Ni(CQ)y, i.e., respira-
tory distress, limb weakness and
tremors

no data available on chronic ef-
fects

Kerosine

composition varies somewhat but
principal components are Cg-Cqg
paraffins; acute effects include
headache, fatigue, tinnitis, irrita-
tion of eyes and respiratory tract,
unconsciousness

chronic effects similar to acute
but less severe; conjunctivitis
and bronchitis, irritation of mu-
cous membranes

Lead, aikyl

readily absorbed through skin in
acutely toxic amounts; except
that gastrointestinal complica-
tions are absent; development of
symptoms are similar to inorganic
lead intoxication, severe over-
exposure, results in tremors, pro-
found cerebral involvement, de-
lirium tremens-like attacks un-
consciousness and/or death

development of chronic effects
similar to that for inorganic leads

Lead, inorganic

gastrointestinal disorders, colic,
constipation in extreme overex-
posures; effects described as
“‘chronic’’ can result after even
brief exposures

continuation of acute symptoms,
presence of stippled cells, ane-
mia, weakness (and in some

cases paralysis) of extensor mus- _

cles primarily of the wrists, en-
cephalopathy in severe poison-
ings

Manganese

no significant immediate effects
unigue to manganese

causes a disease known as ‘‘man-
ganism’’ characterized by unac-
countable laughter, euphoria, im-
pulsiveness, and insomnia fol-
lowed by overpowering somno-
lence; also encountered: cramps,
headache, sexual excitement fol-
jowed by impotence, as poison-
ing develops one approaches ab-
solute detachment; manganese
poisoning is usually permanently
disabling unless treated
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Table

7. Toxicological/Physiological Properties of Specific Substances
(Cont'd) (API, 1977)

Supstance

Toxicologicai/Physlological Effects

Acute

]

Chronic

Mercaptans
{methyt and ethyl)

severe eye irritation, depression
of CNS, pulmonary edema, injury
to the respiratory system causing

death due to respiratory paralysis

headache, nausea, irritation of
eyes and mucous membranes

Methanol

depression of CNS; acidosis cer-
ebral edema and hemorrhages.
optic nerve neuritis leading to
atrophy and blindness; fatalities
result from severe depression of
respiratory center

conjunctivitis, headache, giddi-
ness, insomnia, gastrointestinal
disturbances, failure of vision

toxicity varies directly with aro-
matic hydrocarbon content; ef-
fects include narcotic action and
disturbances of the gastrointesti-
nal system, photosensitivity

similar to but less severe than
acute effects; chronic effects
predominantly associated with
aromatic hydrocarbon content

Nickel

severe, transient pneumonitis;
animal studies have revealed evi-
dence of acute toxicity in the
form of pathological changes in
the lung, pneumonia and hyper-
plasia of lymphoid tissue

evidence of significant increased
incidence of lung cancefr among
exposed workers; dermatitis, or
“nickel itch”, is most prevalent
effect; evidence exists that nickel
is both a skin and respiratory tract
sensitizer

Nickel carbonyl

frontal headache, dizziness,
tightness in chest, limb weak-
ness, nausea, vomiting; delayed
effects usually develop several
hours after exposure and include
pain and tightness in chest; dry

cough, shortness of breath, cya--

nosis and convuisions; in lethal
exposures, death usually resuits
from respiratory failure

some evidence of increased inci-
dence of nasal and lung cancers;
studies with animals ternd to con-
firm human experience although
specific cause-and-effect rela-
tionships have not been estab-
lished

Nitric acid

delayed but eventually irritating
and corrosive to moist tissue, in-
halation of harmful concentra-
tions may not be immediately
noticed

chronic bronchitis, chemical
pneumonia, erosion of the teeth

|
i
l
i — -
S Nitrogen dioxide coughing, choking, headache, | chronic bronchitis, irreguiar car-
r abdominal pain and nausea fol- | diac actions, respiratory compli-
i lowed by a '‘symptom-free’’ pe- | cations, recurrent asthmatic-like
‘ riod of 6-72 hours after which fa- | attacks and, rarely, pulmonary fi-
! tigue, uneasiness, hyperpnea, | brosis and emphysema
f dyspnea and pulmonary edema

edema develop, in fatal overex-

posures, cyanosis, coughing, fro-
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Table 7. Toxicological/Physiological Properties of Specific Substances
(Cont'd) (aPI, 1977)
Toxicological/ Physiolcgical Effects
Substance
Acute ’7 Chronic
thy expectoration and uncon-
sciousness follow
Qi toxicological and physiological properties vary considerably as a func-
tion of composition of the oils; properties determined by relative
amounts of paraffinic, olefinic, naphthenic and aromatic {ractions
and, often more importantly, various special additives
Phenol intense burning at point of con- | except for cases of absorption

tact, cyanosis, muscular weak-
ness, tremors, convuisions and
collapse may develop after inha-
lation, ingestion or skin contact

through the skin, there are no re-
ports of adverse chronic effects
in industrial environments; can
be absorbed readily through skin
in toxic amounts

Phosphoric acid

irritating and corrosive to eyes,
nose, throat and upper respira-
tory tract aithough effects are not
as pronounced as with nitric or
sulfuric acids

L

similar to acute effects but less
severe

Propylene similar to ethylene; generally considered a simple asphyxiant and with-
out significant toxicity
toxicological/physiological properties are determined primarily on the

Residuum

composition of the various “"bottoms’’ products; of particular concern
is the carcinogenic potential associated with polyclic aromatic hydro-
carbons present in varying concentrations in some residual material

Siiica (crystalline)

no significant acute toxicity
unique to crystalline silica

cumulative and progressive de-
velopment of pneumoconiosis
(silicosis); increase in pulmonary
density progressing to diffuse de-
velopment of noduies which in-
crease to the size where they in
terfere with pulmonary function;
dyspnea; emphysema, chronic
bronchitis

Sodium hydroxide

severely irritating to upper respir-
atory tract, ulceration of nasal
septum passages, general dis-
comfort

similar to acute effects but less
severe

Sulturic acid severe irritation of eyesand upper | similar to acute effects but less
respiratory system severe; tracheobronchitis, sto-
matitis, conjunctivitis, gastritis,
erosion of teeth
Toluene strong narcotic action, extreme | similar to but less severe than
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Toxicological/Physiological Properties of Specific Substances

Toxicological/ Physioiogical Effscts

Chronic

fatigue, mental confusion, nau-
sea, headache and dizziness in

acute effects; primary effect at
concentrations « 200 ppm is irri-
tation of eyes and respiratory
tract

strong narcotic action when con-

headache, fatigue, irritability,
nausea, anorexia, irritation of
eyes, nose and throat

inhalation of freshly formed fume
produces characteristic ‘'‘metal
fume fever’’ with symptoms re-
sembling influenza, e.q.. chiils,
fever, elevated body tempera-
ture; recovery invariably is com-
plete within 48 hours even with-

Table 7.
(Cont'd) (API, 1977)
Substance
Acute
!
I
trations >400 ppm
Xylenes
‘ centration exceeds 200 ppm
Zinc oxide
out symptomatic treatment

no evidence of chronic toxicity
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Table 3.

Physiological Properties of Specific Physical Stresses (API, 1977)

—

Stress

Physiological Effects

Acute

Chronic

Cold

frostbite as a result of local damage to tis-
sues usually to the skin and muscles of the
hands and feet; condition sometimes irre-
versible requiring amputation in severe ex-
posures to cold result from extreme fatigue
due to prolonged shivering

lowering of body temperature, shivering;
tendency toward arthritis and/or viral in-
fections

Heat

heat stroke: sharp rise in body tempera-
ture; dry warm skin, confusion; delirium
and convulsions

heat exhaustion: rapid, shallow breathing;
weak, slow pulse; moist, clamming, pale
skin

heat shock: cramps, weakness, nausea,
fatigue and dizziness

heat fatigue: lassitude, irritability, fatigue

no evidence of chronic effects attributable
to exposure to heat

Noise

extremely excessive noise (> 140 dB) can
produce severe pain and damage to the
hearing mechanism,; less severe expo-
sures result in either or both permanent
and temporary threshold shift (decrease
in hearing ability)

gradual decrement in hearing ability; psy-
chotogical effects; interference with com-
munication

Radiation,
lonizing

all torms of ionizing radiation are capabie
of damaging tissue of the body; increas-
ing penetration ability from alpha, beta,
gamma to X-rays; extent of damage de-
pendent upon energy of radiation and rela-~
tive sensitivity of tissue contacted

chronic efects include dermatitis, sterility,
leukopenia, teukemia, anemia, bone ne-
crosis, glandular dysfunction, fatal injury,
cataracts and tumor induction

Radiation,
Non-icnizing

microwaves can result in significant heat-
ing of body tissue, the organs most sus-
ceptible being those least able to dissipate
heat (e.g., eyes, testicles, etc.)

infrared radiation does not penetrate pe-
low superficial skin layers; thus, primary
effect is to heat the skin and tissues im-
mediately below

ultraviolet radiation results primarily in ef-
fects on the skin surface and eyes al-
though more severe than infrared radia-
tion

similar to acute effects but less severe;
actual effects are related to wavelength,
power intensity, and duration of exposure

excessive exposure of eyes reportedly has
resulted in cataract-like formation3

most common overexposure is to direct
sunshine which can result in tumor devel-
opment; some evidence of synergistic ef-
fects with various chemicals

&1
oV
A
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B. Human Exposure and Epidemiological Studies

Assessment of the relative risk to employees of the petrochemical
industry involves analysis of several types of informational studies.
Geographical studies have found increased rates of cancer of the lung,
nasal cavities and sinuses, and skin in counties with petroleum industries
(Blot and Fraumeni, 1976; Blot et al., 1977). Studies such as these do not
consider occupation, residency, or other etiological factors, and, as a
result, are useful only as indicators of probable links to disease. More
direct studies have found a 1.6 greater chance of lung cancer in petrochemical
workers (Menck and Henderson, 1976). In-depth epidemiological studies of
petroleum refinery workers have reported no significant increases in total
cancer mortality rates or in mortality rates from skin (Wade, 1963; Baird;
1967) or respiratory tract cancer (Baird, 1967; Thériault and Goulet,
1979). Increased mortality caused by disease and cancer of the digestive
system (particularly the esophagus and stomach) does, however, appear to be
associated with exposure to petroleum refinery enviromments (Thériault and
Goulet, 1979; Hanis et al., 1979). In contrast to the findings of Baird
(1967) and Thériault and Goulet (1979), Hanis et al. (1979) also reported
significantly increased incidences of cancef of the trachea, bronchus and
lung in refinery workers.

Blot and Fraumeni (1976) correlated the incidence of lung cancer
with occupation by county in the United States from 1950-1969. Each county
was classified according to the number of people employed by a particular
industry. 1If the number was at least 0.1 percent of the county's total
population, that county was considered as an "industry country." Of the

3056 counties surveyed, 185 were petroleum industry counties, 147 of which
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had at least 0.1 percent of the population employed in the industry and 38
had more than 1 percent employed. Mortality rates from lung cancer were
increased in counties with a higher degree of urbanization. After adjusting
for demographic influences, lung cancer mortality was significantly higher
in counties with four industries: paper, chemical, petroleum, and transpor-
tation. The rates increased as the percentage of workers involved in the
industries increased. The predicted annual increases in age-adjusted lung
cancer mortality rates among white males for the petroleqm industry were
estimated at 0.98 + .45/100,000 population for 0.1-1.0 percent employed
counties and 1.32 + 1.00/100,000 population for 1.0 percent employed
counties. The median increase for lung cancer mortality in petroleum
industry counties was 6 percent for counties with more than 1 percent of

the population employed and 3 percent in the lower concentration counties.
Among the heavy concentration counties, 65 percent exhibited increased

rates of lung cancer mortality. Slight, though not significant, increases
in lung cancer mortality were also seen when information concerning white
females was analyzed. Industrial correlations for non~-white males were the
same as for white males but increases were significant only for the chemical
industry. When interpreting the increased rates of cancer in petroleum
industry counties, the influence of other factors including urbanization,
geographic region, socioeconomic status, and cigarette smoking must be
considered. The county mortality data used did not specify occupation,

location or length of residency. In order to better assess the occupational

risk to petroleum workers, more specific and complete information is required.

Cancer mortality in petroleum industry counties (PIC) was further

evaluated in a comparison of the mortality rates of various cancers in 39

D=
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U.S. counties engaged heavily in the industry, and 117 comparable counties
with no involvement in the industry (Blot et al., 1977). The two groups of
counties were matched for geographic region, population size, and various
demographic indicators. Nonpetroleum industries were equally divided
between the two groups. There was, however, a tendency for chemical plants
to occur in PIC counties at a much higher rate than in control counties; 11
of the 39 PIC versus 6 of the 117 control counties had equal numbers of
workers employed in the chemical and petroleum industries. Table 9 presents
the ratios of age-adjusted mortality rates for various cancers during 1950-
1969. Mortality rates from cancer were significantly elevated for: all
tumor sites combined; nasal cavity and sinuses; lungs; skin; testis; stomach;
and rectum. The ratios of mortality rates were also separated according to
population size. Cancers of the nasal cavity, lung, and skin were high
regardless of population whereas cancers of the stomach, rectum, and testis
increased in highly populated counties. The influence of the chemical
industry on cancer rates should be considered in any interpretation of
these results. The rates of lung and skin cancers in the 11 PIC with
chemical industries was 10 percent higher than in PIC without; for nasal
cancer the increase was 50 percent in PIC counties with chemical industries
versus those without.

In an attempt to correlate rates of lung cancer to occupation,
Menck and Henderson (1976) reviewed 2,161 death certificates mentioning
lung cancer for 1968-70 and 1,777 cases of lung cancer in Los Angeles
County for 1972-73. The Standard Mortality Ratio (SMR) was calculated
according to the following formula: ratio of observed deaths plus incideﬁt

cases to expected deaths plus incident cases; the SMR for all occupations



Table 9. Ratios of Age~adjusted Mortality Rates, 1950 to 1969,
Among White Males in Petroleum Industry Counties to
Those in Control Counties by Cancer Site (Blot et. al., 1977)

Cancer site Ratio
Buccal cavity and pharynx 1.04
Esophagus 1.06,
Stomach 1.09
Colon 1.02**
Rectum 1.07
Liver 1.06
Pancreas 1.05,
Nasal cavity and sinuses 1.48
Larynx 1.09,
Lung 1.15
Prostate 0.98**
Testis 1.10
Kidney 1.05
Bladder l.OZ**
Melanoma and other skin l.lO**
Brain 0.94
Thyroid and endocrine 1.04
Bone and connective tissue 0.98
Hodgkin's disease 0.96
Other lymphomas 1.01
Multiple myeloma 1.05
Leukenmia 1.03
All sites combined 1.06

%
P< .01
*

%
.01 < P <.05
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was 100. TFor the petroleum and coal products industry, the SMR was 160 for
white males 20-64 years of age, thus indicating a 1.6 times greater chance
of developing lung cancer. General air pollution and smoking habits were
not considered, thus limiting interpretation of the increased risk factor.
Baird (1967) conducted an epidemiological study of cancer mortality
of employees in Humbles Baytown refinery. Multiple sources of air pollution
were not considered since there were no other major sources of industrial
pollution on the prevailing wind side of the area. The study covered the
period from 1935-1963; the average number of employees over this period was
15,437. There were 377 reported cancer deaths, equivalent to a cancer
death rate of 84.4/100,000/year. Comparison with the cancer mortality
rates of the surrounding geographical areas and of the United States for
1945 places the cancer death rate for petroleum refinery workers within the
limits for the general public (Table 10). The relative frequency of death
due to all cancers (Table 11) and the mortality rate from skin cancer and
respiratory tract tumors (Table 12) did not reveal significant differences
from the control group. Cancer mortality was also examined by major departments
in the company, including the Pipe Line Co., production, refinery, sales,
and exploration (Table 13)., Differences in relative frequency were not
considered significant since a small number of total deaths often raised
the cancer death rate disproportionately. Another factor to consider is
uneven age distribution and length of service records for the workers in
each department,.
The incidence of skin cancer among refinery workers was examined
in a "case matching' study of three large refineries (Wade, 1963). 1In an

effort to correct for other factors affecting the incidence of skin cancer
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%
Table 10. Cancer Mortality Rates for Ages Over 20 in 1945
(Baird, 1967)

Rate (all forms) Frequency/100,000/yr.
United States 131.7
Arkansas 78.7
Louisiana 97.2
Oklahoma 102.1
Texas 88.0
Humble Companies, all employees and annuitants 84 .4

®
Figures for U.S. and 4 states reduced by 2% to correct for tumor mortality
0-20 year age group.

Table 11. Relative Frequency of All Cancer Deaths
(Baird, 1967)

Deaths
Hok

Cancer deaths
Area Year Total* No. 4
U.Ss. 1945 1,258,744 173,915 13.8
Arkansas 1945 13,203 1,457 11.0
Louisiana 1945 19,868 2,333 11.7
Oklahoma 1945 16,991 2,171 12.8
Texas 1945 52,850 5,801 11.1
Humble Companies 1935-1955 1,481 179 12.1

*
Figures for U.S. and 4 states reduced by 10.2% to correct for mortality
occurring in age group 0-20 years.

&%
Figures for U.S. and 4 states reduced by 2% to correct for tumors occurring

in age group 0-20 years.
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Table 12. Mortality Rates from Skin Cancer and Respiratory Tract Tumors
(Baird, 1967)

Skin Cancer Respiratory Tract Tumors

Group Deaths/100,000/yz. Deaths/100,000/yr.

United States (1945) 5.96 30.8
Arkansas (1945) 5.40 14.9
Louisiana (1945) 4.96 25,2
Oklahoma (1945) 8.95 14.7
Texas (1945) 7.40 16.5
Above states combined 6.93 17.6
Humble Companies' employees and

annuitants (1935-1963) 3.88 17.3

Table 13. Cancer Mortality Experienced by Major Departments
(Baird, 1967)

Average Cancer Total Relative

Occupational group population deaths deaths Total Cancer frequency (%)
Pipe Line Co. 2373 76 578 830 110 13.2
Production 4892 162 846 595 114 19.2
Refinery (Bavtown) 6239 96 839 465 52 11.2
Sales 843 23 121 500 95 18.9
Exploration 1090 20 71 22% 63 23.0

Total emplovees 15437 377 2455 541 81 15.0
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other than exposure to oil slurry (a residue from catalytic cracking); the
control and exposure groups were matched for age, company service, race,
sex, complexion, hair color, personal hygiene, family history of cancer,

and exposure to other etiologic factors. During the time of the study,
1949-1961, 45 neoplasms occcurred in the control group and 46 in the exposed
group, of which 53.5 percent and 58.7 percent, respectively, were skin
lesions. It was noted that all skin cancers of the extremeties occurred in
the exposed group. The age of the first appearance of skin cancer did not,
however, seem to be job-related. The age of the first appearance of skin
cancer did not differ significantly in the two groups of workers. The oil
fractions tested are known to be carcinogenic to laboratory animals; absence
of such an effect in the workers of this study may indicate the effectiveness
of the protective program aimed at minimizing exposure, or a longer latency
period necessary for the development of such cancers.

In a cohort epidemiologic study, Hanis and coworkers (1979)
examined the cancer mortality experience from 1964 to 1973 of 15,032 Imperial
0il Limited refinery employees. The study population was composed of both
active workers and company annuitants who were exposed on a daily basis to
crude petroleum or its products, and subdivided into refinery and non-
refinery, and exposed, moderately exposed, and non-exposed groups. Of the
15,032 workers, 1511 deaths occurred of which 301 were due to cancer; a
total of 865 employees were lost to follow-up. Disease of the circulatory
system and malignant neoplasms together accounted for nearly 80% of all
deaths (Table 14); analysis of deaths from causes other than cancer have

not yet been published.

Gl < 492



Table 14. Percentage Distribution of Deaths in the
Study Population by Major Cause, 1964-1973

(Hanis et al., 1979)

Cause of Death“

No. A
Malignant neoplasms (140-209) 301 19.9
Diseases of circulatory system (390-458) 905 59.9
Diseases of respiratory system (460-519) 90 6.0
Diseases of digestive system (520-577) 51 3.4
Accidents, poisonings, and violence (800-999) 59 3.9
All other 105 6.9
Total 1,511 100.0
&ICDA Codes, 8th Revision (1965) shown in parentheses.
493
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An examination of the distribution of deaths by cause and age
revealed that only five cancer deaths occurred in employees under the age
of 40. The distribution of cancer deaths at ages 40 and over in the exposure
and refinery groups and their controls is shown in Table 15. 1In all groups,
the sites accounting for the largest percentages of deaths were trachea,
bronchus and lung, and the digestive tract -— particularly the intestines
in the exposed and unexposed and other digestive system organs in the
moderately exposed workers. There were no cancers of the small intestines.

Mortality from all malignant neoplasms in the exposed group was
significantly higher than that in the nonexposed employees (Table 16). The
two sites for which mortality was significantly higher and which accounted
for the largest part of the excess cancer mortality in the exposed group
were esophagus and stomach, and trachea, bronchus and lung. The risk of
death from cancer of the esophagus/stomach and lung in the exposed group
was, respectively, more than three and about twice that in the nonexposed.
In the exposed group, increasing risks of both cancers occurred with increasing
duration of employment (Table 17).

When refinery workers were compared with non-refinery workers
without consideration of exposure to petroleum in either group, the refinery
workers were found to have almost twice the risk of cancer of the intestines
(including rectum) and other digestive organs (Table 18). The mortality in
the refinery group from neoplasms of the lymphatic and hematopoietic systems
was about half that in the non~refinery group. In contrast to the findings
with the exposed/nonexposed worker groups, the age-adjusted mortality rates
for intestinal cancer in refinery workers did not increase with duration of
employment, the rates being 7.3, 5.9, and 7.5/10,000 person-years for the

categories 11-20 years, 21-30 years, and over 30 years, respectively.
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Table 15. Percentage Distribution of Cancer Deaths in the

o

Exposure and Refinery Comparison Groups, 1964-1973"

(danis et al., 1979)
Cancer Deaths
Moderately
Nonexposed Exposed Exposed Nan-Refinery Refinery
Site of Cancart (N=865) {H=18) (N=215) (N=132) (N=164)
Buccal cavity and pharynx (140-149) 1.5% - 2.8% 2.3% 2.4%
Esophzgus and stamach (150, 151) 456 12.5% 13.0 11.4 12.0
Large intesting and rectum (153, 154) 18.5 6.2 13.5 10.6 17.1
Ciner cigestive organs (155-159) 12.3 31.2 9.3 9.1 12.8
Trachea, bronchus, ung (162) 20.0 12.5 32 29.5 26.2
Other respiratory organs (160, 161, 163) 1.5 - 1.4 1.5 1.2
Bone, connective tissue, skin (170-174) 7.7 6.2 2.3 5.3 2.4
Prastate (185) 10.8 - 8.4 7.6 9.1
Uninary organs (188, 189) 7.7 - 6.5 6.8 8.1
her and unspecified sites (130-199) 7.7 6.2 5.6 4.5 7.3
Lymphatic and hemzrgpoietic system (200-209) 7.7 25.0 6.0 11.4 4.3
Total 100.0 99.8 100.0 100.0 99.9
*Age grougs less than 40 exciuded trom this table.
1iCOA Coces, 8th Rewision {1965) shawn in brackets.
Table 16. Age—-Adjusted Cancer Mortality Rates for Specific
Sites in Exposed and Nonexposed Workers, 1964-~1973'
(Hanis et al., 1979)
Age-Adjusted Mortality Rates per 10,080 Person-Years
Nenexpaosed Moderately Exposed Exposed
Site of Cancer: Rate Rate Relative Risk Rate Relative Risk
All sites (140-209) 32.3 18.4 0.57 39.7 1.23§
{85)% (16) {218)
Esophagus and stomach (150,151) 1.6 1.7 1.06 5.2 3.25§
(3) 2 (28)
Intestines and rectum (133, 154) 6.1 1.5 0.26 5.3 0.88
(12) (1) (29)
Other digestive organs {155-159) 3.9 2.6 0.67 3.5 0.90
(8) (5) {20
Trachea, dronchus, lung (162) 6.6 2.6 0.39 12.5 1.89%
{13) (2) (67)
Prostate (185) 38 - - 3.2 0.84
7 (18)
Urinary biadder, kidney (188, 189) 2.4 - - 2.6 1.08
(5) (14)
Lymphatic hematopaietic system (200-209) 2.6 4.9 1.88 2.3 0.88
(7) (4) {13}

*Direct adjusiment using the study population as standard

tAge groups less than 40 exciuded frem this tadle
$ICDA codes, 8th Ravision (1963) shown in brackets

§indicates that the exposed raes diftered significantly from the nonexposed at p< 0.05, Chi square. d.f. =1

{Numbers cof deaths upon which rates are based shown in parentheses
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Table 17. Age—Adjustedx Stomach and Lung Cancer Mortality Rates
in Exposed Workers by Duration of Employment, 1964-1973

(Hanis et al., 1979)

Cancer Mortality Rates/10,000 Person-Years
(Exposed Waorkers)
Duration of Esophagus and Trachea, Bronchus
Employment (Years) Stomach and Lung
11-20 3.0 10.1
(4)2 (1)
21-30 5.8 14.7
(11) (27)
31+ 7.8 19.8
(13 {29

*Direct adjustment with the study population, age>40, > 10 years
service as the standard

tAge groups less than 40 exciudzd from this tabie

tNumbers of deaths upon which rates are based are shown in
parentheses

Table 18. Age—AdJusted Cancer Mortality Rates for Spec:.flc
Sites in Refinery/Non-Refinery Workers, 1964-1973

(Fanis et al., 1979)

Age-Adjusted Mortality Rates/10,000
Person-Years
Site of Cancer$ Refinery  Non-Refinery Relative Risk
All sites (140-209) 40.6 31.4 1.298§
(164)§ (132)
Esophagus and stomach 4.5 3.7 1.22
(150, 151) (18) (15)
Intestines & rectum 6.9 3.5 1.97§
(153, 154) (28) (14)
Other digestive organs 5.1 2.8 1.82§
(155-159) (21) (12)
Trachea, bronchus, lung 10.9 9.2 1.18
(162) (43) (39)
Prostate (185) 33 2.6 1.27
(15) (10)
Urinary biadder, kidney 2.5 2.1 1.19
(188, 189) (10) (9)
Lymphatic and hemato- 1.7 3.7 0.48
poietic system (200-209) M {15)

*Direct adjustment using the study population as standard

tAge groups less than 40 exciuded from this table

$ICDA Codes, 8th Revision (1965) shown in brackets

§indicates that the refinery rates differed significantly from the non-
refinery at p<0.05. Chi square, d.f.=t1®

§Numbers of deaths upon which rates are based shown in paremheses
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The excess cancer mortality in the exposed and refinery workers
was also generally consistent in comparisons specific for refinery/exposure
subgroup (Table 19) and geographic area, although small numbers of deaths
in some categories introduced difficulties in interpretation.

Table 20 shows the age—-adjusted cancer mortality rates by job
titles for various sites, and ratios of the job-specific mortality rates to
the study population rate (Hanis et al., 1979). Rates for the specific
cancers that were about twice as high in the particular groups of jobs
relative to the study population included: (1) intestinal cancer, in service
workers (laundry workers, custodians, watchmen and inspectors), mechanics,
boilermakers, and pipefitters; (2) other digestive organ cancers in engineers;
(3) stomach cancer in service workers, garage workers and route salesmen;
and (4) lung cancer in office workers, workers in utilities, building
trades and boilermakers.

Thériault and Goulet (1979) assessed the survival status of 1205
men who were employed for more than five years in a Canadian oil refinery
from 1928 through 1976, and reviewed death certificates. It resulted that
of the 1205 refinery workers, 190 were lost to follow-up and 108 died; the
study group accounted for 1015 men or 84% of the total study population.

An examination of observed and expected numbers of deaths (based on reference
Quebec population) revealed that the oil refinery workers showed a standard
mortality ratio lower than expected for all causes of death (SMR = 78.43;
Table 21). The SMR's for specific causes, though sometimes differing from
100, were not statistically different. When mortality was studied according
to duration of employment, it appeared that workers employed for less than

20 years since the first exposure had statistically lower SMR's for all
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Table 19. Age—Adjustedlg Intestinal, Other Digestive Organ,
Stomach and Lung Cancer Mortality Rates in
Refinery/Exposure Subgroups, 1964-1973 (Hanis et al., 1979)

Age-Adjusted Cancer Monality Rates/10,000
Person-Years

Other Trachea,
Digestive Esophagus Brenchus,
intestines Organs and Stomach and Lung

Subgroup (183, 154)¢ (155-159) (150, 181)  (162)
Refinery exposed 7.2 4.4 4.7 11.8
(26)§ (7 an (42)

Refinery moderately| 8.8 6.7 33 -
exposed [&D] (2) (1)

Refinery 5.5 9.3 - -
nenexposed %] (2}

Non-refinery 1.7 1.9 6.0 13.6
exposed (3) (3) (1) (25)

Non-refinery moder- - 15.2 5.1 7.2
ately exposed (3) (1) (2)

Non-refinery 6.4 3.2 1.9 6.9
nonexposed (11) (6) (3) (13)

*Direct agjustment using the study pepulation as standard

tAge groups less than 40 exciudec from this iadie

tICDA codes. 8th Revision {1963) shown in brackets

§Numbers of deaths upon which rates are based shown in parentheses
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Table 20. Age—AdjustedA Cancer Mortality'Rates by Site

and by Specific Job, 1964-1973" (Hanis et al., 1979)
Age-Adjusted Cancer Mortality Rates/10,000 Person-Years
intestines QOther Digestive Organs Esophagus and Stamacn Trachea, Bronchus ang Luag
{153, 154) (155-159) {150, 151) (162) ! '

Job Titlet Rate Risk Ratio§ Rate Risk Ratio Rate Risk Ratio Rate Risk Ratio

Services: iaundry, 11.5¢ 2.3 - - 11.9 3.0 - -
custodial, wachmen, 3) (3)

Insoesiarsi=1284 28

Mechanics. boiler- 88 1.9 5.4 1.4 4.0 1.0 12.7 1.3
makers. gige fitters (13) (8) (5) (17)

N=1438) (E

Oc(erat»ons. p:ogsssmg. 6.7 1.3 4.5 1.1 4.8 1.2 9.1 0.9
field suservisors. (7} (5) (5) (10)
dewanng. asprai
stills, crude stills.
clay prass (N=1303)

(RE)
Otfice workers 6.1 1.2 2.6 6 - - 22.5 2.2
© (including executives) (i (5) (12)
N=2546) (NE)

Ga(rage work)ers. route 4.2 8 3.5 9 2.2 12.0 1.2
salesmen (N=807) (2) (2) (4) (7)

NR. E

P!ém cle)rks (N=609) 36 7 - - - - 1 19? 1.8
ME E (2)

Uti(lit:es’)buildmg trades, 3.4 7 - - 5.3 1.3 22.3 2.2
boilerhouse (N=226) (2) (2) (5) »
(RE)

Enginsers (N=625) - - 9.2 2.3 37 0.8 - -
{ME) (4) 2)

Packaging. shioping - - - - 4.4 1.1 10.6 1.1
(N=454} () (2) - (5)

Study population 5.1 1.0 4.0 1.0 4.0 1.0 10.0 1.0

(42) (33) (33) {82)

*Direct adjustment ysing the study population as standard
TAge grouns less.than 40 excluced from this tabie

+Retinery and exposure groups are shawn in parentheses: R=refinery, NR =Non-refinery, E =exposed. ME =moderately exposed, NE =nonexposad
§Ratio of rate in subgroun ta study popuiation rate
CNumbers of deaths upen which rates are based are shown in parentheses

Table 21.

Observed and Expected Number of Deaths and Standard
Mortality Ratio (SMR) Among 0il Refinery Workers
(1928-1976) According to the Time Elapsed Since Start

of Exposure

(Thériault and Goulet, 1979)

-20 Years Since st Expos. | + 20 Years Since 1st Expos. Totat

Disease Category ({CDA*) Obs/Exp.t SMR Obs/Exp. SMR Obs/Exp. SMR
Mziignant necplasms {140-209) 7/8.38 83.73 18/20.18 89.19 25/28.54 89.29
Central nervous system cisezses (320-349) 1/0.70 142.85 0/0.65 - 1/1.35 74.07
Cargiovascular giseases (350-458) 12/19.07 62.92 40/42.56 93.98 52/61.63 84.37
Respiratory system diseases (460-519) 0/1.57 - 3/4.28 69.93 3/5.86 51.19
Qigestive system diseases (520-577) 8s2.70 — 7/3.92 178.57 7/6.62 105.74
Genitourinary system diseases {580-607) 0/1.27 —_ 0/1.27 - 0/2.54 -
Accidents and vioience (800-999) 12/11.44 104 .89 1/5.82 17.18% 13/17.26 75.31
Others 1/7.77 12.87¢ 6/6.73 89.15 7/13.90 50.36
All causes (001-399) 33/52.28 63.12¢ 75/85.42 87.80 108/137.70 78.43%

*Internaticnal Classification of Diseases. Eighth Revision

TExpacted deaths Dased on age specific death rates of Quebec males

tStatisticaily significant
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causes of death and for the categoryr"other diseases" when compared with
the reference population.

The Thériault and Goulet (1979) study also showed no significant
difference in the total cancer mortality death rate between the refinery
workers and the reference Quebec population (SMR = 89.29; Table 22). A
detailed examination of the cancer types indicated that (1) lung cancer was
less frequent than expected (3 vs 7.42); and (2) an unusual appearance of
three brain cancers in workers within an interval of less than 20 yvears
since the start of exposure (SMR = 652.17). The investigators noted that
though cancers of the digestivé system were not statistically higher than
expected (12 vs 10.22), the high number of deaths caused by the cancer of
the digestive system organs (SMR = 117), in combination with the diseases
of the digestive system, deserves additional study. Table 23 presents a
list of workers who died of cancer by type of cancer, age at death, occupa-
tion, time elapsed between start of work and death, and number of years of
service. Table 24 gives the distribution of workers who died of cancer by
occupational categories.

Additional reports of high incidences of brain tumors, glioblastoma
multiforma, in employees of Union Carbide and Monsanto in Texas City, Texas
are currently under investigation (OHSL, 1979). Eleven cases of brain
tumors have been reported in the Union Carbide plant since 1962, The
difficulty in analysis arises from the fact that workers are exposed to a
wide variety of chemicals and the problem of separating their individual
exposure factors. At the Union Carbide plant, 60 employees are regularly
exposed to vinyl chloride, which has been linked with glioblastoma and
angiosarcoma of the liver. Studies by the Manufacturing Chemists Association

OIS AS
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Table 22.

Neoplasms and Standard Mortality Ratio (SMR) Among Oil
Refinery Workers According to Time Elapsed Since Start
of Exposure (Thériault and Goulet, 1979)

Observed and Expected Number of Deaths Due to Malignant

-20 Years Since 1st Expos. | + 20 Years Since 1st Expos. Total
Disease Category (ICDA*) Obs/Exp.? SMR Obs/Exp. SMR Obs/Exp. SMA
Nose, tonque. orpit (140-149) 0/0.21 - 0/0.59 — 0/0.79 -
Digestive system (150-159) 3/3.10 96.77 9/7.12 126.40 12/10.22 117.41
Larynx, lung, pieura (160-163) 0/1.80 - 3/6.68 44 91 3/8.48 35.37
Bone. skin {170-173) 0/0.23 - 1/0.19 526.31 1/0.42 238.09
Kidney, genital (185-189) 0/0.58 — 3/1.97 152.28 372.55 117.64
Brain, centrai nervous sytem {190-192) 3/0.48 852.17% 0/0.31 - 3/0.77 389.61
Leukemia, lymphoma (200-209) 1/0.90 111.11 2/1.46 136.98 3/2.36 127.11
Qther cancers 0/1.08 - 0/1.87 — 0/2.95 -
All neoplasms (140-209) 7/8.36 83.73 18/20.18 89.19 25/28.54 89.29
*International Classitication of Diseases, Eighth Revision
tExpected deaths dased an age specific death rates of Quebec maies
$Stztisticafly significant
Table 23. List of Workers Who Died of Cancer (Among 1015 Men
Who Worked for Over 5 Years at the 0il Refinery)
(Thériault and Goulet, 1979)
Time Elapsed Between Ne. of Years
Ne Type of Cancer Age at Death Occupation at the Refinery Starting Work & Death of Service
1 Stemach (151) 51 Maintenance 24 15
2 Stomach (151) 35 Maintenance 33 29
3 Stomach (151) 43 Laporatory 21 21
4 Stomach (151) 50 Office 23 23
5 Rectum{154) 57 Laboratory 13 13
6§  Rectum(154) 87 Operations 18 15
7 Pancreas (157) 85 Maintenance 29 23
8 Pancreas {157) 71 Operations 30 8
9  Intestinal (159) 45 Maintenance 14 14
10 Brain {(181) 43 Operations 18 §
11 Lung {162) 77 Maintenance and others 25 15
12 Lung {162) 80 QOtfice 42 19
13 Liposarcoma of the legs (170) 78 Maintenance 36 13
14 Prostaie (185) 74 Office 29 17
15 Prosiate {185) 66 Maintenance 23 18
18 Blaaaer (183) 51 Maintenance 2 .21
17 General lympnoma (200) 68 Maintenance 25 20
18 Myelogenous ieukemia (205) 43 Operations - 13 13
19 Intestine (133) 72 Qperations and office 36 28
20 Brain (192) 41 Maintenance 13 12
21 Lymphcsarcoma (200) 56 Office and maintenance 29 29
22 Pancreazs {157) 43 Maintenance 25 19
23 Lung (182) 46 Maintenance 20 8
4 Intestinal (1383) 73 Office - 40 28
25 8rain {191) 41 Maintenance-operations 19 18
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Table 24. Cancer Distribution According to Occupational Categories
(Thériault and Goulet, 1979)

No. of No. of

Occupational No. of Cancers Cancers,
Categories Workers Observed Expected Obs/Exp.
Operators 299 4 5.5 0.73
Office Employees 168 4 3.8 1.05
Maintenance 321 11 9.9 1.11
Others (belong to

several groups) 227 6 5.8 1.03
Total 1015 25 25

&Expected numbers based on age

¥2 = 0.55; d1 = 3; p =

eSS

.91

adjusted death rates in the study population
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revealed 12 cases of glioblastoma multiforma versus the six expected in a

group of vinyl chloride workers.

Inferences cannot be drawn, however,

because of the inadequate information on type and length of exposure. Dow

Chemical has reported negative results in studies of their plants in Texas,

Michigan, and Louisana.

study in the Texas plants.

OSHA is presently conducting an epidemiological

Carpenter and coworkers (1975a-h; 1976a-e; 1977) have conducted

numerous studies on the response of animals and humans to the vapors of

various petroleum hydrocarbons.

The hydrocarbons tested were those with

approximate benzene concentrations of less than 2 percent. The results of

the human responses to the vapors are presented in Table 25.

VIII.

A.

PERTINENT NIOSH PUBLICATIONS

Criteria Documents

Subject

Acetylene
Acrylonitrile
Alkanes

Ammonia

Asbestos

Asbestos (revised)
Asphalt Fumes
Benzene

Benzene (revised)
Cadmium

Carbon Dioxide
Carbon Disulfide
Carbon Monoxide
Chlorine

Chloroform
Chloroform (revised)
Chromium (VI)
Dibromochloropropane
Epichlorohydrin
Ethylene Dibromide
Ethylene Dichloride
Formaldehyde

Hot Environments

503

NIOSH Publication No.

76-195
78-116
77-151
74136
72-10267
77-169
78-106
74-137
NIOSH only
76-192
76-194
77-156
73-11000
76-170
75=-114
NIOSH only
76-129
78-115
76-206
77-221
76-139
77-126
72-10269
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Hydrogen Cyanide 77-108
Hydrogen Fluoride 76-143
Hydrogen Sulfide 77-158
Inorganic Lead 73-11010
Inorganic Lead (revised) 78-158
Methyl Alcohol 76-148
Noise 73-11001
Phenol 76-196
Crystalline Silica 75-120
Refined Petroleum 77-192
Sodium Hydroxide 76-105
Sulfur Dioxide 74-111
Sulfuric Acid 74-128
1,1,2,2~tetrachloroethane - 77-121
Tetrachloroethylene (perc) 76-185
Toluene 73-11023
1,1,1~trichloroethane 76-184
Vinyl Acetate 78-205
Vinyl Chloride NIOSH only
Xylene 75-168
Zinc Oxide 76-104

B. Health Hazard Evaluations (HHE's)

No health hazard evaluations of petrochemical manufacturing facilities
were encountered.

C. Other NIOSH Publications

Title NIQSH Publication No.
Working with Ammonia (folder) 73-11003
Effects of Carbon Monoxide in Vigilance 77-124
Performance

Irritant Effects of Industrial Chemicals: 77-117
Formaldehyde

Caution: Inorganic Metal Cleaners Can Be 76-110
Dangerous

IX. EXISTING STANDARDS

A tabulation of OSHA promulgated standards, NIOSH recommended criteria,
and ACGIH threshold limit values (TLV) for selected petrochemicals is
presented in Table 26.
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X. EXPOSURE ESTIMATES

As detailed in Sections III (Statistical Information) and V (Process
Characterization) approximately 80,000 workers are involved in the production
of petrochemicals.

XI. ONGOING STUDIES

As detailed in Section VII, reports of high incidencés of brain tumors
in employees of Union Carbide and Monsanto in Texas City, Texas are currently
under investigation (OHSL, 1979). Hanis and coworkers (1979) indicated in
their cancer mortality study that Imperial 0il Limited is presently updating
the study, and is in the process of designing a cancer morbidity study. An
analysis of deaths from céuses other than cancer in the Imperial 0il employees
has not yet been, but presumably will be, published (Hanis et al., 1979).

A manual search of Tox-Tips for the last twelve months (through December,
1978) has identified the following relevant ongoing studies:

Project Title: Epidemiologic Studies of Cancer in Louisiana
Performing Organization: Tulane University; New Orleans, Louisiana
End Date: January 1979

Source: Tox~Tips, No. 39, August 1979, p. 21.

Project Title: Medical and Industrial Hygiene Study of Chlorinated
Hydrocarbons

Performing Organizations: NIOSH, Cincinnati, Ohio and SRI Intermational,
Menlo Park, California

End Date: September 1979

Source: Tox-Tips, No. 36, May 1979, p. 33.

Project Title: Mutagenic Potential of Petroleum Hydrocarbons - API Composite
Motor Qils

Performing Organization: Hazelton Laboratories, Vienna, Virginia

End Date: Not Specified

Source: Tox-Tips, No. 35, April 1979, p.3.

Project Title: Mutagenic Potential of Petroleum Hydrocarboms - #2 Fuel 0il
Performing Organization: Hazelton Laboratories, Vienna, Virginia

End Date: ©Not Specified

Source: Tox~Tips, No. 35, April 1979, p. 5.

T <
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Project Title: Mutagenic Potential of Petroleum Hydrocarbons - n-Hexane (pure)
Performing Organization: Hazelton Laboratories, Vienna, Virginia

End Date: ©Not Specified

Source: Tox~Tips, No. 35, April 1979, p. 7.

Project Title: Mutagenic Potential of Petroleum Hydrocarbons - Commercial
Jet Fuel

Performing Organization: Hazelton Laboratories, Vienna, Virginia

End Date: Not Specified

Source: Tox-Tips, No. 35, April 1979, p. 9.

Project Title: Teratogenic Potential of Commercial Jet Fuel A
Performing Organization: Hazelton Laboratories, Vienna, Virginia
End Date: ©Not Specified

Source: Tox-Tips, No. 35, April 1979, p. 11.

Project Title: Teratogenic Potential of #2 Fuel 0il

Performing Organization: Litton Bionetics, Inc., Kensington, Maryland
End Date: Not Specified

Source: Tox-Tips, No. 35, April 1979, p. 13.

Project Title: Assessment and Validation for In-Vitro Carcinogenic Screening
of Petroleum Crude 0il Fractions

Performing Organization: Litton Bionetics, Inc., Kensington, Maryland

End Date: Not Specified

Source: Tox-Tips, No. 35, April 1979, p. 15.

Project Title: Assessment and Validation for In-Vitro Carcinogenic Screening
of Petroleum Crude 0il Fractions

Performing Organization: Microbiological Associates, Bethesda, Maryland

End Date: Not Specified

Source: Tox-Tips, Neo. 35, April 1979, p. 17.

Project Title: Teratogenic Potential of Diesel Fuel

Performing Organization: Litton Bionetics, Inc., Kensington, Maryland
End Date: Not Specified

Source: Tox-Tips, No. 35, April 1979, p. 19.

Project Title: Teratogenic Potential of Kerosene

Performing Organization: Litton Bionetics, Inc., Kensington, Maryland
End Date:; Not Specified

Source: Tox-Tips, No. 35, April 1979, p. 21.

Project Title: Teratogenic Potential of n-Hexane

Performing Organization: Litton Bionetics, Inc., Kensington, Maryland
End Date: Not Specified

Source: Tox~Tips, No. 35, April 1979, p. 23,
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APPENDIX
G;v%\.xp Im}\g(itry (Anon. 3 10 7?)

286 INDUSTRIAL ORGANIC CHEMICALS—

2869 Industrial Organic Chemicals, Not Elsewhere Classified

Establishments primarily engaged in manufacturing industrial organic chemicals,
not elsewhere classificd. Important products of this industry include: (1) non-cyclic
organic chemiecals such as aectie, chloroacetic, adipic, formie, oxalic and tartaric acids
and their metallic salts; chloral, formaldehyde and methylamine; (2) solvents such as

amyl, butyl, and ethyl alecohols; methanol; amyl, butyl and ethyl acetates; ethel ether,
ethylene glycol ether and diethylene glveol ether; acetone, carbon disulfide and chlorin-
ated solvents such as carbon tetrachloride, perchlorocthylene and trichloroethylene;
(8) polyhydrie alcohols such as ethylene giveol, sorbitol, pentaerythritol, synthetic
glycerin; (4) synthetic perfume and flavoring materials such as coumarin, methyl
salicylate, saccharin, citral, citronellal, synthetic geraniol, ionone, terpineol, and svn-
thetic vanillin; (3) rubber processing chemicals such as aceelerators and antioxidants,
both cyelic and acyelic; (6) plasticizers, both cyelic and acyelie, such as esters of phos-
phoric acid, phthalic anhydride, adipic acid, lauric acid, oleic acid, sebacic acid, and
stearic acid; (7) synthetic tanning agents such as naphthalene sulfonic acid condensates;
(8) chemical warfare gases; and (9) esters, amines, ete. of polyhydric alecohols and fatty
and other acids. Establishments primarily engaged in manufacturing plasties materials
and nonvulcanizable elastomers are classified in Industry 2821; synthetic rubber in

Industry 2822; essential oils in Industry 2899; wood distillation products, naval stores,
and natural dyveing and tanning materials in Industry 2861; rayon and other synthetic
fibers in Industries 2823 and 2824; specialty cleaning, polishing and sanitation prepa-
rations in Industry 2842; paints in Industry 2851; urea in Industry 2873; organic
pigments in Industry 2863; and inorganic-pagments in Industry 2816. Distilleries en-
gaged in the manufacture of grain alcohol for beverage purposes are classified in In-

dustry 2083.

Accelerators, rubber processing: cyelic
and acyclic

Acetaldehyde

Acetates, except natural acetate of
lime

Acetic acid, synthetic

Acetic anhydride

Acetin

Acetone, sy¥nthetic

Acid esters, amines. etc.

Acids. organic

Acrolein

Acryionitrile

Adipie acid

Adipic acid esters

Adiponitrile

Alcobhol, aromatic

Alcoliol, fatty : powdered

Alcohol, methyl: syuthetic (methanol)

Alcohols. industrial: denatured (non-
beverage)

Algin products

Amyl acetate and alcohol

Antioxidants, rubber processing : eyclic
and acyclic

Bromochloromethane

Butadiene, from alcohol

Butyl acetate. alecohol. and propionate

Butyl ester solution of 2, +-D

Calcium oxalate

Camphor. synthetic

Carbon hisulfide {disulfide)

Carbon retrachioride .

Casing fiuids. for curing fruits, spices,
tobacco, ete. .

Cellulose acetate, unplasticized

Chemical warfare guses

Chloral

Chlorinated solvents

Chloroacetic acid and metallic salts

Chloroform

Chloropicrin

Citral

Citrates

Citric acid

Citronellal

Coumarin

Cream of tartar

Cyclopropane

DDT, technieal

Decahydronaphthalene

Dichlorodifluoromethiane

Diethyvleyelohexane (mixed isomers)

Diethylene giyeol ether .

Dimethr} divinvl acetylene (di-isopro-
peny! aceryiene) .

Dimethylhydrozine, unsymmetrical

Fmbalming fluids

Enzymes

Isters of phosphorie. adipie, lauric,
aleie, sebacie, und stearic acids

Estefs ot phthalic anhydride

BE <

Iithanol, industrial
LEther
Ethyl acetate, synthetic
Ethyl ateohiol, industrial (non-
beverage)
Ethyl butyrate
Ethyl cellulose, unplasticized
Ethyl chioride
BEthyl ether
Ethyl formare
Ethyl nitrite
Ethyl perhydrophenanthrene
Ethylene
Ethylene glycol
Ethylene gzlycol ether
Ethylene glycol, inhibited
Ethylene oxide
Fatty acid esters, amines, ete.
Ferric ammoninm oxnlate
Flavors and Havoring materials, syn-
thetic
Fluorinated hydrocarbon gases
Formaldehyde (formalin)
Formic acid and metallic salts
Freon
Tuel propellants, solid : organic
Tuels. high energy : organic
Geraniol, synthetic i
Glyeerin, except from fats (synthetic)
Grain aleohol, industrial (nonbever-
age)
Hexamethylenediamine
Hexamethylenetetramine
Hizh purity grade chemicals, organic:
refined from technical zrades
Hydraulie fluids, synthetic base
Hydrazine
Industrial organic cyclie compounds
Ionone
Isopropyl aleohol
Ketone, methyl ethyl
Ketone, methyl isobutyl
Laboratory chemicals, organic
Lauric acid esters
Lime citrate
Malononitrile, technical grade
Metallic saits of acyelle organic chem-
icals
Metallic stearate
Methanol. synthetic (methyl aleohol)
Methyt chloride
Methyl perhydrotiuorine
Methyl salieylate
Methylamine
Methylene chloride
Mounochlorodifluornmethane
Monomethylparaminophenol sulfate
Monosodinm glutamare
Mustard gaos
Naphthalene sulfenic acid condensates
Naphthenie acid soaps
Normal hexyl decalin
Nuclear fuels, organic
Oleic acid esters

Organic acid esters

Organic chemicals, acyelic

Oxalates

Oxalic acid and metallic salts

Pentaerythritol

Perchloroerayiene

Perfume materials, synthetic

Phosgene

Phthalates

Plasticizers, orpanic : ¢yelic and acyclic

Polvhydric aleohol esters, amines, ete.

Polvhydrie aleohols

Porassium bitartrate

Propellants for missiles, solid : organic

Propyvlene

Propylene zlyeol

Quinuclidinol ester of benzylic acid

Reagent grade chemicals. organic: re-
fined from technical

Rocket engine fuel, or

Rubber processing chemicals, organic:
accelerators and antioxidants

Saccharin

Sebacic acid

Silicones

Soaps, naphthenic acid

Sodium acetate

Sodium alginate

Sodium benzoare

Sodium glutamare

Sodium pentichlorophenate

Sodium sulfoxalate rormaldehyde

Solvents, organic

Sorbitol

Stearic acid salts

Sulfonated aaphthalene

Tackiders, organie

Tannic aecid

Tanning agents, synthetic organic

Tartaric acid and metallic salts

Tartrates

Tear cas

Terpineol

Tert-butylated bis (p-phenoxyphensi)
ether fuid

Tetrachloroethylene

Tetraethyl lead

Thiogiyeolie acid, for permanent wave
otions

Trichloroethylene

'L‘r.ichlorl)ethylene stabilized, degreas-
ing

Trichlorobhenoxyacetic acid

Trichlororritinorocthane tetrachlorodi-
tluoroathane isopropyl aleohot

Triceesvl phosphate

Tridecyl aleohonl

Trimethyitrithiophosphite (rocket pro-
petlants)

Tripheuyl phosphate

Vanillin, :vnchetic

Vinyl acetate




APPENDIX B
(Anon., 1972)

HMajor Group 29.—PETROLEUM REFINING AND RELATED
INDUSTRIES

The Major Group as a Whole

This major group includes establishments primarily engaged in petroleum refining, manufacturing
:aving and roofing materials, and compounding lubricating oils and greases from purchased materials.
steblishments manufacturing and distributing gas to consumers are classified in public utilities
industries, and those primarily engaged in producing coke and byproducts in Major Group 33.

Group Industry
No. No.

291 PETROLEUM REFINING
2011 Petroleum Refining

Establishments primarily engaged in producing gasoline, kerosene, distillate fuel oils,
residual fuel oils, lubricants and other products from crude petroleum and its frac-
tionation products, through straight distillation of crude oil, redistillation of unfinished
petroleum derivatives, cracking or other processes. Establishments primarily engaged
in producing natural gasoline from natural gas are classified in mining industries. Those
manufacturing lubricating oils and greases by blending and compounding purchased
materials are included in Industry 2992. Establishments primarily re-refining used
lubricating oils are classified in Industry 2992.

Acid oil

Alkylates

Aromatic ehemicals, made in petroleum
retineries

Asphait and asphaltic materials : liguid
and solid——produced in retineries

Benzene, produced in petroleumn redn-
eries

Benzol. produced in petroleum refineries

Dutadiene, from petroleum

Coke, petroleum: produced in petro-
leum refineries

Fractionation products of crude
petroleum

Gas, refinery or still oil : produced in
petroleum refineries

. (Gases, liquetied petroleum

Gasoline blending plants

Gasoline, except rarural gasoline

Greases : lubricating, produced in petro-
leum refineries

Hydrocarbon Huid, made in petroleum
refneries

Jet fuels
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Kerosene

Mineral jelly, produced in petroleum re-
fineries

Mineral oils, natural

Mineral waxes, natural

Naphtha, produced in petroleum re-
fineries

Napiithenie acids

Oils: fuel, lubricating, and illuminat-
ing—produced in petroleum refineries

Qilg, paruly retined: sold for rerun-
ning—produced in refineries

Paraffin wax, produced in peiroleum
refineries

Petrolatums, noamedicinal

Petroleum refining

Road materials, bituminous: produced
in petroleum refineries

Road oils, produced iun petroleum re-
fineries

Solvents, produced in petroleum re-
fineries

Tar or residuum, produced in petroleum
refineries
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APPENDIX C
{(Anon., 1972)

Group Industry
No. No.

286 INDUSTRIAL ORGANIC CHEMICALS

2865 Cyelic (Coal Tar) Crudes, and Cyclic Intermediates, Dyes, and Organic Pigments
(Lakes and Toners)

Establishments primarily engaged in manufacturing coal tar crudes and cyclic organic
intermediates, dyes, color lakes and toners. Important products of this industry include:
(1) derivatives of benzene, toluene, naphthalene, anthracene, pyridine, carbazole, and
other cyclic chemical products; (2) synthetic organic dyes; (3) synthetic organic pig-
ments; and (4) cyclic (coal tar) crudes, such as light oils and light oil products; coal tar
acids; and products of medium and heavy oil such as creosote oil, naphthalene, anthra-
cene, and their higher homologues, and tar. Establishments primarily engaged in manu-
facturing coal tar crudes in chemical recovery ovens are classified in Industry 3312, and
petroleum refineries which produce such products in Industry 2911.

Acid dyes, synthetie

Acids. coal tar: derived from coal tar
distillation -

Alkylated diphenyiamines, mixed

Alkylated phenol, mixed :

Aminoanthraguinone

Aminoazobenzene

Aminoazotoinene

Aminophenol

Aniline

Aniline oil

Anthracene

Anthraquinone dyes

Azine dyes

Azo dyes

Azobenzene

Azoic dyes

Benzaldehyde

Hen iene hexachloride (BHC)

Benzene, product of coal tar distillation

Benzoic acid

Benzol, product of coal tar distillation

Biologieal stains

Chemical indicators

Chlorobenzene

Chloronapiithalene

Chlorophenol

Chlorotoluene

Coal tar crudes, derived from coal tar
distitlation

Coal tar distillates

Coal tar intermediates

Color lakes and toners

Color pigments, organic: except animal
black and bone black

Colors, dry: lakes, toners, or full
strength organie colors )

Colors, extended (color luakes)

Cosmetic dyes, synthetic

Creosote oil, produet of coal tar dis-
tillation

Cresols, product of coal tar distillation

Cresylic acid, product of coal tar dis-
tillation

Cyelic erudes, coal tar: product of coal
tar distillation

Cyelic intermediates

Stains for leather

Stilbene dyes

Styrene

Styrene monoier

Tar, product of coal tar distillation

Toluene, produet of coal tar distilla-
tion
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Cyelohexane

Diphenylamine

Drug dyes, syothetic

Dye (cyclic) intermediates

Dyes, food : synthetic

Dyes, synthetic organie

Tosine toners

Ethylbenzene

Hydroquinone

Isocyanates

Lake red C toners

Leather dyes and stains, synthetic

Lithot rubine lakes and toners

Maleic anhydride

Methyl violet toners

Naphtha, solvent: product of coal tar
distillation

Naphthalene chips and flakes

Naphthalene, product of coal tar dis-
tillation

Napiithol, alpha and beta

Nitro dyes

Nitroauiline

Nitrobenzene

Nitrophenol

Nitroso dyes

Oil, auiline

Oils @ light, medium, and heavy—prod-
uct ot coal tar distillation

Organic pigments (lakes and toners)

Orthodichlorobenzene

Paint pigments, organic

Peacock blue lake

Pentachlorophenol

Persian orange lake

Phenolt

Phloxine toners

Phosphomolybdic aeid 1akes and toners

Phosphotuncstic acid lankes and toners

Phthalic anhydride

Phthalocyaniue toners

Pigment scariet lake

Pitch, product of coal tar distillation

Pulp colors, organic

Quinotine dyes

Resorcinol

Searlet 2 R lake

Toluidines

Toluol, product of coal tar distillation
Vat dyes, synthetie

Xrlene, product of coal tar distillation
Xylol, product of coal tar distillation



APPENDIX D

Estimated Production Worker Exposure

The following relationship (Jelen, 1970) provides a basis for estimating
production worker exposure to chemicals:

Operating man-hours No. of Steps in Process

A= Tons of product N Tx 0.76

[Daily Production (Tons)]

where T 10 for fully automated continuous

processes

[t}

25 for batch manual processes
Example: Process No. 2 (Dehydrogenation of Acyclic Light Crudes)

Total Production @ 42 x 109 1b/yr
(ethylene + propylene, etc.; Table 2)

)

58,000 toms/day

Average Production per Plant = 500 toms/day
(based on a total of
117 plants; Table 2)

Assuming that there are 10 steps in Process No. 2, and T = 10, then:

10 x 10

= 1.0 hrs/ton
(500)0.76

A=
For an average plant cperating 2000 hrs/yr,

1.0 hrs/ton x 500 tons/day x 365 days/yr
2000 hrs/yr

No. of workers

= 90

90 x 117
10,500

[

Therefore, No. of workers for all Process No. 2
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PLASTICS AND RESINS MANUFACTURE

I. SCOPE OF PROFILE

The processes used to compound and fabricate synthetic plastic and resin
products have been reviewed for the purpose of identifying occupational health
hazards in the plastic and resin industry.

The compounding and fabrication processes primarily involve the conversion
of plastic polymeric and resin materials into commercial products by blending
with suitable additives, promotors and other materials with specific properties,
by thermosetting and thermoplastic methods.

The commercial products, defined in Standard Industrial Classification
(SIC) Code 3079 ("Miscellaneous Plastic Products"), are blended and
fabricated from the plastic materials listed under SIC classification 2821
("Plastic Materials, Synthetic Resins and Nonvulcanizable Elastomers'). Full
descriptions of SIC categories 3079 and 2821 are given in Appendices A and B.

In many cases, the terms "plastic' and "'resin' are used interchangeably.
Strictly speaking, however, a resin is the more or less homogeneous polymer
used as the starting material in the production of a molded article, while
plastic signifies the finished product which may contain fillers, plasticizers,
stablizers, pigments, and other additives.

II. SUMMARY

Table ; presents a summary of the nine main classes of molding and finishing
cperations that are employed in the plastics fabricating industry, including
information on principal products and related fabricating processes, classes of
resins, and numbers of production workers and facilities.

In general, the principal health hazards of plastics and resins are

associated with their constituent monomers. It is uncommon for a fully

89 =
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