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Article

The Toxicological Properties
of Petroleum Gases

Richard H. McKee1, Deborah Herron2, Mark Saperstein3,
Paula Podhasky4, Gary M. Hoffman5, and Linda Roberts6

Abstract
To characterize the toxicological hazards of petroleum gases, 90-day inhalation toxicity (Organization for Economic Cooperation
and Development [OECD] 413) and developmental toxicity (OECD 414) tests were conducted with liquefied propane gas (LPG)
at concentrations of 1000, 5000, or 10 000 ppm. A micronucleus test (OECD 474) of LPG was also conducted. No systemic or
developmental effects were observed; the overall no observed adverse effect concentration (NOAEC) was 10 000 ppm. Further,
there was no effect of LPG exposure at levels up to 10 000 ppm on micronucleus induction and no evidence of bone marrow
toxicity. Other alkane gases (ethane, propane, n-butane, and isobutane) were then evaluated in combined repeated exposure
studies with reproduction/development toxicity screening tests (OECD 422). There were no toxicologically important changes in
parameters relating to systemic toxicity or neurotoxicity for any of these gases at concentrations ranging from 9000 to 16 000
ppm. There was no evidence of effects on developmental or reproductive toxicity in the studies of ethane, propane, or n-butane at
the highest concentrations tested. However, there was a reduction in mating in the high-exposure group (9000 ppm) of the
isobutane study, which although not significantly different was outside the range previously observed in the testing laboratory.
Assuming the reduction in mating to have been toxicologically significant, the NOAEC for the isobutane reproductive toxicity
screening test was 3000 ppm (7125 mg/m3). A method is proposed by which the toxicity of any of the 106 complex petroleum gas
streams can be estimated from its composition.

Keywords
petroleum gases, toxicity assessment, ethane, 74-84-0, butane, 106-97-8, isobutane, 75-28-5, propane, 74-98-6, LPG, 64741-79-3

Introduction

The United States Environmental Protection Agency (US EPA)

announced a voluntary chemical data collection effort in 1998

called the High Production Volume (HPV) Challenge Pro-

gram.1 The HPV chemicals are those produced or imported

into the United States in aggregate quantities of at least 1 mil-

lion pounds per year. Approximately 400 petroleum substances

were sponsored in the EPA’s Challenge Program by companies

belonging to the Petroleum HPV Testing Group. The various

substances were organized into 13 categories to facilitate data

sharing and to avoid redundant testing. These categories

included crude oil, gases, gasoline, kerosene/jet fuel, gas oils,

heavy fuel oils, lubricating oils, waxes, aromatic extracts,

asphalts, grease thickeners, petroleum coke, and hydrocarbon

wastes. This article reports an investigation into the toxicolo-

gical hazards of those petroleum-derived hydrocarbon sub-

stances that exist in the gaseous state under conditions of

standard temperature and pressure. Based on a survey of the

Chemical Abstract Services (CAS) registry numbers of

substances identified through the voluntary HPV chemical eva-

luation process, there are 161 high-volume substances that have

been identified by the petroleum industry as gases, making this

the largest of the 13 petroleum substance categories. However,

this category includes 2 very different types of gases, ‘‘petro-

leum hydrocarbon gases’’ that are complex substances primar-

ily comprised of hydrocarbon constituents and are the subject

of this report and ‘‘refinery gases’’ that contain primarily inor-

ganic constituents. The petroleum hydrocarbon gas streams are

identified by 106 CAS numbers, of which 92 are HPV

substances and the other 14 are similar, related substances

(Appendix A). There are also 55 ‘‘refinery gases’’ that are

primarily composed of inorganic substances and either

produced in the refinery for use as process gases (eg, H2) or
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generated as waste gases during refining processes (eg, H2S).

The present report focuses on the toxicological properties of

the petroleum gases and provides a method by which the

toxicological hazards of these 106 complex substances can be

estimated. The toxicological hazards of the inorganic refinery

gases are outside the scope of this article, and inorganic con-

stituents are only discussed to the extent that they are present at

low levels in some petroleum hydrocarbon gas streams.

Petroleum hydrocarbon gases can either be produced in the

refinery by distillation of crude oil or by separation in gas

plants and are comprised primarily of C1 to C4 constituents

(methane, ethane, propane, n-butane, and isobutane) in varying

proportions, although there are higher molecular weight hydro-

carbon constituents (primarily C5 to C6 alkanes, although

depending on the process, benzene may also be present) that

may be entrained in the gas streams. Gaseous hydrocarbon

streams can also be produced by refining processes, particu-

larly ‘‘cracking’’ processes by which large molecules are con-

verted to smaller molecules either thermally or in the presence

of a catalyst. These cracking processes, particularly catalytic

cracking, create olefins, a type of hydrocarbon not normally

present in crude oil or natural gas streams. Some of these

hydrocarbon gas streams contain 1,3-butadiene at more than

trace levels. The olefin-rich streams can be used as fuels and

can also be used in the manufacture of petrochemicals.

Depending on the source or method of production, the

petroleum hydrocarbon gases may also contain inorganic con-

stituents such as hydrogen, nitrogen, and carbon dioxide. These

low-molecular-weight hydrocarbon and/or inorganic constitu-

ents are believed to present few human health hazards other

than asphyxiation. The more hazardous inorganic refinery gas

constituents such as hydrogen sulfide and ammonia are not

commonly found in petroleum gases at greater than trace

levels. Some complex petroleum gases may also contain low

levels of benzene and/or 1,3-butadiene. During production and

refining, human contact with petroleum and refinery gases is

limited, because the gaseous substances are maintained in

closed systems to avoid loss and to minimize the likelihood

of achieving explosive concentrations in air. Commonly,

methane and ethane are burned in the refinery for energy

recovery (ie, fuel gases). Propane and butanes (n-butane and

isobutane) are typically used in the production of liquefied

propane gas (LPG), which is used as a fuel by both domestic

and industrial consumers. However, some gaseous substances

have other uses, and some of the gases, particularly those that

contain benzene and/or 1,3-butadiene, can be used as chemical

feed stocks.

Information previously available suggested that the C1 to C4

hydrocarbons were asphyxiants at high concentrations but oth-

erwise presented minimal toxicological hazards. Methane,

ethane, propane, and butane are simple, low-molecular-

weight molecules without functional groups. Data from inhala-

tion studies of butane and isobutane indicate that when inhaled

they are not well absorbed.2 When these substances are

absorbed, pharmacokinetic studies indicate that they are

rapidly eliminated, primarily by inhalation. Filser et al3

reported biological halftimes of 57 minutes for ethane and 8

minutes for pentane. Based on the levels in expired air, the

elimination halftimes for propane and isobutane are in the

range of 20 to 25 minutes.4 In studies with volunteers, no

symptoms were noted after 10-minute exposure to air contain-

ing 10 000 ppm propane, but 2-minute exposure to 100 000

ppm propane caused vertigo. Exposure to up to 10 000 ppm

butane for 10 minutes produced no symptoms other than drow-

siness.5 Subsequent volunteer studies4,6,7 showed that acute or

repeated exposures to propane and isobutane at levels up to

1000 ppm for periods of up to 8 hours did not produce any

untoward physiological effects. These data suggested that, in

addition to being asphyxiants, low-molecular-weight alkanes

might also cause acute central nervous system effects at high

concentrations8 but are unlikely to produce other effects at

levels up to at least 1000 ppm.

Experimental studies of propane and isobutane in dogs,9

mice,10 rats,11 and primates12 demonstrated that certain gas-

eous hydrocarbons could produce cardiac sensitization if

inhaled at very high levels (ie, >25 000 ppm).13 Kirwin and

Thomas14 reported that low-molecular-weight alkanes were not

mutagenic when tested in Salmonella assays. Several studies

whichthat assessed the potential for toxicological conse-

quences of acute or repeated exposure to propane, n-butane,

and/or isobutane in consumer products provided little evidence

of hazard. A review of these studies led to the conclusion that

propane, n-butane, and isobutane could be safely used as

cosmetic ingredients at the concentrations at which they were

being used at the time.15 In summary, the available data

indicated that exposure to these low-molecular-weight hydro-

carbon gases at levels below the lower flammability limits (ie,

10 000- to 20 000 ppm) were unlikely to produce toxicological

effects. However, some higher molecular-weight constituents,

particularly benzene and 1,3-butadiene, which can be entrained

in some gases, depending on the production methods, have

unique toxicological properties that need to be considered if

these more hazardous constituents are present in gas streams at

more than trace levels.

The work described herein, which was undertaken for the

purposes of satisfying the HPV obligations of the petroleum

industry, included a review of the relevant CAS numbers to

understand the types and ranges of constituents that might be

present in these gases, a collection and review of hazard infor-

mation on the constituents, and an assessment of the areas that

required further study. This analysis led to the determination

that further studies of the repeated dose and reproductive

toxicity of representative substances were warranted, and,

accordingly, studies of LPG were conducted following Orga-

nization for Economic Cooperation and Development (OECD)

413 (90-day inhalation toxicity study), OECD 414 (prenatal

developmental toxicity), and OECD 474 (mammalian erythro-

cyte micronucleus test) guidelines to more precisely define the

potential for toxicity for this substance as it is used as a fuel gas

by the general population. In addition, 4 repeated dose/repro-

ductive toxicity screening studies were conducted following

the OECD 422 protocol to provide information on the potential
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of gas stream constituents to cause systemic toxicity and/or to

affect fertility. Specific substances tested were ethane, n-

propane, n-butane, and isobutane. The data from these studies

were then used to develop a method by which the toxic prop-

erties of any of the 106 petroleum hydrocarbon gas streams

could be calculated from compositional information.

Materials and Methods

Materials

Liquefied propane gas. Liquefied propane gas, CAS number

64741-79-3, was supplied by ChevronTexaco Energy Research

and Technology Company (San Ramon, California). Based on

the chromatographic evidence, the sample contained (by

weight) approximately 93.5% propane/propylene. Other prin-

cipal constituents included 3% butane isomers and 1.8% ethane

with the remaining 1.7% being primarily other C1 to C5 alkanes

and alkenes. The gas was used as supplied.

Other gases. Ethane (CAS number 74-84-0), propane (CAS

number 74-98-6), n-butane (CAS number 106-97-8), and iso-

butane (CAS number 75-28-5) were purchased from MG

Industries (Malvern, Pennsylvania). The purity of the gases

as indicated by the supplier was given as 99.0% to 99.5%
depending on the gas. Analytical confirmation at the testing

facility by gas chromatography confirmed purities >99%. The

gases were used as supplied.

Methods

Testing Guidelines

The repeated exposure study of LPG was in accordance with

OECD 414 (repeated dose, inhalation), and the developmental

toxicity test followed the recommendations of OECD 413 (pre-

natal developmental toxicity). In addition, femurs were taken

from rats exposed in the repeated dose study and used to assess

the potential for micronucleus formation following OECD 474.

The studies of ethane, propane, butane, and isobutane were

conducted using protocols that complied with OECD 422 (Com-

bined Repeated Exposure Toxicity Study with the Reproduction/

Development Toxicity Screening Test) and the US EPA OPPTS

Health Effects Test Guideline 870.3650 (Combined Repeated

Exposure Toxicity Study with the Reproduction/Development

Toxicity Screening Test). The testing was conducted in accor-

dance with EPA Good Laboratory Practices (40 CFR Part 792)

and the Good Laboratory Guidelines from OECD (ENV/MC/

CHEM (98)17). As there were similarities between the 90-day

inhalation toxicity test of LPG and the repeated dose studies of

the other gas constituents, the common elements of those tests

are discussed together to the extent possible.

Inhalation Exposures

Rats were exposed 6 hours/d in Rochester design 1-m3 cham-

bers (Wahmann, Baltimore, Maryland), which were operated at

a minimum flow rate of 200 L/min. The final airflow was set to

provide at least 1 air change (calculated by dividing the cham-

ber volume by the airflow rate) in 5.0 minutes (12 air changes/

h) and a T99 equilibrium time (calculated by multiplying the

time required for a single air change by a constant, 4.6) of at

most 23 minutes. The chamber size and airflow rates were

considered adequate to maintain the animal loading factor

below 5% and the oxygen level at 19% or higher. At the end

of the exposure period, all animals remained in their chambers

for a minimum of 30 minutes during which time the chamber

was flushed with clean air at the same flow rate as was used for

test material administration.

Each test gas was delivered from a single cylinder, through a

regulator and 2 back pressure gauges, and branched, via 0.25-in

tubing, to the 3 exposure chambers. For each chamber, 0.25-in

tubing directed the test substance to a flow meter, regulated by

a metering valve and into the inlet of the chamber. The desired

test concentrations were achieved by diluting the gas streams

with clean air.

The exposure levels were verified with a MIRAN Ambient

Air Analyzer (Foxboro Wilks, Foxboro, Massachusetts) with a

strip chart recorder. The test atmosphere was drawn from a

sampling portal through the MIRAN, and the measurements

were recorded at least 4 times during each exposure period.

The exposure levels were determined by comparing the mea-

sured absorbance with a calibrated response curve constructed

using the same instrument settings. Calibrations were done

using a closed-loop system in which known volumes of gas

were injected into a known 5.64 L volume of air in the Miran

to create known concentrations of gas.

Animals

All the studies were conducted using Sprague-Dawley rats

(Crl: CD (SD) IGS BR) obtained from Charles River Labora-

tories (Raleigh, North Carolina). The rats were approximately 6

weeks of age at receipt and were then held for an acclimation

period of approximately 2 weeks, making them approximately

8 weeks old at study initiation. Those that were judged suitable

for the study were randomly assigned by a computerized ran-

dom assort program by sex and body weight, to control or

treated groups.

Repeated Inhalation Exposure Studies

In the 90-day inhalation toxicity test of LPG, rats were exposed

in groups of 15/sex/treatment group, 6 hours/d, 5 days/week for

13 weeks to LPG at target concentrations of 1000, 5000, or

10 000 ppm. The experimental outline for the repeated dose/

reproductive toxicity screening tests of ethane, propane,

butane, and isobutane is shown in Table 1. In the screening

studies, rats were exposed in groups of 12 at target concentra-

tions similar but somewhat different from those used in the

LPG study, but in other respects, that is, rat strain, sacrifice,

gross and pathological examinations, clinical examinations,

neurological assessments, and statistical evaluation, the

30S International Journal of Toxicology 33(Supplement 1)
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animals were treated as described subsequently. The highest

exposure levels used in these studies were approximately half

the lower explosive limits (18 000-30 000 ppm) for the gases16

and were considered to be the highest levels that could be

safely tested under laboratory conditions.

Animal Husbandry

Practices were in accordance with Guide for Care and Use of

Laboratory Animals (National Research Council).17 All rats

were housed individually in stainless steel, wire mesh cages

except during the mating period when 1 male and 1 female were

cohoused until mating was confirmed. Food (Certified Rodent

Diet, no. 5002; PMI Nutrition International, St Louis, Missouri)

and water were provided without restriction except during the

exposure periods. The animals were maintained on a 12-hour

light/dark cycle, the temperature was between 20.7�C and

22.4�C, and the relative humidity was in the range of 24% to

77%.

In Life Observations

All animals were checked at least once daily for mortality

and/or signs of ill health. The animals were removed from

the cages and given external examinations twice before initia-

tion of exposures and on a weekly basis prior to exposure and

during the exposure period. The examination included a phys-

ical examination for general condition, neurobehavioral

observations, and functional observations. Body weights were

recorded at the time of randomization into test groups, on the

day that treatment was initiated, on a weekly basis during

the study, and prior to scheduled sacrifice. Food consumption

was monitored by weighing the feeders on a weekly basis,

prior to refilling.

Neurobehavioral Assessments

Male and female rats that were not used in the reproductive

toxicity assessment (described later) were tested for neurologi-

cal effects. The testing was conducted during the last week of

exposure and on days when the animals were not exposed. The

testing consisted of a functional observation battery, which

included sensory observations (startle response and tail pinch

response), grip strength, and rectal temperature measurements.

Motor activity was also tested in a Photobeam Activity System

(San Diego Instruments, Inc, San Diego, California) device.

Sessions were 60 minutes in length, divided into 12 five-

minute intervals.

Terminal Sacrifice

Clinical pathology. Blood samples were collected from lightly

anesthetized animals at study termination. Hematological mea-

surements were made for hemoglobin concentration, hemato-

crit, erythrocyte count, platelet count, mean corpuscular

volume, mean corpuscular hemoglobin, mean corpuscular

hemoglobin concentration, total leukocyte count, reticulocyte

count, differential leukocyte count, and erythrocyte and platelet

morphology. Additionally coagulation studies were conducted.

Clinical chemistry evaluations included aspartate aminotrans-

ferase, alkaline aminotransferase, alkaline phosphatase, blood

urea nitrogen, creatinine, glucose, cholesterol, total protein,

triglycerides, albumin, total bilirubin, sodium, potassium,

chloride, calcium, inorganic phosphorus, g-glutamyl transpep-

tidase, globulin, and albumin–globulin ratio.

Postmortem evaluations. After sacrifice by carbon dioxide inha-

lation followed by exsanguination, each animal was given a

postmortem macroscopic examination, and all observations

were recorded. Organs that were taken for weighing and/or

histologic examination are shown in Table 2. All tissues were

Table 1. Experimental Design for Combined Repeated Exposure Toxicity Study With the Reproduction/development Toxicity Screening Tests
of Ethane, Propane, Butane, and Isobutane.

Group
Group
designation Exposure level, ppm

Repeated dose
males (12/group)

Repeated dose
females (12/group)

Reproductive toxicity
females (12/group)

1 Air control 0 Minimum exposure
28 days

Minimum exposure
28 days

Exposed 2 weeks prior to
mating, through mating and
gestation to gestation day 19

2 Low Ethane—1000 ppm
Propane—1200 ppm
n-Butane—900 ppm
Isobutane—900 ppm

Minimum exposure 28
days

Minimum exposure
28 days

Exposed 2 weeks prior to
mating, through mating and
gestation to gestation day 19

3 Intermediate Ethane—5000 ppm
Propane—4000 ppm
n-Butane—3000 ppm
Isobutane—3000 ppm

Minimum exposure 28
days

Minimum exposure
28 days

Exposed 2 weeks prior to
mating, through mating and
gestation to gestation day 19

4 High Ethane—16 000 ppm
Propane—12 000 ppm
n-Butane—9000 ppm
Isobutane—9000 ppm

Minimum exposure 28
days

Minimum exposure
28 days

Exposed 2 weeks prior to
mating, through mating and
gestation to gestation day 19
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preserved in 10% neutral-buffered formalin. Testes and epidi-

dymis were placed in Modified Davidson solution for 24 hours

and then retained in 10% neutral-buffered formalin. Lungs and

urinary bladder were infused with 10% neutral-buffered for-

malin for optimal preservation. After fixation, selected tissues

as shown in Table 2 were routinely processed and embedded in

paraffin. Sections were mounted on glass slides and stained

with hematoxylin and eosin.

Prenatal Developmental Toxicity (LPG)

This study was conducted with pregnant female Sprague-

Dawley rats. A total of 100 timed pregnant rats were received

on gestation days 0, 1, or 2, held for observation in the testing

facility for 4 to 6 days, and then randomly assigned to study

groups of 24. Exposures were initiated on gestational day (GD)

6 at levels of 0, 1000, 5000, or 10 000 ppm, 6 hours/d, 7 days/

week to scheduled termination on GD 20. Body weights and

food consumption were measured on GD 3, 6, 9, 12, 15, 18, and

20 (scheduled termination). The rats were euthanized by over-

exposure to carbon dioxide and then given a gross necropsy.

The intact uteri were removed from all animals and weighed.

Corpora lutea were counted, and the number per ovary was

recorded. The number and location of live fetuses, late embry-

ofetal deaths, and early embryonic deaths were recorded.

All live fetuses were weighed, identified, and given external

examinations for defects. The fetuses were then euthanized by

injection of sodium pentobarbital. Approximately half the

fetuses were placed in Modified Davidson fixative for preser-

vation and decalcification. These fetuses were then examined

for soft tissue defects by a razor blade-sectioning technique

based on Wilson and Warkany.18 All malformations and varia-

tions were recorded. During the dissection process, the sex of

each fetus was confirmed by visual inspection of the gonads.

Following complete dissection of the fetuses, all carcasses and

sections were preserved in 10% neutral-buffered formalin.

The remaining fetuses were eviscerated, placed in 70% iso-

propyl alcohol for preservation, and processed for staining of

the skeleton using Alizarin Red S. Subsequently, these fetuses

were evaluated for skeletal malformations and ossification

variations. The skeletons were then stored in 100% glycerin.

During the dissection process, the sex of each fetus was con-

firmed by internal inspection of the gonads.

Reproductive Toxicity Screening Tests (Ethane, Propane,
n-Butane, and Isobutane)

Mating procedures. Following daily exposures for 14 consecu-

tive days, male rats were cohoused with female rats designated

for assessment of reproductive effects for 2 consecutive weeks

or until mating was confirmed. Mating was confirmed by evi-

dence of a vaginal plug or evidence of sperm in the vaginal

smear. The day the mating was confirmed was designated GD

0, and the mated females were singly housed until termination.

Females for which mating was not confirmed were cohoused

Table 2. List of Organs Designated for Weighing and/or Histological
Examination in the Systemic Toxicity Components of Inhalation Toxi-
city Studies of Ethane, Propane, n-butane, isobutane and LPG.

Organ Weighed

Preserved—
repeated

exposure and
reproductive

toxicity
assessment

Examined micro-
scopically

(high-exposure
group and

control unless
otherwise
specified)

Adrenal glands Yes Yes Yes
Aorta (thoracic) No Yes Yes
Bone (sternum/femur) No Yes Yes
Bone marrow (rib) No Yes No—bone

marrow
smears

prepared but
not examined

Brain Yes Yes Yes
Epididymides Yes Yes Yes
Esophagus No Yes Yes
Eye No Yes No
Heart Yes Yes Yes
Kidneys Yes Yes Yes
Large intestine No Yes Yes
Lacrimal gland No Yes No
Larynx No Yes Yes
Liver Yes Yes Yes
Lungs (with mainstem

bronchi)
Yes Yes Yes

Lymph node
(mesenteric)

No Yes Yes

Lymph node
(mediastinal)

No Yes Yes

Mammary glands No Yes No
Muscle (biceps femoris) No Yes No
Nasopharynx No Yes Yes
Nerve (sciatic) No Yes Yes
Optic nerve No Yes No
Ovaries (with oviducts) Yes Yes Yes
Pancreas Yes Yes Yes
Pituitary Yes Yes No
Prostate Yes Yes Yes
Seminal vesicles No Yes Yes
Skin No Yes No
Small intestine No Yes Yes
Spinal cord No Yes Yes
Spleen Yes Yes Yes
Stomach No Yes Yes
Testes Yes Yes Yes
Thymus Yes Yes Yes
Thyroid (with

parathyroids)
No Yes Yes

Trachea No Yes Yes
Urinary bladder No Yes Yes
Uterus with vagina Yes Yes Yes
Zymbal gland Yes Yes
All macroscopic lesions

and tissue masses
No Yes Yes

Abbreviation: LPG, liquefied propane gas.
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with males for the entire 2-week mating period and then singly

housed with daily observations until study termination.

Evaluations. Animals were examined daily for viability and clin-

ical signs. Body weights were recorded at the time of rando-

mization and weekly thereafter. Females scheduled for

reproductive toxicity assessment were weighed on GDs 0, 7,

14, and 20 and on lactation days (LDs) 1 and 4. Feed consump-

tion was recorded pretest and weekly during the treatment

period. Feed consumption was not recorded during mating.

During gestation feed consumption was recorded on GDs 0

to 7, 7 to 14, and 14 to 20 and on LDs 1 to 4.

Parturition and offspring. On day 18G, pregnant dams were trans-

ferred to bedding boxes and examined twice daily for signs of

parturition. Litters were examined for number of live and dead

pups; pups were sexed, and external malformations were

recorded. Pups were examined on postnatal days (PND) 0 and

4, pup weights were taken on PNDs 1 and 4, and pup gender

was verified on PND 4.

Examination of offspring. All offspring born dead or found dead

during lactation were given macroscopic examinations. All off-

spring surviving to PND 4 were sacrificed and examined

macroscopically. The offspring were not examined grossly.

Micronucleus Test (LPG)

Each LPG-exposed group contained 5 animals/sex that were

used to assess the potential for micronucleus formation. These

animals were also exposed 6 hours/d, 5 days/week for 13 weeks

to LPG at levels of 1000, 5000, or 10 000 ppm. There was also a

positive control group for the micronucleus studies, which con-

tained 5 animals/sex. These positive control group rats were not

exposed to LPG but, rather, were given intraperitoneal injec-

tions of 40 mg/kg of cyclophosphamide prior to sacrifice.

The rats scheduled for micronucleus assessment were sacri-

ficed by overexposure to carbon dioxide, the right femur of each

of the rats was removed, and the bone marrow was sampled.

Unstained bone marrow slides (4/animal) were prepared. Two

slides/animal were stained with acridine orange and evaluated

using a fluorescent microscope for determination of micronu-

cleus response. The other 2 slides were held in reserve.

Statistical Analysis

Repeated exposure and reproductive toxicity screening tests
(including neurological evaluations). Mean values for all exposed

groups were compared to the mean value for the corresponding

control group at each time interval.

Evaluation of equality of group means was made by the

appropriate statistical test followed by a multiple comparison

test if needed. Bartlett test19,20 was performed to determine

whether groups had equal variances. Organ weight data were

analyzed by a parametric method, the standard 1-way analysis

of variance (ANOVA) using the F ratio to assess signifi-

cance.21,22 If significant differences among the means were

indicated, additional tests were used to determine which means

were significantly different from the control: These included

Dunnett,23-25 Williams,26,27 or Cochran and Cox modified

t test.28 For all other comparisons, if the variances were equal,

parametric procedures were used; if not, nonparametric proce-

dures were used. The parametric procedures were as described

earlier. The nonparametric method was the Kruskal-Wallis

test,29-31 and, if differences were indicated, Shirley test,32 Steel

test,33 or pairwise comparison30 was used to determine which

means differed from control. Bartlett test for equality of var-

iance34 was conducted at the 1% significance level; all other

tests were conducted at the 5% and 1% significance levels.

Motor activity count data were analyzed using split-plot

repeated measures ANOVA with model terms for group, ani-

mal within group, interval and group by interval interaction. If

the group � interval interaction was significant (P < 0.05),

indicating nonparallelism in the behavioral profile between

groups, a separate 1-way ANOVA for group effects was per-

formed at each interval. If the response data passed on the

parallel hypothesis, an ANOVA (using summed responses over

the intervals) was used to test the overall treatment effect,

which constitutes the level hypothesis. If any significant over-

all treatment group effect was found by any of the above-

mentioned ANOVAs, Dunnett t test was used to find groups

that differed from control. Analyses were performed for sexes

separately and combined. Treatment group effects were

deemed significant at the P < 0.05 level. Analyses were gen-

erated using SAS version 8.2 for Windows.

Incidence data were analyzed using a Fisher exact test with

Bonferonni correction to identify differences between the

control and the treatment groups.31 All statistical tests were

conducted at the 5% and 1% risk levels.

Prenatal Developmental Toxicity Test

For analysis of continuous data including maternal body weight

and body weight changes, maternal feed consumption, gravid

uterine weights, implantation data, preimplantation loss, early

embryonic deaths, live fetuses, late embryofetal deaths, total

embryofetal deaths (and as percent implantation sites), mean

percentage of female fetuses, and the mean values from all

exposure groups were compared to the mean value of the con-

trol group at each time interval. Evaluation of equality of group

means was made by the appropriate statistical method (either

parametric or nonparametric), followed by a multiple compar-

ison test if needed. Bartlett test19,20,34 was performed to deter-

mine whether the groups had equal variances. For all

parameters, if the variances were equal, parametric procedures

were used; if not, nonparametric procedures were used.

The parametric method was the standard 1-way ANOVA

using the F ratio to assess significance.21,22 If significant dif-

ferences among the means were indicated, Dunnett test23-25

was used to determine which means were significantly differ-

ent from the control. The nonparametric method was the

Kruskal-Wallis test,29,30 and, if differences were indicated,

Steel test33 was used to determine which means differed from
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control. Bartlett test for equality of variance was conducted at

the 1% significance level; all other statistical tests were con-

ducted at the 5% and 1% levels.

The incidence data including premature deliveries, total

pregnancy loss (no live fetuses), maternal necropsy findings,

external fetal defects, skeletal malformations and variations,

and soft tissue malformations and variations were analyzed

based on a generalized estimating equation application of the

linearized model.35 For litter end points, the model used the

litter as the basis for analysis and considered correlation among

littermates by incorporating an estimated constant correlation

and the litter size as a covariate. If the dose group effect in the

model was statistically significant, the dose group least squares

means were tested pairwise versus the control group using

t tests associated with least squares means. The least squares

means allow comparisons that account for differences in litter

size. Statistical significance of differences from control was

recognized at the 5% or 1% 2-sided tests.

The fetal body weights (by sex and as a composite for both

sexes) were analyzed by a mixed model ANOVA. The analysis

used the litter as the basis for analysis and the litter size as a

covariate. The model considered dose group, litter size, and

fetal sex as explanatory variables. If the dose group effect in

the model was statistically significant, the dose group least

squares means were tested pairwise versus the control group

using t tests associated with least squares means. The least

squares means allow comparisons that account for differences

in litter size and sex. The mathematical model was based on an

article by Chen et al.36 Statistical significance of differences

from control was recognized at the 5% or 1% 2-sided levels.

Results

Liquefied Propane Gas

Exposure levels. The mean (+standard deviation) analytically

determined (infrared [IR]) and nominal (by volume of gas con-

sumed) concentration values were close to the target concentra-

tions of 1000, 5000, and 10 000 ppm as summarized in Table 3.

Assessment of systemic effects following repeated exposure. In the

repeated inhalation toxicity study of LPG, 1 rat was sacrificed

prior to scheduled termination, a female in the 1000 ppm group.

As this rat was in the lowest exposure group, the death was

considered to have been an incidental finding. There were no

significant differences in body weight, body weight gain, or food

consumption (data not shown). There were no statistically sig-

nificant changes in hematological parameters or in clinical

chemistry parameters (data not shown). The only statistically

significant differences in organ weight data were decreased kid-

ney and thymus weights; however, as the differences were not

dose responsive, that is, statistical significance was achieved in

the 5000 ppm but not the 10 000 ppm exposure group, they were

judged to have been incidental findings. As a partial assessment

of the potential for LPG to produce reproductive effects, the

reproductive organs were evaluated for weight changes and also

examined pathologically. There were no differences in weights

of testes, epididymides, prostate, seminal vesicle, ovaries, or

uterus (with vagina; Table 4), and no pathological changes were

found in these organs during the microscopic examination. The

number of normal sperm was significantly reduced in the high-

exposure group (98.6% normal in control vs 95.3% in the 10 000

ppm group). This was judged to have been associated with a

slight (but not statistically significant) increase in sperm with

‘‘mid-tail blobs,’’ a term used to describe a cytoplasmic droplet

observed in the sperm tail that is lost during sperm maturation.

To further assess the potential significance of these findings, a

second set of slides were prepared from fixed sperm samples and

were analyzed, and similar results were obtained. However, as

there were similar numbers of headless sperm, sperm with

abnormal heads, necks, or tails in the high-dose group and the

controls, no differences in sperm counts, and no histological

findings in the testes or accessory organs, this slight reduction

in normal sperm was judged to have been incidental and not

related to treatment. There were no effects in the neurological

evaluation. The overall conclusion was that 10 000 ppm was the

no observed adverse effect concentration (NOAEC) for the

repeated exposure study of LPG.

Table 3. Target and Measured Concentrations of Vapor in the 90-Day Inhalation Toxicity Study and the Prenatal Developmental Toxicity Study
of LPG.

Group Test substance
Target concentration,

ppm
Analytical concentration,

ppma
Nominal concentration,

ppma

Repeated exposure study
1 Air control 0 0.0 + 0.0 0 + 0
2 LPG 1000 1019 + 58 1098 + 62
3 LPG 5000 5009 + 174 5142 + 99
4 LPG 10 000 9996 + 261 9995 + 28

Prenatal developmental toxicity study
1 Control 0 0.00 + 0.00 0 + 0
2 LPG 1000 1013 + 60 1100 + 32
3 LPG 5000 5079 + 217 5000 + 113
4 LPG 10 000 10426 + 527 9800 + 131

Abbreviations: LPG, liquefied propane gas; SD, standard deviation.
a Results given as mean + SD.
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Assessment of the potential for developmental toxicity. All animals

survived to scheduled termination, weight gains were similar

across groups, and all but 1 female (in the low-exposure group)

had litters. There were no effects observed during gross

necropsy or on pregnancy outcome in terms of corpora lutea

numbers, pre- and postimplantation loss, early or late resorp-

tions, or litter size and gravid uterine weights (Table 5). All

values were within the ranges considered normal for this strain

of rats. There were no differences in fetal weights. There were a

few fetal abnormalities (Table 5) and variations (data not

shown) in each of the treatment groups, but there was no con-

sistency in response and no apparent relationship with exposure

level. Similarly, there were no delays in ossification. As there

were no treatment-related maternal or fetal effects found in this

study, the NOAEC for both maternal and fetal effects was

10 000 ppm.

Assessment of the potential for micronucleus induction. The fre-

quency of micronucleated erythrocytes was not significantly

increased by LPG exposure, and there was not a significant

decrease in the proportion of immature erythrocytes (Table 6).

The positive control (cyclophosphamide, 40 mg/kg) signifi-

cantly increased micronucleus frequency and significantly

decreased the proportion of immature erythrocytes as expected.

In summary, LPG exposure at levels up to 10 000 ppm did not

cause chromosomal damage or induce bone marrow cell

toxicity.

Ethane

Exposure levels. The mean (+standard deviation) analytically

determined (IR) and nominal (by volume of gas consumed)

concentration values were close to the target concentrations

of 1600, 5000, and 16 000 ppm as summarized in Table 7.

Assessment of systemic effects following repeated exposure. In the

repeated inhalation toxicity portion of the ethane study, all rats

survived to scheduled termination, and there were no consistent

observations, other than transient red nasal discharge, during

the exposure period. There were no treatment-related effects on

body weight gain or food consumption (data not shown). The

only statistically significant change in hematological para-

meters was a 15% increase in reticulocyte count in females

from the 5000 and 16 000 ppm exposure groups. As there were

no changes in any of the other hematological parameters in

female rats and no changes in hematological parameters in

exposed male rats, the increase in reticulocyte count in female

rats was not considered to be toxicologically important. The

only statistically significant finding in the clinical chemistry

observations was a 2% increase in sodium concentration in

high-dose males (data not shown). As there were no other

changes and this difference was well within normal biological

variability, it was not considered toxicologically important.

The only statistically significant difference in organ weight was

an increase in uterine weights in females from the 5000 ppm

group. However, uterine weights in females from the

16 000 ppm group were not different from controls (organ

weight data not shown). There were no postmortem observa-

tions, and there were no pathological observations suggestive

of toxicological effects. There were no significant changes in

functional observations or in motor activity tests. The overall

NOAEC for the assessment of systemic toxicity by ethane was

16 000 ppm.

Reproductive toxicity assessment. In the assessment of the poten-

tial for developmental and/or reproductive effects, there were

no mortalities, unusual clinical observations, or differences in

body weights or body weight gain. The majority of the mated

females became pregnant (Table 8). There were no significant

differences in offspring born, percentage live born, survival to

scheduled termination at PND 4, or offspring body weights.

The overall NOAEC for the assessment of reproductive toxi-

city by ethane was 16 000 ppm.

Propane

Exposure levels. The mean (+standard deviation) analytically

determined (IR) and nominal (by volume of gas consumed)

concentration values were close to the target concentrations

of 1200, 4000, and 12 000 ppm as summarized in Table 9.

Table 4. Weights (g) of Target and Reproductive Organs From Rats Exposed to LPG by Inhalation for 90 Days.a

Exposure
group

Terminal
body weight Liver Kidneys Testes Epididymides Prostate

Seminal
vesicles Ovaries Uterus

Males
Control 506.2 + 59.5 13.85 + 2.16 3.90 + 0.44 3.65 + 0.23 1.59 + 0.25 1.15 + 0.21 2.08 + 0.53
1000 ppm 489.1 + 61.7 13.57 + 1.74 3.74 + 0.26 3.32 + 0.56 1.55 + 0.14 1.11 + 0.23 2.02 + 0.27
5000 ppm 475.7 + 34.0 12.17 + 0.82 3.46 + 0.27b 3.43 + 0.34 1.44 + 0.14 1.06 + 0.23 1.78 + 0.37
10 000 ppm 501.9 + 50.0 13.08 + 1.89 3.69 + 0.48 3.47 + 0.33 1.48 + 0.14 1.07 + 0.16 1.93 + 0.34

Females
Control 298.0 + 24.1 7.84 + 0.53 2.13 + 0.20 0.11 + 0.04 0.66 + 0.17
1000 ppm 293.1 + 19.7 8.22 + 0.68 2.27 + 0.09 0.10 + 0.03 0.74 + 0.24
5000 ppm 286.0 + 34.0 8.01 + 1.17 2.17 + 0.21 0.09 + 0.03 0.75 + 0.27
10 000 ppm 279.1 + 11.7 7.49 + 0.42 2.09 + 0.23 0.10 + 0.02 0.77 + 0.25

Abbreviations: LPG, liquefied propane gas; SD, standard deviation.
a Results given as mean + SD.
b P < 0.05.
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Assessment of systemic effects following repeated exposure. In the

repeated inhalation toxicity portion of the propane study, all

rats survived to scheduled termination, and there were no

remarkable observations, other than transient red nasal dis-

charge, during the exposure period. The males in the 12 000

ppm exposure group had significantly lower body weights

(control ¼ 411 + 27.8 g; 12 000 ppm group ¼ 378 + 24.3 g,

P < 0.05) at the end of the exposure period. A similar difference

although not statistically significant was also apparent at termi-

nal sacrifice as shown in Table 10. There were no differences in

weight gain among males in other treatment group or among

females in any group. In the hematological investigation, there

was a reduction of up to 21% in lymphocyte count among

exposed males, but the differences were not dose responsive.

There were statistically significant increases in hemoglobin con-

tent (control ¼ 15.1 + 0.52 g/dL; 12 000 ppm group ¼ 15.7 +
0.44 g/dL), hematocrit (control ¼ 45.1 + 1.27%; 12 000 ppm

group ¼ 46.8 + 0.96%), and red blood cell counts (control ¼
7.98 + 0.33� 106/mL; 12 000 ppm group¼ 8.27+ 0.19� 106/

mL) in females from the 12 000 ppm group, but as these differ-

ences were small and within the range of normal biological

variability, they were judged to be toxicologically unimportant.

In the clinical chemistry observations, there was a 1% decrease

in sodium concentration among females from the 12 000 ppm

Table 5. Results of Cesarean Section Data From the Prenatal Developmental Toxicity Study of LPG.

Parameter Method of data presented Control 1000 ppm 5000 ppm 10 000 ppm

Maternal parameters
Net body weight change, g Mean + SD 118 + 16.5 118 + 16.5 123 + 15.1 118 + 12.1
Gravid uterine wt, g Mean + SD 87 + 13.1 83 + 12.6 87 + 8.8 84 + 8.7

In utero data
Pregnant (as scheduled sacrifice) Number 24 23 24 24
Dams with viable fetuses Number 24 23 24 24
Corpora lutea Total number 376 347 403 371

Mean/dam 15.7 15.1 16.8 15.5
SD 2.12 2.13 2.77 1.47

Live fetuses Total number 333 306 326 316
Mean/dam 13.9 13.3 13.6 13.2
SD 203 2.30 1.32 1.52

Males Total number 176 141 156 161
Mean%/dam 52.6 45.3 47.7 50.8
SD 12.20 12.98 13.55 12.09

Females Total number 157 165 170 155
Mean%/Dam 47.4 54.7 52.3 49.2
SD 12.20 12.98 13.55 12.09

Postimplantation loss Total number 9 14 21 20
Mean/Dam 0.4 0.6 0.9 0.8
SD 0.49 0.78 0.85 0.87

Dead fetuses Total number 0 0 0 0
Resorptions: early Total number 9 14 20 19

Mean/dam 0.4 0.6 0.8 0.8
SD 0.49 0.78 0.82 0.83

Resorptions: late Total number 0 0 1 1
Fetal body weight, g Mean 4.1 4.1 4.2 4.2

SD 0.30 0.32 0.26 0.31
Male fetuses, g Mean 4.1 4.2 4.3 4.3

SD 0.37 0.32 0.30 0.30
Female fetuses, g Mean 4.0 4.0 4.1 4.1

SD 0.29 0.34 0.25 0.34
Fetal examinations

Malformations
Number with external malformations Number affected/number examined 0/333 2/306 0/326 0/316
Number with visceral malformations Number affected/number examined 0/166 3/157 2/161 1/159
Number with skeletal malformations Number affected/number examined 0/167 2/149 2/165 2/157
Total number with malformations Number affected/number examined 0/333 5/306a 2/326b 2/326c

Abbreviations: LPG, liquefied propane gas; SD, standard deviation.
a The 5 malformed fetuses from the 1000 ppm group were from 5 litters. These included 1 fetus with malformations of the aortic arch along with abnormalities of
the ovary, uterus, and spleen; 1 with a septal defect, hypoplastic spleen, folded retina, and undescended testis; 1 with hydrocephaly, 1 with fused jugal and
squamosal bones, misshapen basisphenoid, fused ribs; and 1 with misshapen femurs.
b The 2 malformed fetuses in the 5000 ppm group included 1 with situs inversus and 1 with hypoplastic kidney.
c The 2 malformed fetuses in the 10 000 ppm group included 1 with heart displacement to the right side along with agenesis of the spleen and 1 with fused cervical
arches along with fused ribs.

36S International Journal of Toxicology 33(Supplement 1)

 by guest on March 6, 2014ijt.sagepub.comDownloaded from 

http://ijt.sagepub.com/
http://ijt.sagepub.com/


group, and a 2% decrease in chloride concentration in females

from the 1200 ppm group. Although these differences were

statistically significant, they were small and within the normal

range of biological variability. Accordingly, they were consid-

ered to be toxicologically unimportant. There were statistically

significant decreases in absolute liver and kidney weights in

males from the high-exposure group (Table 10). However, these

differences were not significant when expressed on an organ to

body weight basis, and no pathological changes were noted

during the histological examination. There were no effects

observed in the functional observation battery or the motor activ-

ity tests. The overall NOAEC for systemic effects was 4000 ppm

based on the reduced weight gain in males exposed to 12 000

ppm.

Reproductive toxicity assessment. In the assessment of the poten-

tial for developmental and/or reproductive effects, there were

no mortalities, unusual clinical observations, or differences in

body weights or body weight gain. The majority of the mated

females became pregnant (Table 11). There were no exposure-

related differences in any of the parturition parameters includ-

ing preimplantation loss (as defined by the difference between

the number of corpora lutea and the number of implantations

detected in the uterus), postimplantation loss (as defined by the

Table 8. Results of the Reproductive Toxicity Assessment of Ethane.

Parameter Control 1600 ppm 5000 ppm 16 000 ppm

Females mated (n ¼ 12) 12 12 12 12
Females pregnant (n ¼ 12) 12 12 11 11
Females with live born (n ¼ 12) 12 12 11 11
Length of gestation, daysa 21.4 + 0.51 21.6 + 0.51 21.3 + 0.47 21.8 + 0.42
Offspring delivered 178 172 165 170
Total/mean per littera 14.8 + 1.90 14.3 + 2.64 15.0 + 1.41 15.5 + 2.42
Live born, total number (% of offspring delivered) 175 (98) 169 (98) 162 (98) 170 (100)
Still born, total number 3 3 3 0
Offspring surviving to postnatal day 4, total number (% of live born) 171 (98) 168 (99) 157 (97) 168 (99)
Offspring weight, g (day 1)a 6.7 + 0.55 6.9 + 0.67 6.7 + 0.57 6.9 + 0.59
Offspring weight, g (day 4)a 9.5 + 0.93 10.0 + 1.38 9.3 + 0.68 9.8 + 0.94

Abbreviation: SD, standard deviation.
a Results given as mean + SD.

Table 6. Summary of the Results of the Micronucleus Test of LPG.

Treatment Exposure level

Percent of
immature

erythrocytes
(group mean + SD)

Incidence of
micronucleated cells
per 2000 immature

erythrocytes examined
(group mean + SD)

Incidence of
micronucleated

mature erythrocytes per
2000 mature erythrocytes
examined (group mean)

Negative control 0 48 + 4.0 1.4 + 1.2 0.7
LPG 1000 ppm 46 + 5.5 2.1 + 1.3 0.0
LPG 5000 ppm 46 + 3.7 1.4 + 1.3 0.3
LPG 10 000 ppm 46 + 5.1 1.5 + 1.0 0.0
Cyclophosphamide 40 mg/kg 37 + 7.1a 8.1 + 4.7a 0.6

Abbreviations: LPG, liquefied propane gas; SD, standard deviation.
a P < 0.01.

Table 7. Exposure Concentrations Maintained During the Repeated Dose Toxicity/ Reproductive Toxicity Screening Test of Ethane.

Group Test substance
Target

concentration, ppm
Analytical

concentration, ppma
Nominal

concentration, ppma

1 Air control 0 0 + 0 0 + 0
2 Ethane 1600 1599 + 59 1703 + 23
3 Ethane 5000 5188 + 285 4762 + 124
4 Ethane 16 000 16 380 + 626 15 502 + 194

Abbreviation: SD, standard deviation.
a Results given as mean + SD.
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difference between the number of live pups born and the total

number of implantations, thus including any stillborn pups), the

total number of pups delivered, the number of pups dying, the

viability (PND 4 survival) index, the pup sex ratio, and

the number of live pups/litter when compared to the control

group. Statistically significant decreases in the number of live-

born pups and corresponding increases in the number of still-

born pups in the 4000 and 12 000 ppm groups were attributable

to the complete loss of 1 litter in each group. These losses were

preceded by severely reduced body weight gain in the last week

of gestation for the respective dams. As there was no excess in

mortality in any of the other litters in these groups, the losses of

these 2 litters were considered incidental and not related to

treatment. An overall NOAEC of 12 000 ppm for propane was

determined for the fertility and reproductive toxicity end points

in this study.

n-butane

Exposure levels. The mean (+standard deviation) analytically

determined (IR) and nominal (by volume of gas consumed)

concentration values were close to the target concentrations

of 900, 3000, and 9000 ppm as summarized in Table 12.

Assessment of systemic effects following repeated exposure. In the

repeated dose segment of the butane study, there were no mor-

talities, no exposure-related differences in body weight, body

weight gain, or food consumption (data not shown). There were

no toxicologically important differences in hematology or clin-

ical chemistry parameters (data not shown). There were no

toxicologically significant differences in organ weight data;

there were no notable observations during the postmortem

examination; and no exposure-related differences were found

during the histological evaluation (data not shown). In the neu-

rological assessment, there were no differences in functional

observations or motor activity (data not shown). The overall

NOAEC for systemic effects of n-butane was 9000 ppm.

Reproductive toxicity assessment. In the assessment of the poten-

tial for developmental and/or reproductive effects, there were

no mortalities, no unusual clinical observations, and no differ-

ences in body weights or body weight gain. There were no

significant effects on mating (Table 13), no effects on offspring

survival or body weights (Table 13), and no evidence of gross

malformations (data not shown). The only statistically signifi-

cant findings were on offspring delivered and live offspring per

litter, but for these parameters, statistical significance was

found only in the lowest exposure group, and, in both cases,

the measurements in the exposed group were above the control

values. As there is no obvious reason why exposure to n-butane

would improve reproductive performance in rats, these differ-

ences were considered to be incidental. The overall NOAEC

for fertility and reproductive effects of n-butane was 9000 ppm.

Table 10. Weights (g) of Target and Reproductive Organs From Rats Exposed to Propane by Inhalation.a

Exposure group
Terminal

body weight Liver Kidneys
Testis
(right)

Epididymis
(right)

Ovary
(right) Uterus

Males
Control 377.5 + 27.9 12.44 + 1.65 3.65 + 0.26 1.66 + 0.16 0.63 + 0.05
1200 ppm 370.3 + 29.1 12.05 + 1.26 3.25 + 0.26b 1.64 + 0.17 0.62 + 0.08
4000 ppm 386.9 + 33.9 12.89 + 1.09 3.57 + 0.33 1.64 + 0.13 0.63 + 0.04
12 000 ppm 352.2 + 21.7 11.11 + 1.12b 3.29 + 0.22b 1.64 + 0.18 0.63 + 0.07

Females
Control 235.8 + 16.8 8.28 + 0.92 2.11 + 0.22 0.07 + 0.01 0.82 + 0.19
1200 ppm 234.1 + 14.7 8.07 + 1.06 2.11 + 0.26 0.07 + 0.01 0.82 + 0.30
4000 ppm 230.6 + 11.9 7.65 + 0.61 2.09 + 0.18 0.06 + 0.01 0.92 + 0.32
12 000 ppm 229.0 + 13.8 7.73 + 0.66 2.05 + 0.20 0.06 + 0.01 + 0.37

Abbreviation: SD, standard deviation.
a Results given as mean + SD.
bP < 0.05.

Table 9. Exposure Concentrations Maintained During the Repeated dose Toxicity/Reproductive Toxicity Screening Test of Propane.

Group Test substance
Target

concentration, ppm
Analytical

concentration, ppma
Nominal

concentration, ppma

1 Air control 0 0 + 0 0 + 0
2 Propane 1200 1230 + 34 1253 + 8
3 Propane 4000 3990 + 156 3836 + 123
4 Propane 12 000 12 168 + 415 12 266 + 667

Abbreviation: SD, standard deviation.
a Results are given as mean + SD.
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Isobutane

Exposure levels. The mean (+standard deviation) analytically

determined (IR) and nominal (by volume of gas consumed)

concentration values were close to the target concentrations

of 900, 3000, and 9000 ppm as summarized in Table 14.

Assessment of systemic effects following repeated exposure. In the

repeated dose segment of the isobutane study, there were no

mortalities, no exposure-related differences in body weight,

body weight gain, or food consumption (data not shown). There

were some statistically significant changes in hematological

parameters. There were significant increases in hemoglobin

(control ¼ 15.6 + 0.6, 9000 ppm group ¼ 16.1 + 0.6) and

mean corpuscular hemoglobin concentration (control ¼33.7 +
0.5, 9000 ppm group ¼ 34.2 + 0.5) and reductions in platelet

counts (control ¼ 898 + 214, 3000 ppm group ¼ 721 + 103,

9000 ppm group ¼ 767 + 161) in the males. But, among the

females, the only significant differences were in frequency of

absolute monocytes (control ¼ 0.25 + 0.12, 3000 ppm ¼ 0.17

+ 0.07, 9000 ppm ¼ 0.17 + 0.17). As indicated, these differ-

ences were not consistent between the sexes, not associated

with other changes in hematological parameters, and, for the

most part, within normal physiological ranges. Accordingly

these differences were not considered toxicologically important.

The only statistically significant differences in clinical chemistry

parameters were a slight increase in sodium levels in males (con-

trol¼ 147+ 1.6, 9000 ppm¼ 149+ 1.5) and a slight decrease in

phosphorus levels in females (control¼ 9.0 + 1.5, 9000 ppm¼
8.0 + 0.6). These differences were within the normal physiolo-

gical ranges for these parameters and were not considered toxi-

cologically important. There were no toxicologically significant

differences in organ weight data; there were no notable observa-

tions during the postmortem examination; and no exposure-

related differences were found during the histological evaluation

(data not shown). In the neurological assessment, there were no

differences in functional observations or motor activity (data not

shown). The overall NOAEC for systemic effects of isobutane

was 9000 ppm.

Reproductive toxicity assessment. In the assessment of the poten-

tial for developmental and/or reproductive effects, there were

no mortalities, unusual clinical observations, or differences in

body weights or body weight gain. However, only 9 of the 12

high-dose group females became pregnant. Although this

difference was not statistically significant, it was low by com-

parison to the historical experience in the laboratory (Table 15).

Accordingly, this outcome was considered to have been tox-

icologically important, and, for purposes of hazard assessment,

3000 ppm isobutane was judged to have been the NOAEC for

Table 11. Results of the Reproductive Toxicity Assessment of Propane.

Parameter Control 1200 ppm 4000 ppm 12 000 ppm

Females mated (n ¼ 12) 12 12 12 12
Females pregnant (n ¼ 12) 12 11 12 12
Females with live born (n ¼ 12) 12 11 12 12
Length of gestation, daysa 21.8 + 0.39 21.9 + 0.30 21.7 + 0.49 21.6 + 0.51
Offspring delivered 165 167 161 177
Total/mean per littera 13.8 + 2.05 15.2 + 1.66 13.4 + 3.00 14.8 + 1.60
Live born, total number (% of delivered) 165 (100) 167 (100) 148 (92)b 161 (91)b

Still born, total number 0 0 13c 16c

Offspring surviving to postnatal day 4, total number (% of live born) 163 (99) 166 (99) 140 (95) 158 (98)
Offspring weight, g (day 1)a 7.4 + 0.61 7.1 + 0.53 7.0 + 0.73 6.8 + 0.55
Offspring weight, g (day 4)a 10.4 + 0.97 10.1 + 0.92 10.1 + 1.19 9.8 + 0.57

Abbreviation: SD, standard deviation.
a Results given as mean + SD.
b P < 0.05.
c P < 0.01. Note that in both cases, the stillborn offspring were all from the same litters. For that reason these were considered to have been incidental findings and
not to have been treatment related.

Table 12. Exposure Concentrations Maintained During the Repeated Dose Toxicity/Reproductive Toxicity Screening Test of n-Butane.

Group Test substance
Target

concentration, ppm
Analytical

concentration, ppma
Nominal

concentration, ppma

1 Air control 0 0 + 0 0 + 0
2 n-Butane 900 930.6 + 28.1 930 + 12
3 n-Butane 3000 3022 + 58 2950 + 0
4 n-Butane 9000 9157 + 269 9829 + 142

Abbreviation: SD, standard deviation.
a Results given as mean + SD.

McKee et al 39S

 by guest on March 6, 2014ijt.sagepub.comDownloaded from 

http://ijt.sagepub.com/
http://ijt.sagepub.com/


fertility. However, as there were no differences in offspring/

litter, survival of offspring to scheduled termination, or body

weight gain (Table 15), and no evidence of gross malforma-

tions (data not shown), it was concluded that isobutane had no

apparent effects on development at 9000 ppm.

Discussion

Liquefied Propane Gas

As previously described, LPG was tested for systemic and

developmental toxicity at levels up to 10 000 ppm following

OECD 413 and 414 guidelines. There were no toxicologically

important effects in either of these studies, and the highest dose

tested in each study (10 000 ppm) was judged to have been the

NOAEC for the respective end points. Additionally, the micro-

nucleus test (OECD 474) provided evidence that LPG does not

induce chromosomal effects under in vivo conditions.

Ethane, Propane, n-butane, and Isobutane

All 4 of these substances were tested for repeated dose and

reproductive effects following OECD 422 guidelines for the

repeated dose/reproductive toxicity screening test design. The

Table 13. Results of the Reproductive Toxicity Assessment of n-Butane.

Parameter Control 900 ppm 3000 ppm 9000 ppm

Females mated (n ¼ 12) 12 12 12 12
Females pregnant (n ¼ 12) 12 12 12 12
Females with live born (n ¼ 12) 12 12 12 12
Length of gestation, daysa 21.3 + 0.49 21.3 + 0.65 21.4 + 0.51 21.5 + 0.52
Offspring delivered,a total number 166 + 13.8 188 + 15.7b 183 + 15.3 178 + 14.8
Live born, total number (% of offspring delivered 166 (100) 187 (99.5) 182 (99.5) 175 (98.3)
Still born, total number 0 1 1 3
Offspring surviving to postnatal day 4, total number (% of live born) 161 (97) 182 (97.3) 173 (95.1) 171 (97.7)
Live offspring per littera 13.8 + 2.08 15.6 + 1.16b 15.2 + 1.53 14.6 + 1.08
Offspring weight, g (day 1)a 6.8 + 0.59 6.5 + 0.56 6.8 + 0.55 6.7 + 0.67
Offspring weight, g (day 4)a 9.7 + 1.24 9.1 + 0.86 9.5 + 0.87 9.5 + 0.86

Abbreviation: SD, standard deviation.
a Results shown as mean + SD.
b P < 0.05.

Table 15. Results of the Reproductive Toxicity Assessment of Isobutane.

Parameter Control 900 ppm 3000 ppm 9000 ppm

Females mated (n ¼ 12) 12 12 12 12
Females pregnant (n ¼ 12) 12 11 11 9
Females with live born (n ¼ 12) 12 11 11 9
Length of gestation, daysa 21.8 + 0.45 21.7 + 0.47 21.8 + 0.40 21.7 + 0.50
Offspring delivereda 165 + 13.8 148 + 13.5 147 + 13.4a 121 + 13.4
Live born 165 (100%) 148 (100%) 145 (98.6%) 121 (100%)
Still born 0 0 2 0
Offspring surviving to postnatal day 4 140 (97%) 145 (98.0%) 143 (98.6%) 120 (99.2%)
Live offspring per littera 13.8 + 1.6 13.5 + 1.44 13.2 + 2.75 13.4 + 1.58
Offspring weight, g (day 1)a 7.1 +0.51 7.2 + 0.52 7.3 + 0.76 7.0 + 1.14
Offspring weight, g (day 4)a 10.1 + 1.06 9.9 + 0.97 10.2 + 1.17 9.7 + 1.14

Abbreviation: SD, standard deviation.
a Results given as mean + SD.

Table 14. Exposure Concentrations Maintained During the Repeated Dose Toxicity/Reproductive Toxicity Screening Test of Isobutane.

Group Test substance Target concentration, ppm Analytical concentration, ppma Nominal concentration, ppma

1 Air control 0 0 + 0 0 + 0
2 Isobutane 900 930.0 + 27.8 882 + 14
3 Isobutane 3000 3122 + 83 2950 + 0
4 Isobutane 9000 9148 + 201 8730 + 0

Abbreviation: SD, standard deviation.
a Results given as mean + SD.
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potential for neurological effects was also assessed. As indi-

cated in the results section, none of the measures of subchronic

toxicity or neurological effects was significantly different from

the corresponding control value. Similarly, there were no note-

worthy findings identified during the pathological investiga-

tions. Accordingly, the overall NOAECs for repeated

exposure and neurological effects studies were the highest con-

centrations tested, ranging from 9000 to 16 000 ppm. There

were also no effects in the assessments of reproductive toxicity

of ethane, propane, or butane, and the NOAECs for these

substances were the highest concentrations tested. However,

in the isobutane study, there was a reduction in fertility in the

high-exposure group which, although not statistically signifi-

cant, was outside the historical control range. Accordingly,

3000 ppm was taken as the NOAEC for reproductive effects

of isobutane, and for the purposes of further analysis, this value

was taken as the ‘‘worst case’’ NOAEC for the systemic and

reproductive effects of C1 to C4 alkanes. It should be noted that

a number of structurally related substances including ethane,

propane, butane (present studies) as well as 2-methyl butane37

did not produce reproductive effects. Further, there were no

reproductive effects in a 2-generation reproductive toxicity test

of gasoline vapor in which the principal constituents were

butane and pentane isomers.38 Nevertheless, the 3000 ppm

NOAEC from the reproductive toxicity screening test was

taken forward as an overall no effect level for all effects for

C1 to C4 petroleum gas constituents as it represented a conser-

vative basis for risk evaluation.

In summary, it was determined that the NOAECs for acute

inhalation toxicity were >9000 ppm, as all animals survived

repeated exposures at that level. The NOAECs for repeated

inhalation toxicity were also judged to be >9000 ppm as

repeated exposure at that level did not produce toxicological

signs or symptoms, did not produce any toxicologically impor-

tant histological changes, and did not affect neurological para-

meters. Based on the study of LPG and supporting data from

the screening tests of the other low-molecular-weight alkanes,

the NOAEC for developmental toxicity was judged to be >9000

ppm. The overall NOAEC for potential reproductive effects of

C1 to C4 hydrocarbon gas constituents was judged to be 3000

ppm (7125 mg/m3) based on a small and not statistically sig-

nificant reduction in fertility in the high-exposure group in the

isobutane study. Finally, based on the micronucleus test of LPG

in which no statistically significant differences were found

along with published data indicating that low-molecular-

weight alkanes are inactive in Salmonella tests,14 C1 to C4

petroleum gases were judged to be nonmutagenic.

Calculated Toxicological Effect Levels for Complex
Petroleum Hydrocarbon Gases Based on Compositional
Information

One of the challenges of the HPV program for the petroleum

industry was to characterize the hazards of complex hydrocar-

bon substances. Within the category of hydrocarbon gases,

there were 106 petroleum hydrocarbon gases as identified by

CAS numbers, the majority of which were complex and com-

prised C1 to C4 alkane gases in various amounts, and, in some

cases and depending on the specific methods of production,

other constituents including C5 to C6 aliphatic hydrocarbons,

benzene, and 1,3-butadiene. A method was developed by which

the hazards of any complex petroleum hydrocarbon gas could be

estimated from its composition using the results of animal tests

of the individual constituents. For purposes of this calculation,

the constituents of the streams were divided into 7 groups; the

hydrocarbon constituents, C1 to C4 hydrocarbons (using predo-

minantly data developed as part of this program), and the C5 to

C6 aliphatic hydrocarbons (using predominantly literature data),

the more hazardous constituents, benzene and 1,3-butadiene (for

which predominantly literature data was used), and the inorganic

gases; CO2, H2, N2 which, for purposes of this evaluation, were

assumed to be simple asphyxiants and to have hazard properties

similar to those of the C1 to C4 gases. It should be noted that the

more hazardous inorganic gases such as hydrogen sulfide and

ammonia are constituents of the refinery gases but as they are not

normally present in petroleum gases at more than trace levels,

they do not need to be accounted for in the calculation.

The expected no adverse effect concentrations of the

toxicology tests related to the various HPV end points (acute

toxicity, repeated dose toxicity, developmental toxicity, and

reproductive toxicity) can then be estimated for any of the

complex hydrocarbon gases using the following relationship:

1=NOAEC ¼ ½ðfraction C1�C4alkanes=NOAEC;C1�C4Þ
þ ðfraction C5�C6alkanes=NOAEC; C5�C6Þ
þ ðfraction 1; 3�butadiene=NOAEC; 1; 3
� butadieneÞ þ ðfraction benzene

= NOAEC; benzeneÞ�:

The NOAEC values for the various end points are shown in

Table 16.

For illustration purposes, nominal concentration ranges were

assigned to the gases based on the information in the CAS descrip-

tions, analytical information where available, and scientific judg-

ment. Based on this analysis, benzene levels were expected to

range from 0% to 1% and butadiene levels from 0% to 4%. As an

example of a gas containing 1% benzene, consider ‘‘tail gas

(petroleum), gas recovery plant deethanizer’’ (CAS number

68308-05-4) for which the nominal concentration ranges are C1

to C4¼ 26% to 85%, C5 to C6¼ 15% to 73%, and benzene¼ 0%
to 1%. For the purposes of calculation, assume the maximum

concentrations of the constituents with the lowest NOAEC values

and assign the remainder to those with the highest, that is, set the

C1 to C4 aliphatic constituents to 85% and benzene to 1% with the

remainder (14%) being C5 to C6 constituents.

The calculated NOAEC for repeated dose toxicity for this

gas would be:

1=NOAEC ¼ 0:85=21375 mg=m3
� �

þ 0:14=29500 mg=m3
� �

þ 0:01=32 mg=m3
� �
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NOAEC ¼ � 2800mg=m3 or approximately1555ppmð Þ

To evaluate the maximal impact of butadiene, consider

‘‘gases (petroleum), catalytic-cracked overheads’’ (CAS num-

ber 68409-99-4) for which the nominal concentration ranges

are C1 to C4¼ 65% to 93%, C5 to C6¼ 7% to 31%, hydrogen¼
0% to 3%, carbon dioxide ¼ 0% to 1%, and butadiene ¼ 0.5%
to 4%. Assuming C1 to C4 ¼ 65%, C5 to C6 ¼ 31%, and

butadiene ¼ 4% (with hydrogen and carbon dioxide being

subsumed in the C1 to C4 value), the calculated NOAEC for

developmental toxicity would be:

1=NOAEC ¼ ð0:65= 21375mg=m3
� �

þ 0:31=20000mg=m3
� �

þ 0:04=2200mg=m3
� �

NOAEC ¼ 15625mg=m3 or approximately 8700ppmð Þ

Based on the equations mentioned earlier, it is apparent that

the petroleum hydrocarbon gases pose very limited acute toxic

hazards. Rather, it seems more likely that in situations involv-

ing high exposures, the potential for fire probably represents a

greater concern as for many of these constituents the lower

flammability limits are below 20 000 ppm.

In situations involving repeated exposures, the hazard of any

of the petroleum hydrocarbon gases is related to the potential

for the streams to contain benzene and/or 1,3-butadiene. For

petroleum hydrocarbon gases that do not contain appreciable

amounts of benzene or 1,3-butadiene, the worst case situation is

the potential for reproductive toxicity for which the NOAEC is

3000 ppm (7125 mg/m3). If benzene and/or 1,3-butadiene are

present in these streams, the toxicity to animals can be pre-

dicted but may have little practical significance. The occupa-

tional control measures for streams containing benzene and

1,3-butadiene are related to the need to control exposures to

levels below 1 ppm, the occupational exposure levels for these

constituents. The occupational exposure levels for benzene and

1,3-butadiene are related to the potential for these substances to

cause cancer in humans, not the results of toxicology studies in

animals.

In conclusion, a method is described by which the potential for

acute, repeated dose, developmental, and/or reproductive effects

of complex petroleum hydrocarbon gases can be calculated based

on the types and levels of constituents in complex gas streams.

Two general conclusions were evident from these calculations:

First, it is evident from the data presented that the C1 to C4

alkane hydrocarbon gas constituents as well as the majority of

C5 and C6 aliphatic constituents have limited potential to pro-

duce any of the assessed toxicological effects with worst case

NOAEC values in the range of 3000 to 16 000 ppm. Benzene,

on the other hand, has the potential to produce a number of

toxicologically important effects at much lower levels. Accord-

ingly, streams without benzene (and to a lesser extent 1,3-buta-

diene) will be relatively nonhazardous, but exposure to streams

that contain benzene and/or 1,3-butadiene needs to be con-

trolled to assure that exposures to these constituents do not

exceed their regulatory values.

Second, the only other notable result in these studies was the

selection of a NOAEC of 3000 ppm (7125 mg/m3) for isobu-

tane based on the limited evidence of reduced fertility. As this

NOAEC is lower than NOAEC values for other gas constitu-

ents and for other end points, the lowest calculated NOAEC

values are likely to be those associated with reproductive toxi-

city as an end point and those values, ultimately, are likely to be

the critical values for risk assessment purposes.

Appendix A

Petroleum Hydrocarbon Gases Category Members by
CASRN

There are a total of 106 CAS numbers included in the Petro-

leum Hydrocarbon Gases Category. Of these 106, 92 are listed

on the HPV substances list. The Testing Group has included an

additional 7 CAS numbers that cover substances similar to

Table 16. No Observed Adverse Effect Concentrations for Petroleum Gas Constituents.

Constituent
Acute toxicity,

mg/m3
Repeated dose
toxicity, mg/m3

Developmental
toxicity, mg/m3

Reproductive
toxicity

C1-C4 alkanes (ex-1,3-butadiene)a 23 750 21 375 21 375 7125 mg/m3

C5-C6 aliphatic hydrocarbonsb 29 500 29 500 20 000 20 000 mg/m3

1,3-Butadienec 28 3800 2200 2200 13 200 mg/m3

Benzened 43 800 32 32 96 g/m3

Abbreviation: LC50, lethal concentration 50.
a The values for C1 to C4 alkanes are based on the results of the present studies in which repeated exposures at 9000 ppm (21 375 mg/m3) had limited effects. The
value for reproductive toxicity is based on the reproductive toxicity screening test of isobutane, using 3000 ppm (7125 mg/m3) as a no observed effect
concentration for all effects.
b The values for C5 to C6 alkanes are based on the results of repeated exposure studies to n-pentane,39,40 commercial hexane,41-43 and isopentane.37 Acute
toxicity per se was not assessed but LC50 values could not be lower than the no effect levels in repeated exposure studies.
c Critical values for 1,3-butadiene are taken from Owen and Glaister (repeated dose toxicity),44 Morissey et al (developmental toxicity),45 and WIL Research
(reproductive toxicity).46

d Critical values for benzene are taken from Green et al. (repeated dose toxicity),47,48 Kuna and Kapp49 and Coate et al50 (developmental toxicity), and Ward et al
(reproductive toxicity).51
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those on the HPV list. There are also 7 supplemental substances

included in the category, which are also useful in fully char-

acterizing the hazards of the HPV and non-HPV petroleum

hydrocarbon gas category members. Category members are

presented in these 3 groups in CASRN order:

� HPV petroleum hydrocarbon gas category members

� Non-HPV petroleum hydrocarbon gas category members

� Supplemental chemical category members

The Petroleum HPV Testing Group has included in its list-

ing of CAS numbers an indication of the corresponding cate-

gory adopted by the European Union (EU) in their legislation

[Official Journal of the European Communities, L84 Volume

36, April 5, 1993, Council Regulation (EEC) No. 793/93 of 23

March 1993 on the evaluation and control of risks of existing

substances] and updated by CONCAWE [Classification and

labeling of petroleum substances according to EU dangerous

substances directive (CONCAWE recommendations—July

2005), Report No. 6/05]. The EU category information is being

included to facilitate the international harmonization of classi-

fication and the coordination of efforts to summarize existing

data and develop new hazard data that will be appropriate for

hazard and risk characterization worldwide. In doing so, it will

help avoid unnecessary duplication of testing.

HPV Petroleum Hydrocarbon Gas Category Members
(92 CASRN)

CAS number

000074-82-8

Methane

No definition

(EU category: none)

000074-84-01

Ethane

No definition

(EU category: none)

000074-98-61

Propane, liquefied C3H8

No definition

(EU category: petroleum gases)

000075-28-5

Propane, 2-methyl-

No definition

(EU category: none)

000078-78-42

Butane, 2-methyl

No definition

(EU category: none)

000106-97-83

Butane, pure C4H10

No definition

(EU category: petroleum gases)

000115-07-11

1-Propene

No definition

(EU category: none)

000287-92-32

Cyclopentane

No definition

(EU category: none)

000513-35-91

2-Butene, 2-methyl-

No definition

(EU category: none)

008006-14-2

Natural gas

Raw natural gas, as found in nature, or a gaseous combina-

tion of hydrocarbons having carbon numbers predomi-

nantly in the range of C1 through C4 separated from

raw natural gas by the removal of natural gas condensate,

natural gas liquid, and natural gas condensate/natural gas.

(EU category: none)

068131-75-9

Gases (petroleum), C3-4

A complex combination of hydrocarbons produced by dis-

tillation of products from the cracking of crude oil. It

consists of hydrocarbons having carbon numbers in the

range of C3 through C4, predominantly of propane and

propylene, and boiling in the range of approximately

�51�C to �1�C (�60�F to 30�F).

(EU category: petroleum gases)

068307-98-2

Tail gas (petroleum), catalytic-cracked distillate and

catalytic-cracked naphtha fractionation absorber.

The complex combination of hydrocarbons from the distillation

of the products from catalytic-cracked distillates and

catalytic-cracked naphtha. It consists predominantly of

hydrocarbons having carbon numbers in the range of C1

through C4.

(EU category: petroleum gases)

068308-03-2

Tail gas (petroleum), gas oil catalytic cracking absorber

A complex combination of hydrocarbons obtained from the

distillation of products from the catalytic cracking of gas

oil. It consists predominantly of hydrocarbons having car-

bon numbers predominantly in the range of C1 through C5.

(EU category: petroleum gases)

068308-04-3

Tail gas (petroleum), gas recovery plant

A complex combination of hydrocarbons from the distillation

of products from miscellaneous hydrocarbon streams. It

consists predominantly of hydrocarbons having carbon

numbers predominantly in the range of C1 through C5.

(EU category: petroleum gases)
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068308-05-4

Tail gas (petroleum), gas recovery plant deethanizer

A complex combination of hydrocarbons from the distilla-

tion of products from miscellaneous hydrocarbon

streams. It consists of hydrocarbon having carbon num-

bers predominantly in the range of C1 through C4.

(EU category: petroleum gases)

068308-06-5

Tail gas (petroleum), hydrodesulfurized distillate, and

hydrodesulfurized naphtha fractionator, acid free

A complex combination of hydrocarbons obtained from

fractionation of hydrodesulfurized naphtha and distillate

hydrocarbon streams and treated to remove acidic

impurities. It consists predominantly of hydrocarbons

having carbon numbers predominantly in the range of

C1 through C5.

(EU category: petroleum gases)

068308-08-7

Tail gas (petroleum), isomerized naphtha fractionation

stabilizer

A complex combination of hydrocarbons obtained from the

fractionation stabilization products from isomerized naphtha.

It consists predominantly of hydrocarbons having carbon

numbers predominantly in the range of C1 through C4.

(EU category: petroleum gases)

068308-10-1

Tail gas (petroleum), straight-run distillate hydrodesulfuri-

zer, H2S free

A complex combination of hydrocarbons obtained from

catalytic hydrodesulfurization of straight-run distillates

and from which hydrogen sulfide has been removed by

amine treatment. It consists predominantly of hydrocar-

bons having carbon numbers predominantly in the range

of C1 through C4.

(EU category: petroleum gases)

068308-11-2

Tail gas (petroleum), propane-propylene alkylation feed

prep deethanizer

A complex combination of hydrocarbons obtained from the

distillation of the reaction products of propane with

propylene. It consists of hydrocarbons having carbon

numbers predominantly in the range of C1 through C4.

(EU category: petroleum gases)

068308-12-3

Tail gas (petroleum), vacuum gas oil hydrodesulfurizer,

hydrogen sulfide-free

A complex combination of hydrocarbons obtained from

catalytic hydrodesulfurization of vacuum gas oil and from

which hydrogen sulfide has been removed by amine

treatment. It consists predominantly of hydrocarbons

having carbon numbers predominantly in the range of C1

through C6.

(EU category: petroleum gases)

068409-99-4

Gases (petroleum), catalytic-cracked overheads

A complex combination of hydrocarbons produced by the

distillation of products from the catalytic cracking

process. It consists of hydrocarbons having carbon num-

bers predominantly in the range of C3 through C5 and

boiling in the range of approximately �48�C to 32�C
(�54�F to 90�F).

(EU category: petroleum gases)

068410-63-9

Natural gas, dried

A complex combination of hydrocarbons separated from

natural gas. It consists of saturated aliphatic hydrocarbons

having carbon numbers in the range of C1 through C4,

predominantly methane and ethane.

(EU category: none)

068475-58-1

Alkanes, C2-3

No definition

(EU category: petroleum gases)

068475-59-2

Alkanes, C3-4

No definition

(EU category: petroleum gases)

068475-60-5

Alkanes, C4-5

No definition

(EU category: petroleum gases)

068476-40-4

Hydrocarbons, C3-4

No definition

(EU category: petroleum gases)

068476-42-6

Hydrocarbons, C4-5

No definition

(EU category: petroleum gases)

068476-44-81

Hydrocarbons, C4 and higher

No definition

(EU category: none)

068476-49-3

Hydrocarbons, C2-4, C3 rich

No definition

(EU category: petroleum gases)

068476-54-0

Hydrocarbons, C3-5, polymn. unit feed

A complex combination of hydrocarbons collected from

various processes. It consists predominantly of saturated

aliphatic hydrocarbons having carbon numbers predomi-

nantly in the range of C3 to C5 and boiling in the range

of approximately �48�C to 38�C (-54�F to 100�F).

(EU category: none)
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068476-85-7

Petroleum gases, liquefied

A complex combination of hydrocarbons produced by the

distillation of crude oil. It consists of hydrocarbons hav-

ing carbon numbers predominantly in the range of C3

through C7 and boiling in the range of approximately

�40�C to 80�C (�40�F to 176�F).

(EU category: petroleum gases)

068476-86-8

Petroleum gases, liquefied, sweetened

A complex combination of hydrocarbons obtained by sub-

jecting liquefied petroleum gas mix to a sweetening pro-

cess to convert mercaptans or to remove acidic

impurities. It consists of hydrocarbons having carbon

numbers predominantly in the range of C3 through C7 and

boiling in the range of approximately �40�C to 80�C
(�40�F to 176�F).

(EU category: petroleum gases)

068477-25-8

Waste gases, vent gas, C1-6

A complex combination of hydrocarbons produced by the

distillation of products from the vacuum unit. It consists

of saturated hydrocarbons having carbon numbers in the

range of C1 through C6.

(EU category: none)

068477-33-8

Gases (petroleum), C3-4, isobutane rich

A complex combination of hydrocarbons from the distilla-

tion of saturated and unsaturated hydrocarbons usually

ranging in carbon numbers from C3 through C6, predomi-

nantly butane and isobutane. It consists of saturated and

unsaturated hydrocarbons having carbon numbers in the

range of C3 through C4, predominantly isobutane.

(EU category: petroleum gases)

068477-42-91

Gases (petroleum), extractive, C3-5, butene-isobutylene rich

A complex combination of hydrocarbons obtained from

extractive distillation of saturated and unsaturated alipha-

tic hydrocarbons usually ranging in carbon numbers from

C3 through C5, predominantly C4. It consists of saturated

and unsaturated hydrocarbons having carbon numbers

predominantly in the range of C3 through C5, predomi-

nantly butenes and isobutylene.

(EU category: none)

068477-69-0

Gases (petroleum), butane splitter overheads

A complex combination of hydrocarbons obtained from the

distillation of the butane stream. It consists of aliphatic

hydrocarbons having carbon numbers predominantly in

the range of C3 through C4.

(EU category: petroleum gases)

068477-70-3

Gases (petroleum), C2-3

A complex combination of hydrocarbons produced by the

distillation of products from a catalytic fractionation pro-

cess. It contains predominantly ethane, ethylene, propane,

and propylene.

(EU category: petroleum gases)

068477-71-4

Gases (petroleum), catalytic-cracked gas oil depropanizer

bottoms, C4-rich acid free

A complex combination of hydrocarbons obtained from frac-

tionation of catalytic-cracked gas oil hydrocarbon stream

and treated to remove hydrogen sulfide and other acidic

components. It consists of hydrocarbons having carbon

numbers in the range of C3 through C5, predominantly C4.

(EU category: petroleum gases)

068477-72-5

Gases (petroleum), catalytic-cracked naphtha debutanizer

bottoms, C3-5 rich

A complex combination of hydrocarbons obtained from the

stabilization of catalytic-cracked naphtha. It consists of

aliphatic hydrocarbons having carbon numbers predomi-

nantly in the range of C3 through C5.

(EU category: petroleum gases)

068477-73-6

Gases (petroleum), catalytic-cracked naphtha depropanizer

overhead, C3-rich acid free

A complex combination of hydrocarbons obtained from frac-

tionation of catalytic-cracked hydrocarbons and treated to

remove acidic impurities. It consists of hydrocarbons hav-

ing carbon numbers in the range of C2 through C4, pre-

dominantly C3.

(EU category: petroleum gases)

068477-74-7

Gases (petroleum), catalytic cracker

A complex combination of hydrocarbons produced by the

distillation of the products from a catalytic cracking pro-

cess. It consists predominantly of aliphatic hydrocarbons

having carbon numbers predominantly in the range of C1

through C6.

(EU category: petroleum gases)

068477-75-8

Gases (petroleum), catalytic cracker, C1-5 rich

A complex combination of hydrocarbons produced by the dis-

tillation of products from a catalytic cracking process. It

consists of aliphatic hydrocarbons having carbon numbers

in the range of C1 through C6, predominantly C1 through C5.

(EU category: petroleum gases)

068477-79-2

Gases (petroleum), catalytic reformer, C1-4 rich

A complex combination of hydrocarbons produced by dis-

tillation of products from a catalytic reforming process. It

consists of hydrocarbons having carbon numbers in the

range of C1 through C6, predominantly C1 through C4.

(EU category: petroleum gases)
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068477-83-81

Gases (petroleum), C3-5 olefinic-paraffinic alkylation feed

A complex combination of olefinic and paraffinic hydrocar-

bons having carbon numbers in the range of C3 through

C5 which are used as alkylation feed. Ambient tempera-

tures normally exceed the critical temperature of these

combinations.

(EU category: petroleum gases)

068477-85-0

Gases (petroleum), C4 rich

A complex combination of hydrocarbons produced by

distillation of products from a catalytic fractionation

process. It consists of aliphatic hydrocarbons having

carbon numbers in the range of C3 through C5, predomi-

nantly C4.

(EU category: petroleum gases)

068477-86-1

Gases (petroleum), deethanizer overheads

A complex combination of hydrocarbons produced from dis-

tillation of the gas and gasoline fractions from the cata-

lytic cracking process. It contains predominantly ethane

and ethylene.

(EU category: petroleum gases)

068477-87-2

Gases (petroleum), deisobutanizer tower overheads

A complex combination of hydrocarbons produced by the

atmospheric distillation of a butane–butylene stream. It

consists of aliphatic hydrocarbons having carbon num-

bers predominantly in the range of C3 through C4.

(EU category: petroleum gases)

068477-88-3

Gases (petroleum), deethanizer overheads, C3 rich

A complex combination of hydrocarbons produced by

distillation of products from the propylene purification

unit. It consists of aliphatic hydrocarbons having carbon

numbers in the range of C1 through C3, predominantly C3.

(EU category: none)

068477-90-7

Gases (petroleum), depropanizer dry, propene rich

A complex combination of hydrocarbons produced by the

distillation of products from the gas and gasoline fractions

of a catalytic cracking process. It consists predominantly

of propylene with some ethane and propane.

(EU category: petroleum gases)

068477-91-8

Gases (petroleum), depropanizer overheads

A complex combination of hydrocarbons produced by

distillation of products from the gas and gasoline fractions

of a catalytic cracking process. It consists of aliphatic

hydrocarbons having carbon numbers predominantly in

the range of C2 through C4.

(EU category: petroleum gases)

068477-94-1

Gases (petroleum), gas recovery plant depropanizer

overheads

A complex combination of hydrocarbons obtained by frac-

tionation of miscellaneous hydrocarbon streams. It con-

sists predominantly of hydrocarbons having carbon

numbers in the range of C1 through C4, predominantly

propane.

(EU category: petroleum gases)

068478-19-3

Residual oils (petroleum), propene purifn. splitter

A complex residuum from the propene purification unit. It

consists of aliphatic hydrocarbons having carbon num-

bers predominantly in the range of C3 through C4.

(EU category: none)

068478-24-0

Tail gas (petroleum), catalytic cracker, catalytic reformer

and hydrodesulfurizer

combined fractionator

A complex combination of hydrocarbons obtained from the

fractionation of products from catalytic cracking, cataly-

tic reforming and hydrodesulfurizing processes treated to

remove acidic impurities. It consists predominantly of

hydrocarbons having carbon numbers predominantly in

the range of C1 through C5.

(EU category: petroleum gases)

068478-26-2

Tail gas (petroleum), catalytic reformed naphtha fractiona-

tion stabilizer

A complex combination of hydrocarbons obtained from the

fractionation stabilization of catalytic reformed naphtha.

It consists predominantly of hydrocarbons having carbon

numbers predominantly in the range of C1 through C4.

(EU category: petroleum gases)

068478-32-0

Tail gas (petroleum), saturate gas plant mixed stream, C4

rich

A complex combination of hydrocarbons obtained from the

fractionation stabilization of straight-run naphtha, distil-

lation tail gas and catalytic reformed naphtha stabilizer

tail gas. It consists of hydrocarbons having carbon num-

bers in the range of C3 through C6, predominantly butane

and isobutane.

(EU category: petroleum gases)

068478-33-1

Tail gas (petroleum), saturate gas recovery plant, C1-2 rich

A complex combination of hydrocarbons obtained from frac-

tionation of distillate tail gas, straight-run naphtha, cata-

lytic reformed naphtha stabilizer tail gas. It consists

predominantly of hydrocarbons having carbon numbers

in the range of C1 through C5, predominantly methane

and ethane.

(EU category: petroleum gases)
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068478-34-2

Tail gas (petroleum), vacuum residues thermal cracker

A complex combination of hydrocarbons obtained from the

thermal cracking of vacuum residues. It consists of hydro-

carbons having carbon numbers predominantly in the

range of C1 through C5.

(EU category: petroleum gases)

068512-91-41

Hydrocarbons, C3-4 rich, petroleum distillate

A complex combination of hydrocarbons produced by dis-

tillation and condensation of crude oil. It consists of

hydrocarbons having carbon numbers in the range of C3

through C5, predominantly C3 through C4.

(EU category: petroleum gases)

068513-12-2

Fuel gases, saturate gas unit fractionator–absorber

overheads

A complex combination produced by the fractionation and

absorption of products of the saturate gas unit. It consists

of hydrogen and saturated aliphatic hydrocarbons having

carbon numbers predominantly in the range of C1 through

C4.

(EU category: none)

068513-15-5

Gases (petroleum), full-range straight-run naphtha dehexa-

nizer off

A complex combination of hydrocarbons obtained by the

fractionation of the full-range straight-run naphtha. It

consists of hydrocarbons having carbon numbers predo-

minantly in the range of C2 through C6.

(EU category: petroleum gases)

068513-17-7

Gases (petroleum), light straight-run naphtha stabilizer off

A complex combination of hydrocarbons obtained by the

stabilization of light straight-run naphtha. It consists of

saturated aliphatic hydrocarbons having carbon numbers

predominantly in the range of C2 through C6.

(EU category: petroleum gases)

068513-65-5

Butane, branched and linear

No definition

(EU category: none)

068513-66-6

Residues (petroleum), alkylation splitter, C4 rich

A complex residuum from the distillation of streams from

various refinery operations. It consists of hydrocarbons

having carbon numbers in the range of C4 through C5,

predominantly butane and boiling in the range of approx-

imately �11.7�C to 27.8�C (11�F to 82�F).

(EU category: petroleum gases)

068514-31-8

Hydrocarbons, C1-4

A complex combination of hydrocarbons produced by ther-

mal cracking and absorber operations and by distillation

of crude oil. It consists of hydrocarbons having carbon

numbers predominantly in the range of C1 through C4 and

boiling in the range of approximately �164�C to �5�C
(�263�F to 31�F).

(EU category: petroleum gases)

068514-36-3

Hydrocarbons, C1-4, sweetened

A complex combination of hydrocarbons obtained by sub-

jecting hydrocarbon gases to a sweetening process to con-

vert mercaptans or to remove acidic impurities. It consists

of hydrocarbons having carbon numbers predominantly

in the range of C1 through C4 and boiling in the range of

approximately �164�C to �0.5�C (�263�F to 31�F).

(EU category: petroleum gases)

068527-16-2

Hydrocarbons, C1-3

A complex combination of hydrocarbons having carbon

numbers predominantly in the range of C1 through C3 and

boiling in the range of approximately minus 164�C to

�42�C (�263�F to �44�F).

(EU category: petroleum gases)

068527-19-51

Hydrocarbons, C1-4, debutanizer fraction

No definition

(EU category: petroleum gases)

068602-83-5

Gases (petroleum), C1-5, wet

A complex combination of hydrocarbons produced by the

distillation of crude oil and/or the cracking of tower gas

oil. It consists of hydrocarbons having carbon numbers

predominantly in the range of C1 through C5.

(EU category: petroleum gases)

068606-24-62

Hydrocarbons, C4, butene concentrator by-product

A complex combination of hydrocarbons obtained in the

production of butane concentrate. It consists of hydrocar-

bons having carbon numbers predominantly in the range

of C3 through C5.

(EU category: none)

068606-25-7

Hydrocarbons, C2-4

No definition

(EU category: petroleum gases)

068606-26-81

Hydrocarbons, C3

No definition

(EU category: petroleum gases)

068606-27-9

Gases (petroleum), alkylation feed
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A complex combination of hydrocarbons produced by the cat-

alytic cracking of gas oil. It consists of hydrocarbons having

carbon numbers predominantly in the range of C3 through

C4.

(EU category: petroleum gases)

068606-34-8

Gases (petroleum), depropanizer bottoms fractionation off

A complex combination of hydrocarbons obtained from

the fractionation of depropanizer bottoms. It consists

predominantly of butane, isobutane and butadiene.

(EU category: petroleum gases)

068783-61-9

Fuel gases, refinery, sweetened

A complex combination obtained by subjecting refinery

fuel gases to a sweetening process to convert mercap-

tans or to remove acidic impurities. It consists predo-

minantly of hydrocarbons having carbon numbers

predominantly in the range of C1 through C5 and boil-

ing in the range of approximately �73�C to 50�C
(�100�F to 122�F).

(EU category: none)

068783-64-2

Gases (petroleum), catalytic cracking

A complex combination of hydrocarbons produced by the dis-

tillation of the products from a catalytic cracking process. It

consists predominantly of hydrocarbons having carbon

numbers predominantly in the range of C3 through C5.

(EU category: petroleum gases)

068783-65-3

Gases (petroleum), C2-4, sweetened

A complex combination of hydrocarbons obtained by sub-

jecting a petroleum distillate to a sweetening process

to convert mercaptans or to remove acidic impurities.

It consists predominantly of saturated and unsaturated

hydrocarbons having carbon numbers predominantly in

the range of C2 through C4 and boiling in the range of

approximately �51�C to �34�C (�60�F to �30�F).

(EU category: petroleum gases)

068918-98-9

Fuel gases, refinery, hydrogen sulfide-free

A complex combination of light gases consisting of hydro-

carbons having carbon numbers predominantly in the

range of C1 through C3. Produced from the fractionation

and subsequent scrubbing of hydrotreating units.

(EU category: none)

068918-99-0

Gases (petroleum), crude oil fractionation off

A complex combination of hydrocarbons produced by the

fractionation of crude oil. It consists of saturated aliphatic

hydrocarbons having carbon numbers predominantly in

the range of C1 through C5.

(EU category: petroleum gases)

068919-05-1

Gases (petroleum), light straight-run gasoline fractionation

stabilizer off

A complex combination of hydrocarbons obtained by the

fractionation of light straight-run gasoline. It consists of

saturated aliphatic hydrocarbons having carbon numbers

predominantly in the range of C1 through C5.

(EU category: petroleum gases)

068919-06-2

Gases (petroleum), naphtha unifiner desulfurization stripper off

A complex combination of hydrocarbons produced by a

naphtha unifiner desulfurization process and stripped

from the naphtha product. It consists of saturated aliphatic

hydrocarbons having carbon numbers predominantly in

the range of C1 through C4.

(EU category: petroleum gases)

068919-10-8

Gases (petroleum), straight-run stabilizer off

A complex combination of hydrocarbons obtained from the

fractionation of the liquid from the first tower used in the

distillation of crude oil. It consists of saturated aliphatic

hydrocarbons having carbon numbers predominantly in

the range of C1 through C4.

(EU category: petroleum gases)

068919-16-4

Hydrocarbons, C3-6, catalytic alkylation by-products

The complex combination of hydrocarbons obtained by the

catalytic alkylation of benzene with propylene. It consists

of hydrocarbons having carbon numbers predominantly

in the range of C3 through C6 and boiling in the range of

approximately �40�C to 70�C (�40�F to 158�F). This

stream may contain 1 to 20 vol% of benzene.

(EU category: none)

068919-19-7

Gases (petroleum), fluidized catalytic cracker splitter

residues

A complex combination of hydrocarbons produced by the

fractionation of the charge to the C3-C4 splitter. It consists

predominantly of hydrocarbons having carbon numbers

predominantly in the range of C3 through C4.

(EU category: none)

068919-20-0

Gases (petroleum), fluidized catalytic cracker splitter

overheads

A complex combination of hydrocarbons produced by the

fractionation of the charge to the C3-C4 splitter. It consists

predominantly of C3 hydrocarbons.

(EU category: petroleum gases)

068952-76-1

Gases (petroleum), catalytic-cracked naphtha debutanizer

A complex combination of hydrocarbons obtained from frac-

tionation of catalytic-cracked naphtha. It consists of
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hydrocarbons having carbon numbers predominantly in

the range of C1 through C4.

(EU category: none)

068952-81-8

Tail gas (petroleum), thermal-cracked distillate, gas oil and

naphtha absorber

A complex combination of hydrocarbons obtained from the

separation of thermal-cracked distillates, naphtha and gas

oil. It consists predominantly of hydrocarbons having car-

bon numbers predominantly in the range of C1 through C6.

(EU category: petroleum gases)

068952-82-9

Tail gas (petroleum), thermal-cracked hydrocarbon fractio-

nation stabilizer, petroleum coking

A complex combination of hydrocarbons obtained from the

fractionation stabilization of thermal-cracked hydrocar-

bons from petroleum coking process. It consists of hydro-

carbons having carbon numbers predominantly in the

range of C1 through C6.

(EU category: petroleum gases)

068955-28-21

Gases (petroleum), light steam-cracked, butadiene conc.

A complex combination of hydrocarbons produced by the

distillation of products from a thermal cracking process. It

consists of hydrocarbons having a carbon number predo-

minantly of C4.

(EU category: petroleum gases)

068955-34-0

Gases (petroleum), straight-run naphtha catalytic reformer

stabilizer overhead

A complex combination of hydrocarbons obtained by the

catalytic reforming of straight-run naphtha and the frac-

tionation of the total effluent. It consists of saturated ali-

phatic hydrocarbons having carbon numbers

predominantly in the range of C2.

(EU category: refinery gases, category 2)

068956-54-71

Hydrocarbons, C4-unsatd.

No definition

(EU category: none)

071329-37-8

Residues (petroleum), catalytic cracking depropanizer, C4

rich

A complex residuum from the stabilization of catalytic-

cracked naphtha hydrocarbon streams. It consists predo-

minantly of hydrocarbons having carbon numbers predo-

minantly in the range of C3 through C5, primarily C4.

(EU category: none)

071808-30-5

Tail gas (petroleum), thermal cracking absorber

A complex combination of hydrocarbons obtained from the

separation of thermal-cracked naphtha, distillates and gas

oil hydrocarbons. It consists of hydrocarbons having car-

bon numbers predominantly in the range of C1 through C5.

(EU category: none)

Non-HPV Petroleum Hydrocarbon Gas Category Members

(7 CASRN)

CAS number

000109-66-021

Pentane

No definition

(EU category: none)

068307-99-3

Tail gas (petroleum), catalytic polymn. naphtha fractiona-

tion stabilizer

A complex combination of hydrocarbons from the fractiona-

tion stabilization products from polymerization of

naphtha. It consists predominantly of hydrocarbons hav-

ing carbon numbers in the range of C1 through C4.

(EU category: petroleum gases)

068308-02-1

Tail gas (petroleum), distn., hydrogen sulfide free

No definition

(EU category: none)

068308-09-8

Tail gas (petroleum), light straight-run naphtha stabilizer,

hydrogen sulfide-free

A complex combination of hydrocarbons obtained from frac-

tionation stabilization of light straight-run naphtha and

from which hydrogen sulfide has been removed by amine

treatment. It consists predominantly of hydrocarbons hav-

ing carbon numbers predominantly in the range of C1

through C5.

(EU category: petroleum gases)

068475-57-0

Alkanes, C1-2

No definition

(EU category: petroleum gases)

068477-76-9

Gases (petroleum), catalytic polymd. naphtha stabilizer

overhead, C2-4 rich

A complex combination of hydrocarbons obtained from the

fractionation stabilization of catalytic polymerized

naphtha. It consists of aliphatic hydrocarbons having car-

bon numbers in the range of C2 through C6, predomi-

nantly C2 through C4.

(EU category: petroleum gases)

068919-00-6

Gas (petroleum), dehexanizer off

A complex combination of hydrocarbons obtained by the

fractionation of combined naphtha streams. It consists

of saturated aliphatic hydrocarbons having carbon num-

bers predominantly in the range of C1 through C5.

(EU category: petroleum gases)
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Supplemental Chemical Category Members (7 CASRN)

CAS number

000071-43-2

Benzene

No definition

(EU category: none)

000106-98-9

1-Butene

No definition

(EU category: none)

000106-99-0

1,3-Butadiene

No definition

(EU category: none)

000107-01-7

2-Butene

No definition

(EU category: none)

000124-38-9

Carbon dioxide

No definition

(EU category: none)

001333-74-0

Hydrogen

No definition

(EU category: none)

007727-37-9

Nitrogen

No definition

(EU category: none)
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