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EXECUTIVE SUMMARY

General Description of the Refinery Gases Category

The 62 Refinery Gasubstances ithis test plarare primarily produced in petroleum refineries as the light end

fractions of numerous distillation and cracking processes, or in gas plants that separate natural gas and natural gas
liquids. All refinery gase this categoryare comprisedf predominantlyone tofour carbon atonhydrocarbons
andinorganiccomponentsuch as ammonia, hydrogen, nitrogen, hydrogen sulfide, mercaptans, carbon monoxide
and carbon dioxideSeverakefinery gases also contain benzene antl/@butadieneThese gaes exist as

substancem closed systems in the refinery, with none being sold as finished prdaduetss@ne or more

constituents of refinery gases make them unsuitable for commercial Baleefinery gasesan beused within the

refinery as fuel gass to provide energy for other refinery proces$éey can also undergo further refining to

separate components and make them into commercially viable products

The Refinery Gases Category contains 62 refinery gasesdasupplementary individual cheadls. The
supplemental chemicals are included in this categcharacterize the SIDi&zardendpoints for the refinery
gasesThe defining characteristics of Refinery Gases are (1) the presence of inorganic comyucindse the
dominant hazard in theubstancand (2)the fact thaRefinery Gases amubstancethat are not sold on the open
market in the USTheir physical and chemical characteristics require that $key within rigorously contained
systemawithin the manufacturing facility

Refiney Gases Category Rationale

All Refinery Gases Category members contain one or more inorganic compo@aition to hydrocarbores
listed in the stream TSCA definitienThe inorganic components of the Refinery Gdwdth the exception of
asphyxiangases such as hydrogen and nitrogea}ypically more toxic than the €i C4 and C5i C6 hydrocarbon
component$o both mammalian and aquatic organisbiislike other petroleurproductcategories€.g.gasoline,
diesel fuellubricating oils,etc.) the norganic and hydrocarbon constitueotsefinery gasesan be evaluated for
hazard individuallyto then predict the screening level hazard of the Refinery Gases Category maimbags.
refinery gaconstituentsdentifiedto characterizeefinery gas c@gorymember hazardre:

¢ Inorganic Gases
o0 Ammonia
o Carbon Monoxide
o Ethyl mercaptan
0 Hydrogen sulfide
0 Methyl mercaptan
e Hydrocarbon Gases
o Benzene
o 1,3Butadiene
o C1i C4 Hydrocarbons
o C5i C6 Hydrocarbons
e Asphyxiant Gases
o Carbon dioxide
o Hydrogen gas
o Nitrogen @s

PhysicatChemical Properties and Environmental Fate

Refinery gaseare mixtures oindividual inorganic and organic compourglgsting in the gaseous phase at normal
environmental temperatureBhese constituentgpically haveextremely low melting ashboiling points. They also

have high vapor pressures and low octanol/water partition coefficients. The aqueous solubility of these components
varies, and can range from low pgoer million (hydrogen gas) to several hundred thousand parts per million
(ammonia).The environmental fate characteristidgefinery gaseare governed by tisephysicalchemical
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attributes. All componentsf these gases willartition to the aiwhereinteraction with hydroxyl radicalsay be
either anmportantfate processr havelittle influence depending on the constitueiany of the gases are
chemically stable and may be lost to the atmosphere or simply become involvedriritbamentarecycling of
their atoms. Some show substantial water solubility, but thedtilitt eventually causethese gases to enter the
atmosphere.

Environmental Effects

Several of thénorganic constituents irefinery gasearehighly hazardous to aquatic organisassdemonstrateid
laboratory toxicity tests where exposure conceiuing can benaintainedover time. Hydrogen sulfide was the most
toxic constituent to fish (LC50 ranged 0.007 to 0.2 mg/L) and invertebrates (EC50 ranged 0.022 to 1.07 mg/L)
Acute toxicity data for ammonia also showed this to be a relatively toxic canpamthseveralLC/EC50 values
bdow 1 mg/Lfor fish and invertebratg®.083 to 1.09 mg/L and 0.53 to 22.8 mg/L, respectivdliie hydrocarbon
components in refinery gases were generally less toxic. Acute LC/EC50 values for this constituent geaup rang
roughly from 1 to 100 mg/L. Although the LC/EC50 data for the individual gases illustrate the potential toxicity to
aquatic organisms, aqueous concentrations from releases of these gases would likely nottheraigtiatic
environmenfor a sufficient duration to elicit toxicity. Based on a simple conceptual exposure model analysis,
emissionf refinery gaseto the atmosphere would not likely result in acutely toxic concentraticadjacent water
bodiesbecause such emissiongl tend toremainin the atmosphere.

Human Health Effects

Thescreening leveinammaliarhealthhazards associated with Refinery Gasage beerharacterized by the
constituentgas listed above)f each refinery gafkefinery gas constituent hazatdta were used to claaterize

SIDS endpoints for each of the 62 Refinery Gases in the category. To accomplish this, the endpoint value (acute
LCs, reproductive toxicity NOAEL/LOAEL, etc.) for a specifias constituertias been adjusted fdiution of

each constituent in threspective refinery gaghis adjustment for the dilution elach componerit a refinery gas
represents the calculated concentration of the refinery gas required to reach the toxicity va/UMedREL, etc.)
corresponding to thpuresubstanceFor exanple, if the LG, for neat (100%) hydrogen sulfide is 444 ppm, theld.C
for a refinery gas containing 20% (wt./v) hydrogen sulfide would be 2,220ipaihwould take five times more of
therefinerygas containing 20% hydrogen sulfideptmduce the saeneffect as pure hydrogen sulfjdeghen the
refinery gas is diluted with ailn many cases, there is more than patentialy toxic constituentin a refinery gas. In
those cases, ttenstitutenthat is most toxic for a particular endpointan indiviclial refinery strears used to
characterize thendpointhazardfor that streamA more detailed explanation with examples of these calculations,
along with the calculations for each of the 62 refinery gases used to detetmtheconstituent to use to
characterize mammalian SIDS endpespiecific hazard for each gmspresenteéh the body of the document

This approach to correct for the concentration ofitkdésidual refinery gas constitutents estimate the potential
toxicity for mammalian endpoia makes it difficult to draw general conclusions as to wbatstituents@re the most
hazardoug$or human health effects oéfinery gaseas a category. ThHeazard potentidor each mammalian

endpoint for each of the 62 refinery gases is dependentegmbinefinery gas constituemndpoint toxicity values
(LC50, LOAEL, etc.) andhe relative concentration of tlienstituenpresent in that gas. It should also be noted that
for an individual refinery gas, th@nstituent characterizing toxicitgay be dferent for different mammalian
endpoints, again, being dependent upon the concentration of the diffenstituentsn each, distinct refinery gas.
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1. DESCRIPTION OF REFINERY GASESCATEGORY

Background

The original Petroleum Gases Category of 161 substances has been split into two separate categories; (1) the
Petroleum Hydrocarbon Gases, and (2) the Refinery Gases. This Category Analysis Document provides the HPV
hazard characterizationifthe Refinery Gases Categomis division of petroleum gases into two categorses i

more consistent with petroleum gas categories developed by CONCAWE (Conservation of Clean Air, Water in
Europe; the Europegetroleum industry trade association) asediin European Union legislation.

General Descriptiorof the Refinery Gases Category
The Refinery GaseSategorycontains/6 chemical substance®f theser6 substance2 arerefinery gases anté
areindividual supplemental chemical

e Sixty-onesubstancesrepetroleum refinery gasdisted on the 1990 HPV substances list

e Onesubstance is gfinery gas nolistedon the 1990 HPV listand

e Fourteersubstanceareincluded in the category asipplemental chemicalgifieinorganic chemicaland
five hydrocarbons

The supplemental chemicals are includtethis categoryo characterize the SIDS endpoints for the refinery gases
(as describetelow). These are included as single chemicals because they either exist in refineat gasesthan
trace levelsor are known to cause adverse effects in mammalian or aquatic orgahikshef all category members
by CASRN and their respective TSCA definition is provided in Appendix 1.

The 62 Refinery Gasubstances in this test plare primarily produed in petroleum refineries as the light end

fractions of numerous distillation and cracking processes, or in gas plants that separate natural gas and natural gas
liquids. These gases exist aghstancem closed systems in the refinery, with none beirld as finished products
becaus@ne or more constituents of refinery gases make them unsuitable for commerciehsakfinery gasesan

be used within the refinery as fuel gases to provide energy for other refinery proddssgsan also undergo

further refining toisolate specificomponentgor use axommercial productsAll refinery gase this categoryare
compriseddf predominantiyone tofour carbon atonhydrocarbons andontainother componentsuch as ammonia,
hydrogen, nitrogen, hydrogenlde, mercaptans, carbon monoxide carbon dioxideSeverakefinery gases also

contain benzene and/or butadieAs.with most of the substances handled within the petroleum industry, these
gaseousubstances are commomlye f er r ed t o mas 0fAirefinery strea

The defining characteristics of Refinery Gases aréh@ presence of inorganic compoumdsch are the dominant
hazard in the substanaad(2) the fact thaRefinery Gases amubstancethat are not sold on the open market in the
US. Their physial and chemical characteristics require thay 8tay within rigorously contained systems
mentioned, rany Refinery Gaseare burnedvithin the refinery to power other refining operation processes.
Additionally, they may be transferrdxy direct pipelhe betweemeighboringrefineriesand petrochemical plants,
within limited geographical distances (~ 30 miles or leBls§ potential for humaandenvironmental exposurés
associated witlaccidental releasendbr spills.If accidental releases occ@r.g.from containment system ruptwe

or malfunctiors, there could beeleases ofargequantities of refinery gase®ther dangerousonditionsassociated
with catastrophic release incluthee physical hazards of explosion and fire. Chronic exposurdinemegasest
hazardous levels is unlikely to occur simggrous monitoring for hydrocarbon and toxic gas release as an integral
component of refinery facility risk management prograsee$ection 8. Human Exposure Summdor more

detaily.

Inorganic compoundgwith the exception of asphyxiant gases such as hydrogen and nitewgdypically more
toxic than the majority of hydrocarbons in th& iICC4 range. For examplé,Cso valuesn rats were >800,000 ppm
for n-propane exposure for 15 minutes570,000 ppm for isobutane exposure for 15 minutes, 276,000 ppw for
butane exposure for 4 houend > 10,000 ppm for-Butene exposure for 4 hou(€lark and Tinson, 1982; Aviado
et al, 1977; Shugaev, 1968rts, 1993. In contrast, hydrogen sulfidammonia, methyl mercaptan, and carbon
monoxide are acutely toxic at 44¥59Q 675, and 1784 ppm, respectively (Tarswl, 1981;Kapeghiaret al,

1982 Roseet al, 197Q. To further illustrate this pointegthe Human Health Effectsegtion 7andAppendix 3for
information onrefinery gas constituembxicity.
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The ecotoxicological hazards of refinery gases were
Acute toxicity data for the three aquatic organism groups (i.e., fish, @brates, and algae) were gathered for those
principal components and an assessment was made based on their relative hazards. The results provided an
indication as to which components woulditmportant for hazard characterizatifor the individual stream In this

way, a simple assessment could be made regarding relative hazards of the streams. Similar to that shown for
mammalian systems, the inorganic componargsoftermore hazardous to aquatic organisms than hydrocarbon
gases. Aquatic organisnaseparticularlysensitive to hydrogen sulfide and ammonia, with LC/EC50 values in the

low to mid pars per billion range SEPA, 198&; Fung and Bewick, 1980; ECB, 2000). In contra&/EC50
valuesreported for CIi C4and C5i C6 hydrocarbongenerallyare aboveone part per million (API, 20QAPI,

2008&).

Table 1 presents both the hydrocarbon classesanganic componenteund in the Refinery GaseAlthough
ammonia appears in only one Refinery Gas TSCA definition and the mercaptans are noabpéstéd in any of
the Refinery Gases TSCA definitions, they are present in many streams that also contain hydrogen sulfide.
Consequently, these compounds will also be designateeasf theconstituent¢o characterize Refinery Gas
hazards.

Table 1. Refinery Gas Componerg
Category RefineryGases
Component Hydrocarbons Inorganics Mercaptans
Class
Component Alkanes Hydrogen sulfide Methanetiol
CAS Number | (e.g.propane 7783064 74931
74-98-6)
Olefins Ammonia Ethanethiol
(e.g.ethylene 766441-7 75081
74-851)
Alkadienes Hydrogen
(e.g.1,3butadiene | 1333740
106-99-0)
Alkynes Nitrogen
(e.g.ethyne 7727379
74-86-2)
Aromatics Carbon dioxile
(e.g.benzene 124389
71-43-2)
Carbon monoxide
630-08-0

Thecarbon number range of tiefinery Gasebydrocarbosis predominanthyC1 i C4. There are a few CASRN
descriptions with carbon number ranges ug5pC6, C7 and one CButtheseC4+ constituentaretypicdly found

at low concentrations gases.Since hydrocarbon compounds contain@fy C6, C7, and C8 are found

predominantlyin petroleum naphthas, the hazards of these hydrocarbons have been characterized in the Gasoline
Blending Streams Categoryl.o acount for any possible toxicity associated with the higher carbon number
hydrocarbons, two categoriesrefinery gas constituengse being used for the hydrocarbon components of the
refinery gases, ClLC4 and C5 C6.The C1i C4 or C5i C6 hydrocarbonsypically become predominant

constituents for hazard characterizatiogases that contain hydrocarbons and asphyxiant gases only, with no other
inorganic constitutentsuch as carbon monoxide or hydrogen sulffitesent in theefinery gasstream
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Althoughthevarious gases contain toxic constituehtanan healtthazard would be overestimated if the overall
hazards of the stream are assumed to be equal to thoselwf thdividual constituentsThe Refinery Gasesften
containmultiple potentiallytoxic inorganic and organic constutituentierefore to moreaccurately characterize
thehuman healtihazards associated with theséinerygasstreamsit is necessary to correitixicity values (e.g.
LCsq, repeatediose LOAEL, etc.) associated withe gas constituentghydrogen sulfideammonia etc.)in order to
reflect the dilutiorof thatcomponentn each specific Refinery Gas.

It should be noted that many of tbemponents of refinery gaskave extensive epidemiological and toxicological
dataavailable. It is beyond the scope of this document, and the HPV program, to thoroughly characterize the hazards
associated with these compounds; that has been done elsewhere by the USEPA, NAS, ATSDR, IARC, ACGIH and
other sourcesThe hazard informationrpvidedin this documentvill be limited to the HPV required SIDS

endpoints, as these are the endpoints that will be used to provide the screening level hazard data requested by
USEPA for these High Production Volumefinery gases

2.REFINERY GASESCATEGORY RATIONALE

All Refinery Gases Category members contain one or more inorganic compo@aition togaseous

hydrocarbongs listed in the stream TSCA definit®Mhe inorganic components ¢fet Refinery Gasgsvith the

exception of asphyxiant gases such as hydrogen and nitraxggypically more toxic than the €i C4 and C5i C6
hydrocarbon components both mammalian and aquatic organisms. Unlike other petroleum product categgries (
gasoline, diesel fuel, lubricating oils, etc.), the inorganic and hydrocarbon constituents of refinery gases can be
evaluated for hazard individually to then predict the screening level hazard of the Refinery Gases Category members.
The 12 refinery gas catituents identified to evaluate refinery gas category member lsaard

¢ Inorganic Gases
o Ammonia
o Carbon Monoxide
o Ethyl mercaptan
o0 Hydrogen sulfide
0 Methyl mercaptan
e Hydrocarbon Gases
o Benzene
o 1,3Butadiene
o C1i C4 Hydrocarbons
o C5i C6 Hydrocarbons
e Asphyxiant Gases
o Carbon dioxide
o Hydrogen gas
o Nitrogen gas

Grouping the refinery gases into a single category is reasonable from an ecotoxicological perspective. The majority
of the components in refinery gases exist in the gaseous state at typical ambierdtimes Hence, exposure
scenarios would be similar among the different category members. Based on their ghysidehl characteristics,
exposure of refinery gases to aquatic organisms would require transport from the atmosphere to the water
compartmat. While some individual compounds in refinery gases, both organic and inomy&nicxicto aquatic
organisms in laboratory testhe Level 1 fugacity modeling of individual constituents (see Section 5.3.1) make it
clearthat atmospheric releases wenotresult in levels of the gasestime aqueous compartmaattlevels sufficient
to adversely effect aquatic biotagquatic SIDS hazard data are presented for the neat substance for sedéntrg
gas constituentsTo assess and evaluate the paaéhtzards and risks of aquatic organisms to a catastrophic
release of refinery gases, a conceptual exposure model was used that includeddig¢ransport of refinery gas
constituents between the atmospheric and aquatic compartmentoriBtiéuentsdentified as most important for
characterizingaquatichazardwere included in the conceptual exposure model.
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Themammaliarhealthhazards associated with Refinery Gasesecharacterized by th&2 refinery gas constituents
listedabove The SIDS endgpint toxicity values are provided in Section 7, Human Heaffacts These data were
used to characterize SIDS endpoints for each of the 62 Refinery Gases in the category. To accomplish this, the
endpoint value (acute Lg reproductive toxicity NOAEL/LOL, etc.) for a specificonstituenhas been adjusted
for concentration, using iteinimum andmaximum leved in each refinery gas. This adjustmémt the dilution of
each componerih a refinery gasepresents the calculated concentration of the rgfigas required to reach the
toxicity value (LGo, NOAEL, etc.) corresponding to tlvenstituenin its pure stateFor example, if the L& for

neat (100%) hydrogen sulfide is 444 ppm, thedf6r a refinery gas containing only 20% (wt./v) hydrogen salfid
would befive times more than 100% hydrogen sulfide2dt20 ppmj.e. at a gas concentration of 2200 ppm, the
hydrogen sulfide concentration would be 444 ppm, equal tcCifsvalue.In many cases, there is more than one
toxic constituentn a refinerygas. In those cases, the most tadastituenfor the particular endpoint is used to
characterize the hazafor each refinery strear more detailed explanation with examples of these calculations,
along with the calculations for each of the 62 refirgases used to determine the endpoint spdwfiard valuefor

each gas is presentedSection 7.6 andppendix5,whi ch i s

category analysis document.

3.REFINERY GASESCATEGORY MEMBER SELECTION CRITERIA

appended

as a

Appendix 1 provides a complete ligg of substances included in the Refinery Gases category.

separ ate

The primary criteria for placing a gas into this category thhagpresencef inorganic compounds in threfinery
stream as had been done previously by CONCAWE in th@ither Petroleum Gase€aegory. The 161 petroleum

gases in the original Petroleum Gases Category were compared to the CONCAWEh e r

Cat e gandoyedapping CASR&were put into the API Refinery Gases Category. The remaining, non
overlapping CASRNwere reviewedind expert judgment was used to select the remaining category member
candidate listThe presence of inorganic and/or benzene/butadiene was then confirmed in historically available
stream compositional data (see AppendixT2ble 2 provides examples oéfthery Gas TSCA definitions and the
correspondingompositional constituents complete list of theonstituent@ssociated with each category member
can be found in Appendix 2.

Table 2. i Examples of Category Member Definitions andConstituents

Petroleum Refinery Gag

Refinery Gas

gases. It consists
predominantly of
hydrogen and/or low
molecular weight
hydrocarbons.

CAS Number Name TSCA Definition Constituents
| A complex combination| Hydrogen = 20 to 30%;
800620-0 Fuel gases, producer g obtained by burning cog Nitrogen = 20 to 30%;
or cokewith a restricted | Carbon monoxide = 20
air supply or by blowing| to 30%; Carbon dioxide
air and steam through | =20 to 30%; CiC4
incandescent coke. It | HCs =1 to 10%.
consists primarily of
nitrogen, carbon
dioxide, carbon
monoxide and hydroger
6847626-6 Fuel gas A combination of light | Hydrogen = 40 to 88%;

Nitrogen = 1 to 5%;
Ammonia = 0.01 to
0.2%; Hydrogen sulfide
=0.01 b 0.5%; Carbon
monoxide = 0.5 to 5%;
Carbon dioxide = 0.1 to
3%; CEC4HCs =10to
58%.
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Table 2. i Examples of Category Member Definitions andConstituents

sour, gasconcn:unit-off

combination of dry
gases from a gas
concentration unit. It
consists of hydrogen,
hydrogen suifle and
hydrocarbons having
carbon numbers
predominantly in the
range of C1 through C3

CAS Number Petroleum Refinery Gas TSCA Definition Reflngry Gas
Name Constituents
6847792-9 Gases (petroleum), dry | The complex Hydrogen = 20 to 50%;

Nitrogen = 0.5 to 10%;
Ammonia = 0.1 to 5%;
Hydrogen sulfide = 0.5
to 15%; Methyl
mercaptan = 0.1 to 1%;
Ethyl mercaptan = 0.01
to 0.5%; C1C4HCs=
48 to 79%.

It should be noted that Section 8(b) of the Toxic Substances Control Act required identification and registration with

t he

Envi

ronment al

Protectdi

on

Agency

of each

fichemi

distributed h commerce. Theubstance definitionsere not intended to list atbnstituentghat would be important
for hazard characterizatioAs can be seen ifable 2 the descriptions accompanying the G®6of each petroleum
gas are written in broad, generalntst The descriptions may contain concentration ranges, however, moRNCAS
descriptions provide qualitative rather quantitative analytical information. SincRSA8scriptions for refinery
streams, including the refinery gases, were intentionally wttittdxe qualitative in nature, they may or may not
specifically list all of theconsituentghat could be present in a specific gas streém.approximatecomposition
(i.e.inorganic and hydrocarbon components) for each of the 62 refinery ga&s8€MmCASRN ordercan be found

in Appendix2.

4. PHYSICAL -CHEMICAL PROPERTIES

Members of the Refinery Gases Category are mixtures of inorganic substances and organic compounds
(hydrocarbons and nemydrocarbonshaving one to six carbon atoms. Proportions of these constituents in the
refinery gas streams vary and may be a large or small fraction of the streams.

The norhydrocarbon components (organic and inorganic) of Refinery Gases include:

Hydrogen
Ammonia

Hydrogen sulfide

Methanethiol (methyl mercaptan)
Ethanethiol (ethyl mercaptan)
Carbon monoxide

Carbon dioxide

Nitrogen

Also included in this group are two hydrocarkmibstance that are considered minor components in Refinery
Gases. These are not aoon constituents, but may be found in selected streams. Their phorsécaical
characteristics were included as they may present human or ecological hazards. These are:

1,3-butadiene, and

benzene.
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Other C1C4 hydrocarbon may exist in Refinery Gaaté€ljory streams, and their ranges of physibaimical

characteristics are provided below. These gases are described in more detail in the Petroleum Gases test plan (API,
2001).While the C5 C6 hydrocarbon components in the refinery gases exist as gonstituents in these streams,

they are the majority dhe hydrocarborconstituents opetroleum naphthas. The physichemical attributes of

these hydrocarbons have been thoroughly described in the gasoline blending stream categorysdd&Iment

2008a). Range®f physical/chemical propertidsom those and othesourcesare provided here for reference.

4.1 PhysicalChemical Endpoints
The physicakthemical endpoints in the HPV chemicals prograatide the following:

Melting Point

Boiling Point

Vapor Pressure

Octanol/Water Partition Coefficient
Water Solubility

4.1.1 Melting Point

Measured melting point values for the inorganic constituents in refiyzegs are given below.

Non-Hydrocarbon Melting Point

Constituents: °C Reference

Hydrogen -259 Budavari (1996)
Ammonia -77.7 Budavari (1996)
Hydrogen sulfide -85.5 Budavari (1996)
Methanethiol -123 O6 Nei | (2001)
Ethanethiol -148 Lide and Milne (1994)
Carton monoxide -205 Budavari (996)
Carbon dioxide -56.5 Lide (1994)

Nitrogen -210 Budavari (1996)
Organic Constituents:

Benzene 55 Budavari (1996)
1,3-butadiene -109 Budavari (1996)

Other hydrocarbon gases:

C1 to C4dand C5 to ® hydrocarbos of various clases (alkanes, alkenes, naphthenes) and isomeric
structures have melting points that range frd80.7 °C to-138.4 °C (API, 2001and from-130°C to
-95°C (USEPA, 200(), respectively.

4.1.2 Boiling Point
Estimatel or measured boiling point values for the inorganic constituents in refinery gases are given below.

Non-Hydrocarbon Boiling Point

Constituents: °C Reference

Hydrogen -252.8 Budavari (1996)

Ammonia -33 Budavari (1996)

Hydrogen sulfide -60.3 Budavari (198)
Methanethiol 5.95 O6 Nei | (2001)
Ethanethiol 35.1 Lide and Milne (1994)
Carbon monoxide -191.5 Budavari (996)

Carbon dioxide -78.5 Lide (1994)

Nitrogen -196 Budavari (1996)

Organic Constituents:
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4.1.3

Benzene 80.1 Budavari (1996)
1,3-butadiene -4.5 Budavari(1996)

Other hydrocarbon gases:

C1 to Cdand C5 to ® hydrocarbos of various classes (alkanes, alkenes, naphthenes) and isomeric
structures have boiling points that range frd®4 °C toi 0.5 °C (API, 2001pand from 36°C to 69 °C
(USEPA, 200@), respetively.

Vapor Pressure

Estimated or measured vapor pressures for the inorganic constituents in refinery gases are given below.

4.1.4

Non-Hydrocarbon Vapor Pressure

Constituents: (hPa @ temp) Reference

Hydrogen 1,653,198 @ 25°C Ohe (1976)

Ammonia 10,013 @ 25°C Daubert and Danner (1989)
Hydrogen sulfide 20,798 @ 25°C Daubert and Danner (1989)
Methanethiol 20,665 @ 25°C Daubert and Danner (1989)
Ethanethiol 529 @ 25°C Daubert and Danner (1989)
Carbon monoxide 20,684,972 @ 25°C USEPA, 200&

Carbon dioxide 64,395 @ 25°C Daubert and Danner (1989)
Nitrogen 1,013 @-196 °C Weast (1984)

Organic Constituents:

Benzene 126 @ 25°C Daubert and Danner (1989)
1,3-butadiene 2,813 @ 25°C Daubert and Danner (1989)

Other hydrocarbon gases:

C1 to C4dand C5 to ® hydrocarbos of various classes (alkanes, alkenes, naphthenes) and isomeric
structures have vapor pressures that range from 3796 hPa to 350,000 hPa (ARIn@0in201 hPa to
685 hPalySEPA, 200@), respectively.

Octanol:Water Partition Coefficient (Log Kow)

Estimated or measured log Kow values for the inorganic constituents in refinery gases are given below.

4.1.5

Non-Hydrocarbon

Constituents: Log Kow Reference
Hydrogen N/A

Ammonia -1.14 BASF AG (1992
Hydrogen sulfide 0.45 BASF AG (1992)
Methanethiol 0.65 Abraham et al(1994)
Ethanethiol 1.27 USEPA, 200@
Carbon monoxide 1.78 USEPA, 200@
Carbon dioxide 0.83 USEPA, 200@
Nitrogen 0.67 Hansch et al(1995)
Organic Constituents:

Benzene 2.13 Hansch et al(1995)
1,3-butadiene 1.99 Hansch et al. (1995)

Other hydrocarbon gases:

C1 to Cdand C5 to ® hydrocarbos of various classes (alkanes, alkenes, naphthenes) and isomeric
structures havpartition coefficient§Log Kow) that range from 1.09 to 2.8 (API, 200d)d from 3.4 t8.9
(USEPA, 200@), respectively

Water Solubility
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Estimated or measured water solubility values for the inocgammstituents in refinery gases are given below.

Non-Hydrocarbon Water Solubility

Constituents: mg/L Reference

Hydrogen 1.62 Venable and Fuwa (1922)
Ammonia 340,000 Budavari (1996)
Hydrogen sulfide 3,980 Kirk-Othmer (1991)
Methanethiol 15,400 Hine andMookerjee (1975)
Ethanethiol 15,600 Wakita et al. (1986)
Carbon monoxide 24,582 USEPA, 200@&

Carbon dioxide 1,480 USEPA, 200@&

Nitrogen 18,100 USEPA, 200&

Organic Constituents:

Benzene 1,790 May et al. (1983)
1,3-butadiene 735 McAuliffe (1966)

Other hydrocarbon gases:

C1 to Cdand C5 to ® hydrocarbos of various classes (alkanes, alkenes, naphthenes) and isomeric
structures have water solubility values that range from 24 mggL tog/L (API, 2001)and from9.5to 38
mg/L (USEPA, 200®), respectively.

4.2 Assessment Summary for PhysicaChemical Endpoints

The different chemicals constituting refinery gases are shown to have extremely low melting and boiling points.

They alschave high vapor pressures and low octanol/water partition coefficients. The agueous solubility of these
components varies, and can widely range from low part per million (hydrogen gas) to several hundred thousand parts
per million (ammonia).

5. ENVIRONMENTAL FATE

As noted in previous sections, members of the Refinery Gases Category are characterized as mixtures of inorganic
substances and hydrocarbon compounds having one to six carbon atoms. Propohesesafrtstituents in the
refinery gas streams vary and may make up a significant or minor portion in these streams.

When a substance such as one of the Refinery Gases streams is released into the environment, the individual
constituents separate and ftarh to the different environmental compartments in accordance with their own
physicatchemical properties. The ultimate fate of the individual components in Refinery Gases are influenced by
both abiotic and biotic processes, and the relative importtbese processes will depend upon the environmental
compartment to which the individual components partition.

The individual streams within the Refinery Gases Category are not uniquely different among themselves. The key
difference is the proportioraf several common constituents in their makeup. By understanding the environmental

fate characteristics of these individual components, an overall assessment of the entire stream is possible. Therefore,
the environmental fate attributes of the key indliidl organic and inorganic constituents in Refinery Gases are

described in the following sections.

5.1 Environmental Fate Endpoints

The USEPA has selected the following environmental fate endpmyinthich these substances may be
characterized.

photodegradation,
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stability in water (hydrolysis),
environmental distribution (fugacity), and
biodegradation.

In determining these fate characteristics for constituents in Refinery Gasg§gHe A dhkectian of physical
chemical and environmental fate models in EP1 SUi()SEPA, 2008) were used estimate the properties of
photodegradation, stability in water, and environmental distribution. Measured data, when available, were also
included in theassessment. Biodegradatiwwasexamined for these substances in light of their physicaimical
properties, their capacities to undergo microbial oxidation/reduction reactions, or their existence in different
oxidation states brought about by microbiapplations.

5.1.1 Photodegradation
5.1.1.1 Direct Photodegradation

A prerequisite for direct photodegradation is the ability of one or more bonds withamacethto absorb ultraviolet
(UV)Nvisible light in the 290 nm to 750 nm wavelength range. Light wavelengths longer than 750 nm do not contain
sufficient energy to break chemical bonds, while wavelengths below 290 nm are shielded from the earth by the
strabspheric ozone layer (Harris, 1982a).

Direct photodegradation of the hydrocarbon components in Refinery Gases is not expected to be an important fate
process for these constituents. Saturated hydrocarbons (paraffins and naphthenes), olefins witheolbendipu

and single ring aromatics do not absorb appreciable light energy above 290 nm. Therefore direct photodegradation
would not be expected to occur for these compounds. Additionally, butadiene does not absorb appreciable light
energy above 290 nmo effect transformation (ACC, 2004).

The predisposition for direct photolysis of other constituents-fryainocarbons) in Refinery Gases depends on the
specific substance. Therefore, each component is discussed separately.

Hydrogen.Hydrogengas(())has such | ow density that it easily escape
Therefore it is only a minor constituent of the at mospl
bond energy so dissociation only occurs at extreme tempesdtig., >2000°K). This property makes hydrogen

gas unreactive in the troposphere.

Ammonia. Ammonia is transparent in the visible and relraviolet regions of the electromagnetic spectrum, and
will not undergo any primary photochemical reactionder normal tropospheric conditions (NRC, 1979).

Hydrogen Sulfide.Hydrogen sulfide does not absorb solar radiation reaching the troposphere. Therefore, it does not
undergo photolysis or react photochemically with oxyd¢éRCC, 198).

Methanethiol. Methanethiol is not expected to undergo direct photodegradation due to the lack of absorption in the
UV spectrum (>290 nmSheraton and Murray, 1981

Ethanethiol. Ethanethiol does not absorb light at wavelengths >290 nm and therefore is not etgpbeted
susceptible to direct photolysis by sunlight (NLM, 2006).

Carbon monoxide Carbon monoxide is a stable compound, with a very high bond energy between the carbon and
oxygen atoms (Boikess and Edelson, 1978). It is not known to show spectrabalesdrbthe 290 750 nm range.
Therefore, direct photodegradation is not likely to occur.

Carbon Dioxide.Carbon dioxide is a stable compound (Boikess and Edelson, 1978). It is a relative minor
constituent in the atmosphere. It shows no spectraklahisce in the 290 750 nm range, thus direct
photodegradation is not likely to occur.
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Nitrogen. Nitrogen gas (B in the atmosphere is relatively nogactive due to its strong bond. Therefore, direct
photodegradation is not likely to occur. The atpiere serves as a reservoir from which nitrogen is constantly
removed by the action of electrical discharge and nitrdigérg bacteria and algae. Atmospheric inputs of nitrogen
gas come from reduction of nitrates and nitrites, and the anaerobic ded@npmdsorganic matter (Sawyer and
McCarty, 1978).

5.1.1.2 Indirect Photodegradation

Substances in Refinery Gases that volatilize to air may undergephgse oxidation reaction with photochertlica
produced hydroxyl radicals (OH ). Atmospheric oxidation as a result of hydroxyl radical attack is not direct
photochemical degradation, but rather indirect degradation (Schwarzenbach et al, 2003). The atmospheric oxidation
potential (AOP) of the majazonstituents in Refinery Gases was estimated using AopWin (atmospheric oxidation
program for Microsoft Windows), a subroutine in the EPI SHi@ SEPA, 2008) models and used by the US EPA
OPPTS (Office of Pollution Prevention and Toxic Substances).pfagram calculates a reaction rate constant
(cmP/molecsec) and a chemical hdife (hour or days) of a compound based upon average atmospheric
concentrations of hydroxyl radicals (1.5 X 10H /cn?) and a 1h day at 25°C.

Indirect photodegradatiorf the hydrocarbon components in Refinery Gases can be an important fate process for
these constituents. In general, half lives decrease with increasing carbon chain length. Half lives for this fraction of
Refinery Gases ranged from 960 days (methan@)lt® days (butadieneyhe constituents of th€51 C6
hydrocarborfraction havegphotodegradation halives of approximately two days.

The tendency for indirect photodegradation of constituents of the inorganic fraction in Refinery Gases depends on
the pecific substance. Therefore, each inorganic component is discussed separately. The AopWin program is not
appropriate for all the inorganic substances in this list. For these substances an overview of their potential to
undergo reactions with hydroxyldizals was taken from general references.

Hydrogen. As noted for direct photodegradation potential, hydrogen gash@s such low density that it easily

escapes from the earthodés gravitational IkesslaidEdelsah, i s onl
1978) . The HbH bond has a | arge bond energy so dissoci
This property makes hydrogen gasreactive in the troposphere.

Ammonia. Although the AopWin program could not provide rate constantsalbtites for the interaction of

ammonia and hydroxyl radicals, McConnell (1973) concluded that this reaction is the most important destruction
mechanism for ammonia in the troposphere. Hydraxymonia reaction rate constants have been measured by
severainvestigators and presented by NRC (1979). Perry et al. (1976) calculated that for a hydroxyl radical
concentration of 3 x fmolecules/crand a measured rate constant of 1.64 % 1ibe half life for ammonia in the
troposphere was approximately déys.

Hydrogen sulfide.The AopWin program could not provide rate constants or half lives for the interaction of
hydrogen sulfide and hydroxyl radicalSlRCC (1981)described the primary transformation of hydrogen sulfide in

the atmospheras oxidation by oxygen containing radicals to sulfur dioxide and sulfates. For hydrogen sulfide, ECB
(2000) cited a OH radical rate constant of 4.8 ¥*iin’/moleculesec and a half life of approximately 80.2 hours.

Methanethiol. The rate constant for the vappihase reaction ahethanethioith photochemicallyproduced
hydroxyl radicals is 3.29X18 cu cm/moleculesec at 25 °CAtkinson, 1989. This corresponds to an atmospheric
half-life of about 11.7 hours at an atmospheric concentration of Shytoxyl radicals/cm. Sulfur dioxide (SG)

is a major product of this reaction.

Ethanethiol. The rate constant for the vappinase reaction of ethanethiol with photochemieptlyduced hydroxyl

radicals is 4.68X18¢" cu cm/moleculesec at 25 °CAtkinson, 1989. This corresponds to an atmosphericigfof
about 10 hours at an atmospheric concentration of 5 Rytlioxyl radicals/crh
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Carbon monoxide The AopWin model calculated an overall OH™ rate constant of 6.9 xi@moleculesec, thus
giving a héf life of 1559 days.

Carbon dioxide.As noted for direct photodegradation, carbon dioxide is chemically stable and is a relatively minor
constituent in the atmosphere (Boikess and Edelson, 1978).

Nitrogen. Nitrogen gas (B in the atmosphere is elvely norreactive due to its strong bond. Therefore, indirect
photodegradation is not likely to occur. Atmospheric nitrogen is removed by nitrification processes (Sawyer and
McCarty, 1978).

5.1.2  Stability in Water (Hydrolysis)

Compound types that are known to hydrolyze include alkylhalides, amides, carbamates, carboxylic acid esters and
lactones, epoxides, phosphate esters, and sulfonic acid esters (Harris, 1982b). The hydrocarben and non
hydrocarbon constituents in Refinery Gases do not contain the functional groups or chemical linkages known to
undergo hydrolysis reactions. Therefore hydrolysis will not play an important role in the environmental fate for the
components in Refinery Gaseams.

5.1.3 Environmental Distribution (Fugacity)

Equilibrium models can provide information on where a chemical is likely to partition in the environment. These

data are useful in idéifying environmental compartments that could potentially receive a released chemical. A

widely used fugacity model is the EQC (Equilibrium Criterion) model (Mackay €t996,1997). In its guidance

document for HPV data development, th8EPA stateshat it accepts Level | fugacity data as an estimate of

chemical distribution values. The EQC model is a Level | model that describes the equilibrium distribution of a

fixed quantity of conserved (i.e., neeacting) chemical at steady state within a dosevironment with assumed

volumes of air, water, soil and sediment. The model assumes the chemical becomes instantaneously distributed to an
equilibrium condition using physical h e mi ¢ a | properties to quantify the <cher
include degrading reactions, advective processes ofrirédia transport between compartments.

Results of Level | models are basic partitioning data that allow for comparisons between chemicals and indicate the
compartment(s) to which a chemical iselik to partition in the environment. The gases in greatest proportion in the
Refinery Gases streams4{HN,, CO,) typically have very low boiling points. These substances exist as gases at most
ambient environmental temperatures. While all of themginocarbon constituents would be expected to partition

to the atmosphere, some have high levels of water solubility and may cause adverse effects on aquatic organisms.
Therefore, these substances (hydrogen sulfide, methanethiol, ethanethiol, and ammerdajessed for their
environmental distribution using the Mackay et 4896,1997) EQC model. Hydrocarbon gases (C1 to C4) along

with benzene and 1;Butadiene also were assessed for their potential environmental distribution.
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Table 3. Results of ECC Level 1 Environmental Distribution Modeling of Important Components in
Refinery Gases.

Environmental Compartment, Percent Distribution

Refinery Gas Suspended
Constituent  Air Water Soill Sediment Partilcles Biota

Non-hydrocarbon Fraction

hydrogen

sulfide 100% <0.1% <0.1% <0.1% <0.1% <0.1%
methanethiol 99.2% 0.77% <0.1% <0.1% <0.1% <0.1%
ethanethiol 98.206 1.7 <0.1% <0.1% <0.1% <0.1%
ammonia 88.0% 11.9% <0.1% <0.1% <0.1% <0.1%

Hydrocarbon Fraction

1,3-butadiene 100% <0.1% <0.1% <0.1% <0.1% <0.1%
benzene 99.0% 0.88% <0.1% <0.1% <0.1% <0.1%
CltoC4
alkanes 100% <0.1% <0.1% <0.1% <0.1% <0.1%
C5to ®B
alkanes 99.81 100% <0.1% <0.17 0.2 <0.1% <0.1% <0.1%

The Level 1 modeling show that these constituents would overwhelmingly partition to thR@ammonia
approximately 12%may partition to water

5.1. Biodegradation

Some of the nofydrocarbon fraction of the Refinery Gases would not be expected to biologically degrade as these
substances do not contain the chemical linkages necessary for microbial metabolism. For this reason, hydrogen,
nitrogen, and carbon dioxideould not be susceptible to biodegradation. Furthermore, carbon dioxide is the final
product in the biological mineralization of organic compounds. In contrast, ammonia can be readily oxidized to
nitrite under aerobic conditions by autotrophic nitrifylmacteria (Sawyer and McCarty, 1978). Carbon monoxide

has been reported to be microbially oxidized to, @(pure cultures by a number of microbial species. It was also
shown to be rapidly converted to €8y indigenous soil microbial communities (Barthiwlew and Alexander,

1979). Methanethiol can be both evolved and consumed in nature. It is produced by a variety of organisms through
the decay of sulfucontaining organic matter under anoxic conditidfigiie and Capone, 1988Methanethiol is

known toundergo both aerobic and anaerobic biodegradation, but Lomans et al. (1999) reported methanogenesis
was the major mechanism of methanethiol consumption under an anoxic environment. Visscher and Taylor (1993)
showed that a pure culture Biiobacillussp.grown in the presence of dimethyl sulfide oxidized a range of

alkylthiols including methanethiol and ethanethiol. Hydrogen sulfide does not biodggraskebut bacteria play

an important role in the cycling of sulfur in the environment. The reducfisulfate to hydrogen sulfide occurs in
anoxic environments by anaerobic bacteria (Sawyer and McCarty, 1978). Conversely, hydrogen sulfide can be
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oxidized to elemental sulfur and sulfate by a number of bacté8BRA, 198@). Much of this cycling of déur
occurs in sediments at the boundary layer between oxic and anoxic condi#t8iRA, 1986).

Biodegradation of the hydrocarbon components in refinery gases may occur in soil and water. Gaseous
hydrocarbons are widespread in nature and numerousdfpasrobes have evolved which are capable of oxidizing
these substances as their sole energy source (Fuerst
1967). Although volatilization is the predominant behavior for these gases, stffigiggous solubility and

bioavailability is exhibited by these compounds. The use of gaseous carbon sources for cell growth is common
among autotrophic organisms (Vestal, 1984)gher chain length hydrocarbons typical of naphtha streams also are
known b inherently biodegrade in the environmehP(, 2008).

5.2 Assessment Summary for Environmental Fate

Refinery gases are made up of a diverse group of individual inorganic and agapicunds, and their

environmental fate characteristics are governed to a great extent by their ptlysioadal attributes. All

components were shown to partition to the air, where interaction with hydroxyl radicals may be important or have no
influenceon their fate. Many of the gases are chemically stable and may be lost to the atmosphere or simply become
involved in the recycling of their atoms. Some show substantial water solubility, but their volatility will eventually
cause these gases to enteratmosphere.

6. ENVIRONMENTAL EFFECTS
6.1 Aquatic Toxicity

In context of the factors affecting potential exposuragqfatic organisms t@efinery Gases acute taily from a

catastrophic release is considered the primary concern. While chronic effects may be observed in laboratory tests
where longterm exposures can be maintained, such exposures from fugitive environmental releases is not likely to
impact aquaticystems. As described in previous sections, these substances exist in the gaseous phase at the refinery
and are contained in closed systenigeleasednadverterly, these substances would partition to the airamesot

likely to enter aquatic envirenents. Furthermore, they are ugetinarily as intermediates in other refinery

processes or are consumedsite as fuel gas for energy.

N,, Hp, CO,, and CQOarenot known tabe directlytoxic to aquatic organisms. While direct release of these
substanes to water (e.g., bubbled through the water column) may result in oxygen displageteetidlly resulting

in death due to asphyxiatipmo information on their being directly toxic to aquatic life was found. Therefore they
were not considered furthar this evaluation. However, other constituent substances in refinery gases have well
documented aquatic hazards and were considered potentiatoosiituentsn these streams. These include
ammonia, hydrogen sulfide, methanethiol, ethanethiol, benzew CiC4 hydrocarbons. Available aquatic toxicity
data for these substances were tabulated and presented below.

6.2 Aquatic Endpoints i Acute Toxicity

The HPV Chemical Test Program inclgdecute toxicity to a freshwater fish, an invertebrBi@phnia magng and

an alga. To determine the aquatic hazard of the most toxic components in Refinery Gases to these organisms, data
citedinUSEPAGs ECOTOX dat ad),adSEP A0S B\wdater nimdyOCriteria documents

(USEPA, 1986), and the European Chemicals Bureau ESIS Database (ECB, http://ecb.jrc.ec.europa.eu/esis/) were
reviewed. Ranges of toxicity endpoints (i.e., LC50, EC50 values) were noted for the various constituerntsriyn Refi
Gases. When toxicity data was lacking, the ECOSAR model in Epi%iSEPA, 200@) was used to derive

estimated LC/EC50 values.

A comparison of the aquatic hazard data revesés@nprinciple constituents in Refinery Gases that exhibited the

greatest potential to cause adverse effects in aquatic organisms. These are,
e ammonia,
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hydrogen sulfide,
methanethiol,
ethanethiol

benzene

Cli C4

C57 C6 hydrocarbons.

1,3-Butadiene has nditeenseparatd from the C1C4 fraction because it shows aqudidzardssimilar to other C4
hydrocarbongsee Table 10 and Appendix 3he Refinery Gas constituents of interest show the following ranges of
toxicity values for fish, invertebrates, and algae.

Table 4. Acute Toxicity Data for Refinery Gas Constituentsto Aquatic Organisms

Range of Toxicity Endpoint Values

Fish Invertebrate EC50, Algae
LC50, mg/L mg/L EC50, mg/L
ammonia 0.083i 4.6 0.531 22.8 nodata
hydrogen sulfide 0.007i 0.2 0.022i 1.07 no data
methanethidl 0.5<LC50<1.75 1.32<EC5( 2.46 no data
ethanethidl no data 907 280 No data
Benzena 5.3 35.7 59.61 682 29
Cli C4 hydrocarborfs  11.37 167 12.77 164 1.371 95.7
C51 C6 hydrocarbons
(naphthas) 3.91 95 4.67 10.7 3.11 7.0

Data Sources:

L USEPA (198®)

2 Fung and Bewick (1980); Smith et 1976); ECB (2000)

% Haydu et al. (1952); EIf Atochem S.A. (2000)

4 USEPA (20008); Maas (1990)

® DeGraeve, et a(1982); Brookg1987); MacLean and Doe (1989); Eastmond et al. (1984lassi et
al., (1988)

® API (2001)

"TUSEPA (200@)

The data in Tabld shows ammonia and hydrogen sulfide to be the most hazardous of the major constituents in
refinery gases. However, differertsolubility levels of the various components may influence their partitioning to
water following an atmospheric release.

To evaluate whether water concentrations of these substances would reach acutely toxic levels following an
atmospheric release daffinery gases, a Level 3 fugacity model was run on each individual component. Input data
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included specific physicathemical values for boiling point, melting point, vapor pressure, octaai@r partition
coefficient, and water solubility for each substa. The model was run using an emission rate of kGO0 to the
atmosphere for one hour. The concentration of each substance then was calculated assuming an aquatic
compartment of 2 x ¥m? (equivalent to 2 x 13 L). While these substances typigado not constitute 100% of
any refinery gas, the model cannot assess mixtures of chemicals. Thus, the resulting calculations reflect the
concentrations following release thiese substances their purestate Table5 illustrates the results of the vl 3
model and the estimated water concentration.

Table 5. Results of Level 3 Fugacity modeling and Calculation of Water Concentrations

Hydrogen  Methane- Ethane-

Ammonia  sulfide thiol thiol Benzene Methane Pentane
Water
Solubility,
mg/L 340,000 3,980 15,400 15,603 1,790 22 38

Henryo:s
atm-m¥mole  5.0x10° 8.6x10° 3.1x10° 45x10° 56x10° 6.6x10° 1.3

Mass amount in compartment, %

air 96 100 99 99 99 100 100
water 35 0.01 0.70 0.49 0.51 <0.01 <0.01
soil 0.3 <0.01 0.05 0.05 0.13 <0.01 0.01
sediment <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Half Life in Compartment, hr
air 100000 100000 7.8 55 209 37400 65
water 360 360 360 360 200 360 208
soil 720 720 720 720 1800 720 416
sediment 3240 3240 3240 3240 8100 3240 1870

Calculated concentration in water, mg/L

1.76 x 10 6.45x10° 3.48x10° 243x10¢ 253x10° 1.73x10° 7.25x 10"
Toxicity
Conclusions: no toxicity no toxicity no toxicity no toxicity no toxicity no toxicity no toxicity

From the data shown by the Level 3 fugacity model, very little of the individual substances will partition to the water
when emissions are to the atmpbere. Likewise, the concentrations of these substances would be expected to be
extremely low and below levels found to be acutely toxic in laboratory studies.

6.4 Assessment Summary for Environmental Effects

Several of th&onstituents imefinery gases were shown to be highly hazardous to aquatic organisms in laboratory
toxicity tests where exposure concentrations camiatainedover time. Hydrogen sulfide was shown to be the

most toxic constituent to fish (LC50 ranged 0.007 to 0.2 mg/L) and invertebrates (EC50 ranged 0.022 to 1.07 mg/L),
althoughseveralLC/EC50 values for ammonia also wdrgow 1 mg/Ifor these organisms (0.0834d6 mg/L and

0.53 to 22.8 mg/L, respectivelyfsiven the physicathemical characteristics of the refinery gases and the confined
production and use within refineries, potential exposures to aquatic organisms would be greatest from accidental
catastrophic released-ugitive emissions in refineriesould not be expected to impact aquatic systeBased on a

simple conceptual exposure model analysisissionf refinery gaseso the atmosphere would not likely result in
acutely toxic concentratioris adjacent water bodidsecause suchmitted gasewill tend toremain in the

atmosphere.
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7.HUMAN HEALTH EFFECTS

For the Refinery Gases Category, category merniberan healtthazardpotentialhas been evaluatdxy
characterizing refinery gas inorganic asrdanic constituent hazard, then comparing hazard contribution by
accounting for constituent concentratiéws. previously mentionedJthoughsome ofthe constituents irthe category
are quite toxic by themselves, it would be overestimating the humah heabrd of any one streamassume that
the toxicity of the stream is equal to that of e constitueniThe Refinery Gasasaycontainmultiple inorganic
compoundss well atydrocarbon componentshich serve to dilute the concentration of ang constituent
Therefore tanoreaccurately characterize tpetentialhuman health hazards associated with these gases, it is
necessary to correct tipeire (100%) constituent toxic potentialich as hydrogen sulfide or ammonia, to the
concentratiosa of thoseconstituentsn each specific Refinery Gas. Since the streams are not 100% of any one
constituent calculations to account fahis dilution effectweremade for allconstituentpresent in each refinery gas
category member. The most toxionstituenfor each human health endpoimisthen selected to characterize the
hazard for that stream for that endpoint. Pleasé&setion7.6 for more details on the hazard characterization
method.Table12 presents thealculatedvalues for eachuman healtlendboint for each of the 62 refinery gas
category membersCalculations to determine tlag@propriate component to characterize the hafmareach
mammaliarendpoint in each refinery gas are presented in €E L $preadshedRefinery Gasedppen 5
dilution calesi hlth endpts.xl$ submitted with this category analysis document.

The following sectioa summarize existing USPAHPV SIDSendpoint key studies fammonia, carbon
monoxide hydrogen sulfidemethanethiolethanethiglbenzenel,3-butadieneC1i C4 hydrocarbon
fraction and C5 C6 hydrocarbon light naphtteydrocarborfraction The key studies selected are
tabulated by endpoint in Appendix Bhe key studies for the Q1C4 hydrocarbon fraction were selected
after review of existing toxicitgat on individual C I C4 hydrocarbons.g.ethanepropaneputane, etc
After review of existing data on the individual CC4 HCs, the most toxic hydrocarbon was selected to
represent th€1i1 C4 HC fraction toxicity for each endpoint. The most toridividual Ct C4 HC varied
by endpoint. By selecting one hydrocarbon to represent the enti@IEC fraction, for toxicity
assessment it is assumed that the entirg0@Xraction concentration in each H@ntaining refinery gas is
100% of the selectedidividual HC for a specific mammalian SIDS endpoint. For examplents toxic
C1-C4 HCfor repeateedose toxicity is Zoutenejfor predicting repeatedose toxicitya refinery gas
containing 5 10% C1 C4 HCsis assumed to containi510% 2butene, wihout other HCs preserRlease
seeAppendix4 for a list of the CI C4 data evaluated for key study selection. For thé CB light
naphtha hydrocarbon fraction, endpoint values were read across from SIDS ewndipeispiresented in
detailin the Gasodhe Blending Stream Category Analysis Document previously submitid8E®A (AP,
20083). Whenever possible, naphtha light ends fractésting conducted in compliance with the Clean Air
Act 211(b) testing requirements were read across to thie@@bhydocarbonsFor the threénorganic
compounds that are simple asphywsa(hydrogennitrogenand carbon dioxide}he human healttsIDS
endpoints are not provided.Hfydrogen nitrogen or carbon dioxidarepresent in a specific refinery gas
is assurad thattoxicity would only occurat or aboveasphyxiantevels i.e., levelsthat reduce the pO
levels to below 132 tor’{CGIH, 2008;NIOSH 1980)to createanexposure atmosphetieatdoes not meet
the minimum requirement of 19.5% oxygen at sea levatiequately support human respiratfbhOSH
1987; McManus, 1999).

7.1 Acute Toxicity

Ammonia

The acute toxicity of ammonia was determined in male albino ICR mice. Twelve mice per group were &x@osed
1190, 130, 2130, 3440, 3950, 4220, 4490, or 4860 ppm ammonia for one hour and observed for 14 days following
exposure. Immediate clinical signs of toxicity included excitation/escape beheid vigorous tail revolution,

! Ammonia is a well studied chemical with several comprehensive reviews available, including an ATSDR
Toxicological Profile which can be found fatp://www.atsdr.cdc.gov/toxprofiles/tp126nit
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blinking and scratchingpofesumably del toeye and asalirritation), and dyspnea. Longer term signs of toxicity
included reduced activity, tremors, ataxia, clonic convulsion, frothing, final toxic extensor seizure, and death. All
deaths occurred at concentration3950 ppm. The one houiso was calculated to be 4230 pfKapeghiaret al.,

1982). This study was used as one of two key studies to derive theExpasure Guideline Levél3 for

ammonia AEGL T 3 is the concentration of a substance that is immediately dangerous to huma(Ni@lth

2007).To make this one hour Ligmore comparable to the four hour 46f the otherefinery gas constituentthe

one hour value was converted to a four hour LC50 using the NIOSH Immediately Dangerous to Life and Health
(IDLH) methods (NIOSH, 1994)The NIOSH method corrects to a 30 minute exposure, so using the one hour LC50
in place of the 30 minute Lggconcentration provides a very conservative estimate of a four hour LC50. The
calculated four hour L& ~ 1590ppm (calculated value = 1586 ppm).

One hour (male ICR mousé LC s, for both sexes 4230ppm
Four hour (male ICR mouse)LC 5, = 1590 ppm (calculated)

Carbon monoxide

In an acute toxicity study, 412 male SpraguPawley rats per group (number of animals varied per group) were
exposed to 800, 1800, 2000 or 2200 ppm carbon monoxide for 4 hanaler varioustmospheripressures.

Carbon monoxide concentrations were continuously monitored by an IR spectrophotometer or gas chromatograph.
Increasing atmospheric pressure did not significarltity ¢he LG (data not presentedn general, all animals lost
consciousness during the firsRlhr of exposure to CO. Immediately after the exposures, cardiac blood samples

from dead animal were collected and analyzed for carboxyhemoglobin conoentkédirtality by dose was 1/4

(#dead/#in group), 2/4, 4/8, and 11/12 for 1600, 1800, 2000 or 2200 ppm carbon monoxide, respectively. The LC50
values and their 95% confidence limits were calculated by the method of Litchfield and Wilcoxon. The male rat
LC50 was 1807 ppm with 95% confidence limits of 1398956 ppm (Roset al,, 1970).

Four hour (male Sprague Dawley rat) LC50= 1807%pm

Hydrogen sulfid®

The inhalation acute toxicity of hydrogen sulfide was assessed in male and female -Baatpyerats Five

rats/sex/group were exposed for 4 hours to 0 (air control), 40044%, 500, 525, 554, @00 ppmhydrogen

sulfide and observed for 14 days and examined for gross pathology, such as general or local hemorrhage and
adhesions. Mortality and visualpparent behavior such as exploring, huddling, preening, and obvious distress were
noted during the 4 hr exposure. The rats were deprived of food and water during exposuads which survived

the first 24 hours after exposure survived to the endeotthday exposure period. Some lethality was observed at

all doses. The number of deaths per group were 0/10, 3/10, 3/10, 7/10, 8/10, 8/10, 9/10, and Q@4i0dontrol),

400, 44, 475, 500, 525, 554, or 600 ppm hydrogen sulfide, respectively. Thdatad LG, was444 ppm, with a
confidence interval of 416473 ppm (Tanswgt al, 1981).

Four hour (male and female Spraguébawleyrat) LCso= 444 ppm

Methanethiol

An acute studgquivalent to OECD Guideline 4@®&s conducted on the mercaptan mettidoke Each dose group
consisted of 5 male and 5 fem&pragueDawleyrats, which were combined for adexposure or sham exposure to
air in a customized 7#bglass chamber and then separated for observation over the subseegd@npidiod.

Exposure cocentrations were 400, 600, 650, 680, 680, 700, 800 ppimals from any group that died during the
14-day period were examined for gross pathology, such as general or local hemorrhage and adhesions, and the
survivors were sacrificed and examined as wilbrtality and such visually apparent behaviour as exploring,
huddling, preening, and obvious distress were noted during the courses -tfaieekposures and sham exposures.

2 Carbon monoxide is a well studied chemical with several comprehensive reviews available, including the USEPA
Air Quality Criteria for Carbon Monoxide which can be foundh@p://mww.epa.gov/ncea/pdfs/coaqgcd.pdf

% Hydrogen sulfide is a well studiedhemical; for more information see ATSDR Toxicological Profile for Hydrogen
Sulfide at HTTP://WWW.ATSDR.CDC.GOV/TOXPROFILESTP114 HTML#BOOKMARK 16
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The rats were deprived of food and water during actual exposure or shamrexp@&0 values and 95%
confidence limits were estimated by the classical method of Litchfield and Wilc@m@ LG, from this study was
675 ppm, with a confidence interval of 64309 ppm (Tanswgt al, 1981).

Four hour (male and female Spraguédawleyrat) LCs5q=675ppm

Ethanethiol

Fairchild and Stokinger (1958) exposed groups of 10 Sgesived male mice (body weigBf 2528 g) to 2600,

3150, 3573, 4438, or 4832 ppm ethyl mercaptan foodrs, followed by a 1533 day observation period. Vapor

generation was achieved by either bubbling a stream of nitrogen gas through a midgefdstdalibbler, which

contained liquid ethyl mercaptan, or by passage of nitrogen into a borosilicate glass nebulizer containing the ethyl
mercaptan. Desired expoe concentrations were maintained in alilass chamber by varying the ratio of volume

flow of compressed air and compressed nitrogen. Ethyl mercaptan concentrations during exposure periods were
measured by absorption of vapors in either isopropyl alcohacetone containing an excess of silver nitrate and

titrating the uncombined silver amperometrically. Chamber concentrations during tests were uniform after the first 30
minutes; mean variation for all exposures was approximately 4%. Clinical sgmded increased respiration and

restlessness (hyperactivity), incoordinated movement, staggering gait, muscular weakness, partial skeletal muscle
paralysis beginning in the hind limbs, light to severe cyanosis, tolerance of a prone position, andeawg to h
sedation. Ani mal s ex@msendt rtet iiomasxd nay pil edalhlay di ed from
or shortly afterremovdl r om t he chamber. Ani mals exposed to Amini mal
in asemiconsciouscndi ti on of filong durati on. 0 -Samgcigusstaterof ani mal s
sedation and lethargy b 6-hours posexposure before showing signsre€overy. An LC50 value of 2770 ppm,

LCO5 value of 2489 ppm, and LCO1 value of 2250 ppere calculated by the method of Litchfield and Wilcoxon.

Four hour (male Swiss micelL.Cso=2770 ppm

Benzene

Methodapproximates OECD Test Guideline, 403 but females only were tested. Groups of 10 female animals were
exposed to benzene via inhalation iour hoursthenobserved for 2 weeks following exposuaimals dying

during exposure and those killed at end of study subjected to necropsy. bedl®@ was reported as 13,700 ppm
(converts to 44.7 mg/l) with 95% confidence limits of 13;480480 pm (converts 42.5 46.9 mg/l). Animals

which survived the first 24 hours after exposure survived to the end of the 14 day observationOmatbd.

appeared to be caused by a depression of the CNS. These animals had increased lung and livemgeigtts, lu

liver congestion (increase in number of red blood cells and an increased number of vacuolated hepatocytes in the
liver) (Drew and Fout, 1974).

Four hour (female SpragueDawleyrat) LC50= 13,700 ppm

1,3-Butadiene

Type: LC50

The fourhour LG in rats and twehour LG in miceweredetermined iranonguideline study. The
objective of study was to determine hydrocarbon concentrations in various tissues at lethal exposure
concentrations. Animals were not observed after exposure and no clinicalatioses were

reported. The rat L&D (4 hour) = 129,000 ppm with 95% confidence limits of 99;188,473 ppm.

The mouse L60 (2 hour) = 122,000 ppm with 95% confidence limits of 99;188,473 ppm
(Shugaey1969)

Four hour (rat) LC50= 129,000 ppm
C1li C4 Hydrocarbons

The acute toxicity of butene was evaluated in an OECD Limit Test in Wistar rats. Groups of five male and five
females were exposed to 10,000 ppm (23.F)gah2-butene (racemic mixture: 95% purity, 42.4%, 55.3%trans)
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or filtered airfor four hours. Chamber concentrations were monitored by FID. Rats were then housed individually for
14 days of observation. Body weights were measured prior to exposure and-ergassire days 7 and 14. Clinical

signs were evaluated during exposure dailly thereafter. At day 14 animals were euthanized for macroscopic
evaluation. No mortality was observed during the study. Restlessness was observed during and after exposure on the
first day. No signs of clinical toxicity were observed for the remaionfléie 14 day observation period. Body

weights and gross pathology was comparable to control animals. The LC50 was greater than 10,000 ppm (Arts,
1992).In selecting Zbutene to represent the acute toxicity of thef @4 HC fraction, the entire GC4 HC faction
concentration is assumed to be 1009u2enefor purposes of calculating G1C4 HC acute toxicity ranges for each
refinery gas

Four hour (male and female Wistar iat) LC50 > 10,000 ppm (highest dose tested)

C51 C6Light End Naphtha Hydrocarbons

Light alkylate naphtha (API 83-19; CAS #6474%66-8; approx 100% paraffinias not acutely toxicA group of 5
male and 5 female rats were exposed by wholly inhalation to API 839 at a nominal concentration &ing/I for

4 hours. This was achieved total volatilizationof the test material and appropriate dilution with After the 4
hour exposure the rats were observed twiiéy for mortality. The animals were weighed prioetgposure and
again on days 7 and 14 post exposure. On day 14 aiVisignanimals were killed bgxsanguination following
sodium pentobarbitanesthesial-or all animals, including those found dead during the diueljungs were
removed, fixed and examined histologicalljile mean analytical and nominal exposure conatotrs weres.04 +
0.74 and 6.31 mg/l respectivelyll animals survived the study but exhibited langh&havior and a hunched
appearance during the exposufemale body weights were decreased at day 15 but thiattsigsited to pre
necropsy fastingAt necropsy there were no remarkable findings l@iatbpathology of the lungs was nornfaPl,
19873.

Light catalytic cracked naphtha (API 83-20; CAS #647455-5, approx. 46% olefinic) is not acutely toxi

group of 5 male and 5 female rats were exposedhnlebody inhalation to API1 820 at a nominal concentration
of 5mg/l for 4 hours. After the 4 hour exposure the rats were observeddaiigdor mortality. The animals were
weighed prior teexposure and again on days 7 and 14 post exposure. On dlydrviving animals were killed
and subjected ta gross posmortem examination. For all animals, includihgse found dead during the study, the
lungs were removedixed and examined histologicallyhe mean analytical exposure concentration wasunee
andfound to be 5.28 +0.55 mglGravimetric samples, collected on glass fiber filsrggested little or no aerosol in
the chambemMost animals exhibited languid behavior and squinted eéyesg the second hour of the exposure.
Polypnea wasbsened in all animals when removed from the chamber abtigehour post exposure observation
period. Rhinorrhea waexhibited by two animals on day two of the test. All aninagigeared normal subsequently
and there were no mortalitiésiring the studyWith the exception of one animal (female) all animals had

body weights that were considered unremarkaffiere were no remarkabgross or microscopic findingaPlI,
1987H.

Sweetened naphthgAPI 81-08, CAS #647487-3, approx. 21% naphthenids)not acutelytoxic. A group of 5
male and 5 female rats were exposed by wholdy inhalation to AP1 8D8 at a nominal concentration &g/l for

4 hours After the 4 hour exposure the rats were observed twice fdaitportality. The animals were weighed prior
to exposure and again on days 7 and 14 post exposure. On day 14 all surviving animals were killed by
exsanguination following sodium pentobarbital anesthesiavanel subjected to a full necropsy. For all animals,
including those found dead during the studylthigys wereremoved, fixed and examined histologically. The actual
chamber concentrations were found to be 5.2 mig/ldeaths occurred during the studiiere were no unusual
pharmacotoxic signs or behaviglserved in the control animals. There was h@wes slighincidence of nasal
discharge (2/5 males and 1/5 femalds)ing the exposure period but none during the followinddytobservation
period.The body weight gains for the males exposed to AR0&Wasconsidered normal but the female body
weight gains werenarginally less than that of the controls on day 14 ergbsure ( 8.2% compared to 13.8%
increase over prexposurébody weight).No significant macro or microscopic changes were obseahagdvere
considered to be treatment relafédPl, 19879.

Full range catalytic reformed naphtha (API 83-05, CAS #689585-1, approx. 63% aromatics) is not acutely
toxic. A group of 5 male and 5 female rats were exposed by vitoalg inhalation to API 885 at a nominal
concentration 05mg/l for 4 hoursAfter the 4 hour exposure the rats were observed twice fdaimortality. The
animals were weighed prior &xposure and again on days 7 and 14 post exposure. On day 14 all surviving animals
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were killed byexsanguination following methoxyflurane anesthesd weresubjected to a full necropsy. For all
animals, includinghose found dead during the study the lungs were reméixed,and examined histologically.
The exposure chamber TWA concentration was determined3@Bet 0.14 mg/INo animal died dring the study
and no clinical signs afystemic toxicity were observetihere were no significant gross observations at necropsy
andno histological changes were observed in the Iufilge.4 hour LG, was therefore greater than 5.22 n{gdPl,
19849.

Results of testing naphtha blending streams for acute toxicity indicate that these materials demonstrate consistently
low toxicity by the inhalationrt LC50 >5g/imj exposure routeWeight of the evidence indicates thla¢ €51 C6
light naphtha hydrocartdnhalation acute toxicity LC5@ > 5g/n? (~1063 ppm).

Four hour (rat) LCsp> 1063 ppm
Acute ToxicityConclusiors

Acute toxicity LC50 values have been experimental developed for all of the inorganic constituents of refinery gases
with the exception athe asphyxiant gases. No acute toxicity LC50 values have been derived foritl@iGhd C5

1 C6 hydrocarbon fractions; no mortality was observed at the highest exposure levels tested for these refinery gas
constituentsThe order of acute toxicity o&finery gasconstituents from most to least toxi& is

Hydrogen sulfide (C50 = 444 ppm) > methyl mercaptabh@50= 675 ppm) >C57 C6 HCs(LC50 >1063 ppm)
>ammonia (C50~ 1590ppm) > carbon monoxiddé.C50= 1807ppm) >ethyl mercaptan{C50= 2,770 ppmp
C17 C4HCs(LC50 >10,000 ppm)p benzenel(C50= 13,700 ppm) > butadien&C50 = 129,000 ppm) >
asphyxiangaseghydrogen, carbon dioxide, nitrogen)

7.2 RepeatedDose Toxicity

Ammonia

The repeated dogexicity of ammonia was evaluated inistar rats Eighti 14 male rats per groupere
exposed t®, 50 or 90 ppm ammonieontinuously for 50 day<Clinical signs, body weight gain, food

intake, haemoglobin, haematocrit, erythrocyte count, total andetitiaf leucocyte count, total protein,
lung- and liver weightsBartlett'sandScheffe'statisticaltess were used to analyze the dathere was

no mortality in any of the group during the study. Clinical observations in treated rats were comparable to
controls. Body weight gain was 105% and 95% of control values for 50 ppm and 90 ppm, respectively.
Food intake was 94% and 108% of control values for 50 ppm and 90 ppm, respectively. There were no
treatmentrelated effects on organ weights. Hemaglobin la@mhatocrit values were increased in the 90
ppm group. The LOAEL and NOAEL were 90 ppm and 50 ppm, respect{@bjpeandSedlag R1976

In evaluating the health effects of ammonia, it shoul@dgin mind that ammonia is an endogenous compound in
humans and derived from normal metabolic processes. Mean values in healthy humans vary by age with means
ranging from 54 38.5umol/L. The highest values are found in infants < 30 days of age éD&lz 1995).

LOAEL (male Wistar rat) = 90 ppm
NOAEL (male Wistar rat) = 50 ppm

Carbon monoxide

In a study found in the oldenedicalliterature, mrmal monkeys and monkeys with induced myocardial infarction
were continuously exposed to 100 ppm carbon monoxide fare2ks (23 hr/day) and the physiologic effemtsthe
cardiovascular system were evaluafElde objective for a 3 or 6 months studydgnomolgus monkey@viacaca

irus irus)was todetermine the cardiovascular effects of continuous exposure to carbon mofRdkjdsvo animals
(no gender informationigen) were randomly selected assigned to an air group or carbon monoxide group.

* ranking is not precise sineeveral values were the highest dose tested
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Myocardial infarction was induced in 26 of these anim@aémtrol (air) and treateanimals were housed in their
respective chambers for one wawior to initiation of the cdyton monoxide exposure procedures so they could
acclimatize to their surroundings. Two exposure periods were used. In tlexiesimentthe animals were
continuously exposed to 100 ppm carbon monoxide (23 hr/day) for three niartiessecond experient, the

exposure period was extended to six morifih& animals were divided into four groups: group 1 consisted of

normal, air breathing animals; group 2 consisted of infarcted, air breathing animals; group 3 consisted of normal
animals exposed to carbamonoxide; and, group 4 consisted of infarcted animals exposed to carbon monoxide. In
the three-month exposure groups there were six animals in each group, and in the six-month exposure groups there
were seven animals per groljuring theexposure periodblood was drawn every three weeks from each animal for
chemical analyses and hematology; ECGs and body temperature were also recorded. The gelneirad wkthe
animals was assessed daily (alertness, food and water intake, stools, respodtiomeght). At the conclusion of

the exposure period the animals were killed; gross observations were made on the heart and other tissues (brain,
liver, spleen, kidney, lung, musclkedrenalsand specimens were obtained for microscopic study.

Histopathologicathanges consistent with those seen in human pathology following myocardial infarction were
observed in the monkeys in which infarction was induced. Recognizable scarring and perivascular changes
associated with the infarction occurred and significantcradacteristic increases in the hematocrit, hemoglobin,

and RBC levels were observed after three weeks exposé® topmcarbonmonoxide in both infarcted and non
infarcted animals. The changes persistetil the animals were killed three or six monkdi®r. The values of mean
corpuscular hemoglobin, mean corpuscular hemoglobin concentration, mean corpuscular volume, platelets, blood
cell count, fibrin split products, and serum enzymes (CPK, GOT, and LDH) did not change significantly during
carbon monoiie inhalation. The ECGs of infarcted and noninfarcted animals breathing carbon monoxide displayed
elevated P wave amplitudes. An analysis of variance of-thavi@ amplitude changes (in millimeters) indicates that
infarction was the source of significardriation during the early phase of the exposure period (ie, up to six Reeks,
<.025 [F test]. By the 21st week of exposure the effect of infarction was minimal, presumably because healing was
well advanced. Conversely, elevation of the P wave amplitiidieLsiable to carbon monoxide inhalation was highly
significant during the latter part of the exposure period (weelk 210.001 [F test]). Of those animals which

exhibited elevated P waves following exposure to carbon monoxide, four were randomgdskelebistologic
examinatiorof the atria. Marked nuclear hyperplasia was observed in three, and minimal hyperplasia was seen in
one, suggesting atrial hypertrophy. There was no pathological evidence of carbon moslexédechanges in other
tissues exained (i.e., brainspleen, muscle, lung, kidneggrenal) The study LOAEL< 100 ppm, the only dose

tested. DeBiaset al., 1973)

LOAEL (Cynomolgus monkey8viacaca irus irusk 100ppm (lowest dose tested)

Hydrogen sulfide

A 90-day inhalation toxicitystudy using Fisher 344 rats, Sprague Dawley rats, and B6C3FI mice (exposed
simultaneouslyn the same chamber)asconducted with H2S vapofhe study was conducted according to OECD
guideline 413Three goupsper species/straifl5 male/15 female pergup) wereexposedo atmospheres of 10,

30, or 80 ppmhydrogen sulfiderespectively. In addition, controlamps (15 male/15 female) were exposed to clean
air only and were handled in a similar manner to that of the test animals. The duration of expesihesiday,
5days/wk, for at least 90 day$here was also a idlay post exposure observation periddere was no mortality

during the 90 day study. Clinical observations included crustiness associated with the animal's ear tag, crusty nose,
eyes ananuzzle lacrimation, rales, yellow/brown stained fur and red stained fur. A significant decrease in body
weight gains of all treatment groups of both sexes was noted after the first week of exposure. Body weights of the
treated groups continued to lag behihd control group over the next 12 weeks. No significant changes were noted
with respect to food consumption, opthalmology, neurological function, clinical pathology, and organ weight data.
Gross and histopathologic studies did not reveal any lesioisitdble totest article exposuria the rats

Inflammation of the nasal mucosa described as minimal to mild rhinitis was observed in the B6C3FI mice highest
dose (80 ppm) groufspecial neuropathological studies preformed on teased fibers from musclherua

branches of the tibial nerve, together with Epon embedded specimens from cervical and lumber spinal cord from
control and high dose animals did not show neuropathologic ché@d€s1983 a,b,&
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In the original rat study report, no respirateffects were noted in the rats and inflammation of the nasal mucosa
described as minimal to mild rhinitis was observed in the B6C3FI mice highest dose (80 ppm) group. However, a
histologial re-examination of the study slidesvealedsignificart increass in incidence oblfactory neuronal loss

in SpragueDawley andiemaleF-344 ratsat 30 and 80 ppm, and in Spragbawley male rats exposed to 80 ppm
Increases in bronchiolar epithelial hypertrophy and hyperplasiaalso reported in female SpragDawley rats at
30 and 80 ppm hydrogen sulfide and male rats of both strains at 80l ppmaases in bronchiolar epithelial
hypertrophy and hyperplasigerenot observed indmale F344. TheNo ObservableAdverseEffectsLevels

(NOAEL) for male & female SprageDawley rats and female-844 ratswere10 ppm, and 30 ppm for male324
rats(based on olfactory neuron los$he reexamination of the slides from the B6C3FI mice confirmed the initial
results and also reported significamtreases in olfactory neurdoss at 30 and 80 ppm. The moUSAEL was 30
ppm and théNOAEL was 10 ppn{fDoormanet al, 2004). These results confirmed similar results geewiouslyin
male Spragu®awley rats exposed to hydrogen sulfide for 6 hr/day, 7 days/week for 10 weeksdBaet al,,
2000).

NOAEL (male & female SpragueDawley ratsand female F344 rat9 = 10 ppm
NOAEL (male 344 rat) = 30 ppm
NOAEL (male and female B6C3FI micg= 10 ppm

Methanethiol

Groups of male Spragti@awley rats (3l/group) were exposed whbledy to concentrations of 0, 2, 17 or 57 ppm
methyl mercaptarv hrs/day, 5 days/week for 3 month&s.subset of 10 animals from each group was designated for
special metabolic performance studies. At the end of the exdhermetabolic subsanimak wereplaced

overnight in metabolism cages and the appropriate measurements werdetadbelic performance measurements
were made for 17 h periods orténsecutive days. At the end of then® experimental period the metabolic subset
animak served as the galots for the following tests: intestinal transit time, systolic blood pressure effects, and
histological examination of selected organs (heart, lungs, small intestine, liver, and kidneys). The observations were
made at least 24 h later than the end ofdbeexposure daypataobtained from theemaining 2lanimalsper group
included terminal body weight, @onsumption, SMA 12160 blood analyses, organ weights (brain, lung, liver,
spleen, heart, kidneys, and adrenadsid liver histopathological evalimt.

No mortality was observed gontol and treated groupisiring the 3mo period.There was anbservation of rats
huddling in groupsoward the periphery of the chamlwéth noses pointed outward from the chamber's vertical axis
in the high exposureX7 ppn) group There was atatistically significant doseelated trendoward decreased

terminal body weightthat reached the level of statistical significancthinregular and metabolic subset of animals
atthe higlestexposure §7 ppn). Theaverage wightsof a few organsvere significantly different from
correspondingontrolvalueswith no obvious doseelatedtrend these differences were not considered to be
treatment relatetatistically significant changes were obserspdraticallyin clinical chemistryfrom treated

animals of all exposed groupkhe parameteraffected in one or more treated groups weteltserum proteins
(increased), albumin (decreased), inorganic phosphate (decreased), cholesterol (increased), bilirubin (increased),
bloodurea nitrogen (decreased), and lactate dehydrogenase (decraseddf these trends were destated at

the 95%confidence leveNo significant differencesvere observed in any of the metabolic parameters assessed.

There were no differences betwemmtrol and treated groups in histological evaluatioluefisheart, small bowel,

and kidneysalthough it was noted that lung observations included pneumonia, empysematic changes, and occational
fibrosis descri bed as.Sdmre dvidence ofiledinflansnatorgcellanfiltratioainthe ol oni e s 0
absence of inflammati on wapsssibyenlerged wleldudturgalittréament i ver , al ot
groups).One hepatic carcinoma was observethn17 ppm grouBased on decreased bodgight, the study

LOAEL = 57 ppm and the NOAEL = 17 ppfhansy et al., 1981).

LOAEL ( male Sprague Dawley rats) = 57 ppm
NOAEL (male Sprague Dawley rats) = 17 ppm

Ethanthiol
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No suitable subchronic study for ethanethiol was available. Subchronic taxitihe assumed to be the same as
that ofmethanethio(read across from methanethiage study summary immediately above.

LOAEL ( male Sprague Dawley rats) = 57 ppm
NOAEL (male Sprague Dawley rats) = 17 ppm

Benzene

Male CD-1 mice (1112/group) were gposed for 6 hours/day, 5 days/week to concentrations of 0 or 10 ppm (O or

32 mg/n) benzene for 10 weeks or to 0 or 300 ppm (0 or 958 Mdim26 weeks (Green et al., 1981a,b). On the

day of the last exposure, samples (pooled from grouptdofriice) wee obtained from the peripheral blood, bone

marrow, and spleen to evaluate hematologic and hematopoietic cells. In mice exposed to 10 ppm%3aang/m

adverse effects were observed with respect to mortality, body weight, or cells in the peripherat blwal o

marrow. Spleen weight, total nucleated cells per spleen, and nucleated RBCs per spleen were significantly increased
(p<0.05) in mice exposed to 10 ppm (32 mY)/rivlice exposed to 300 ppm (958 md)rad the following

significant (p<0.05) changes:dreased mortality rate; decreased numbers of lymphocytes and RBCs in peripheral
blood; decreased granulocyte/macrophage progenitor cells in bone marrow; decreased spleen weight and numbers of
lymphocytes; multipotential hematopoietic stem cells and comngitanulocyte/macrophage progenitor cells in the
spleen; and increased incidence of atypical cell morphology in the peripheral blood, bone marrow, and spleen. These
studies identify a LOAEL< 10 ppm (32 mg/fi) for slight hematopoietic effects in mice espd to benzene for 10

weeks.

LOAEL (mice) <10 ppm (lowest dose tested)

1,3-Butadiene

In considering the toxicity of 1;Butadiene, it is important to determine the appropriate animal model for use in
hazard characterization. It is generally agreedlibtadiengoroduces toxicity when it is metabolized to its reactive
metabolites after animals are exposefutadieneHowever, theraredifferencesin metabolism amongst species.
The lasis of the species differences between rats and mice may be telitedreater production of toxic
intermediates and a lower capacity for detoxification of these intermediates (USEP&. 20@metabolism of 1;3
butadiene and the toxicity ab reactiveepoxidemetaboliteshasbeen well studiedl,3-Butadiends first

metabolized to 1;2poxy3-butene (EB), a process that is primarily associatedaytichrome P450 (CYP) 2E1,

but can also be accomplished by additional isoforms including CYPaBd@B1. This electrophilic metabolite can
be detoxified by conjugationithh glutathione and subsequexcretion in the urine as urinary metabolites 1
hydroxy-2-(N-acetylcysteinyh3-butene and -hydroxy-1-(N-acetylcysteinyh3-butene (collectively known as M2
metabolite). It can also undergo hydrolysiseéppxide hydrolase (i) to form 3butenel,2-diol (butenediol).
Butenediol can also be conjugated wigfutathione and subsequently excreted in the urine as urinadjhy@oxy
4-(N-acetylcysteinlyybutane(M1 metabolite). It can be further oxidized by cytochrome P450dad t2dihydroxy
3,4-epoxybutandEBD). An alternative pathway for the metabolism of EB is oxidation to the 1;8i8pbxybutane
(DEB) which can be further hydrolyzed to EBD or conjugated by glutathione. This series of epoxidation and
detoxication stepsemerates three electrophilic metabolites: EB, DEB, and EHBDmelsteinet al, 1997 TCEQ,
2008. In vitro studies have shown that mice are@ad 10fold more efficient than rats in oxidizing ttitadiene to

EB (Schmidt and Loeser, 1985; Csanatial, 1992). The seaul oxidation step to DEB could be mediateditro

only by mouse liver microsomes (Csanadal, 1992). Cochrane and Skopek (1994) have shown that DEB is 100
times more mutagenic than EB and 200 times more mutagenic than EBD in hurpAndytas. The extent to which
DEB is produced and reaches target tissues will play a role in the toxicity (Kligerman and Yu 2007). Mice form
more DEB than rats or humans whereas EBD is more readily formed in humans than in ratsgiSlikke04;
Swenbeg et al.2007).In vivo studies of 1,dutadiene metabolism in mice and rats have also shown large
interspecies differences. MM 1 + M2) metaboliteratios in urine for mice and rats exposed toldygadiene by
inhalation indicate that conjugation detasétion predominates in mice but that hydrolysis is more important in rats
(Hendersoret al., 1996). In summary, mice are more efficient in oxidation oftiitadiene to electrophilic
metabolites (especially to DEB), while rats are more efficient in iytita@etoxification (TCEQ, 2008). The

existing metabolism data suggest that metabolism in humans appears to be more like metabolism in rats than in mice
(ACC, 2004) Based upon this brief summary, and the more detailed information referenced, ratldatausdd to
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estimate the 1;8utadiene component for toxicities associated with Refinery Gases Category Member repeated
dose, developmental, and reproductive hazards.

Three goups (L10male/110 female per giup) of SpragueDawley ratswverechambetexpo®d to atmospheres 6f

1000 and8000ppm1,3-butadiene for two years. o@itrol gioups were exposed to clean air ankit 52 weeks, 10

males and 10 females from all groups were Kkilled. rEmeainding animals/ere sacrificed when survival was

approximatef 20-25% (105 weeks for females and 111 weeks for malEis¢. exposure wasl@rs/day, 5days/wk

All animals were observed twice daily, before and after exposure, and a detailed observation was performed at
weekly intervals. Individual body weights waerorded weekly up to week 13, then every 2 weeks to week 52 and
monthly thereafter. Clinical chemistries, neuromuscular function and detailethpdsim examinations were

performed at the time of sacrifice. Analysis of the survival data, subcutanessssasions/tumor incidences was
performed using a variety of statistical methods; body weights, laboratory investigations, and organs weights were
analyzed by using anal-tesi s of variance and Studentds

Clinical signs that appeared to be retate treatment were seen in the second until the fifth month of exposure.
Minor, treatmentelated clinical signs of toxicity wet and ruffled fur together with slight limb

weakness or incoordination following dosing on the first day of ttaybscheddi were seen

between 2 and 5 months of treatment in animals at 8000 ppm. There were no effects on hematology, blood
chemistry, urine analysis, and neuromuscular function that could be associated with treatmentbwidieBe.
Changes in clinical cotitibn, suppression of body weight gain, reduced survival and increases in certain organ
weights and in both common and uncommon tumor types occurred at 8000 ppm. At 8000 ppm, males had
statistically significantly increased kidney, heart, lung and splegghts, with associated nephrosis of the kidney
and focal metaplasia in the lung. At the end of the study, statistically significant increases were seen in liver weight
in all exposure groups, but there was no associated path&loggoth sexes, tHeOAEL = 8000ppmand the
NOAEL = 1000ppm(Owen and Glaiste1990.

LOAEL (male and female Sprague Dawley ratsy 8,000ppm
NOAEL (male and female Sprague Dawley rats} 1,000 ppm

C1i C4 Hydrocarbons

The repeated dose toxicity of a racemic mixture-bfiene (cis and trans, 95% purity) was assessed an GR2ZD
Combined Repeated Dose Toxicitywith the Reproductive/Developmental Toxicity Screeninfwiedge male and

12 female Wistar rats per group were exposed to 0, 2500 orgg®0Q-butene for 6 hoursay, 7 days/week. Males

were exposed for 39 to 46 days; females were exposed two weeks prior to mating, through mating, and to gestation
day 19. Body weights and food consumption were recorded. At study termination, hematology and clinical
chemistries wereonducted on blood, gross necropsies were conducted, organs weights were recorded and tissues
procesedfor microscopic evaluation. Control and high dose groups, only, were evaluated microscopically. Body
weight change was lower for male rats in the fursdl fourth weeks of exposure in 800 ppm group and in the

first week in the 5000 ppm group. Female body weights were reduced in the 2500 ppm group at 14 days of exposure
and the 5000 ppm group at 7 and 14 days of exposure. Female body weights wearalslenguring mating and

gestation, but were reduced in the 5@@dn groupon lactationday 1. Male rats in both ergure groups had

increasd total white cell and lymphocyte counts, however there was rnerggponse and counts were within

historical cantrol range. A decrease ingsima calciuntoncentation was observed in highose males. No other

adverse treatment egkd effected were observed. The repgdbse NOAEL for both sexes was 2500 pfine
repeateetose LOAEL for both sexes was 5000 pfvaakensGrendsen and Art4,992. In selecting Zbutene to
represent the repeatedse toxicity of the C1 C4 HC fraction, the entire GL4 HC fraction concentration in each
refinery gas is assumed to be 100%utenefor purposes of calculating G1C4 HC epeateetlose toxicity ranges

for each refinery gas.

LOAEL (male and femaleWistar rat repeat dosg = 5000 ppm
NOAEL (male and femaleWistar rat repeat dosg = 2500 ppm
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C57 C6 Light End Naphtha Hydrocarbons

Baseline Gasoline Vapor Condensate [BGVQ08&6 light fraction of a whole unleaded gasoline sample was

evaluated in a 1:3veek inhalation study according to OPPTS 870.3465. This test material was a representative
evaporative emission tested under the USEPA 211(b) Fuels and Fuel Additives Health Edting Program

(1994b, 1998). BGVC was administered to Sprague Dawley rats (10/sex/group) at target concentrations of 0, 2000,
10000, and 20000mgfhtactual concentrations 0, 2050, 10,153 and 20,324 méin/day, 5 days/week for 13

weeks. Additimal groups of control and high dose rats (10/sex/group) were also exposed and retained untreated for
an additional 4week recovery period (AP2005). Clinical signs, body weights and body weight changes, and

food consumption were recorded throughoetstudy. Opthalmoscopic evaluations were performed pretest and at
exposure termination. Hematology, coagulation and clinical chemistry parameters were measured at week 4 and
week 13. Neurobehavior evaluation of motor activity and functional activitB[m@re performed on 10

rats/sex/group pretest and during weeks 3, 7, and 12 of exposure according to OPPTS 870.6200. After 13 weeks
exposure rats were sacrificed except for recovery animals sacrificed 4 weeks later. Fourteen selected organs were
weighed Histopathologyexamination was performed on 31 tissues from rats in the control and high dose groups
and on kidneys from rats in all groups. Five rats/sex/group were perfused for neuropathology and sections of brain,
eye, spinal cord, peripheral nenaasd ganglia were examined microscopically. Satellite groups of animals were
exposed to BGVC with the subchronic rats for immunotoxicology, genetic toxicity and glial fibrillary acidic protein
(GFAP) analyses. The genetic toxicology studies are presenBattion 7.1.4 of this document. The
immunotoxicology and GFAP report details are provided in robust summaries, and are not considered further here
other than to state that BGM{d not produce significant effedtsthe parameters measuredhiese tw satellite

studies.

Test animals were generally unremarkable in exposure chambers and dur@gosuare periods except for a slight
increase in red nasal discharge seen jB28mg/ni animals during 13 weeks of exposure but not during recovery.
No ad\erse effects were induced by BGVC on ophthalmology, body weights, feed consumption or blood chemistry
parameters. No toxicologically significant changes were observed in organ weights although male absolute and
relative kidney weights were slightly elegdtat the mid and high dose levels. Gross abnormalities were not seen at
terminal sacrifice. Dose related microscopic findings included eosinophilic material in the nasolacrimal ducts in
high dose rats consistent with reported red nasal discharge ahthistapathologic changes in kidneys of all treated
male rats. These renal changes were consistent with alpiad@ylobulin mediated nephropathy, a species and sex
specific change not considered relevant to human health (USEPA, 1991). Kidneys efyr@g324mg/ni male

rats had nearly complete resolution of these changes. BGVC did not cause adverse neurobehavioral or
neuropathologic effects. The systemic LOAEL [excluding male kidney effect§}322mg/ni (~ 6,625 ppm)and
NOAEL = 10153mg/ni (~ 3,310 ppm) NOAEL for neurotoxicology = 2824mg/ni (~ 6,625 ppm) (API, 20053.

LOAEL ( male and femaleSprague Dawley rats) =6,625ppm
NOAEL (male and femaleSprague Dawley rats) =3,310ppm

RepeateedDoseConclusiors

With the exception of the asphyxit gases, repeated dose toxicity has been observed in all individual refinery gas
constituentsWith the exception of benzemad the asphyxiant gaselerepeateetioseeffectsof inorganic
components of Refinery Gases preducedat lower concentratioathanare those produced lilye hydrocarbon
componentsBased upon LOAEL valuedhé¢ order obrder of repeatedoestoxicity of these constituents from most
toxic to theleast toxic is:

Benzene l(OAEL <10 ppm) <Hydrogen sulfidel(OAEL = 30 ppm) > metlgl mercaptanl(OAEL =57 ppm)=
ethyl mercaptanLOAEL = 57 ppm)>ammonia LOAEL = 90 ppm) > carbon monoxidé. QAEL < 120ppm)>C1
I C4HCs(LOAEL =5,000 ppm assumed to be 100%liteng > C57 C6 HCs(LOAEL = 6,625ppm)>
butadienel(OAEL = 8,000ppm) >asphyxiangaseghydrogen, carbon dioxide, nitrogen)
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7.3In Vitro Genetic Toxicity

Ammonid

Ammoniawas tested im bacteriamutation assay i&almonella typhimuriurandEscherichia colwith and wittout
metabolic activation from KC500 polychorinated biphenyhduced rat liver homogenate mixture. Salmonella
strains TA98 TA100, TA1535, TA1537and TA1538&ndE. colistrainWP2uvrAweretested in duplicateAgar
plates without lids were exposed #8 hours to 0, 500, 1000, 2500, 10000 or 25000 ppm amnidmsappropriate
concurrent positive and negative controls were udednutagenic activity was observed in any bacterial strain at
any concentration. Ammoni&as not a mutagenith and without megbolic activatiorin this test systenShimizuet
al. 1985.

Negativefor in vitro bacterial mutagenicity
No datafor in vitro non-bacterial genotoxicity

Carbon monoxide
No in vitro genotoxicitydata available.

Hydrogen sulfide

Hydrogen sulfide gawas evaluatedh a standard bacteriaksay usingalmonella typhimuriurmMA97, TA98, and
TA100 strains with or withoutnetabolic activation. Metabolic activation was provided by S9 liver fractbnsale
Syrian golderhamsters or Spragti2awley rats that lthbeen induced with 500 mg/kg Aroclor 1254e
concentrations tested were 17, 57, 175, 582 and j@flate.The concentration of hydrogen sulfide gas was
limitedto 1750 g / pbl its scdubility inthe test solvergthanol Appropriate positive and solvent controls were
evaluated concurrently with test samples. Thterion for a positive test asa mutant frequency greater than or
equal to twice the negative controéfiuency. Hydrogen sulfide was not mutagenic in any strain tested with or
without metabolic activatioflUSEPA 1984).

Negativefor in vitro bacterial mutagenicity

Therearenoin vitro chromosomal aberration data available for hydrogen sulfide. Read aaiasfrom mercaptans
(Methanethiol, sodium saliy appropriate for this endpoi(1TC, 2001)

Equivocal for in vitro non-bacterial genotoxicity

Methanethiol
There are nan vitro genotoxicitystudies available for the rianethiol. The toxicity valugfor bacterial
mutagenicity and chromosomal aberratianis be read across from methanethisbdium sal{MTC, 2001)

Negative for bacterial mutagenicity
Equivocal for in vitro non-bacterial genotoxicity

Ethanethiol

Ethanethiolwas evaluated in a stasd bacterial assay usigglimonella typhimuriuriA98, TA10Q TA1535,
TA1537,and TA1538strains with or without metabolic activation. Metabolic activation was provided by S9 liver
fractionsfrom Aroclor 1254inducedrats. Thetest material was testedftiiplicate at0, 124, 370, 1111, 333and
10,000ug/plate. Appropriate positive and solvent controls were evaluated concurrently with test samples. The
criteria for a positive test@vea mutant frequency greater than or equal to twice the negative [doedraency.The

® The 2004 ATSDR Ammonia Toxicological profilatfp://www.atsdr.cdc.gov/toxprofiles/tp126.hynsoncludes

that ATaken t og adencd, the data indicate thaeammdnia and &mmenium ion may have
clastogenic and mutagenic properties. o However, ATSDR
reported here) that used ammonia gNihere positive activity was only olrsed at toxic doses causing 98%

lethality.
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cytotoxic concentration was 10,00@/plate. Ethanethiokas not mutagenic in any strain tested with or without
metabolic activatiofHazleton Laboratories, 1984

Negative for bacterial mutagenicity

Ethyl mercaptanvas testedh a Sisier ChromatidExchanggSCE)assayin Chinese Hamster OvarZHO) cells

with or without metabolic activation systeinduction of SCEs is not a genotoxic event, per se, since no genetic

material is lost and gene pairing of alleles remains intact. Howéres indicate an interaction with the DNA,

which may or may not be confirmed as genotoxic in assays specifically designed to test for genokdetaitylic

activation was provided by rat livemicrosomal fraction (S9) of rats induced with Aroclor 1ZbHetest material

was tested in triplicate &t 25, 84, 250, 840, and50D0ug/ml. Appropriatepositive and solvent controls were

evaluated concurrently with test samplEke cytotoxic concentration was 2,50@/plate.In the first test, altells

recoveredat 500pg / | wer e first division metaphases which coul d
peformed with 00ug/ml in which the chromosomes were recovered 43 hrs after exposure (instead of 24 hrs) in

order to allow for two cell divisiom The criteria for a positive testarean SCEfrequency greater than or equal to

twice the negative control frequendg.the absence of S9 mianincrease of SCEs was obsena®40ug/ml, the

seconchighest concentration ethyl mercaptarhowever e 2,500ug/plate group could not be evaluated due to

cytotoxicity. To overcome the cytotoxicity at 24 hours, a second test was conducted a0theg?ml leveland

cells were allowed to grow for 43 hours before harvest. A statistically significaatinsre i n S Ciktbes was s e
second tesat 2500 ug/ml both with and without metabolic activation, and a greaterthafited d i ncr ease i n
was seen both with and without activati&thyl mercaptan is positive for inducing SCEsuitured CHO cefl with

and withouta metabolic activation systefHazleton Laboratories, 198

Positive for induction of non-bacterial chromosomal SCEB

Methanethiol, sodium salt

Methanethiol, sodium salt is a supplemental compound for in vitro mutagenicity in sappwthanethiol and

hydrogen sulfide. The two mutagenicity studies presented below are the only data provided for methanethiol, sodium
salt.

Thein vitro potential magenic activity of sodium methanethigas investigated in a standard bacterialuétht

and without metabolic activation (microsomal fraction S9 of rats treated with Aroclor 1254) in 5 strains of bacteria
Salmonella typhimuriumlA 1535, TA 1537, TA 102, TA 98 and TA 100. Test concentrations @&2e5, 625,

1250, 2500 and 5000g/plate except in the second test for the TA 98 and TA 102 strains without S9 mix: 1.25, 250,
500, 1000 and 2000g/plate, and for the TA 102 strain with S9 mix: 312.5, 625, 1250, 2500 and.gffiate. The

test substance was not mutagenic with or without noditalactivation (ELF ATOCHEM, 1992).

Negative forin vitro bacterial mutagenicity

Methanethiol, sodium salt was tested in an OECD guidelineémVi'o mammalian chromosomal aberration test

with and without metabolic activation from Aroclor 1254 inddaat liver microsomes. Concentrations tested were
30, 60, 90, 120, 240, 48@//ml. Sodium methylmercaptide did not induce structural chromosome aberrations both
with and without S9 mix for both harvests. However, without S9 mix an increase in the rafrpbbploid cells

was recorded at the 4bur harvest at 90 and 12@/ml (4.0% and 14.5% respectively vs. 0%). Therefore, a
complementary test without S9 mix at thelBur harvest was performed using the following doses: 50, 100 and 150
pg/ml. Since he mitotic index was reduced by more than 90% at il only slides from the 50 and 10@/ml
treatmerdevel were scoredl hree% polyploidy was noted at 10@/ml and 0% at 5Qg/ml. The frequencies of

cells with structural chromosome aberrationghefvehicle and positive controls were as specified in acceptance
criteria and within the range of the historical data for both tests and both harvestSmeesmbusstudysummary
document for a table of aberration frequencigse potentiafor metharethiol, sodium salto induce chromosomal
aberrations was determined to be equiveaF ATOCHEM, 1995)

Equivocal for in vitro non-bacterial genotoxicity
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Benzene

Thein vitro potential mutagenic activity dfenzeneavas investigated by the Ames testnggsit strains of bacteria

Salmonella typhimuriunTA 1535, TA100, TA 104and TA98. This test enables the detection of bpa&

substitution and frameshift mutagefigsts were also conducted on benzene and its following metabolites

(additional bacteris t r ai ns wer e added, ii.e., TA 102 and TA 97):
di hydr oxy b-dipydraxybiphenyl, quinodd) traAsenzenel ,2-dihydrodiol , catechol and 1,2,4
trihydroxybenzene. Duroquinone, and amthzenealiol-epoxide, gn-benzenediol-epoxide and 1,2;3

trihydroxybenzene were also included. typhimuriunwas exposed to benzene vapor in desiccators to allow for

longer exposure periods (as opposed to plate incorporation methed@xposure atmospleconcentrations wer

0, 3, 6, 15, 30, 100, 150, 300, 1000 pjmach assay was carried out both in the absence and in the presence of a
metabolic activation system, NADPidrtified, S9 mix derived from Aroclor 1254 induced rat or mouse liver
homogenate (17 mg/plate). The testnpound, bacteria and S9 fractions or buffer were preincubated for 20 min at
37°C and then added to minimal agar plates. After incubation for 3 days, the colonies were counted. A response was
considerd to be positive response if the number of colonias w2 times the control valug&.cytotoxic

concentration was not identifieBenzene was found to be mutagenic in the presence but not the absence of S9. The
most responsive strain was TA 1535. Ao/l increase in the number of mutants above controlobasrved even at

a benzene concentration as low as 10 ppm. However, further increases in the concentration had only a modest effect.
The maximal mutant number was abotfbRl the values for the control plates. Similar effects were then seen over a
wide cancentration rangedn this same strain (TA 1535), the metabolites tlamszenel,2-dihydrodiol in the

presence of S9 and athienzenediol-epoxideand syrbenzeneliol-epoxide in the absence of S9 induced mutations.

No other metabolite including catecholwhich transbenzenel,2-dihydrodiol is converted by cytosolic dihydrodiol
dehydrogenase, gave a positive result in strain TA1535. Mutagenic responses, some of them weak, were noted in
other strains treated with 1,2(8hydroxybenzene, 1,2-#ihydroxybenzene, catechol, quinine, hydroquinone; syn
benzendiol-epoxide and antbenzenediol-epoxide. Benzene vapor was mutagenicSntyphimuriunTA 1535in

the presence but not the absence of&fttet al, 1989)

Positivefor bacterial mutagenicity

Benzeneavas testedn a SisterChromatidE (SCE)xchange assay human peripheral lymocytegth or without

metabolic activation systerinduction of SCESs is not a genotoxic event, per se, since no genetic material is lost and
gene pairing of alleles rernms intact. However, it does indicate an interaction with the DNA, which may or may not
be confirmed as genotoxic in assays specifically designed to test for genotoxicity. Metabolic activation was
provided by rat livemicrosomal fraction (S9) of rats inded with Aroclor 1254Thetest material was tested @t

16, 78, and 39ing/L. Heparinized whole blood was obtained from healthy adult men. Benzene was dissolved in
serumfree culture medium and the metabolic activation system (S9 mix derivedAfartor-induced rat liver) and
incubated in a flask for 2 hours. The flask was agitated to ensure even distribution of active metabolites among the
cells. After incubation, the cells were washed, resuspended in the same medium and incubated further.e SCEs wer
analyzed in 35 consecutive secetidision cells for each point. 200 metaphase cells were scored to determine the
percentage of cells in X1, X2, and X3+ divisioAs. increased number of SCEs were found in cultures treated in the
presence of 10% S9 mixn the absence of S9 and at S9 concentrations of 1 or 90% no increase in the frequency of
SCEs was noted. Ten % S9 mix was the optimal concentration for the induction of SCEs. When the cells were
exposed to benzene concentrations of 2 X,10X 163 ard 5 X 163M (approximately 16, 78 and 39dgl), a
doserelated increase in SCEs was seen when the appropriate activation concentration was used. It was hypothesized
that S9 mix at 1€80% converted benzene into active forms that were cytotoxic and delaly&arnover times.

Further examination suggested that the metabolites responsible for cell division delay may be different from those
which induce SCE. The addition of glutathione to the culture caused @ejpsrdent decrease in SCEs in cells
expose to benzene and S9 mix. The addition of glutathione also completely prevented the induction of SCEs by
catechol and hydroquinone, two major phenolic metabolites of benzene and potent inducers BESgre

induced SCEs in a doskependent manndhne pesence but not the absencetaf optimal amount db9 (Morimoto,

1983)

Positive for induction of non-bacterial chromosomal SCEB
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1,3-Butadiene

Thein vitro potential mutagenic activity of 1Butadiene vapor was investigated in a bacterial mutageassay

using 4 strains of bactersalmonella typhimuriunirA97, TA98, TA100,andTA1535. This test enables the

detection of basgair substitution and frameshift mutagens. The test substance was tested in two independent assays.
Each assay was carriedtduoth in the absence and in the presence of a metabolic activation system (Arochior 1254
induced and uninduced rat and mouse S9, and human S9) at a level of 0.8 mg/ protein/plate. Test material
concentrations were 0, 30, 40, 50, and 60%bLi&diene inia. Concentrations of 1;Butadiene gas were metered

into specially constructed treatment chambers holding the agar plates overlaid with the bacteria and activation
system. Actual gas concentrations were determined by gas chromatography before arel4dthotin exposure

period. Different treatment chambers were used for each activation system and fordletvaded treatment. 1,3
Butadiene (BD) induced revertants only in strain TA1535. Mouse S9 showed slightly higher activity than the
uninduced rat ohuman S9 at 30% JIf3utadiene in air. At concentrations greater than 30%, the number of revertants
decreased in the presence of rat or human S9. Results from the huaetiv&@d treatments did not differ
substantially from those of the nativated teatments. Arochlor 125hduced rat S9 gave similar results as mouse
S9 (uninduced). Since the response was weak, the S9 concentration was increased from 0.8 mg/plate to 4.0 mg/plate.
Increasing the concentration of Arochlor 128duced rat S9 had no efft on the number of revertants; slightly

more revertants were observed using 4.0 than 0.8 mg/plate of uninducedSatns&nella typhimuriumreverse

gene mutation (Ames) tests of hBtadiene using strains TA1535, TA97, TA98, and TA100 and employing ra
mouse, and human liver S9 metabolic systems were bafelg 2bove background only in strain TA1535 at 30%
1,3-butadiene in air with induced and uninduced rat S9 and mouse S9 (uninduced). In gerbushdleBe was a
weakin vitro genotoxin(Arce, 1990.

Positivefor bacterial mutagenicity

1,3- Butadiene (BD), andBD metabolites monoepgbutene and i@poxybutaneweretestedn a SisterChromatid
Exchangg SCE)assayin Chinese Hamster Ovary (CHO) celgh or without metabolic activation system
Induction of SCEs is not a genotoxic event, per se, since no genetic material is lost and gene pairing of alleles
remains intact. However, it does indicate an interaction with the DNA, which may or may not be confirmed as
genotoxic in assays specificathgsigned to test for genotoxicity. Metabolic activation was provided by rat liver
microsomal fraction (S9) of rats induced with Aroclor 12Agpropriate positive and solvent controls were
evaluated concurrently with test samplEle test chemicals weeslded after 24 hr of incubation, and then pulse
treated. The duration of the pulse treatment was 4 hr in sieeenbromodeoxyuridine (BudR)ee medium, in the
presence or absence of S9 mix. The cultures were rinsed and incubated for the next 2BudRvadded. The
concentrations of chemicals, used in experiments were as followsuta8iene, 25, 50, 100 and 201;
monoepoxybutene, 1, 5, 25, 8M0 and 20@M; diepoxybutane, 0.1, 1, 50 and 1001. Duplicate cultures were
set up for each treatme SCEs were stained and scored from the sedbridion cells. 60 cells per treatment point
were analyzed and the statistical significances were calculated using aaonel e d -fst.he eytotoxics t
concentrations of test material wer200uM with and without metabolic activatiom the absence of S9 mix no
increase of SCEs was observed even at the highest concentrdtiBbofadiene In the presence of S9, a slight
dose response was observedtiBmetabolites of 1-Butadiene honoepoxybgne and diepoxybutane)
demonstrated a very clear dadgpendent increase in SCEs, both with and without S9In#hButadiene is weakly
positive for inducing SCEs icultured CHO cells with a metabolic activation sys{@&asiadelet al.,1991).

Positive for induction of non-bacterial chromosomal SCEs

C1li C4 Hydrocarbons

Hydrocarbows in the C1i C4 rangenverenot mutagenic in several vitro bacterial cell test systems. CIC4
hydrocarbons that have been tested inchadéhanen-propane, rbutanejsobutanejiquefied petroleum gas

(primarily butane and propane), ethylene, propylene, butylene, isobulyene and acetylene. Please seedAppendix
experimental systems and referenéestudyon 2-butenewas selected for the G1C4 hydrocarbon bacterial
mutagenicity key study

Thein vitro potential mutagenic activity &butene (mixed isomers42.4% cis, 55.3% trang)asevaluated in an
OECD Guideline #47bacterial mutagenicitassayusing 4 strains osalmonella typhimuriumrA 1535, TA 1537,
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TA 100, and TA 98. Activation system: Sprague Dawley male rat liver (S9 fraction). 10% S9 fraction in S9 mix,

(0.05 ml S9 fraction/plate) Aroclor 1254 induced; 500mg/kg single ip injection 5 days before sa&rfiteml

aliquot ofSalmonella2.0 ml molten tp agar, 0.5 ml S9 mix or 0.5 ml pH 7.4 phosphate buffer were mixed in a test

tube and poured on minimal agar plates (3 plates/ conc./+ S9 mix). Atmospheres of varying concentrations (0.0, 10,

20, 40, 60, 80%) were generated by mixégutenewith clean dy air, using precalibrated gas flow meters as gas

flow indicators. Mixtures passed into 10L stainless stertainers holding Salmonella plates with triple vented lids.
Concentrations were selected based on a preliminary range finding test with TA106as&®lated reduction in

frequency of revertant colonies and reduced growth of background lawn observed at 80, 100%. Containers holding 3
stacks of 8 plates ea@lere flushed with appropriate concentrationg-blutene for 5 minutes to allow system to

equilibrate; containers were incubated at 37dC 48 hrs and numbspf revertant colonies counted. Analytical

determinations were performed by GC on syringe samples of test atmosplileeedifféringconcentrations.

Positive control compounds wer&9, N-ethykN 6  nAN-ntirtor osoguani dine, 3 eg/ plate fo
TA1535; 9 amino acri di-Nwoquindlielogi dkeat 6. RoegTplasge; fér T
aminoanthracene 2 eg/ plate for TeAstrainS ¥inyl chlaidéz086( a) pyr ene !
con@ntration)wasthe gaseous positive control for all strains; negative control was clean dry air. The complete

experiment was repeated using fresh badteulures, test material and control solutions. Criteria fortpesi

response were induction of desgated and statistically significant increases in mutation rate in one or more strain

of bacteria £ S9 in both experiments at subtoxic dosascity was exhibited in all strains at 80% butehdn

experiment 2, slilgt toxicity also occurred at 60%. No significant increases in number of revertant colonies of any

strain of bacteria were observed at any dose concentration = S9. Controls performed apprapiatiege was

not mutagenic in th&almonella typhimuriurassaywith or without metabolic activatiofThompson, 199@

Negative forin vitro bacterial mutagenicity

Hydrocarbons in the Cil C4 range are not mutagenic in sevémalitro mammalian cell test systems. CC4
hydrocarbons that have been tested ishekthylene, butylene, aratopylene Please see Appendixfor
experimental systems and referenéestudyon 2-butene was selected for the CC4 hydrocarbon bacterial
mutagenicity key study.

2-Butene(mixed isomers42.4% cis, 55.3% transyas evaluted in an OECD Guideline #478mmosome
aberratiorassayin Sprague Dawley rairimary blood lymphocyte cultureMetabolic activation system: Sprague
Dawley male rat liver (S9 fraction20% S9 fraction in S9 mix, (10% v/v®mix/flask) Aroclor 1254 indced; 500
mg/kg single ip injection 5 days before sacrifisdémospheres of varying concentratiosfsoutene .0, 10, 20, 40,

50, 60, 80, 100%were generated by mixirgtbutene with clean dry air, using precalibrated gas flow meters as gas
flow indicators. Mixtures passed through culture flasks for sufficient time (time not specified) to allow equilibration
of the system. Analytical determinations were performed by GC on syringe samples of test atmospheres at
representative concentrations. Blood samplesevdrawn from male rats (Sprague Dawl€d-1, ages &0 wks.

from CharlesRiver UK); cells were grown in RPMI medium supplemented with 10% fetal calf serum, 25 mM Hepes
and antibiotics, at 37 degrees C in a humidified atmosphere of 5% carbon dioxidd®upticate cultures were
incubated for 48 hrs, then transferred to tubes, centrifuged and culture medium drawn off and saved. Cells were
resuspended in flasks, in fresh culture medium with or without S9 metabolic activation mix and exposed to
appropriateconcentrations a2-butene or control materials. Flasks were sealed and shaken to maximize cell
exposure for 4 hrs +S9 or 20 h&9. Cells exposed @butene + S9 were resuspended after 4 hrs in original culture
medium; one group was harvested at 20(h6shr recovery), the other at 30 hrs (26 hr recovery) after initiation of
treatment:S9 cultures were harvested after 20 full hours exposure to batétasitive controls were ethyl methyl
sul fonat eig950 0c yecg /onplh)o s p h a misabes cantdol was vinyg chloride (50%)5820 hrg a
groupi S9 and 30 hr group +S9. Negative control was clean, drifr@iquency of cells with aberrations (+ gaps)

and frequency of polyploid cells (duplicate culture data pooled) were compared with coneeinielat control

usi ng Fi s h eThé gtotdix eoncentrafliens dftiitene were 50% and 80% with and without metabolic
activation, respectivelyControl compounds performed appropriat@yButenedid not induce significant dose

related increasdn frequency of structural chromosome aberrations or polyploid cells at any concentration level at
anyharvest period either in the presence or absence of a liver enzyme metabolizingZ{teamewasnot

clastogenic to rat lymphocyt@s vitro (Wright, 1992).
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Negativefor in vitro non-bacterial genotoxicity

C51 C6 Light End Naphtha Hydrocarbons

Unleaded gasoline was tested in the Alésobial mutation assay iSalmonella typhimuriurandSaccharomyces
cerevisiaewith and without metabolic activatidrom an Aroclorinduced rat liver homogenate mixtur8almonella

strains TA100, TA1535, TA1537, TA1538, TA98 and yeast strain D4 were employed. Based on preliminary
cytotoxicity assays, concentrations of gasoline in dimethylsulfoxide were administexé8 SEalmonellaester

strains at doses of 0.375, 0.75, 1.5 and 3.0% and to yeast at doses of 0.625, 1.25, 2.5, and 5.0%. For plate assays,
test material was added to cells in broth. The contents of the test tubes of broth plus test material eccogrour
selective agar plates. Plates were incubated’@ 87 48 hours, then removed from the incubator and revertant

cells were counted. In the suspension tests, bacteria and yeast cultures were grown in complete broth. The cells
were removed, wasldl and exposed to the test material. For the yeast cells exposure to gasoline was for 4 hours and
bacterial cell exposure was for 1 hour. Aliquots of the cells were plated onto the appropriate complete media. After
suitable incubation periods, the numbérevertant colonies was countéd the plate testhere was no increase in
revertant colonies caused by exposure to gasoline at any concentration. The results in this assay were negative both
with and without metabolic activation. In the suspensishwéhout activationglight increases were observed at

the high dose levels with TA100, TA1537 and TA1538. However the responses wsufin@ntly high to meet

the criteria forpositiveresponsesT he increases with TA98 could not be reproducedrépaat trial. In the

suspension test with activation, scattered increases were found at one or more dose levels but were not reproducible
in a repeat trial. Therefore, gasoline was not a mutagen in this test systendA®I,

Negative forin vitro bacterial mutagenicity

Gasoline diluted in acetone, has been tested in a mouse lymphoma (L5178Y fokvdrd mutation assay. For the
mutation assay the lymphoma cells were exposed for 5 hours to test material at concentrations ranging from 0.065 to
1.04 W/ml with and without metabolic activation from Aroctorduced rat liver @ homogenate mixture. After

exposure to the test material, the cells were allowed to recover for 3 days and then cultures were selected for cloning
and mutant selection. Survivirgll populations were determined by plating diluted aliquots inggdective growth

medium. A mutation index was derived by dividing the number of clones formed in the-&idi&tning selection

medium by the number found in the same medium without BOtR ratio was then compared to that obtained from
other dose levels and negative control values. Positive control compounds were ethyl methane sulfonate (EMS) for
nonactivated cultures and dimethylnitrosamine (DMN) for metabolically activated cultuitiss toxicity was

observed with the test material. All results for gasoline from theatimation assay were negative. The results from

the activation assay were also considered to be negative. There was an increase in the number of mutants at the 0.52
pl/ml concentration but this appeared to result from a slight increase in the number of viable clones. There was no
trend indicating a doseelated response and therefore, the increases were not believed to be compound related.
Gasoline was not mutagenitthis mammalian cell system. (ARI977)

Negativefor in vitro non-bacterial genotoxicity

In Vitro Genetic ToxicityConclusion

The majority of theRefinery Gases Category components are negativia fotro genotoxicity The exceptions are
benzene ath13-butadiene, which are genotoxic in bacterial and mammatigitro test systemsethanethiol which

was positive in a CHO SCE study; and methanethiol and hydrogen sulfide, which were equivocatlaecteral

assay (readcross from methanethioldiom salt) The only one of these genotoxionstituentghatis found in

refinery gas streams in any significant concentration is hydrogen sulfide (up to 45%). Benzene and butadiene are
found at concentrations up to approximately 2%; ethanethiol and me¢tiia are not found above approximately

0.5 or1%, respectivelylt is thought to be unlikely that the mutagenic potential of thesecfmstituentsvould be
expressed at such low concentrations in the refinery gas stneamagenic concentrations dfgse gases would be
above thdower explosive limit
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7.41n Vivo Genetic Toxicity

Ammonia

There are early (1934 vivo genetic toxicity tests on ammonia, however the validity of the results have dlksh ¢

into question due to excessive (98%) toxicity at doses that suggested weak gendtaxicitse current study has

been conducted omamonium chloridewhichwas evaluated in a micronucleusasis male mice. Mice were
administered a singiatrapeitoneal injection (i.p.)njection of 0, 62.5, 125, 250, 500 mg/kg ammonium chloride
Separate groups of mice received four i.p. injections over 24 hours at dosed of 31.3, 62.5, 125, and 25beng/kg
maximum dose of ammonium chloride was determined loy @kperiments using the mutampling at multdose

levels method to determine the MTD (maaiiy toleraeddose). Mice were killed 24hr after the single or first of

four i.p injections and femoural marrow cells were flushed out with fetal bovine semifixed with methanol and
stained with Giemsa. One thousand polychromatic erythrocytes per mouse were scored using a light microscope and
the number of micronucleatgublychromaticerythrocytes (MNPCE) was recorddthe number of MNPCE &as
comparable t@ontrol values for all treatment groups. Ammonium chloride was not genotoxic in this assay (Hayashi
et al., 1988)

Negative forin vivo genotoxicity as assessed using ammonium chloride

Carbon monoxide
No in vivo genotoxicity available.

Hydrogen sulfide

There are ndn vivo genotoxicity data available for hydrogen sulfide. Read across data from mercaptans
(methanethiol)js appropriate for this endpoint. In an OECD 474 mouse micronucleus test, animals were exposed to
0, 114, 258 and 512 ppm methanethidiere was no significant increase in micronucleus frequency ab@ogure

level (ELF ATOCHEM, 1997MTC, 2001)

Negative forin vivo genotoxicity

Methanethiol

The genotoxic potential of nosmly inhalation exposure of methyl mercaptan to induce migiens formation in

bone marrow erythrocytes was determined in SWebster miceln the doseange finding study, three mice per

sex per treatment group received a singl®6r noseonly inhalation exposure to methyl mercaptan at 112, 374, and
570 ppmA control group, consisting of three male and three female mice, received air only. Mice were observed
daily from the start of treatment until death or sacrifice. The concentration ranges for-thadowid

concentrations exceeded the protocol critedbh0%. These deviations are judged not to have had a significant
adverse effect on the studg.the definitive experiment, 15 mice per sex per treatment group were exposed to
methyl mercaptan by nosmly inhalation at 114, 258, or 512 ppm. Five micegeet per group were sacrificed 24,
48, and 72 hourafter exposure to assesgotoxicity and micronucleus formation. An-&kposed control group of
male and female mice and a urethane positive control group of male mice were treated similarly aredl evaluat
concurrently with the methyl mercapttreated groupdn male mice, none of the individual dose groups had a
statisticallysignificant increase in MN frequency. Using the Cochiamitage test foa trend in binomial

proportions, a statistically sigiitint upward trend imicronucleus (MN) frequency was observed in female mice
sacrificed at 24r after exposure to the methyl mercaptan. However, the MN frequency in the control group was
lower than thdaboratory historical value (0.21%) for femalestaétstrain of mice, andone of the individual dose

® The 2004 ATSDR Ammonia Toxicological profilattp://www.atsdr.cdc.gov/toxprofiles/tp126.hjnsbncludes

that ATaken t og e encd, the data indicate thae ammdnia and &ammeniuim don may have
clastogenic and mutagenic properties. o However, ATSDR
Associates, Inc. 1990) have noted tinativo activity in Drosolphia melanogastgnot reporéd in this paper) was

only evident at doses that killed 98% of the fliebkjch casts significant doubt on the validity of results.
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groups had a statistically significant increase in micronucleus frequdetlyanethiol was not ain vivomutagen in
this test systenfELF ATOCHEM, 1997; MTC, 2001).

Negative forin vivo genotoxicity

Ethanethiol

There are nan vivo genotoxicity data available f@thanethial Read across data from methanethiol is appropriate
for this endpoint. In an OECD 474 mouse micronucleus test, animals were exposed to 0, 114, 258 and 512 ppm
methanethiol. There as no significant increase in micronucleus frequency aegpgsure leve[ELF ATOCHEM,
1997;MTC, 2001).

Negative forin vivo genotoxicity

Benzene

Micronucleus assay and SCE

The induction othromosomal effects under vivo conditionsafter short ten inhalation obenzenavasevaluated

in Sprague Dawleyats andDBA/2 micein micronucleus andister chromatid exchang8CE assaysinduction of

SCEs is not a genotoxic event, per se, since no genetic material is lost and gene pairing of allekemtachain
However, it does indicate an interaction with the DNA, which may or may not be confirmed as genotoxic in assays
specifically designed to test for genotoxiciive male mice per treatment group were exposed to benzene vapors
by inhalation af, 10, 100, or 1,000 ppnkive maleratsper treatment groupere exposed to 0.1, 0.3, 1, 3, 10, or

30 ppmbenzendor 6 hours An air-exposed control group of 20 male mice/rats were treated similarly and
evaluated concurrently with the benzereated graps.Exposure chamber atmospheres were analyzed hourly for
the top two benzene concentrations and two to three times per hour for the otherHusasimals were killed 18
hours after exposure and peripheral blood lymphocytes and femoral bone manessaere takeand slides
preparedThe lymphocytes were cultured in the presence of liposaccharides or concaAaeaditimulate
blastogenesifor SCE analysiss-Bromo-2-deoxyuridine was added 24 hours after culture initiation and the cultures
harvesed at 60 hrs (mice) or 52 hrs (rats) following a 4 hr demecolcine treatment. Two or three slides were
prepared per animal for SCE analysis. Slides from five treated and three to five concurrent control animals were
coded, combined, and randomized ptiaanalysis.Both parametric (Student t test) and nonparametric (Mann
Whitney U test) statistics were used to analyze the Batgchromatic erythrocytq® CEg in thepreparedone

marrow samplegone to four stained slides per animaBre asayed formicronuclei.1002000 PCEs were

analyzed from each animal. 1000 nuclei and 100 metaphases were scored consecutively for mitotic aadlex and
cycle kineticsrespectively. Aon¢ ai | ed Studentdés t test was usbkbed t o comp
benzene exposed animédscontrols.Short term exposures to low concentrationbenzenenducel statistically
significantincreases in SCHr lymphocytes and polychromatic erythrocy{escronuclei)in rats and mice
(Erexson,1986).

Postive for induction of non-bacterial SCEs

1,3-Butadiene

The genotoxic potential of nosmly inhalation exposure of butadiene to induce micronucleus formation in
peripheral and bone marrow erythrocytes was determined in rats and mice. Twenty female CB6F1 mice
(approcimately 25g, 810 weeks old) and ten male Wistar rats (3309, 10 weeks old) per group were exposed for

5 days, 6 h/day 0, 50, 200, or 500 ppm ofliBadiene by inhalation. An additional high concentration group of

mice was exposed to 1300 ppm. Expestoncentrations were monitored by infrared spectroscopy (rats) and gas
chromatography (mice). The animals were sacrificed 1 day after the last exposure and smears of blood and bone
marrow erythrocytes were prepared and stailrethe rats, no effects anicronuclei frequencies were observed

either in the peripheral blood or bone marrow at all exposure levels. A slight toxic effect in rat bone marrow cells
(decreased polychromatic/normochromatic ratio) was observed at the 500 ppm level. This effetistveally
significant at 500 p-faked Wndpparent HeereaSetotfahechraméatistot t est , 2
normochromatic ratio in a dogskependent way was observed, but was not statistically significant with the linear
regression test. In thmice, a clear dosdependent increase in micronuclei frequency was observed in both blood
and bone marrow cells at all exposure levels tegt@butadiene was active in inducing micronuclei in peripheral
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blood and bone marrow erythrocytes in mice atle®®0 ppm, but not in rats. The genotoxic effects observed in
this study parallel the species differences observed in cancer Siudiies 1994)

Postive for in vivo genotoxicity

C1i C4 Hydrocarbons

Hydrocarbosin the C1i C4 rangewerenot mutageit in severaln vivo micronuclei studiest concentrations up to
22,000 ppm. The Ci C4 hydrocarbons that have been tested includéigg petroleum gas (primarily butane and
propane), ethylene, propylene, butylene, and isbboe. Please see Appendifor experimental systems and
referencesThe following mouse micronucleus assay ebutene is representative of the negative in vivo
mutagenicity studies for the G1C4 HCs.

The genotoxic potential of nosmly inhalation exposure offiutene to indce micronucleus formation in bone

marrow erythrocytes was determined in Swigsbster micel-Butene was premixed with ambient air and

introduced into inhalation chambers containing groups of mice (1I0NF) at concentrations of 0, 1000, 9000,or
22,000ppm 2 hrs/day for 2 days. One half of each group was killed on day 3 and the remainder on day 4 following
exposure. One group (15 M, 15 F) exposed for one day to 22,000 ppm was killed on days 2, 3, 4 after treatment
(5/sex/day). Test concentrations werenitared each day by gatiromatography. Positive control mice given
cyclophosphamide (75 mg/kg) ip daily for 2 days were killed on day 3. Slides of bone marrow smears were prepared,
stained with MayGrunewald/Giemsa stain and examined microscopicallye&oin mouse, 1000 polychromatic
erythrocytes and all mature erythrocytes (normochromatic erythrocytes) were counted. Data collected included group
mean body weights for each day, total polychromatic erythrocytes total normochromatic erythrocytes, paigchroma
erythrocytes with micronuel, and normochromatic erythrocytes with micronucl&lues from treated groups for

daily mean body weights, group means and std. dev. for polychromatic erythrocytes with micronuclei, (and group
mean ratios of polychromatarythrocytes to normochromatic erythrocytes were calculated and compared with
vehicle cont r ol-test ®dsitive I=spinge wastindichidhly statistidally significant (p<0.05)

increases in micronucleated polychromatic erythrocytes at asgyldeel with a dose related response evident.

Results were considered equivocal if only one of these criteria wad-Betene given by inhalation 2 hrs/day for 2

days to mice had no effect on the frequency of micronucleated erythrocytes in bone fdademthese test

conditions, 1butene @l not induce chromosome damagédanandWard, 1985.

Negative forin vivo genotoxicity

C51 C6Light End Naphtha Hydrocarbons

Baseline Gasoline vapor condensate [BGVC], a 20% light fraction of a whole unleadtdegass tested in the rat
micronucleus assay according to USEPA OPPTS 870.5395 as a satellite study to the 13 week inhalation study
described in Section 7.1.2 Repeated Dose Toxicity. Sprague Dawley rats (5/sex/group) were exposed by whole body
inhalation to target concentrations of 0, 2000, 10000, 20000rh@etual concentrations 0, 2050, 10,153 and

20,324 mg/m) BGVC for 4 weeks, 6hr/day, 5 days/week. A separate positive control group was treated with
40mg/kg cyclophosphamide by intraperitoneal irgc24 hours prior to sacrifice. Rats were killed 24 hours after

the 20" exposure and bone marrow from both femurs of each rat was prepared as smears on microscope slides.
Slides were stained by the modified Feulgen method. One smear from eachesamaeed for the presence of
micronuclei in 2000 immature erythrocytes and cytotoxicity was determined by the ratio of immature erythrocytes in
at least 1000 erythrocytes. The incidence of micronucleated mature erythrocytes was also recorded. BGVC did no
cause statistically significant increases in micronucleated immature erythrocytes or micronucleated mature
erythrocytes at any dose level. There was no cytotoxicity or a decrease in the proportion of immature erythrocytes
observed. Baseline Gasolinepta Condensate did not induce cytogenetic damage in this test system. NIDAEL
20324mg/m. (API, 2005b)

BGVC was also tested with a separate satellite group for the induction of sister chromatid exchangenfCE

SIDs endpoint], using an in vivo/in vitro protocol. Sprague Dawley rats (5/sex/group) were exposed by whole body
inhalation to target concentrations of 0, 2000, 10000, 20000hfgttual concentrations 0, 2050, 10,153 and

20,324 mg/m) BGVC for 4 weeks, 6hr/day, 5 days/week. A separate positive control group was treated with
5mg/kg cyclophosphamde by intraperitonegection 24 hours prior to sacrifice. Rats were killed 24 hours after the
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20" exposure. Blood (2ml) was collected from the abdominal aorta, cultured within 24 hours and incubated at
37°C for 21 hours. Cells were then exposed to 5pg/ml bromodeoxyeridifter 68 hours from culture initiation,
0.2ug/ml colcimiak was added to each culture flask to arrest cell division and incubation continued for 4 hours. At
72 hours total elapsed culture time, cells were collected, washed and fixed. Slides vwanedfmepmicroscopic
evaluation. A minimum of 25 secolivision metaphases per animal was scored for SCE. At least 100 consecutive
metaphases per animal were scored for the number of ceffls#f 1and 3 division metaphases as an indicator of
toxicity (cell cycle delay) and 1000 cells were scored for mitotic index per rat. Statistically significantly increased
SCE frequency was observed at all 3 dose levels in females and at the 10153 and 20324¢eig/fior males.

Increases in average geneavattime were also observed but no appreciable differences in mitotic indices were seen
for any test group compared to controls. Although the SCE assay demonstrated interaction of BGVC and DNA, it
was not considered definitive for clastogenic activity simegenetic material was unbalanced or lost, but rather a
biomarker of exposure. Negative results in a parallel micronucleus assay, which visualizes actual cytogenetic
damage demonstrate that BGVC is not a clastogenic materialZ8859.

Negative forin vivo genotoxicity

In Vivo Genetic ToxicityConclusiors

The majority of the Refinery Gases Category components are negative foo gexbtoxicity The exceptions are
benzene and 3;butadiene, which argenotic in in vivotest systemdBenzene and,3-butadiene are found at no
more than approximately 2% in refinery gas streams. It is thought to be unlikely that the mutagenic potential of
benzene or butadiene would be expressed at such low concentrations in the refinery gasraitagersc
coneentrations of these gases would be abovéotler explosive limit

7.5 Developmental Toxicity

Ammonia

From 24.5 months of agailts (a young sow that has not been pregmaugfiven birth) were exposedaturally to
Mycoplasma hyponeumoniaaedPasteurella multocidawhich cause enzootic pneumonia and atrophic rhinitis,
respectively. The species tested were Yorkshire x Hampshire x Chester White pigs. At 4.5 months of age, the gilts
were moved to one of wrooms and exposed to either low (mean 7 ppm) or moderate (mean 36 ppm) aerial
concentrations of ammoniar continuous exposure for 6 or 10 weekhere was no untreated control group. Each
exposure group consisted of 40 individuals. In the room withdmmonia concentration, manure was flushed

weekly to maintain a 0.3 m depth. In the room with moderate ammonia concentration, manure accumulated to 0.48
m depth. Moderate aerial ammonia concentration was obtained initially and maintained by addinguanhy

ammonia from a steel tank. Mean Daily Gain (MDG) was determined by weighing the gilts biweekly. Half the gilts
from each exposure concentration were sacrificed after 6 weeks. The remaining gilts were maintained in their
respective environments, @osed daily to mature boars, bred at first estrus, and sacrificed at day 30 of gestation. At
the end of two weeks, gilts in the moderate exposure group weighed less than those in the low exposure. After 2
weeks gilts acclimated and the Mean Daily Gain &)Qvas similar for the rest of the experiment. The gilts

sacrificed at 6 weeks showed that the animals in the low exposure were heavier. At day 30 of gestation, number of
fetuses, fetal length, and were all similar between the two groups. These dzteititht, relative to the low, 7 ppm
exposure group, exposure of gilts to mean aerial ammonia concentrations of 36 ppm depressed MDG for 2 weeks but
failed to alter onset of puberty, litter size, fetal length, and fetesrpus luteum ratio through d&p of gestation.

There was nalevelopmental oreproductive toxicity to pigs in this assay; the NOAGRB5 ppm, the highest dose of
ammonia teste(Diekmanet al, 1993)

NOAEL (pigs) O35 ppm (highest dose tested)

Carbon monoxide

The potential developmental toxicisffects of carbon monoxide exposuvere evaluated in C mice.Female

albino CD1 mice were bred overnight with males of the same strain, and the day a copulation plug was found was
designated as gestation day 1. The pregnant animals were exposed continuously to 0, 65, 125, 250, or 500 ppm
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carbon monoxide in air iRlexiglasenvironmentathambers from gestation day 7 to 18. The concentration of

carbon monoxide was monitored at each chamber inlet by carbon monoxide detector. The animals were killed on
gestation day 18, and their uterine horns were examined for gross malformatioitisir@®néthe fetuses were

examined for skeletal abnormalities. Litter means for fetal weight, number of live fetuses, and number of dead or
resorbed fetuses was used to test for carbon monoxide effects on weight and fetal mortality. Analysis of variance and
Student-NeumaiiKeuls multiple range tests were used for the comparison between control and test groups for fetal
weights and mean number of dead or resorbed fetuses per litter. Mean percent fetal mortality was obtained by
calculating the mean of litter memrResults are based on data from 17 litters for each concentration of carbon
monoxide. Further studies using the same experimental protocol, but at exposure levels of 0, 65, or 125 ppm carbon
dioxidefrom day seven to 18 of pregnareyamineccarbon monoixle effects omeonatal reflex developmenio

sign of maternal toxicity was observed under the conditions of exposure. However, effects were observed in the
offspring. The mean percent fetal mortality per litter from mothers exposed to carbon mon@xiéb,t25, 250,

or 500 ppm was 4.52, 5.89, 12.50, 15.50, and 55.30, respectively. The mean number of dead or resorbed fetuses per
litter in the highdose group was significantly greater than the control value. Weights of fetuses from 125, 250, and
500 gpm carbon monoxidexposed mothers were significantly decreased when compared to weights of controls.

Fetal weight was not significantly influenced by 65 ppm carbon monoxide exposure, although the decreased value
compared to controls was suggestive of fface A small number of skeletal anomalies (lack ofification) were

observed in fetuses from all groups, however, these anomalies were not dose dependent. Data suggest that maternal
carbon monoxide exposure to as low as 125 ppm can affecgfeteth and higheexposure concentratisimpair

fetal viability. The fetus appears to be sensitive to chronic carbon monoxide exposure and this sensitivity is dose
dependentResults from théollow up study indicatd that parental carbon monoxide exposuretels as low as 65

ppm alteedthe righting reflex of neonates, indicating damage to the developing central nervous Eysségms of

maternal toxicity were observed. Exposure did not affect the number of live pups born per litter or their birth

weight At 125ppm, prenatatarbon monoxidexposure significantly increased the time required by neonates for
righting reflex on day one of birth and negative geotaxis orll@aBoth dose$65 and 125 ppngignificantly

decreased mean aerial righting scof@ups on day 14. Findings suggest that at low concentrations, prearéizih
monoxideexposure may lead to retarded reflex development in neonates in a dose dependent manner. Fetal acidosis,
hypotension, and hypercarbia which accompany severe intrautgfpoxia may contribute to the retarded reflex
development of pup§.he developmental LOAEWas< 65 ppm(Singh and Sdb, 1984 Singh, 1986)

LOAEL (CD-1 mice)< 65 ppm (lowest dose tested)
Maternal NOAEL (CD-1mice) O 500 ppm (highest dose tested)

Hydrogen sulfide

An OECD guideline 421 reproductieaddevelopmental toxicity study was conducted on hydrogen sulfide gas in
SpragueDawley rats as concentrations of 0, 10, 30, and 80 pjis.study investigated the effts of perinatal

exposure by inhalation to hydrogen sulfide on pregnancy outcomes, offspring prenatal and postnatal development, or
offspring behavior. Virgin male and female Spra@eevley rats (12 rats/sex/concentration) were exposed (0, 10,

30, or 80 pm hydrogen sulfide6h/day, 7 days/week) for 2 weeks prior to breeding. Exposures continued during a
2-week mating period (evidence of copulation = GD 0) and then from GD 0 through GD 19. Exposure of dams and
their pups (eight rats/litter after cullinggsumed between PND 5 and 18. Adult male rats were exposed for 70
consecutive daysOffspring were evaluated using motor activity (PND 13, 17, 21, andXQpassive avoidance

(PND 22+ 1 and 62t 3), functional observation battery (PND @) acousticstartle response (PND 21 and62

3) and neuropathology (PND 23 and 61+ 2). There were no deaths and no adverse physical signs observed in FO
male or female rats during the study. A statistically significant decrease indesdmption was observed O

male rats from the 80 pphydrogen sulfideexposure group during the first week of exposure. There were no
statistically significant effects on the reproductive performance of the FO rats as assessed by the number of females
with live pups, litter sie, average length of gestation, and the average number of implants per pregnant female.
Exposure tdydrogen sulfidelid not affect pup growth, development, or performance on any of the behavioral tests.
The FO male and female systemic toxicity NOAEL \88sppm and 80 ppm, respectiveijhe reproductive and
developmental NOAE&for this studywereO80 ppm, tle highest dose testé®ormanet al, 2000).

DevelopmentalNOAEL (SpragueDawley rats) O80 ppm (highest dose tested)
Parental Male systemic LOAEL (SpragueDawley rats) =80 ppm
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Parental Male systemic NOAEL(SpragueDawley rats)= 30 ppm
Parental Female systemic NOAEL(SpragueDawley rats) O80 ppm (highest dose tested)

Methanethiol

There are no developmental toxicity studies on methanethiol. &eads data from hydrogen sulfide is appropriate
for this chemical. The developmental toxicity of NOABISO ppm from hydrogen sulfide will be read across to this
chemical(Dormanet al, 2000; also see Mercaptan Council HPV submission:
http://iaspub.epa.gov/oppthpv/document_api.download?FILE=c13333tp.pdf)

NOAEL (Sprague-Dawley rats) 080 ppm (highest dose tested)

Ethanethiol

There are no developmental toxicity se&lonethanethial Read across data from hydrogen sulfide is appropriate
for this chemical. The developmental toxicity of NOABISO ppm from hydrogen sulfide will be read across to this
chemical (Dormanet al, 2000;MTC, 2001)

NOAEL (Sprague-Dawley rats) O80 ppm (highest dose tested)

Benzene

The developmental toxicity of benzene was evaluated in a series of three experiments. FeméleBstesLCrl:
CFW(SW)B) mice (510 mice/concentration leveljere exposed (&, 10, or20 ppmbenzenegh/day,gestation
days 615 in all experiments. In experimentfiye benzenexposed and five agxposecpregnant mice were
sacrificedon the 18 day of gestatiortheir uteri removed, and the numbetivé, deadand resorbed fetuses
recaded. Two male and two femdletuses were then randomly selected, weighed, and exafoinaady external
gross morphological malformatisrPeripheral blood samples were taken for red and white cell counfsrand
hemoglobin analysis. Livers were removedenumeration of recognizable cells in the hematopaifffierentiating,
proliferating pool (DPP)In experiment 2,ife benzenexposed and five agxposedregnant females were allowed
to proceed through normpérturition. Two male and two femalearates weréhen randomly selected at 2 days of
age and subjected the same protocol as that described above withayld fetusesin experiment 3five
benzeneexposed and five agxposed preghant dams were allowed to proceed through normal joartit6

weeks of age, one male and one female were randomly selected from each litter. Peripheral blood samples were
obtained from tail veins for reahd white cell counts and for hemoglobin analysis. These animals were then
sacrificedand their spleenra femurs removed for enumerationre€ognizable cells in the DPPeripheral and
organ blood cell counts were determipedch benzene exposed animal having its owsnmagehed air control.

There was no evidence of maternal toxicity among dams exposey concentration of benzene tested as

determined by maternal morbidity, mortality, or weight loss during the expoSire® was no evidence of non
hematopoietic toxicity among any of the fetal or neonatal progeny exposgstoto any concentratioaf benzene

studied. Litter sizes, male/female ratios, and body weights, as well as the numbers of dead, resorbed, or malformed
fetuses, were all within control limitdn 2-day neonates, tH&0 ppmexposuregroup showed significdly lower

counts of latawucleated red cells and decreased counts of early nucleated red cells, whereas the numbers of blasts,
dividing/nondividing granulocytes and lymphocytes were elevédtegtweek old offspringthe 20 pprexposure

group showed a slightly higher numbers tafdts, dividing/nondividing granulocytes and lymphocytes in comparison

to their agematched controldn uteroexposures t@0 ppmbenzene induakpersistentenhanced production of
granulopoietic elements in the hematopoietic systems of offsprlrggmae r n a | NOAEL was O 20 ppm
developmental LOAEL = 20 ppm, and the NOAEL = 10 pptalier andSnyder,1988).

LOAEL (mice) =20ppm
NOAEL (mice) = 10 ppm
Mat ernal systemic NOAEL O 20 ppm

1,3-Butadiene

The developmental effects of ihBitadiene were evadted in an OECD Guideline 414 teratogenicity study. Female
Sprague Dawley rats were mated to unexposed males and exposed frorl8afg@éstation to 0, 40, 200, or 1000
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ppm of the test substance. Analytical chamber concentrations were measurddheygas chromatography. Body
weights were recorded on gestation days 0, 6, 11, 16, and 20. Maternal animals were observed daily for mortality,
morbidity, and signs of toxicity and examined for gross tissue abnormalities at necropsy (day 20). The uterus and
placenta was removed and weighed; the number of implantation sites, resogpitbive and dead fetuses were
recorded. Live fetuses were weighed and subjected to external, visceral, and skeletal examinations. Approximately
50% of the fetal heads werectened and examined. Analysis of variance for body weights, number of resorptions,
implants, live, dead or affected fetuses per littes performedSignificant differences among the groups were also
analyzed by Duncan's multiple rangstsor arcsir transformation of the response proportion. Biraagponse

variables between groups were compared usingdimire or Fisher's exact tebhe only toxicity observed was
decreased body weight gains in the dams at 1000 ppm. The percentage of pregnanaathimadser of litters

with live fetuses were unaffected by treatment. There were no significant differences among the groups for number
of live fetuses per litter, percent resorptions or malformations per litter, placental or fetal body weights, tar.sex ra
There was no evidence of tevgénicity or adverse reproductive effects in any of the exposed gidagsd on

decreased body weight gains, thatemnal systemic toxicity LOAEL and NOAEL were 1000 pprd 200 ppm,
respectivelyThe NOAEL for developmatal effectsvasO 1 0 0 (Momigseayet al, 1990).

Devel opment al (Sprague Dawley rats) O 1000 ppm (highes:
Maternal systemic LOAEL = 1000 ppm
Maternal systemic NOAEL = 200 ppm

C1li C4 Hydrocarbons

The developmental toxicity of a racemic mixture df&ene (cis and trans, 95% purity) was assessed an OECD 422
Combined Repeated Dose Toxicitith the Reproductive/Developmental Toxicity Screening Test. Twelve male and
12 female Wistar rats per group were exposed to 0, 2500 orggdi@-butene for 6 hours/ga7 days/week. Males

were exposed for 39 to 46 days; females were exposed two weeks prior to mating, through mating, and to gestation
day 19. Body weights and food consumption were recorded. At study termination, hematology and clinical
chemistries wereanducted on blood, gross necropsies were conducted, organs weights were recorded and tissues
processdfor microscopic evaluation. Control and high dose groups, only, were evaluated microscopically. Body
weight change was lower for male rats in the first ourth weeks of exposure in the 2500 ppm group and in the

first week in the 5000 ppm group. Female body weights were reduced in the 2500 ppm group at 14 days of exposure
and the 5000 ppm group at 7 and 14 days of exposure. Female body weights weralderdpang mating and

gestation, but were reduced in the 5000 ppm group on lactation day 1. Male rats in both exposure groups had
increased total white cell and lymphocyte counts, however there was needpsase and counts were within

historical contol range. A decrease in plasma calcium concentration was observed in high dose males. No
developmental (or reproductive) toxicity was obserial treatmentelated increase in pienplantation loss

occurred. Posimplantation loss was slightly increasectihe 5000 ppnexposuregroup, however it was within the
historical control range. The total number of live births in the exposed groups was higher than controls. In the control
and 2500 ppm groups, one pupdiietween days 1 and 4 of lactation; the Jigbindex was 97 to 100%. Mean

body weights of pups was slightly but not significantly lower in the treated groups, which may be explained by the
higher nunber of pups in the two treatment groups compared to controls. No structural changes were resgztin t
pups either during lactation or at necropBlye systemi¢oxicity NOAEL was 2500 ppm. The developmental

toxicity NOAEL was> 5000 ppm(WaalkensGrendsen and Art4,992. In selecting Zoutene to represent the
developmental toxicity of the Q1C4 HC fraction, the entire GC4 HC fraction concentration is assumed to be

100% 2butenefor purposes of calculating @1C4 HC developmental toxicity ranges for each refinery gas.

Developmental Toxicity (Wistar rats) NOAEL > 5000 ppm (highest dose tested)
Parental Systemic Toxicity(Wistar rats) LOAEL = 5000 ppm
Parental Systemic Toxicity(Wistar rats) NOAEL = 2500 ppm

C5i7 C6Light End Naphtha Hydrocarbons

A developmental toxicity study in rats Baseline Gasoline Vapor Condensate (BGVC), a 20% ligbtidra of whole
unleaded gasoline was performed according to OPPTS 870.3600, 870.3700 and OECD 414 guidelines. This test
material was a representative evaporative emission tested under the USEPA 211(b) Fuels and Fuel Additives Health
Effects Testing Progra (1994b) BGVC was administered 15 confirmedmated female Crl:CA®(ICR)BR
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mice/exposure group at target concentrations of 0, 2000, 10,000, and 20,08@meginanalytical concentrations 0,
2086 10625and 20903 mg/nT; 0, 630, 3463, and @14 ppm) in air. The animals were exposed daily for six hours
from Gestation Day 5 through Gestation Day Oh GD 18, animals were sacrificadd cesarean sections-(C
sections) were performed. Gross necropsies were performed, wtergtes with ovaries attachedkre recorded,
uterine contents were examined, and the requitedne implantation data were recorded. All fetuses were weighed,
sexed externally, and examinexternally for gross malformationEhere were no statistically significant differences
from control in the treated groups in the incidence of fetal observation. Slight emaciation was the only clinical sign
noted duriig the study and was noted in afeéhedans in the highest exposure group (6814 ppmisestation Day 11.
Maternal toxicity waswdent as statistically significant differences in mean gestation body weight and mean gestation
body weight change in thf&814ppmtarget group. Statistically significant reduced fetal body weights, compared with
the control fetal weights, were notedtire 3,463and6,814ppmtarget concentration groups. The reduction of these
fetal weights occurred in the absence of statistically significant reductions in maternal body weight and body weight
change in th&,463mg/nt target concentration group. Thiene, themouse NOAELfor this study was established at

the 680 ppm and the mouse LOAEL was 3,463 g, 2009) A developmental toxicity study was also conducted in
SpragueDawley rats using the same test material and protocol. There was no matdevalopmental toxicity in the

rats The ratmaternal and developmental toxidtDAEL wasO6729 ppm, the highest dose tested (API, 2008b).

LOAEL (CD-1 mice) = 3,463ppm (10,635mg/m°)
NOAEL (CD-1 mice) = 680 ppm (2,086 mg/th

Developmental ToxicityConclusion

Developmental effects were induced by three of the 12 refinery gas constibggrasne, carbon monoxide, and the
C5- C6 hydrocarbon fraction. Ndevelopmentaloxicity was observed at the highest exposure levels testékefor
other refinery gas constituerttssted for this effectThe asphyxiant gases have not been tested felaawental
toxicity7. Based on LOAEL and NOAEL value$ order of acute toxicity of these constituents from most to least
toxic is':

Benzenel(OAEL = 20ppm) >ammoniall OA E L  pgpm)3>Bydrogen sulfide O A E L80 gpm)= methyl

mercaptanN OAEL ppm&6et hyl mercapt an ¢aMamBroxid@OAEDL < Gbppm)> >

butadienel O A E L 1,000 ppm)> C51 C6 HCs (LOAEL = 3,463 ppm)€1i C4HCs ( NOAEL mO 5, 000 p
assumed to be 100%ltuteng > asphyxiangaseghydrogen, carbon dioxide, nitrogen)

7.5Reproductive Toxicity

Ammonia

From 24.5 months of agajilts (a young sow that has not been pregmeugiiven birth) were exposed naturally to
Mycoplasma hyponeumoniaedPasteurella multocidawhich cause enzootic pneumonia and atrophic rhinitis,
respectively. The species tested were Yorkshire x Hampshire x Chester Whitedpi§& months of age, the gilts
weremoved to one of two rooms and exposed to either low (mean 7 ppm) or moderate (mean 36 ppm) aerial
concentrations of ammoniar continuous exposure for 6 or 10 weekshere was no untreated control group. Each
exposure group consisted of 40 individudis the room with low ammonia concentration, manure was flushed

weekly to maintain a 0.3 m depth. In the room with moderate ammonia concentration, manure accumulated to 0.48
m depth. Moderate aerial ammonia concentration was obtained initially andinedritg adding anhydrous

ammonia from a steel tank. Mean Daily Gain (MDG) was determined by weighing the gilts biweekly. Half the gilts
from each exposure concentration were sacrificed after 6 weeks. The remaining gilts were maintained in their
respectie environments, exposed daily to mature boars, bred at first estrus, and sacrificed at day 30 of gestation. At
the end of two weeks, gilts in the moderate exposure group weighed less than those in the low exposure. After 2
weeks gilts acclimated and tMean Daily Gain (MDG) was similar for the rest of the experiment. The gilts

sacrificed at 6 weeks showed that the animals in the low exposure were heavier. At day 30 of gestation, number of

"ranking is not precise since several values were the highest dose tested
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fetuses, fetal length, and were all similar between the twggrdthese data indicate that, relative to the low, 7 ppm
exposure group, exposure of gilts to mean aerial ammonia concentrations of 36 ppm depressed MDG for 2 weeks
failed to alter onset of pubertitter sizg fetal length, and fetu®-corpus luteum ré& through day 30 of gestation.

There was nalevelopmental oreproductive toxicity to pigs in this assay; the NOABR5 ppm, the highest dose of
ammonia teste(Diekmanet al., 1993)

NOAEL (pigs) O35 ppm (highest dose tested)

Carbon monoxide

The reproductive toxicity of carbon monoxide was evaluateldoing Evangats. Twelve to 16 sperppositive

female rats per groupereexposed t®, 30 or 90 ppm carbon monoxida gestatiorays 3 to 20. The percentage

of successful pregnciesvas 100% in theontrol group. In rats treated with 30 ppm or 90 ppm carbon monoxide,
the success rate was reduced in a diegendent manner; 69% and 38% success rates, respedtheluthors
speculatedhat failure of blastocyst implantation accounted for the ntgjofithe unsuccessful pregnancies

treated damsBased upon posmplantation loss,He reproductive LOAEL was 30 ppm the lowest dose tested
(Garveyand Longo, 1979).

LOAEL (rat) <30 ppm (lowest dos¢ested

Hydrogen sulfide

An OECD guideline 42 reproductiveanddevelopmental toxicity study was conducted on hydrogen sulfide gas in
SpragueDawley rats as concentrations of 0, 10, 30, and 80 ppis.study investigated the effects of perinatal
exposure by inhalation to hydrogen sulfide on pregnautcomes, offspring prenatal and postnatal development, or
offspring behavior. Virgin male and female Spraeavley rats (12 rats/sex/concentration) were exposed (0, 10,

30, or 80 ppnhydrogen sulfide6h/day, 7 days/week) for 2 weeks prior to breedihgposures continued during a
2-week mating period (evidence of copulation = GD 0) and then from GD 0 through GD 19. Exposure of dams and
their pups (eight rats/litter after culling) resumed between PND 5 and 18. Adult male rats were exposed for 70
consective days. Offspring were evaluated using motor activity (PND 13, 17, 21, and-&0),tjassive avoidance

(PND 22+ 1 and 62t 3), functional observation battery (PND @) acoustic startle response (PND 21 and 62

3) and neuropathology (PND 23 ard 61+ 2). There were no deaths and no adverse physical signs observed in FO
male or female rats during the study. A statistically significant decrease indesdmption was observed in FO

male rats from the 80 pphydrogen sulfideexposure group durinthe first week of exposure. There were no
statistically significant effects on the reproductive performance of the FO rats as assessed by the number of females
with live pups, litter size, average length of gestation, and the average number of implantgpant female.

Exposure tdiydrogen sulfidelid not affect pup growth, development, or performance on any of the behavioral tests.
The FO male and female systemic toxicity NOAEL was 30 ppm and 80 ppm, respectively. The reproductive and
developmental N@EL for this study wa®80 ppm, the highest dose tested (Dorragal, 2000).

Reproductive NOAEL (Sprague Dawley rats)YO80 ppm (highest dose tested)

Parental Male systemic LOAEL (Sprague Dawley rats)= 80 ppm

Parental Male systemic NOAEL(Sprague Dawey rats) = 30 ppm

Parent al Female systemic NOAEL (Sprague Dawley rats)

Methanethiol

There are no reproductive toxicity studies on methanethiol. Read across data from hydrogen sulfide is appropriate
for this chemical. The productive toxicity of NOAELO80 ppm from hydrogen sulfide will be read across to this
chemical(Dormanet al., 2000;MTC, 2001)

NOAEL (Sprague-Dawl ey rats) O 80 ppm (highest dose tested)
Ethanethiol
There are no reproductive toxicity studiesatharethiol. Read across data from hydrogen sulfide is appropriate for

this chemical. The reproductive toxicity of NOAEX80 ppm from hydrogen sulfide will be read across to this
chemical (Dormanet al, 2000; also see Mercaptan Council HPV submis$§rc, 2001).
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NOAEL (SpragueDawl ey rats) O 80 ppm (highest dose tested)

Benzene

Male and female fertility have been investigated in laboratory animals in studies of different quality and validity via
the inhalation route of exposurelhere is one inhalatioreftility study on female rats available (Kuna et al., 1992),

in which female Spragu®awley rats were exposed to dose levels of 1, 10, 30, and 300 ppm benzene (6 h/day, 5
d/week) during premating and mating (10 weeks), gestation and lactation periodsagpratal day 21. No effects

on fertility were observed, however, this study was not considered adequate for estimations to the overall potential of
benzene for fertility impairment with respect to both sekeaddition, systemically toxic concentrati levels were

not tested.Consequently, it is more appropriate to useeti-conducted0-day subchronic study to evateahe

potential reproductive hazards of benzertee reproductive toxicity of benzene was assessed by evaluation of male
and femaleeproductive organs in a 9fay subchronic studyhis study investigated the systemic effects of a 13

week benzene (whole chamber, vapor) exposure by inhalation. Male and femalmiC® (40 mice/sex/dose) were
exposed (0, 1, 10, 30, or 300 ppm benzeh&ldy, 5 days/week) for 13 weeks. Criteria used to evaluate exposure
related effects included behavior, body weights, organ weights, clinical pathology, gross pathology, and
histopathology. All animals were observed twice daily, before and after egpmstiion nonexposure days, for

mortality and moribundity throughout the study. At weekly intervals animals were observed for signs of toxicity,
weighed and individual body weights recorded. On study days 7, 14, 28, 56, and 91, blood samples were taken from
randomly selectethice 20 mice/sex/groupfor full range hematological and clinical chemistry examinations. Blood

was collected for clinical pathology analyses from an additional 30 mice one day prior to the start of the study. For
interim sacrifice ordays 7, 14, 28, 56, and for terminal sacrifice on day 91, 20 mice/sex/group were randomly
selected and killed. Complete necropsies were performed on all these animals and on animals found dead or
sacrificed in a moribund condition during the study. Witpext to reproductive organs, absolute testes weight and
testes/terminal body weight ratios were determined for each animal that was necropsied at each interval. In addition,
the following tissues from each animal necropsied at each sacrifice intervia@keasand fixed: testes or ovaries,

prostate or uterus, and mammary gland. Sections from the control ardveggroups at each sacrifice period were
subject to histopathological examinations. The testes and ovaries of all animals at all exposwaetley8iday

terminal sacrifice were examined microscopicall§ith respect to reproductive organs a statistically significant and
exposureime related decrease in absolute mean testes weights at sacrifices on days 28, 56, and 91, as well as in
relativemean testes at sacrifices on days 59 and 91 occurred at the 300 ppm level (data not provided).
Histomorphologic changes in reproductive organs were also reported at 300 ppm in male mice at thet&d/alay
(sevenmice with minimal tomoderately severeilateral atrophy/degeneratiafitestes 6 mice with moderate to

moderaely severe decrease in spermatozoa, 9 mice with minimal to moderate increase in abnormal sperm forms) but
not in those sacrificed at the earlier intervalsth®e 300 ppm dose levdgur female mice showed bilateral ovarian

cysts The severity of gonadal lesions was greater in the maleslar lesions were reported to be observed in both
sexes also at lower dose levels, which the authors considered of doubtful biological sigmifcahit is assumed

that these levels did not represent any significant changes from the controlshiQtpathological changes

observed at the higtlose level included the thymus, femoral marrow, spleen, mesenteric lymph nodes, mandibular
lymph nodesand the liver, the severity increasing with tinigased orbilaterial cystsin ovaries

atrophy/degeneration of testelecrease in spermatoz@adincrease in abnormal sperthe reproductive LOAEL

and NOAEL for both sexes was 300 ppm and 30 ppm, c&sply (Wardet al, 1985)

LOAEL (male and female CB1mice) = 300ppm
NOAEL (male and female CD1 mice) = 30 ppm

1,3-Butadiene

The reproductive toxicity of 1;Butadiene was evaluated in an OECD Guideline #421 study in Sprague Dawley rats.
Three group of 12 male and 12 female SpragueDawley rats were exposed to 0, 300, 1,500, and 6,000 ppm 1,3
butadiene via wholeody inhalation exposure 6 h/day for 14 days prior to the breeding period and continuing
throughout the gestation and lactation periods. #trod group was exposed to clean, filtered air on a comparable
regimen. For FO dams, the daily inhalation exposures were suspended on gestation day 21 through lactation day 4, to
avoid any confounding effects of exposure on nesting or nursing behaviasiEgp were resumed for these dams

on lactation day 5. The F1 generation pups were exposk@butadiendgn uteroand through nursing during
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lactation until weaning. Beginning on postnatal day 21, one male and one female from each litter were exposed fo
seven consecutive days to the same concentration-bulg8iene concentration as its dam. Beginning on postnatal
day 28, one previously unexposed male and one previously unexposed female per litter were exposed for seven
consecutive days to the sam8-hutadiene concentration as its daaesessments of gonadal function, mating

behavior, conception, gestation, parturition, lactation of the FO generation, and the development of F1 offspring from
conception through weaning and poasaning exposure werrdluded in this studyNo adverse treatmentlated

effects on any parameter measured in either the FO or F1 animals at the exposure level of 300 ppm. At 1,500 and
6,000 ppm , effects consisted of persistent reductions in body weight parameters irFEQvaalds and females and
transient reductions in food consumption (week) @or FO males and female&dverse effects noted only at the

high dose of 6,000 ppm consisted of clinical observations indicatisferomodacryorrhea, chromorhinorrhea, and
salivation in FO males and females as well as infreqaectirrences of dried red material in the perioral and

perinasal regions of four exposed F1 pups (thmakes and one femalddased on the results of this study, an

exposure level of 300 ppm was considete be the NOAEL in ratfor FO parental systemic toxicity and for

systemic toxicity for F1 animals following pestaning 6h daily exposures (postnatal day-2Z or postnatal day

28-34). Parental systemic toxicity LOAEL and NOAEL was 1500 ppm and 309, ppspectivelyThe NOAEL for

effects on gonadal function, mating behavior, conception, gestation, parturition, lactation of the FO generation, and
the development of F1 offspring frotonception through weaning was considered t®@B&00 ppm(WIL

Reseach Laboratories2003.

Reproductive NOAELO 6, 000 ppm (highest dose tested)
Parental systemic LOAEL = 1500 ppm
Parental systemic NOAEL = 300 ppm

C1li C4 Hydrocarbons

The reproductiveoxicity of isobutane was assessed in an OECD@@2bined Repeatedd3e Toxicity Study with

the Reproduction/Developmental Toxicity Screening Test. Neurotoxicity was also evalladdst substance was
administered as a gas to Sprague Dawley CD rats (12/sex/main study group and 12 females/satellite group) at target
cone@ntrations of 900, 3000 and 90@Pm (note: highest dose is 50% of the lower explosive limit) for 6 hours/day,

7 days/week for 2 weeks prior to mating initiation. Main study male rats were exposed during the mating-and post
mating periods until euthanizéor a minimum exposure of 28 days. Main study female rats (12/group) were

exposed once daily (6 hours/day), 7 days/week for 4 weeks (minimumdafy8BSatellite female rats were exposed

once daily (6hours/day), 7 days/week for at least two weeks paonating initiation. Satellite female rats

continued to be treated once daily (6 hours/day) during mating. Once mated, satellite female rats were treated once
daily (6 hours/day) during gestation day&d® Main study females were evaluated for submicreffects and

satellite females for reproductive effects oriie following parameters were evaluated in all animals: viability,

clinical observations, body weights, feed consumption, functional observational battery (FOB), motor activity,

clinical pahology (termination), organ weights, and macroscopic observations. Microscopic pathology was
conducted in the main study control and hé@gposure groups onlyiNo parental systemic toxicity was observed. In

the 9000 ppm group, 25% of the mated femaldsidt become pregnamtithoughnot statistically significanthe

reduction in the male arfdmalefertility indices (75%) was considered expostetatedsince it was below the

concurrent control (100%) and the testing facility historical control vdluean 96.4%; range 87.5%400%)

Mating index for the male rats treated with the test substaaseomparable to the air control group. statistically
significant (p < 0.05¢xposurerelated increase in peshplantation loss was also observed for tB8®@ppm group

of exposed female ratsean losses of 0.8 + 0.9 and 1.8 + 0.8 for control and high exposure groups, respectively
These findings should be interpreted with caution due to the low statistical power associated with this screening level
study die to the small number of animals per group (n=12). Consequently the data were interpreted as conservatively
as possible; the two reproductive toxicity findings were attributed to isobutane expdkateer reproductive

endpoints were comparable to amts (number of pairs cohabited, number of pairs mated, mating index, gestation
index, mean time to mating, mean gestation length, number of females completing delivery with stillborn pups/all
stillborn pups, mean pfienplantation loss, mean pups deliveréide birth index, viability index)Pup endpoints

(viabilty to day 4, weighandweight gain, sex ratio) were also comparable to air control pagenclusion,

exposure of male and female rats to target concentrations of 900, 3000 @p@00d isobuane by wholebody

inhalation for 46 weeks resulted in no general systemic/neurotoxic effects.-dbserveeadverse effect level

(NOAEL) of ©9000ppm was determined for all general systemic/neurotoxic endpoints in this Bhedi}OAEL
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for pup endpointsvas 9000 ppm based on no effects in offspring survival, body weight and development up to post
natal day 4 (HLS, 2008Based on decreased male and female fertility and increasenhpdesttation loss in the

9000 ppm group, the reproductitaxicity NOAEL was determined to be 3000 ppim.selectingsobutango

represent the reproductive toxicity of the ICC4 HC fraction, the entire GTC4 HC fraction concentration is

assumed to be 100% isobutdoepurposes of calculating G1C4 HC reproductive toxity ranges for each refinery
gas.This is a worst case approach as other alkane gases did not product reproductive effects when tested in studies
of similar design (see Appendix 4).

Reproductive LOAEL (Sprague Dawley rats) =9000ppm

Reproductive NOAEL (Sprague Dawley rats) =3000ppm

Developmental NOAEL (Sprague Dawley rats) = 9000 ppm (highest dose tested)
Parental SystemicNOAEL (Sprague Dawley rats) = 9000 ppm (highest dose tested)

C57 C6Light End Naphtha Hydrocarbons

Reproductive toxicity was evaited in a Zyeneration inhalation study with Baseline Gasoline Vapor Condensate
(BGVC), a 20% light fraction of whole unleaded gasoline according to OPPTS 870.3800. This test material was a
representative evaporative emission tested under the USEPA El#{b)and Fuel Additives Health Effects Testing
Program (1994b). BVCG was administered to Sprague Dawley rats (26/sex/group) at target concentrations of 0,
2000, 10000, and 20000mg/iactual concentrations 0, 2014, 10,319 and 20,004 M@tn/day, 7 daysveek for

10 weeks before mating and 2 weeks of mating. Exposure of parental females [PO] with confirmed matings was
continued until Gestation Day [GD] 19 and suspended until postpartum day 5 to avoid inducing undue stress to the
dams during birth and egractation. PO dams continued to be exposed to BGVC until sacrifice at weaning. At
weaning of the F1 generation on postpartum day 28, one pup/sex/litter was chosen randomly to continue exposure as
the F1 parental generation; littermates were never paigadher. Exposure of the F1 parental generation to BGVC
began at weaning with 10 weeks of jpnating exposure and continued on the same schedule as the PO parental
generation through mating gestation and lactation. Physical observations, body weidbtslarmhsumption were
monitored at least weekly during the study. After approximately 16 weeks of exposure, all parental males [PO and
F1] were sacrificed and all parental females [PO and F1] were sacrificed on postpartum days 28. Females that failed
to mate were sacrificed 25 days after the end of the mating period. Fourteen organs were weighed from all rats and
tissues from these organs were examined microscopically from 10 rats from the control and 20000mg/m3 groups.
Reproductive organs from all malasd bred females in the control and high dose groups were exaSeeoh

evaluations included motility, counts of testicular homogenizatsistant sperm and cauda epididymal sperm, and
sperm morphology in the cauda epididymis. Ovary histopathologydadl| evaluation of primordial follicle

population, number of growing follicles and corpora lutea. Pups (F1 and F2 generations) were observed as soon as
possible after delivery for sex, number of live and dead pups and pup abnormalities. Pups deadyatveedive

identified as stillborn or liveborn/found dead based on lung floatation evaluation. Thereafter litters were observed
twice daily. On LD 4, F1 litters with more than 10 pups were randomly culled to 10 pups with sex distribution
equalized if possiblePups were examined and weighed on LD1 (delivery day), 4c(pled), 7, 14, 21 and 28. At

weaning one pup/sex/group was selected for mating to produce the F2 generation. F1 pups [5/sex/group/assessment]
not selected for F1 mating were evaluated fondad Tier 2 neuropathology [40 CFR79.66] or for glial fibrillary

acidic protein (GFAP) assessments [40 CFR79.67] on postpartum day 28 [Results of the GFAP study are reported in
a separate Neurotoxicity robust summary but the GFAP assay is considered theyscope of this document]. The
remaining pups were sacrificed. Three pups/sex/litter in each group were selected for macroscopic examination and
selected organs [brain, spleen, thymus] were weighed from one pup/sex/litter.

Exposure of rats to 2014, B19 and 20,004 mg/hof BGVC resulted in decreased body weight gains in the PO
females and F1 males prior to mating in the 20004 mg/m? exposed group. Increases in kidney weights in parental
male animals exposed to the two higher exposure levels of vapercasesistent with alpharaicroglobulin

mediated nephropathy seemmale ratsa finding has been generally accepted not to be relevant to human risk
assessment (USEPA, 199There was no effect at any of the exposure levels on reproductive perfoimémee

study, including mating, fertility, parturition, lactation, offspring survival and development or maturation, in either
the PO or F1 generations. Pregnancy rates for control, 2014, 10,319 and 20,004nmgps were 96.0%, 96.2%,

92.3% and 100% reectively for PO animals and 100%, 100%, 91.7% and 100%, respectively for F1 animals. There
was no evidence of any neuropathology in F1 pups as a result of the exposures. The NOAEL for systemic toxicity
[excluding kidney effects in male rats] is 10319my/frhe NOAEL for neurotoxicity in F1 animals is
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>20,004mg/m3. The Reproductive NOAELa s20,004mg/m2. These results are comparable to those seen in other
gasoline studie@Vickeeet al, 2000)and with the refinery streams representative of the 4 chemical classes (API,
2008c)

NOAEL (Sprague Dawley rats)06521 ppm; (20,004 mg/mi; highestdosetested)
Reproductive Toxicity Conclusions

Reproductive effects were induced by only two refinery gas constituents, benzesebaane (a constituent of the
the C:C4 hydrocarbon fraction). No reproductive toxicity was observed at the highestuegpevels tested feine
other refinery gas constituertested for this effecThe asphyxiant gases have not been tested for reproductive
toxicity. Basged on LOAEL and NOAEL value$e order ofeproductivetoxicity of these constituents from most to
least toxic is:

Carbon monoxidel(OAEL < 30 ppm)>ammoniall OA E L gpm)3>Bydrogen sulfidel OAE L ppm)8 0

methyl mercaptatNOAEL mpm86€&t hyl mercapt an (eNOREIAELG 3@ppmp>p m) >
butadienell O A E L ,0@ pfin)>C5i C6HG ( NOAEL O 6 ,i%2HCs (LQAE) = 3000pam
assumed to be 100% isobutamreasphyxianggaseghydrogen, carbon dioxide, nitrogen)

7.6 Refinery Gases Human Health Effects Read Across Method

Themammaliarhealthhazards associated with Refinery Gasegecharacterized b2 gas constituents that occur
in concentrations ranging fromi099.9% in RefineryGasesThe 12 constituentsised to characterizesalthrelated
SIDS endpoints for each of the 62 Refinery Gases in the catagory

A Inorganic Gases
e Ammonia
e Carbon Monoxide
e Ethyl mercaptan
e Hydrogen sulfide
e Methyl mercaptan
A Hydrocarbon Gases
e Benzene
e 1 3Butadiene
e C1i C4 Hydrocarbons
e Cb57 C6 Hydrocarbons
A AsphyyxiantGases
e Carbon dioxide
e Hydrogen gas
e Nitrogen gas

The endpointoxicity values (acute L&O, reproductive toxicitf OAEL/NOAEL, etc.) foreach gas constituehtive
been adjustetb accounfor dilution of theconstituenin each refinery gas. This adjustmespresents the calculated
concentration of the refinery gas required to reach the toxicity valued(IL@OAEL, etc.) corresponding to tlgas
constituent in its pure statBor example, if the L&0 for neat (100%) hydrogen sulfide is 444 ppm, thedfGr a
refinery gas containing only 20% (wt./v) hydrogen sulfide would be 2,220 ipgrit;would take five times more of
therefinerygas containing 20% hydrogen sulfide to reach thBQi6r hydrogen sulfidewhen the refinery gas is
diluted with air.

8 ranking is not precise since several valuesaithe highest dose tested
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LOAEL values weraised to characterizonsttuenthazards for repeatedbse, developmental, and reproductive
toxicities; the NOAELvaluewasusedonly if a LOAEL has not been establishia any constituent itherefinery
gas Similarly, for acute toxicitymeasured LE0 values from experiments where mortality was obsearatian
LC50value was experimentally derived, werged to chaacterize acute hazard for each refinery gas. Values for
constituents where no mortality was observed at the highest expeseirtestedi(e. C17 C4 and C5 C6 HCs)
were used only for streams that do not contain constituents with measus@ddldes.

Therearemore than oneonstituenin eachrefinery gasConsequentlytheconstituenthat is most toxic for a
particularendpointwasused to characterize the hazéodthe entire refinery streafar that endpointFor all
constituent&xcept the C1 C4 HC fraction, there is one toxicity value per endpointqogistituenti.e constituents
were either individual chemicafs.g.hydrogen sulfide) oa complex refinery stream substance (G556 HC

fraction). For the CI C4 HC fraction, the most toxic individual C1C4 HC(e.g 2-butene)was selected to
characterize the fractioit is assumed that the €1C4 fraction is esentially 100% of the individual HC selected to
represent the Cil C4 fractionhazard valudor each SIDS mammalian toxicity endpoifhe formula used to correct
for gas constituertdilution, as well as a detailed example for using the calculatidevdop the minimuni

maximum concentration value range to characterize the potential hazargpecific endpoint to a refinery gas
follows.

Dilution correction calculatiorformula
Toxicity value correction for dilution of @onstituenin a specific rénery gas is calculated by:
CVi=TVpea! TC,

CV, = corrected endpoint toxicity value for refinery gas

TV heat= €ndpoint toxicity value for the neat (100%@nstituent

TC, = concentration of theonstituenin refinery gasexpressed as the de@hvalue for percent concentration
(Wt/v).

Dilution correction calculation example:

CASRN 68177-65-6 Gases (petroleum), amine system fematains the following components presented as wt/v%:
Hydrogen = 3G 50%

Ammonia = 0.1 10%

Hydrogen sulfide =Q7 25%

Carbon monoxide = 0.6 15%

Carbon dioxide = 0.1 10%

Cli C4 HCs=0.9 9%

C571 C6 light naphtha HCs = 0111%

The following steps are required to derive the Acute Toxicity read across range of values for refinery stream CASRN
6837765-6:
1. Look up the LGy values for each component in Data Matrix Tables 9 and 10
2. Use thedilution correction calculatiorformulapresented above to derive @\Mhe corrected
endpoint toxicity value for refinery gas
3. Compare the dilutioorrected LG, value rangesand select the lowest 50 values (i.e. most
toxic LC50)
4. The read across LC50 value for CASRN 68&B4b is the value selected in step #3

Step 1i LCxqvalues for neat (100%) components of the refineryi gas
Hydrogen LG0T not applicable; ansphyxiantgas; it is not toxic unless it reaches:®% of the
atmosphere
Ammonia LG0 = 1590 ppm
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Hydrogen sulfide L60= 444 ppm

Carbon monoxide LB0O= 1784 ppm

Carbon dioxidd.C50 - not applicable; ansphyxiant gas; it is not toxic unless it reache0:58 ofthe
atmosphere

C1i C4 HCsLC50> 10,000 ppm

C571 C6 light naphtha HCEC50> 1063 ppm

Step 2i correct respective L&D valuesfor component dilution

Ammonia = 0.1i 10%
e Lowend of range: CV,= 1590 ppm/0.10 45,900 ppm
e Highend of range: CV,= 1590 ppn0.001 =1, 590,000 ppn(> 100 % of the refinery gas)

Hydrogen sulfide = 10 25%
e Low endof range: CV, =444 ppm/0.25 4776ppm
e Highend of range: CV,=444 ppm/0.10 4,440ppm

Carbon monoxide = 0.615%
e Low endof range: CV,=1784 ppm/0.15 41,893ppm
e Highend of range: CV,= 1784 ppm/0.005 356,800 ppm

C1li C4 HCs=0.9 9%
e Low endof range: CV,= 10,000 ppm/0.09 £11,111 ppm
e Highend of range: CV,=10,000 ppm/0.009 %,111,111ppm (> 100 % of the refinery gas)

C57 C6 light naphtha HCs 6.171 1%
e Low endof range: CV,= 1063 ppm/0.01 206,300ppm
e Highend of range: CV,=1063 ppm/0.001 %, 063,000ppm (> 100 % of the refinery gas)

Step 3 compare corrected 3D values, and selet lowest values
Hydrogen sulfide (1776 ppin4,440 ppm) hathe lowest corrected LC50 range
Step 4i assign L&GOread across values for CASRN 6835%6

LC50 range for CASRN 68177-65-6 9 = 1776ppm 1 4,440 ppm

The same four steps can be used to calculate corrected regestedievelopmental, and reproduetioxicity

values by substituting the respective LOAEL (NOAEL) for thesD@alues in the example above. No dilution

correction calculationaererequired forin vitro andin vivo genetic toxicity endpoints since thegredesignated as
eithernegativeor positive The dilution correction calculations for each of the 62 refinery gases used to determine

the constituent with the highest degree of toxicity for eastipoint and toxicity valueangedor each refinery gas
arepresented in Append®, whichisp pended as a separate Excel E spreadshec
document.

7.7 Human Health Effects Conclusions

Thescreening level mammalidrealthhazards associated with Refinery Gasa& beercharacterized by the
constituents (as listed above) of each refinery gas. Refinery gas constituent hazard data were used to characterize
SIDS endpoints for each of the 62 Refinery Gases in the category. To accomplish this, the endpoint value (acute
LC50, reproductive toxicity NOAEL/LOAEL, etc.) for a specific gas constituent has been adjusted for dilution of
each constituent in the respective refinery gas. This adjustment for the dilution of each component in a refinery gas
represents the calculatedncentration of the refinery gas required to reach the toxicity value)(LNIDAEL, etc.)
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corresponding to the pure substance. For example, if thgftuCheat (100%) hydrogen sulfide is 444 ppm, the

LC50for a refinery gas containing 20% (wt./v) hydergsulfide would be 2,220 ppiire. it would take five times

more of the refinery gas containing 20% hydrogen sulfide to produce the same effect as pure hydrogen sulfide, when
the refinery gas is diluted with aln many cases, there is more than oneng@hy toxic constituent in a refinery

gas. In those cases, the constitutent that is most toxic for a particular endpoint in an individual refinery stream is used
to characterize the endpoint hazard for that stream.

This approach to correct for the cemtration of the individual refinery gas constitutents to estimate the potential
toxicity for mammalian endpoints makes it difficult to draw general conclusions as to which constituents are the most
hazardous for human health effects of refinery gasesategory. The hazard potential for each mammalian

endpoint for each of the 62 refinery gases is dependent upon each refinery gas constituent endpoint toxicity values
(LC50, LOAEL, etc.) and the relative concentration of the constituent present in thtsisild also be noted that

for an individual refinery gas, the constituent characterizing toxicity may be different for different mammalian
endpoints, again, being dependent upon the concentration of the different constituents in each, distnctazfiner

8. EXPOSURE
8.1 Overview

Refineries and gas plants create and process a variety of gaseous streams containing inorganic constituents such as
hydrogen sulfide (H2S), hydrogen, ban monoxide, ammonia, etc. Occupational exposure to these substances is
limited by exposure standards and their inherent flammability hazard. These substances rarely, if ever, leave the plant
without further processing to recover the valuable hydrocarbomorganic constituents. Some are used within the

plant for process heating (burned). Because they are piped and tanked under elevated pressure and present an
extreme explosion hazard should there be a release, control technologies to prevent bageseen in place

since the earliest days of the petroleum industry. All refineries and gas plants are built with pressure relief systems
that include a flargto burn off excess gases. Potential releage the environmerarehighly controlled by

existing USEPA regulations under the Clean Air Act. There are no consumer uses for these substances and no
opportunities for children to be exposed

8.2 Product Specifications

There are no recognized pradispecifications for the substances in the Refinery Gases Category. These substances
are typically processed to recover the hydrocarbons and hydrogen or burned as fuel gas within the plant. Some
inorganic constituents are recovered as commercial prodiguid ammonia, sulfur or bisulfide from H2S) while

others are routed to flares oxidation devicegcarbon monoxide).

8.3 Exposure Scenarios

Environmental Exposure

Release of Refinery Gas Category sabses into the environment can occur as low level fugitive emissions
from flanges and valvea temporary release from a malfunctioning flare or other control systems, or as a
catastrophic release from a ruptured pipe or tank. Emissions to air ardytlikebynexposure scenario.
CurrentUSEPA regulations under the Clean Air Act limit the amount of fugitive emissions, specify
maximum achievable control technolog{®&ACT), and require planning and warnings for potential
catastrophic releases.

Occupational Exposure

If a Refinery Gas Category substance is released into the air, the individual constituents separate and
partition in accordance with their own individual physicaemical properties. There aaforceable

(OSHA Permissible Exposure LimitsERPs) andrecommendedACGIH) occupational exposure standards

for a majority of the constituent typically found in Refinery Gas Category substances. Below is a Table of
current occupational exposure standards establish@SbiA (OSHA, 200 onling HSDB 2®9 onling),
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andthe American Conference of Governmental Industrial Hygienists (AC&IHY. These standards,
particularly the enforceable OSHA standards, are one means that exposures to individual gas constituents
are controlled; control of exposure tazhedous constituents of refinery gases additionally places a control

on exposures to entire refinery gas stretlras constain the hazardous constituent(s)

Table 7. OSHA and ACGIH Occupational Exposure Standards for Refinery Gas Components {@ur Time
Weighted Averages)
Category Refinery Gases
Component | Alkanes Olefins Alkadienes | Alkynes | > C4 Inorgarics Mercaptans
Class
Component | Methane LPG Hydrogen Methyl
sulfide mercaptan
OSHA OSHA ACGIH
and/or Asphyxiant 1000 ppm | OSHA ACGIH
ACGIH ACGIH 2 mg/m 0.5 ppm
Occupatioal | 1000 ppm ACGIH
Exposure 10 ppm
Standard
Ethane Ethylene Ethyne | Gasoline | Ammonia Ethyl
Vapor mercaptan
ACGIH ACGIH OSHA
1000 ppm | 200 ppm ACGIH 50 ppm ACGIH
300 ppm | ACGIH 0.5 ppm
25 ppm
Propane Propylene | Propa- Benzene | Hydrogen
diene
OSHA ACGIH OSHA ACGIH
1000ppm | 500 ppm 1 ppm Asphyxiant
ACGIH ACGIH
1000 ppm 1 ppm
Butane 1-Butene 1,271 Hexane Nitrogen
Butadiene
ACGIH ACGIH OSHA ACGIH
1000 ppm | 250 ppm 500 ppm | Asphyxiant
ACGIH
50 ppm
Propane, 2-Butene 1,3 Propane | Carbon
2-methyl Butadiene dioxide
ACGIH OSHA
ACGIH 250 ppm OSHA 1000ppm | OSHA
1000 ppm Ippm ACGIH 5000ppm
ACGIH 1000ppm | ACGIH
2 ppm 5000 ppm
(by asphy
Xxiation)
Propene, Carbon
2-methyl monoxide
ACGIH: OSHA
250 ppm 50 ppm
ACGIH
25 ppm
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Flammability is a pervasive hazaofl substancem the Refinery Gase€ategory. Below is a Tabighich present
the lower and upper explosive limits for key constituents of the substances in this Category. The range of the lower
explosive limit is 11,000 to 50,000 ppm.

Table 8. Explosive Limits for Key Category Constituents

"Lower Explosive or "Upper Explosive or

Flammable Limit" Flammable Limit"
Fuel Gas

(LEL/LFL) (UEL/UFL)

(%) (%)
Benzene 1.3 7.1
Butane 1.8 8.4
Butylene 1.98 9.65
Carbon Monoxide 12 75
Ethane 3 12.4
Ethylene 2.7 36
Hydrogen 4 75
Hydrogen Sulfide 4.3 46
Isobutane 1.8 9.6
Isobutene 1.8 9
Isopentane 1.32 9.16
Gasoline 1.4 7.6
Methane 5 15
n-Hexane 11 7.5
Propane 21 10.1
Propylene 2.0 111

8.4U.S. Chemical Safety and Hazard Investigation Baa

The CSB is an independent federal agency charged with investigating industrial chemical accidents. The
CSB conducts root cause investigations of chemical accidents at foestrial facilities. Root causes are
usually deficiencies in safety management systems, but can be any factor that would have prevented the
accident if that factor had not occurred. Other accident causes often involve equipment failures, human
errors, unfoeseen chemical reactions or other hazards. The agency does not issue fines or citations, but
does make recommendations to plants, regulatory agencies such as the Occupational Safety and Health
Administration (OSHA) and the Environmental Protection Ageit$EPA), industry organizations, and

labor groups. Recent actions by the CSB that impact the Refinery Gas Category substances are listed

below.

June 2006 Dangers of Propylene Cylinders in High Temperatures
January 2006 Explosion at ASCO: Dangers of Flammable Gas Accumulation
June 2003 Hazards of Nitrogen Asphyxiation

8.5Industry Standards and Recommended Practices
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The long historyof petroleum refining has resulted in the development of recommended practices (RP) and
standards (STD) to improve safety within the facilities. APl has been a leader in developing these standards
for both Upstream and Downstream operations. Listed batevgroups of STDs and RPs that help ensure

safe operation of the plant and reduce exposures to workers and the surrounding community.

Personnel Safety
API PERSONNEL SAFETY SET

PERSONNEL SAFETY INCLUDES THE FOLLOWING APl STANDARDS: STD 2217A, RP 2016
STD 2220RP 2221, RP 54, RP 74, STD 2015

Process Safety
API PROCESS SAFETY SET

PROCESS SAFETY INCLUDES THE FOLLOWING APl STANDARDS: PUBL 770, PUBL 9100, F
751 RP 752

Safety & Fire
API SAFETY & FIRE SET

SAFETY AND FIRE- INCLUDES THE FOLLOWING API STANDARDS: 54, 74, 751, 752, 770, 20
2003, 2009, 2015, 2016, 2021, 2021A, 2023, 2026, 2027, 2028, 2030, 2201, 2207, 2210, 2214, 2
2217A 2218, 2219, 2220, 2221, 2350, 2510A, 9100

8.6 Consumer Exposure

None of the Refinery Gas Category substances are in consumer products. Several of the individual
constituents in those substances are used in consumer products, i.e., butane in lighters, propane in gas grills,
andnatural gas (primarily methane and ethane) in stoves and heaters. Ethyl mercaptan is the odorant
typically used for natural gas and propaReople are constantly exposed to small quantitiearntion

monoxide, carbon dioxide, ethylene, hydrogen sulfhel methanas theyare all produced endogenously.

8.7 Exposure to Children
No directexposure to children is anticipated.

9. Data Matrixes

Four data matrixes are preseh below for this category. The first two data matrixes (Tables 9 and 10)
present endpoint values for constituents of the refinery gases. Table 11 is the data matrix for Refinery
Gas Category membéihysicalChemical, Environmental Fate, and Ecotoxigyl SIDS endpoints;

this information is presentes technical discussions. Table 12 is the data matrix for Refdes
Category membersd Human Health Effects SI DS endpoints.
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Table 9. Inorganics: Matrix of Available Data
SIDS Endpoint Component
(units) CASRN
Hydrogen Hydrogen sulfide || Ammonia Nitrogen Carbon dioxide | Carbon monoxide
1333740 7783064 766441-7 772737-9 124389 630-08-0
PhysicalChemical Propertie
Melting Point°C -259 -85.5 -77.7 -210 -56.5 -205
Boiling Point°C -252.8 -60.3 -33 -196 -78.5 -191.5
Vapor Pressure hPg 1,653,198 20,798 10,013 1013 @-196°C | 64,395 20,664,972
@ 25°C except
where noted
Partition Coefficient| -1.14 0.45 -1.14 0.67 0.83 1.78
Water Solbility 1.62 3,980 340,000 18,100 1,480 24,582
mg/L
Environmental Fate
Photodegradation | No T1/2=80.2h T1/2=16d No No Slight, T1/2 = 1559 d
T1/2, hord
Stability in Water stable stable stable stable stable stable
Transport and air = 100% air = 100% air = 88% air = 100% air = 100% air = 100%
Distribution water = <0.1% | water = <0.1% water = 12% water =<0.1% | water =<0.1% | water =<0.1%
EQC Level 1 soil = <0.1% soil = <0.1% soil = <0.1% soil = <0.1% soil =<0.1% soil = <0.1%
other = <0.1% other = <0.1% other = <0.1% other = <0.1% other =<0.1% other = <0.1%
Biodegradation N/A Hydrogen sulfide | Ammonia N/A N/A Carbon monoxide is
can be converted t( undergoes oxidized to CO2 hy
sulfur and SQby nitrification by indigenous microbial
sulfur-oxidizing autotrophic communities
bacteria nitrifying
bacteria
Environmental Effects
Acute Toxicity to (1) 0.007i 0.2 0.083i 4.6 1) (1) 1)
Fish
96-h LCso, mg/L
Acute Toxicity to (1) 0.022i 1.07 0.5371 22.8 1) (1) 1)
Aguatic
Invertebrates
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Table 9. Inorganics: Matrix of Available Data
SIDS Endpoint Component
(units) CASRN
Hydrogen Hydrogen sulfide || Ammonia Nitrogen Carbon dioxide | Carbon monoxide
1333740 7783064 766441-7 772737-9 124389 630-08-0
48-h EG, mg/L
Toxicity to Algae (1) no data no data Q) (1) Q)
72- or 96:h EG;,,
mg/L
Human Health Effec
Acute Inhalation Asphyxiant’ LCso = 444 LCso = 4230 asphyxiant asphyxiant LCso = 1807
(ppm) (4 hours) (1 hour) (4 hours)
NIOSH Ad;.
LCso= 1590
(4 hours)
RepeatedDose n/a LOAEL =30 LOAEL =90 n/a n/a LOAEL <100
(ppm) NOAEL =10 NOAEL =50 (lowest dose testéd
(monkey)
Genotoxicity,in
vitro
Bacterialsystems | n/a negative negative n/a n/a no data
Non-bacterial n/a equivocal no data n/a n/a no data
systems (read acrosfrom
methanethiol,
sodium salt
Genotoxicity,in n/a negative Negative n/a n/a no data
Vivo (read across from | (mouse
methanethidl micronuclei;
ammonium ion)
Reproductive n/a NOAEL 080 NOAEL 035 n/a n/a LOAEL < 30
Toxicity (ppm) (highest dose (pigs; highest (lowest dose tested
tested) dose tested
Developmental n/a NOAEL 080 NOAEL 035 n/a n/a LOAEL <65
Toxicity (ppm) (highest dose (pigs; highest (mouse)
tested) dose tested (lowest dosedsteq
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Table 9. Inorganics: Matrix of Available Data

SIDS Endpoint Component

(units) CASRN
Hydrogen Hydrogen sulfide || Ammonia Nitrogen Carbon dioxide | Carbon monoxide
1333740 778306-4 766441-7 7727379 124389 630-08-0

provided

n/a = not applicablecolored cell = read across datet measured value
® These gases are not known to elicit toxicity to aquatic organisms. However, they may act as asphyxiants if they aire asleaiseer to aquatic systems whereby tlisplace
dissolved oxygen.

@ in vivohuman health effectstudies conducted in rats, unless otherwise noted
® simpleasphyxiants cause suffocation feylucing pQto lethal levelswvithout toxic effeds on dher organ system$IDS endpoints aneot

Table 10. Mercaptans, Benzene, Butadiene, CiLC4 Hydrocarbons, and C51 C6 Hydrocarbons. Data Matrix

Compament
CAS #
SIDS Endpoint Methanethiol gﬁ:}??:&?l’ Ethanethiol Benzene 1,3-Butadiene| Hydrocarbons CH:%/?r%%arbons
74931 51880708 75081 71-43-2 10699-2 Cli Cc4 (light naphthas)
PhysicalChemical Properties
Melting Point°C -123 -147.8 55 -109 -1827i 138 -130- -95
Boiling Point°C 5.9 35.1 80.1 -4.5 -1641 -0.5 367 69
Vapor Pressure hPa @ 3,796 hPa .
250G 20,665 705 126 2,813 350,000 hPa 2017 685
Eg\%‘t'o” CoefficientLog | g5 1.27 213 1.99 1.001 2.8 | 3.4i 3.9
Water Solubility mg/L 15,400 15,600 1790 735 24-61 9.51 38
Environmental Fate
Photodegradation T1/2, h | T1/2=11.7 h 0.27d 55d 0.16 d 3.21 960d 271 2.6
ord
Stability in Water stable stable stable stable stable stable
Transport and Distrilition | air = 99% air = 36% air = 99% air = 100% air = 100% air = 100%
EQC Level 1 water =0.77% water = 63% | water =0.88% water = water = water = <0.1%
soil =<0.1% soil =1.0% soil =<0.1% <0.1% <0.1% soil =<0.1%
other = <0.1% other = <0.1% | other = <0.1% soil =<0.1% | soil =<0.6 | other =<0.1%
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Table 10. Mercaptans, Benzene, Butadiene, Cil C4 Hydrocarbons, and C57 C6 Hydrocarbons: Data Matrix

Compament
CAS #
SIDS Endpoint Methanethiol ZAO?E?:Z?&?L Ethanethiol Benzene 1,3-Butadiene qu!rocarbons (I:J%/?rcc):cGarbons
74931 51880708 75081 71-43-2 10699-2 Cli C4 (light naphthas)
other = other = <0.1%
<0.1%
Biodegradation inherently inherently inherently inherently inherently inherently
Environmental Effects
Acute Toxicity to Fish 0.5<LGy<
96-h LCs, mg/L 1.75 1.6 5.371 35.7 38 11371 167 3.91 95
Acute Toxicity to Aquatic
Invertebrates éié <EGo< 90- 280 59.6- 682 40 12.71 164 4.67 10.7
48-h EGo, mg/L '
Toxicity to Algae
72- or 96:h EG;,, mg/L no data no data 29 25 1.371 95.7 3.171 7.0
Human Health Effect8 ©
Acute Inhalation (ppm) LCun = LCso> LCs0> 1063
LCso= 675 LCso=2770 | LCgo= 13,700 1250000 10,00Qq4 (4 hours;
(4 hours) (4 hours mice) | (4 hours) ' hours highest | highest dose
(4 hours)
dose tested | tested)
RepeatedDose (ppm)
LOAEL =57 LOAEL = LOAEL = LOAEL =
LOAEL =57 NOAEL = 17 ESVC;LI jols% 8000 5000 6625
NOAEL = 17 (read across tested) NOAEL = NOAEL = NOAEL =
from 1000 2500 3310
methanethiol)
Genotoxicity,in vitro
Bacterialsystems negative negative negative positive positive negative negative
Non-bacterial systems | equivocal equivocal positive positive positive negative negative
(read across (CHO cell
both endpoints SCB

from
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Table 10. Mercaptans, Benzene, Butadiene, Cil C4 Hydrocarbons, and C57 C6 Hydrocarbons: Data Matrix

Compament
CAS #

SIDS Endpoint Methanethiol ZAO?E?:Z?&?L Ethanethiol Benzene 1,3-Butadiene qu!rocarbons (I:J%/?rcc):cGarbons
74931 51880708 75081 71-43-2 10699-2 Cli C4 (light naphthas)
methanethiol
sodium salt)

Genotoxicity,in vivo negative Negdive positive positive negative negative

(read across (mice)
from
methanethiol)

Reproductive Toxicity NOAELO80 NOAEL 080

(ppm) (read across (read across LOAEL = 300 ) LOAEL = NOAEL O
from hydrogen from hydrogen NOAEL = 30 NOAEL O 9000 6521
sulfide) sulfide) (mice) 6000 NOAEL = (highest dose
(highest dose (highest dose 3000 tested)
tested) tested

Developmental Toxicity | NOAEL 080 NOAEL 080

(ppm) (read across (read across _ NOAEL O _
from hydrogen from hydrogen LOAEL __20 NOAEL O 9000 LOAEL __3463

. . NOAEL =10 . NOAEL = 680
sulfide) sulfide) (mice) 1000 (highest dose (mice)
(highest dose (highest dos tested)
tested) tested)

colored cell = read across data, not measured value
@ Methanethiol, sodium salt is included for read across to hydrogen sulfidbameétiol, and ethanethiol, only. Methanethiol sodium salt is not a component of Refinery Gases since it

gas at ambient temperatures.

@ in vivohuman health effects studies conducted in rats, unless otherwise noted
® See human health effiscdata matrixfor each refinery gais attached Excel spreadsheet
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Table 11. Refinery Gases Physicalhemical, Environmental Fate, and Ecotoxicology Data Matrix

CASRN

PhysicalChemical Endpoints of
Melting Point, Boiling Point, Vapor
Pressure, Partition Coefficient, and
Water Solubility

Environmental Fate Endpoints of
Photodegradation, Stability in
Water, Environmental Distribution,
and Biodegradation

Ecotoxicity Endpoints of Acute
Toxicity to Fish, Invertebrates, and
Algae

All 62 Refinery Gas Streams
CASRNSs:
800620-0 thru 6898988-8

(see Table 12 or Appendix 2 for a
complete list of CASRNS)

Members of the Refinery Gases
Category ge mixtures of inorganic
substances and organic compounds
(hydrocarbons and nemydrocarbons)
having one to six carbon atoms.
Proportions of these constituents in
the refinery gas streams vary and m
be a large or small fraction of the
streams.

Physicalchemical data for individual
substances identified in refinery gas
are provided in Section 4 of this
document . Becau
variable and complex makep, no
single value for these endpoints wou
be expected to represent the stream
a wiole, but the range of values
provide a general assessment of the
physicalchemical nature of these
refinery gas streams.

When a refinery gas stream is releag
into the environment, the individual
constituents separate and partition ti
the different enviromental
compartments in accordance with
their own individual physical
chemical properties. The ultimate fa
of individual components in Refinery
Gases is influenced by both abiotic
and biotic processes.

The environmental fate properties of
the individwal substances identified it
refinery gases are provided in Sectiq
5 of this document. Because these
streamsd vari ab-l
up, the fate characteristics of the
stream would be a composite of the
characteristics of the individual
components. Bcause these exist as
gases, individual components would
be expected to move to the
atmosphere and undergo various
photochemical and transport
mechanisms consistent with their

specific processes.

Several of the constituents in refiner
gases show subst#al aquatic toxicity
when exposures are controlled in
laboratory experiments. To evaluats
the potential for adverse effects to
aquatic organisms from an
environmental release of refinery
gases, a conceptual exposure modeg
was developed, and a Level 3 &oity
model was applied using the physica
chemical profiles of the individual
components.

Results from assessing the concept
exposure model described in Sectio
6 showed that none of the constitue
would partition to water in sufficient
amounts taeach levels known to be
acutely toxic to aquatic organisms.
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Table 12. Refinery Gases Health Effects Data Matrix
Endpoint Ranges
(ppm)
CASRN Acute LCsg RepeatedDose In vitr o Genotoxicity In vivo Developmental Toxicity | Reproductive Toxicity*
Minimum | Maximunf | Minimum | Maximum I\B/Iatlj(;;egr(learl:icity Nor+bacterial Genotoxicity | Minimum Maximum | Minimum | Maximum
8006-20-0 6,023 9,035 333 500 Negative Negative Negative 217 325 100 150
Carbon monoxide Carbon monoxide No genotoxicconstituents Carbon monoxide Carbon monoxide
6830827-0 | >100% | >100% 4274 | 6,757 Positive | Positive | Positive 115,433 | 692,600 | 15385 | 24,324
1,3-Butadiene Cli C4 HCs Contains up to 2% 1;Butadene C51 C6 HCs Cli C4HCs
68476266 | 36,140 | -364,100 | 2,000 | 20000 Negative | Equivocal | Negative 1,300 | 13,000 600 | 6,000
Carbon Monoxide Carbon monoxide Contains up to 45% hydrogen sulfide Carbon monoxide Carbon monoxide
6847627-7 | 36,140 | 364,100 | 2,000 | 20,000 Negative | Negative | Negative 1,300 | 13,000 600 | 6,000
Carbon Monxide Carbon monoxide No genotoxicconstituents Carbon monoxide Carbon monoxide
68476288 | 18,070 | 361,400 1,000 | 20,000 Negative | Negative | Negative 650 | 13,000 300 | 6,000
Carbonmonoxide Carbon monoxide No genotoxicconstituents Carbon monoxide Carbon monoxide
68476299 | >100% | >100% 4237 | 6,250 Positive | Positive | Positive 8,475 | 12,500A 15,254 | 22,500
1,3-Butadiene Cli C4 HCs Contains up to 2% 1;Butadiene NOAELA® Cli C4HCY

! Repeatediose, developmental, and reproductive toxicity numerical ranges represent LOAEL values unless otherwise noted with &e symbol
2 Minimum and Maximum Toxicity Values represent the concentration ranges of thewemtstitth the highest degree of toxicity per SIDS endpoint in the
specific refinery gas; see Appendix 5 (separateEXCEL file) for calculations
% Refinery gas constitutent characterizing the toxicity for the respective mammalian endpoint for tRiS;@A8point ranges are based on dilution calculations; note that
the constituent characterizing toxicity may vary by endpoint for the same CASRN; see Appendix 5 (separate EXCEL file)
* Calculated dilution concentration was greater than 1,000,000ippimxild require more than 100% of the gas to cause the respective endpoint effect; note,
asphyxiation would occur first at concentrations that reduce oxygen concentrations to approximately < 18% (<180,000 ppm)
®When benzene, 1;8utadiene, or etmethiol are the positive genotoxic constituents, it is unlikely that refinery gas streams containing at m@$tm5
these components would express genotoxicity if the gases were tested dimatayenic concentrations of these gases woultbhbge thdower explosive limit
*6Ad6 symbol indicates that the numerical ranges r epr theshighedt coddéntrafidn testeml| u e s ;
for the constituent with the lowest NOAELo developrantalandbr reproductive toxicity was observéat any constituents of these gases
(see Section 7.6 for further explanation)
"When C1i C4 HCs was the constituent characterizing reproductive toxicity, it was assumed that 100% df @& I@Q fraction was isobutane. This is a worst
case approach as other alkane gases did not produce reproductive effects when tested in studies of similar design.
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Table 12. Refinery Gases Health Effects Data Matrix

Endpoint Ranges

(PpM)
CASRN Acute LCs RepeatedDosé In vitr o Genotoxicity N vivo Developmental Toxicity | Reproductive Toxicity*
Minimum | Maximun? | Minimum | Maximum a?ﬁ;egrgicity Nor-bacterial | Genotoxicity | Minimum | Maximum | Minimum | Maximum
68477656 | 1,776 4,440 120 300 Negative Equivocal Negative 433 13,000 200 6,000
Hydrogen sulfide Hydrogen sulfide Contains up to 45% hydrogen sulfide Carbon monoxide Carbon monoxide
68477667 | 9,035 | 361,400 500 | 10,000 Positive | Positive | Positive 325 | 13,000 150 | 6,000
Carbon monoxide Benzene Contains up to 2% benzene Carbon monoxide Carbon monoxide
6847767-8 | 12,047 | 361,400 500 | 10,000 Positive | Positive | Positive 433 | 13,000 200 | 6,000
Carbon monoxide Benzene Contains up to 2% benzene Carbam monoxide Carbon monoxide
68477689 | 9,035 | 361,400 500 | 20,000 Negative | Negative | Negative 325 | 13,000 150 | 6,000
Carbon monoxide Carbon monoxide No genotoxicconstituents Carbon monoxide Carbon monoxide
6847777-0 | 16,667 | 25,000 4,167 | 6,250 Negative | Negative | Negative 8,333 | 12,500 15,000 | 22,500
no lethality’ C1i C4 HCs No genotoxicconstituents NOAELA C1i C4 HCs
68477805 | 12,047 | 361,400 500 | 10,000 Positive | Positive | Positive 433 | 13,000 200 | 6,000
Carbon monoxide Benzene Contains up to 2% berne Carbon monoxide Carbon monoxide
68477%81-6 | 17,094 | 28,571 4,274 | 7,143 Negative | Negative | Negative 69,260 | 692,600 15,385 | 25,714
no lethality Cli C4 HCs No genotoxiaconstituents C51 C6 HCs Cli C4 HCs
68477827 | 18,070 | 361,400 500 | 10,000 Positive | Positive | Positive 650 | 13,000 300 | 6,000
Carbon monoxide Benzene Contains up to 2% benzene Carbon monoxide Carbon monoxide
6847792-9 | 2,960 | 88,800 200 | 6,000 Negative | Positive | Negative 533 | 16,000\ 11,392 | 18,750
Hydrogen sulfide Hydrogen sulfide Contains up to 0.5% ethanethiol NOAELA Cli C4 HCs
68477952 | 11,100 | 444,000 | 750 | 30,000 Positive | Positive | Positive 173,150 | >100% 9,018 | 9,677
Hydrogen sulfide Hydrogen sulfide Contains up to 2% 1;Butadiene C571 C6 HCs Cli C4 HCs
6847797-4 | 18,070 | 361,400 1,000 | 20,000 Negative | Negative | Negative 650 | 13,000 300 | 6,000

Carbon monoxide

Carbon monoxide

No genotoxiaconstituents

Carbon monoxide

Carbon monoxide

! Acute toxicity numerical ranges represent measureg \&lues from experiments where mortalitgs observed unless the most toxic constituent is listed as

ino

l ethalityo;

fna roortalitg walk @bkervédyatithe highest corgenteati@myt ohtlaetindividual refinery gas constituents tested;

consequently this isot a true LG, value range, but rather the range for the highest concentrations tested in a stagglasddyCthe refinery gas

consti

tuent/ const.i

tuent

(see Section 7.6 for further explanation)

fraction with the
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Table 12. Refinery Gases Health Effects Data Matrix

Endpoint Ranges
(ppm)

CASRN Acute LCsgq RepeatedDosé In vitr o Genotoxicity N vivo Developmental Toxicity | Reproductive Toxicity*
Minimum | Maximun? | Minimum | Maximum a?ﬁ;egrgicity Non-bacterial | Genotoxicity | minimum | Maximum | Minimum | Maximum
68477985 | 9,035 361,400 500 20,000 Negative Negative Negative 325 13,000 150 6,000
Carlon monoxide Carbon monoxide No genotoxiaconstituents Carbon monoxide Carbon monoxide
6847800-2 | 4,440 | 88,800 300 | 6,000 Negative | Equivocal | Negative 650 | 13,000 300 | 6,000
Hydrogen sulfide Hydrogen sulfide Contains up to 45% hydrogen sulfide Carbon monoxe Carbon monoxide
6847801-3 | 12,047 | 361,400 667 | 20,000 Negative | Negative | Negative 433 | 13,000 200 | 6,000
Carbon monoxide Carbon monoxide No genotoxicconstituents Carbon monoxide Carbon monoxide
6847802-4 | 36,140 | 361,400 | 2,000 | 20,000 Negative | Equivocal | Negative 1,300 | 13,000 600 | 6,000
Carbon Monxode Carbon monoxide Contains up to 45% hydrogen sulfide Carbon monoxide Carbon monoxide
68478035 | 8,880 | 88,800 600 | 6,000 Negative | Equivocal | Negative 1,300 | 13,000 600 | 6,000
Hydrogen sulfide Hydrogen sultle Contains up to 45% hydrogen sulfide Carbon monoxide Carbon monoxide
68478046 | 14,800 | 88,800 1,000 | 6,000 Negative | Equivocal | Negative 2,167 | 13,000 1,000 | 6,000
Hydrogen sulfide Hydrogen sulfide Contains up to 45% hydrogen sulfide Carbon monoxide Carba monoxide
68478057 | 8,880 | 88,800 500 | 10,000 Positive | Positive | Positive 650 | 13,000 300 | 6,000
Hydrogen sulfide Benzene Contains up to 2% benzene Carbon monoxide Carbon monoxide
68478251 | 16,949 | 25,000 4,237 | 6,250 Negative | Negative | Negative 8,475 | 12,500 15,254 | 22,500
no lethality Cli C4 HCs No genotoxiaconstituents NOAELA Cli C4 HCs
6847827-3 | 685,000 | >100% 500 | 10,000 Positive | Positive | Positive 1,000 | 20,000 15,000 | 300,000
Benzene Benzene Contains up to 2% benzene Benzene Benzene
68478284 | 685,000 | >100% 500 | 10,000 Positive | Positive | Positive 1,000 | 20,000 15,000 | 300,000
Benzene Benzene Contains up to 2% benzene Benzene Benzene
68478295 | 10,630 | 106,300 | 4,310 | 8,333 Negative | Negative | Negative 34,630 | 346,300 15,517 | 30,000
no lethaity Cli C4 HCs No genotoxiaconstituents C51 C6 HCs Cli C4 HCs
6847830-8 | 7,087 | 33,433 4,464 | 10,000 Negative | Negative | Negative 23,087 | 115,433 | 16,071 | 36,000
no lethality Cli C4 HCs No genotoxiaconstituents C51 C6 HCs Cli C4 HCs
6851311-1 | 16,949 | 25,000 4,237 | 6,250 Negative | Negative | Negative 8,475 | 12,500 15,254 | 22,500
no lethality Cli C4 HCs No genotoxiaconstituents NOAELA Cli C4 HCs
68513133 | 16,949 | 25,000 4,237 | 6.250 Negative | Negative | Negative 8,475 | 12,500 15,254 | 22,500

Page64 of 157




Refinery Gases CAD
Finali 6/10/09

HPV Consortium Registration # 1100997

Table 12. Refinery Gases Health Effects Data Matrix

Endpoint Ranges

(PpM)

CASRN Acute LCs RepeatedDosé In vitr o Genotoxicity N vivo Developmental Toxicity | Reproductive Toxicity*
Minimum | Maximun? | Minimum | Maximum a?ﬁ;egrgicity Non-bacterial | Genotoxicity | minimum | Maximum | Minimum | Maximum
no lehality Cli C4 HCs No genotoxiaconstituents NOAELA Cli C4 HCs

68513144 | 16,949 | 25,000 4,237 | 6,250 Negative | Negative | Negative 8,475 | 12,5007 15,254 | 22,500
no lethality C1i C4 HCs No genotoxicconstituents NOAELA C1i C4 HCs

68513166 | 88,800 | 444000 2,551 | 2,809 Negative | Equivocal | Negative 5,102 | 5,618A 9,184 | 10,112
Hydrogen sulfide C1i C4 HCs Contains up to 45% hydrogen sulfide NOAELA C1i C4 HCs

68513188 | 20,408 | 40,000 5,102 | 10,000 Negative | Negative | Negative 10,204 | 20,000A 18,367 | 36,000
no lethality C1i C4 HCs No genotoxicconstituents NOAELA C1i C4 HCs

68513199 | 20,408 | 40,000 5,102 | 10,000 Negative | Negative | Negative 10,204 | 20,000A 18,367 | 36,000
no lethality C1i C4 HCs No genotoxicconstituents NOAELA C1i C4 HCs

6851368-8 | >100% | >100% 1,000 | 20,000 Positive | Positive | Positive 2,000 | 40,000 9,474 | 11,250
Benzene Benzene Contains up to 2% benzene Benzene C1i C4 HCs

68527139 | 987 | 1,269 67 | 86 Negative | Equivocal | Negative 650 | 6,500 300 | 3,000
Hydrogen sulfide Hydrogen sulfide Contains up to 45% hydrogen sulfide Carbon monoxide Carbon monoxide

68527140 | 12,500 | 16,667 3,125 | 4,167 Negative | Negative | Negative 6,250 | 8,333A 11,250 | 15,000
no lethality Cli C4 HCs No genotoxiaconstituents NOAELA Cli C4 HCs

68527151 | 9,035 | 361,40 500 | 20,000 Negative | Negative | Negative 325 | 13,000 150 | 6,000
Carbon monoxide Carbon monoxide No genotoxiaconstituents Carbon monoxide Carbon monoxide

68602824 | 18,070 | 361,400 1,000 | 10,000 Positive | Positive | Positive 650 | 13,000 300 | 6,000
Carbon mongide Benzene Contains up to 2% benzene Carbon monxide Carbon monoxide

6860284-6 | 22,222 | 28,571 5,556 | 7,143 Negative | Negative | Negative 11,111 | 14,28 20,000 | 25,714
no lethality Cli C4 HCs No genotoxiaconstituents NOAELA Cli C4 HCs

6860711-4 | 22,7Z | 47,619 5,682 | 11,905 Negative | Negative | Negative 11,364 | 14,28 20,455 | 25,714
no lethality Cli C4 HCs No genotoxiaconstituents NOAELA Cli C4 HCs

6878305-1 | 1,480 | 2,220 100 | 150 Negative | Equivocal | Negative 58 | 78A 58 | 78A
Hydrogen sulfide Hydrogensulfide Contains up to 45% hydrogen sulfide NOAELA NOAELA

6878306-2 | 16,949 | 25,000 4,237 | 6,250 Negative | Negative | Negative 8,475 | 12,500 15,254 | 22,500
no lethality C17 C4 HCs No genotoxicconstituents NOAELA C1i C4 HCs

Page65 of 157




Refinery Gases CAD
Finali 6/10/09
HPV Consortium Registration # 1100997

Table 12. Refinery Gases Health Effects Data Matrix

Endpoint Ranges
(PpM)
CASRN Acute LCsgq RepeatedDosé In vitr o Genotoxicity N vivo Developmental Toxicity | Reproductive Toxicity*
Minimum | Maximun? | Minimum | Maximum a?ﬁ;egrgicity Non-bacterial | Genotoxicity | minimum | Maximum | Minimum | Maximum
6878307-3 | 11,100 444,000 750 30,000 Positive Positive Positive 1,300 13,000 600 6,000
hydrogen sulfide Hydrogen sulfide Contains up to 2% 1,Butadiene Carbon monoxide Carbon monoxide
68783620 | 1,100 | 444,000 75 | 30,000 Positive | Positive | Positive 1,300 | 13,000 600 | 6,000
Hydrogensulfide Hydrogen sulfide Contains up to 2% 1;Butadiene Carbon monoxide Carbon monoxide
68814471 | 1,269 | 2,220 86 | 150 Positive | Positive | Positive 34,630 | 346,300 18,367 | 36,000
Hydrogen sulfide Hydrogen sulfide Contains up to 2% 1;Butadiene C5i C6 HCs C1li C4 HCs
6881467-5 | 16,949 | 25,000 4,237 | 6,250 Negative | Negative | Negative 8,475 | 12,500 15,254 | 22,500
no lethality C1i C4 HCs No genotoxicconstituents NOAELA C1i C4 HCs
6881490-4 | 16,949 | 25,000 4,237 | 6,250 Negative | Negative | Negative 8,475 | 12,500A 15,254 | 22,500
no lethality C1i C4 HCs No genotoxicconstituents NOAELA C1i C4 HCs
68911580 | 8,880 | 88,800 600 | 6,000 Negative | Equivocal | Negative 1,300 | 13,000 600 | 6,000
Hydrogen sulfide Hydrogen sulfide Contains up to 45% hydrogen sulfide Carbonmonoxide Carbon monoxide
68911591 | 36,140 | 361,400 | 2,000 | 20,000 Negative | Negative | Negative 1,300 | 13,000 600 | 6,000
Carbon monxide Carbon monoxide No genotoxiaconstituents Carbon monoxide Carbon monoxide
6891901-7 | 987 | 1,776 67 | 120 Negative | Equivacal | Negative 178 | 320A 16,364 | 22,500
Hydrogen sulfide Hydrogen sulfide Contains up to 45% hydrogen sulfide NOAELA Cli C4 HCs
6891902-8 | 2,960 | 44,400 200 | 3,000 Positive | Positive | Positive 34,630 | 346,300 20,455 | 36,000
Hydrogen sulfide Hydrogen sulfide Contains up to 2% 1;Butadiene C51 C6 HCs Cli C4 HCs
68919039 | 18,519 | 25,000 4,630 | 6,250 Negative | Negative | Negative 9,259 | 12,500 16,667 | 22,500
no lethality Cli C4 HCs No genotoxiaconstituents NOAELA Cli C4 HCs
6891904-0 | 2,960 | 44,400 200 | 3,000 Negative | Equivocal | Negative 34,630 | 346,300 20,455 | 36,000
Hydrogen sulfide Hydrogen sulfide Contains up to 45% hydrogen sulfide C51 C6 HCs Cli C4 HCs
6891907-3 | 16,949 | 25,000 4,237 | 6,250 Negative | Negative | Negative 8,475 | 12,500 15,254 | 22,500
no lethality Cli C4 HCs No genotoxiaconstituents NOAELA Cli C4 HCs
68919084 | 222,000 | 888,000 | 4,630 | 10,000 Negative | Equivocal | Negative 23,087 | 69,260 16,667 |36,ooo
Hydrogen sulfide Cli C4 HCs Contains up to 45% hydrogen sulfide C51 C6 HCs Cli C4 HCs
6891912-0 | 18,519 | 25,000 4,630 | 6.250 Negative | Negative | Negative 9,259 | 12,500 16,667 | 22,500
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Table 12. Refinery Gases Health Effects Data Matrix

Endpoint Ranges
(PpM)

CASRN Acute LCs RepeatedDosé In vitr o Genotoxicity In vivo Developmental Toxicity | Reproductive Toxicity*
Minimum | Maximun? | Minimum | Maximum a?ﬁ;egrgicity Nor-bacterial | Genotoxicity | Minimum | Maximum | Minimum | Maximum
no lethality Cli C4HCs No genotoxiaconstituents NOAELA Cli C4HCs

68952794 | 16,949 | 25,000 4,237 | 6,250 Negative | Negative | Negative 8,475 | 12,500A 15,25 | 22,500
no lethality C1i C4 HCs No genotoxicconstituents NOAELA C1i C4 HCs

68952807 | >100% | >100% 4,310 | 8,333 Positive | Positive | Positive 34,630 | 364,300 15,517 | 30,000
1,3-Butadiene C1i C4 HCs Contains up to 2% 1;Butadiene C51 C6 HCs C1li C4 HCs

68955339 | >100% | >100% 4,237 | 6,250 Positive | Positive | Positive 8,475 | 12,500A 15,254 | 22,500
1,3-Butadiene C1i C4 HCs Contains up to 2% 1;Butadiene NOAELA C1i C4 HCs

6898988-8 | 4440 | 88,800 300 | 6,000 Positive | Positive | Positive 650 | 13,000 300 | 6,000
Hydrogen sulfide Hydrogen sulfide Contains up to 2% benzene Carbon monoxide Carbon monoxide
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10. Refinery Gases Category Analysis Conclusions

All Refinery Gases Category membeositain one or more inorganic compourasddition to hydrocarbores

listed in the stream TSCA definitienThe inorganic components of the Refinery Gases are more toxic thahithe C
C4 and C5i C6 hydrocarbon components both mammalian and aquatic anisms Unlike other petroleum

product categorie®(g.gasoline, diesel fuel, lubricating ails, etc.), the inorganic and hydrocarbon constituents of
refinery gases can be evaluated for hazard individually to then predict the screening level haz&dfofehe

Gases Category members. Theréfnery gas constituenidentifiedto characterizeefinery gas categonpember
hazardare:

e Inorganic Gases
0 Ammonia
o Carbon Monoxide
o Ethyl mercaptan
o Hydrogen sulfide
0 Methyl mercaptan
e Hydrocarbon Gases
o Benzene
o 1,3Butadiene
o C17 C4 Hydrocarbons
o Cb57 C6 Hydrocarbons
e Asphyxiant Gases
o Carbon dioxide
o Hydrogen gas
o Nitrogen gas

The different components making up refinery gases typically have extremely low melting and boiling points. They
also have high vapor pressuresl dow octanol/water partition coefficients. The aquesnlgbilities of these

substancesgary, and range from low parts per million (hydrogen gas) to several hundred thousand parts per million
(ammonia). The environmental fate characteristics of refigasgs are governed by these physit@mical

attributes. Components of the refinery gas streams will partition to the air, and depending on the specific constituent,
photodegradation reactions may be either an important fate process or have liglcaflBome of the gases are
chemically stable and may be lost to the atmosphere or simply become involved in the environmental cycling of their
atoms. Some show substantial water solubility, but their volatility eventually causes these gases to enter the
atmosphere.

Several of the inorganic constituents in refinery gases are highly hazardous to aquatic organisms as demonstrated in
laboratory toxicity tests where exposure concentrations can be maintained over time. Hydrogen sulfide was the most
toxic consituent to fish and invertebrates. Ammonia also is a relative toxic component in refinery gases. While

acute LC/EC50 values were typicallyl<mg/L for theseonstituentsthe hydrocarbon components in refinery gases

were generally less toxic. Acute LGZRO values for this constituent group ranged roughly from 1 to 100 mg/L.
Although the LC/EC50 data for the individual gases illustrate the potential toxicity to aquatic organisms, agqueous
concentrations from atmospheric releases of these gases wouldhbkg@lgrsist for a sufficient duration to elicit

toxicity. Based on a simple conceptual exposure model analysis, it was shown that atmospheric emissions of refinery
gases did not result in acutely toxic concentrations in adjacent water bodies becaeseissiohs will tend to

remain in the atmosphere.

Themammaliarhealthhazards associated with Refinery Gasage beemharacterized by the2 constituents othe

refinery gass The mammalian SIDS endpoint ranges for potential toxicity in the 62 refjasgs are conservative
because interpretation b&zardstudy data for theonstituentsn refinery gases has beeonservativeon the side of
overpredicting the potential hazardefinery gas constituent hazatdta were used to characterize SIDS enupoi

for each of the 62 Refinery Gases in the categmyaccomplish this, the endpoint value (acut&QCeproductive

toxicity NOAEL/LOAEL, etc.) for a specific gas constituent has been adjusted for dilution of each constituent in the
respective refinergas. This adjustment for the dilution of each component in a refinery gas represents the calculated
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