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PREFACE

This document, which summarlzes the findings and recommendations of the 'Workshop on Health Effects of

Crude OQ Exposures Related to Operation Desert Storm' held in Dayton, Ohio 14-15 February 1991, was prepared by

members of the Toxic Hazards Research Unit, ManTech Environmental Technology, Inc., under Department of the Air

Force Contract NO. F33615-90-C-0532 (Task No. N07). James N. McDougal, UCol, USAF, BSC, served as Contract

Technical Monitor.

This workshop was sponsored by the U. S. Navy under the direction of the Officer-In-Charge of the Toxicology

Detachment, Naval Medical Research Insitute, CAPT David A. Macys, MSC, US, and was supported by the Nval Medical

Research and Development Command, Task No. M0096.004.0006. Specific medical and industrial hygiene support was

provided by the staff of the Navy Environmental Health Center.

The intent of this workshop was to qcly ascertain the seriousnes of the potential thret posed by crude oil

to the casualty care and medical support system for Operation Dese Storm, and to provide a jo s of the relevant

Information to the medical personnel In the field as rapidly as possible. This publication documents the findings and

conclusions of the workshop, and will be useful as a resource for future concerns regarding warfare in or nea Industrial

facilities where those facilities can be used as weapons. To that end, the sponsoring aWvty will update this document

as new Information becomes available, such Information is actively solicited.

The findings of this workshop, where consensus existed, represent the collective expedr of th participants.

Where experiences differed, we have attempted to circumscribe the differences. The conclusions and recommendations

expressed herein are those of the staff of the sponsoring Navy organizations As such, these recommendafions may

differ from those of the workshop's civilian partcimt. They are based on the information povided and the

recommendations made by the participants at the workshop, but any errors of interpretan, omison, or otherves we

the responsiblity of the sposor's staffs. They ae not to be construed n official or relcting the view of the Navy

Department or the Naval Services at large.

Appendix E, Summary of Todcological Data Prabining to Petroleum and Crude Ol Consduent was prepared

by John F. Risher, CAm', USNR-R.

The use of trademarked or copyrighted names Is for llustrative purposes only and does nol constitute an

endosmnL
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SECTION I

EXECUTIVE SUMMARY

I The most significant findings and recommendations of the workshop include the following:

1.1 If at all possible, stay out of refineries, petrochemical plants, terminal facilities,

desalinization plants and other related facilities due to the extremely high inherent hazards

presented by the chemicals that may be present. The greatest concern is for spherically shaped

pressure vessels which could explode violently, and for several specialty chemicals whose containers

could be easily ruptured or detonated. Smoke from fires at these facilities should also be avoided if at

all possible due to the toxicity of the chemicals and their combustion products.

1.2 No significant acute medical problems were identified with skin contact with crude oil, nor

were problems foreseen with most aspects of casualty care. Prolonged contact may, however, result

in an impairment of physical performance due to the weight of soaked clothing, the odor (nauseating

to some), increased heat stress from decreased sweating, and such.

1.3 Troops should be cautioned to remove the excess oil from their skin and clothing when

possible, but that residual oil appears to pose no significant problems. Troops should be warned not

to use solvents such as gasoline, diesel fuel, or kerosene to remove the oil, because the resulting

defatting of the skin will make them more prone to dermatitis, secondary skin infections, and

increased absorption of chemical warfare (CW) agents.

1.4 Exposure to the smoke plumes from burning oil fields was judged to be at least as

hazardous as similar exposures from other fossil fuel fires or forest fires, in that the primary effects

would be eye and nasal irritation, and smoke inhalation. Because most oil in the theater is

contaminated with H2S, the burning oil will release SO2 in concentrations that could be quite high.

Ground-hugging plumes should be avoided, especially if the smoke is gray or white. The standard

issue gas mask provides significant protection from the irritant effects of the smoke particles and

from exposure to H2S and S02 (see Appendix E for further information regarding gas masks).

1.5 A simple sensing device for H2S gas, available off-the-shelf, should be obtained for use in

and around oil fields. In concentrations that can be achieved in the field, H2S is lethal. The sensor

could be attached to the existing CW agent detectors, or used separately.

1.6 If potable water becomes contaminated with crude oil, it probably remains safe to drink up

to the point that personnel will reject it due to odor or taste. Boiling or aerating are simple and

effective means of removing the contaminants.
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SECTION II

SUMMARY OF FINDINGS AND RECOMMENDATIONS

1 INTRODUCTION

1.1 This document summarizes the findings and recommendations of a workshop on the acute

health effects which might occur in troops exposed to crude oil during the course of Operation Desert

Storm. Participants in the workshop were personnel from oil companies with working knowledge of

(a) conditions in oil fields in Saudi Arabia, Kuwait and/or Iraq, or (b) the toxicity of crude oil. Also

present and contributing were personnel from the Navy and Air Force with some familiarity with the

operational questions of concern. This workshop was deemed necessary to validate and expand on

preliminary responses given to these questions by the staffs of the Naval Medical Research Institute's

Toxicology Detachment (NMRI TOX DET) and the Navy Environmental Health Center (NEHC), because

none of these personnel had any relevant direct experience. ManTech Environmental Technology,

Inc., the contractor operating the Toxic Hazards Research Unit (THRU) for the Air Force and Navy at

Wright-Patterson Air Force Base (WPAFB), coordinated the workshop. This included both recording

and transcribing the proceedings. The transcript was used to prepare this document that addresses

all aspects of potential health effects discussed during the meetings, as well as other factors the

participants deemed to be of concern to operations in this situation.

1.2 A list of participants from the private sector is attached as Appendix B. Although not

representing their organizations formally, the participants have access to the experience embodied in

those organizations and were willing to share it freely. Attendees from military organizations

(including the contractor) are also listed in Appendix B. These personnel were invaluable in focusing

on the specific operationally related concerns regarding the prevention and treatment of casualties,

and pragmatic concerns for operating in the desert environment. Appendix B lists sources of

expertise and points of contact on specific matters.

1.3 For the purposes of discussion, three exposure scenarios were described to the participants

in general terms: (1) an amphibious assault that must cross oil-slick-covered water and/or oil-soaked

sand beaches; (2) a land attack that might have to contend with oil-filled trenches as part of fixed

defensive fortifications; and (3) a land attack through or past oil fields. This document will focus on

the common elements of exposure, effect, and recommendation. The primary concern was to

identify what addition these exposures might make to the disease and non-battle injury (DNBI) load

on the casualty care and medical treatment capabilities supporting the operation, and whether

treatment of battle wounds/injuries might be complicated. To simplify the discussion, complications

introduced by operations near or in refineries and other facilities that can be treated as "point

sources," and by the introduction of CW agents, are dealt with as add-ons to the primary discussion.
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They are likely to be inherently not only the most hazardous, but also the most limited in scope. Only

the most significant of those hazards will be mentioned here; the bulk of them will be discussed in

Section III.

1.4 The findings of this workshop, where consensus existed, represent the collective opinions

of the individuals invited to participate. Where consensus on an issue was less evident, we have

attempted to circumscribe the differences in opinion. The conclusions and recommendations

expressed herein are those of the staffs of the sponsoring activities, the NMRI TOX DET and the NEHC.

As such, these recommendations may differ from those of the workshop's civilian participants. They

are based on the information provided and the recommendations made by the participants at the

workshop, but any errors of interpretation or omission are the responsibility of the sponsors' staffs.

2 FINDINGS

2.1 AGENTS OF CONCERN AND EFFECTS

2.1.1 Crude Oil. For these purposes, crude oil will be separately examined both as the oil itself

and its volatile components. The volatiles, in turn, will be separated into the volatile hydrocarbons

and H2S. This distinction is of greatest importance when the crude is relatively fresh; a light crude will

lose up to 10 to 15% of its volume immediately, and up to 25% of its volume within 24 h, due to

evaporation of volatiles. This process is highly dependent on the surface-to-volume ratio of the bulk

oil, and any actions that tend to disperse the oil (e.g.. well blowout); thus, crude in a pool or tank will

retain more of its volatile components than crude in an oil slick.

2.1.1.1 With a few exceptions, whole crude oil does not pose an acute hazard due to skin

contact. Some personnel may be, or may become, sensitive to the crude, and it may be mildly to

moderately irritating, particularly in contact with the eyes. Ingestion of crude, unless in massive

quantities (e.g., > eight ounces) is unlikely to result in more than transient nausea, possibly vomiting,

gastrointestinal tract disturbances, and self-limiting diarrhea. Inhalation exposures occur with the

volatile components only and are dealt with below.

2.1.1.2 Although skin irritation is a possibility as a result of skin contact with crude oil,

experience is very limited with contact that is prolonged over several days, as may be the case in some

combat situations. An additional complication is the abrasion possible with the addition of sand to

the crude oil on skin and in clothing. The possibility that severe abrasion may occur in areas such as

the armpits, groin, and feet is significant. Folliculitis and other problems due to the occlusion of the

skin by oil can be expected to be common among those personnel who experience prolonged skin

contact.
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2.1.1.3 Prolonged contact with crude oil, either on the skin or with contaminated clothing,

may result in an impairment of performance. This may be due to the extra weight of contaminated

clothing and other materials; to the constant odor of contaminated skin or clothing, which some may

find nauseating; to the decrease in evaporative heat loss as a result of decreased sweating if the skin

is covered with an oil layer or if clothing cannot breathe due to oil saturation; or to other factors not

considered here.

2.1.2 Volatile Hydrocarbon Compounds (VHCs). The presence of VHCs increases the hazard

presented by crude oil as mentioned above. Because the degree to which they may be present cannot

be well predicted, they should be assumed to be present unless otherwise indicated.

2.1.2.1 Volatile Hydrocarbon Componds increase the irritancy of crude to the skin and eyes.

Skin contact will result in defatting of the skin, increasing the potential for dermatitis and secondary

skin infections.

2.1.2.2 The presence of VHCs may complicate ingestion because they can be aspirated if the

crude is vomited. Induction of vomiting is not necessary due to the low toxicity of crude oil, and is

contra-indicated for crudes containing a significant concentration of VHCs because of the danger of

possible aspiration of those materials.

2.1.2.3 Volatile Hydrocarbon Compounds pose a significant inhalation hazard. In very high

concentrations they can be life threatening due to central nervous system (CNS) depression. Irritation

of the eyes, nose ar"A throat, dizziness, nausea, lack of coordination, drowsiness, tremors, and

unconsciousness are the progressive signs of high concentrations. It should be noted that these

concentrations also pose a flammability and explosion hazard.

2.1.3 Hydrogen Sulfide (HaS). This volatile gaseous compound is evolved from sour crudes that

are present in most if not all oil fields in the area of concern. This gas is of particular concern because

deaths have occurred in the Kuwaiti oil fields due to H2S exposures.

2.1.3.1 Hydrogen sulfide is a colorless gas which is heavier than air. It tends to collect in
"pockets" or form clouds near the surface before slowly dissipating. The characteristic odor is that of

rotten eggs. The sense of smell quickly fatigues, however, and odor cannot be relied upon for

adequate warning of either the presence of H2S or relative concentration. The standard issue gas

mask provides significant protection from exposure to H2S and S02 (see Appendix E for further

information regarding gas masks).

2.1.3.2 With or without the odor being detected, effects from exposures up to about 50 ppm

range from mucus membrane irritation, to nausea, to drowsiness. Delayed pulmonary edema can

result from relatively low exposures; exercise potentiates this effect. Sudden unconsciousness
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without any warning symptoms has been reported in personnel entering an area of high

concentration. Concentrations of 250 ppm or greater can be lethal; such concentrations can easily be

achieved around well heads.

2.1.4 Combustion Products. Burning crude oil has been used as a threat; the magnitude of this

threat, insofar as the smoke poses an inhalation hazard, is at least as great and possibly greater than

the hazard posed by a forest fire or most other fossil fuel fires due to the components of the complex

mixture which is crude oil.

2.1.4.1 The particles that compose the smoke itself are likely to be acutely irritating to the eyes

and respiratory tract, but the standard issue gas mask provides significant protection. It will also offer

some protection from higher molecular weight hydrocarbons which may volatilize due to the heat.

2.1.4.2 Of greater concern is the presence of uncombusted H2S gas, SO2, and other toxic and

irritant gases. The VHCs will mostly be consumed in the fire to form soot and some irritant aldehyde

gases; H2S and other sulfur compounds will be oxidized to 5.J2 gas and a sulfuric acid aerosol; and the

nitrogen in the air will be oxidized to NOx. The standard issue gas mask provides significant

protection against H2S and S02 (see Appendix E for further information regarding gas masks).

2.1.4.3 In general, the concentrations of hazardous combustion products will be greatest at

locations close to the combustion source; concentrations will remain high in the smoke plume

emanating from the source, with dilution due to mixing with the atmosphere occuring with

increasing distance and increasing winds. Particular concern should be paid to ground-hugging

plumes. It should be noted that certain weather conditions can magnify this problem; this is

discussed in paragraph 2.4.3.

2.2 CASUALTY CARE ISSUES

2.2.1 Skin Contamination. Generally, the presence of crude oil on the patient should present

no major complications; it can be wiped off whenever convenient in the treatment process. Two

caveats should be noted, however.

2.2.1.1 Oil and oxygen-enriched atmospheres are potentially explosive. The level of

contamination of hands oily from removing oily clothing from patients can be sufficient to

contaminate fittings on Os-using treatment equipment, with potentially disastrous consequences.

Oil on the face of a patient does not contraindicate 02 treatment, but it is important to remove oil-

contaminated clothing and wipe the oil from the head, neck, and chest of the pateint before placing

the 0, mask. Because an oxygen-enriched atmosphere may exist for up to one foot from a nasal

cannula or face mask, sources of ignition should not be used in proximity to oil-contaminated

personnel or clothing. In particular, before using a defibrillator, excess oil should be wiped off of the
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patient, particularly from the trunk and neck areas. Also see the Note in paragraph 2.2.2, and consult

Appendix C for details.

2.2.1.2 Oil contaminated clothing removed from patients, and oily cloths or rags used to wipe

off patients, represent a potential fire hazard due to spontaneous combustion. Such material should

not be left lying around where they could cause additional problems, but rather they should be

stored in a metal container with a tight lid. The contaminated clothing and rags should not be left to

accumulate but should be disposed of frequently.

2.2.2 Wound Contamination. Concern with oil in wounds and the methods for debridement

were raised by staff aboard the USS Comfort. Current industrial practice for external and superficial

wound cleaning is being modified to include use of waterless hand cleaners (e.g., GOJOR, Goop*),

white petrolatum, mineral oil, corn oil, and neosporin ointment. These agents must be removed as

completely as possible from within the wound after efforts to remove the crude oil have been

completed.

(NOTE: The precautions mentioned above for oxygen therapy also apply to any oil-

based cleaning agent mentioned here, such as the waterless hand cleaners - they

contain petroleum distillates.)

Puri-clens? wound deodorizer and cleanser, and Betadine* solution were the only cleaners identified

during this assessment that are approved by the USFDA for direct cleaning within wounds. Body

cavities can be irrigated with normal saline or a normal saline-Betadine solution mixture. All

surfactants evaluated were unsuitable for wound decontamination due to toxicity of ingredients.

2.3 POTABLE WATER CONTAMINATION

2.3.1 The potential for crude oil getting into ships' potable water sources had been previously

identified as a problem of concern. Participants' experience, although limited, indicated that it

should not pose a significant problem because simple treatment was possible. Moreover, acute toxic

effects generally do not occur until contamination levels significantly exceed objectionable taste and

odor levels.

2.3.2 Sources of water in recaptured facilities should not be assumed to be potable. Clear

liquids may not be water, or the water may have anticorrosion or other additives in it. Finally,

potable water sources in refineries and other fixed sites are easy to contaminate; this could be an

attractive act of sabotage due to its simplicity.

2.4 OTHER

2.4.1 Refineries and Other Facilities. Treating and refining crude oil and developing various

chemical products from crude make use of many different chemicals, most of them flammable, toxic,
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or both. The refining and storage of some of these chemicals takes place under pressurized

conditions, and some of the storage vessels are maintained at high pressure. There are a multitude of

health, fire, and explosion hazards that can very easily be triggered by the unwary or by simple

sabotage. Participants were unanimous in their concern that operations in and around these facilities

could be extremely dangerous.

2.4.1.1 Many of the Kuwaiti personnel who operated the facilities are now in Saudi Arabia.

They should be available to be contacted and should have knowledge of the specific chemicals used

and stored in each facility. Particular concern was expressed about the presence of hydrogen fluoride

(HF) and the organo-lead compounds tetramethyl and tetraethyl lead (TML, TEL), all of which are

highly toxic. Hydrogen fluoride is also extremely corrosive; the TML and TEL are explosive.

2.4.1.2 Spherical storage vessels are under considerable pressure and contain liquified volatiles

which are flammable and explosive. Fire, blast, and shrapnel effects could be expected to a distance

of at least one thousand meters. Retinal burns are possible if personnel were looking at the fireball.

2.4.1.3 Large storage tanks generally have a sufficiently concentrated layer of volatiles over

the surface of the liquid to be easily ignitable. After burning for a number of hours, the flaming oil

may erupt out of the tank as a result of a heat wave contacting and instantly boiling the water in the

tank bottom. This poses a threat to personnel within several hundred meters of the tank.

2.4.1.4 Adjacent to many refineries may be large yellow or yellow-brown mounds. These are

piles of elemental sulfur, a by-product of the refining process. Dust formation should be minimal

(fortunately, because the dust is explosive); however, it is a flammable solid, producing clouds of S02,

an upper respiratory tract and mucus membrane irritant, which in high concentrations can induce

respiratory paralysis.

2.4.2 Chemical Warfare (CW) Agent Considerations. The effect that having a layer of oil on

the skin may have on the absorption of CW agents is unknown. Concern was high due to the use of

petroleum distillates in commercially available insecticides to accelerate the absorption of the agent

through the skin.. Additional concern was focused on the impact of an oil layer on the effectiveness

of decontamination solutions. The use of solvents such as gasoline, diesel fuel, and kerosene to

remove the oil was considered undesirable because they defat the skin, rendering it more permeable

to various agents.

2.4.3 Weather. Although winds in the area are common, inversions and coastal fogs are

known to occur. These conditions can significantly enhance the hazards presented by irritant and

toxic smoke and gas plumes from fires and explosions (see section 2.1.4 and paragraph 2.4.1),

particularly if they result in the plumes remaining on the ground, rather than rising and dissipating.

The history of air pollution incidents in Europe and the USA indicates that such weather conditions
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can concentrate pollutants which would otherwise dissipate, creating significant respiratory and eye

irritation problems for even healthy young people.

3 RECOMMENDATIONS

(NOTE: Not all of these recommendations may be practical under every circumstance;

they are made with the expectation that even the impractical may inspire a useful

alternative.)

3.1 CASUALTY PREVENTION MEASURES

3.1.1 Reemphasize personal hygiene requirements, including removing excess oil from skin

and clothing when possible. Pay particular attention to friction points such as the armpits, groin, and

feet. A change of clothing would be ideal; dry socks would probably be the single most useful

change.

3.1.2 Do not use solvents such as gasoline, diesel fuel, or kerosene to remove oil from the skin.

Note that the solvents and the oil are flammable - NO SMOKING !

3.1.3 Obtain disposable goggles for eye protection of Marines riding ashore through oil-

covered water to avoid eye irritation from spray. Using the standard issue gas mask without cartridge

is an acceptable substitute for protection, but the contaminated spray is likely to be difficult to clean

off the lenses.

3.1.4 Pay close attention to wind direction, the intent being to stay upwind (whenever

possible) of potential sources of toxic and irritant materials (e.g., plumes of smoke from burning oil

wells, venting oil wells, clouds from refineries). Should a shift of wind occur causing a ground-

hugging plume to advance toward troops, move troops in a direction perpendicular to the advancing

plume front, when possible.

3.1.5 Use the standard issue gas mask for protection from irritant smoke from burning oil (see

Appendix E for further information regarding gas masks).

3.1.6 Obtain H2S sensors for use near oil fields and refineries. The odor provides inadequate

warning. An alarm setting of 15 ppm would provide plenty of warning; 100 ppm should be the

maximum setting, but would provide little advance warning and little margin for error.

3.1.7 Make gas masks available for use in rescuing personnel overcome by H2S. Attempting a

rescue without one will result in more casualties.
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3.2 CASUALTY TREATMENT MEASURES/CONCERNS

3.2.1 Do not induce vomiting if crude oil is ingested. If vomiting occurs, watch for aspiration

pneumonia. This is of particular concern if the crude has not weathered, or if a refined product was

ingested. A transient diarrhea will probably occur.

3.2.2 Clean wounds externally with a waterless hand cleaner, such as GOJO*. if wounds are

contaminated by crude oil. Remove all such cleaners from within the wound prior to dressing. The

wound itself may be gently cleaned with gauze pads saturated with Puri- Clens* or Betadine*

solution. Deep internal wounds and body cavities can be irrigated with normal saline or normal

saline-Betadine solution mixture which poses no unusual wound treatment issues beyond those

normaiiy encountered.

3.2.3 There is no immediate need to remove oil from the skin. When oil is removed, dry wiping

and/or soap and water, a waterless hand cream, white petrolatum, neosporin ointment, or similar

emollient should be used rather than a solvent.

3.2.4 Remove oil-contaminated clothing and wipe off the head, neck and chest before placing

the oxygen mask on if casualties requiring 02 are oil-contaminated. Before handling 02 fittings or

bottles, wipe off any oil from the hands, ensuring that they are oil-free.

3.2.5 Remove from the body oil contamination before initiating any medical procedure that

could produce a spark (e.g., defibrillation).

3.2.6 Ensure that all accumulated oil-contaminated clothing or wipes are stored in tightly-

lidded metal drums or well away from any combustibles. Empty containers frequently and dispose of

the contaminated materials.

3.2.7 Anticipate an increase in the number of blisters and skin abrasions/irritations among

personnel whose boots or clothing become contaminated due to the penetrating and abrasive nature

of the mixture of oil and sand. The introduction of new boots may exacerbate this if the boots are

not broken in quickly.

3.2.8 Be aware that if vehicle and other hard surfaces become contaminated with oil, an

increase in injuries resulting from slips, trips, and falls may be anticipated.

3.3 POTABLE WATER

3.3.1 Consider extending ship's water intake by hose to 20 feet below the hull when in oil-

contaminated waters if feasible, to minimize amount of oil drawn into the intake.

3.3.2 Water remains potable, if not palatable, when contaminated by crude oil. Toxic levels

are not generally reached until after taste and odor become intolerable.
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3.3.3 Decontaminating unpalatable water requires boiling to evaporate the volatiles, probably

for 5 to 15 minutes. An alternate method is to aerate the water to evaporate the volatiles. This could

involve pouring from one vessel to another repeatedly, or bubbling air through the water.

3.3.4 Use contaminated water for showering but not for cooking.

3.3.5 Consider water sources ashore at any recaptured facility to be non-potable (and possibly

sabotaged).

3.4. OTHER

3.4.1 Due to the ease with which well heads can be wired for sabotage, and the fact that both

VHCs and H2S released from open well heads can form colorless, surface-hugging clouds at

concentrations which are both lethal and explosive, participants recommended the following

pragmatic approach: if a well can be seen or heard (a whistling sound) to be venting, use a remote

incendiary device (e.g., white phosphorus grenade, mine-clearing device) from upwind to ignite it; in

any case, prior to entering an oil well field, an incendiary should be fired in ahead of the advance

from upwind, and repeated from time to time during the advance through the field. It should be

noted that this will not necessarily dissipate lower but still lethal concentrations of H2S, for which a

detector is the only reliable means of identification.

4 ADDITIONAL ISSUES

4.1 REFINERIES

4.1.1 If operating in or around fixed facilities, approach from and remain upwind whenever

possible, and avoid low-lying areas and confined or constricted spaces including bermed tank farms

or other bermed areas. The volatiles from the crude, and the refined products, will tend to collect in

such areas. Concentrations can be high enough to produce serious CNS effects, respiratory depres-

sion, and asphyxia. These concentrations are also flammable and explosive.

4.1.2 In addition to avoiding spheres and large storage tanks, small white-painted tanks should

be avoided. These likely contain organo-lead compounds. These are neurotoxicants, but more

importantly in this context, these are explosive and can detonate with disastrous results.

4.1.3 All refineries utilize cooling water; cooling this water for reuse requires large cooling

towers. The refineries in the area use wooden structures which can be 4-5 stories tall. Concern here is

for the chemicals used to prevent corrosion in the piping, which are usually chromate salts. If the

cooling tower is ignited, clouds of chromate salt-bearing smoke will be released, which will be even

more irritating than those discussed previously.
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4.2 MISCELLANEOUS

4.2.1 The specific gravity of crude oil is below 1.0 - it floats on water. What is the significance?

You can't swim in it, you'll sink. This may be of concern if pools or trenches of oil are encountered

and someone decides that going through is faster than going around.

4.2.2 Oil-saturated sand acts like quicksand. Traction becomes negligible and vehicles both

wheeled and tracked become mired in it.

4.2.3 Crude oil is a lubricant which can penetrate into machinery and produce undesired

effects, particularly in contact with plastic or rubber seals, gaskets, et , where it can act as a solvent.

When combined with sand, it makes a penetrating abrasive.
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SECTION III

REFERENCE DOCUMENT

I PROBLEM

1.1 Navy and Marine personnel may be exposed to large pools of crude oil and other

environments associated with the production and processing of crude oil. Operational imperatives

may require that operations continue in these environments to the extent possible. The purpose of

this workshop was to define hazards, and toxic effects of hazardous materials associated with crude

oil, and crude oil storage and processing, that might be encountered by military personnel during the

conduct of military operations. Hazards to be addressed included, but were not limited to, toxic

chemicals, physical hazards, and fire and explosion hazards that might result in injuries or casualties.

The assessment of hazards was to emphasize hazards that might hamper or prevent military

operations or result in casualties, to describe expected toxic effects (particularly acute effects), and to

describe unusual or subtle hazards or toxic effects. Products of this workshop were to be a

description of crude oil and crude oil product hazards, a description of adverse health effects

associated with exposure to the hazards, and recommendations for preventing or alleviating the

adverse health effects.

2 OIL; OIL CHARACTERIZATION. PRODUCTION, PROCESSING, AND HANDLING HAZARDS IN THE

PERSIAN GULF REGION

2.1 The workshop primarily focused on hazards that might be associated with military

operations within or near Kuwait. In order to facilitate the association of hazards with various

operating conditions, the document focuses initially on identifying hazards in different oil industry

environments and within sites of unintentional or deliberate environmental contamination.

2.2 Figure 1 demonstrates the distribution of the major oil formations within Kuwait, the

Arabian (Persian) Gulf, and nearby areas of Saudia Arabia, Iraq, and Iran. Although both gas and oil

fields are depicted, they are primarily oil fields. The predominant field in southern Kuwait is the

Burgan Field, 15 miles south of Kuwait City. This field produces intermediate crude, API gravity from

the high teens to the low 30's, and has a subsurface pressure of 3200 psi. The gas composition of the

field is 70% methane, 14% ethane, 6% propane, 3% butane, and impurities to include approximately

0.1% (1000 ppm) hydrogen sulfide (H2$) gas at wellheads. Based on the H2S concentration, the field

is considered "sour." Oil wells in the Burgan Field are approximately one mile apart and produce

approximately 10,000 to 20,000 barrels per day. Oil wells do not have derricks to identify their

location. Most wells are covered by sand, but have a flag that mark their location. The Burgan Field is

considered very prolific; however, most wells are believed to be shut down at this time. Very few gas

wells are within the Burgan Field. The Wafra Field to the south of the Burgan Field has oil wells that
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are approximately 2000 feet apart. These wells have a production rate of several hundred barrels per

day. The field should be considered sour. Most wells in the Wafra Field have been ignited. Several

fields near the Burgan Field (Umm Gudair, Fuwaris, Minagish, Magwa, and Ahmadi) contain oil that is

similar to that produced by the Burgan Field and are also considered sour. Hazards within well fields,

and particularly at well heads, include crude oil, flammable volatile hydrocarbon gases, and hydrogen

sulfide gas, which may be concentrated in low-lying areas. Hydrogen sulfide gas has the smell of

rotten eggs, but high-concentration exposures may inhibit the sense of smell.

2.3 Crude oil is usually pumped from several wells through a series of pipelines to gathering

facilities (tank batteries) to include gas - oil separating plants (GOSPs) in some oil fields. The pipelines

are usually buried at a very shallow depth beneath oil-covered roadways that meander through the

oil fields. GOSPs, which are often rather large facilities within the oil fields, contain storage tanks for

crude oil and gas separating facilities. The basic field separation of crude oil in GOSPs include

collection and storage of volatile gases (e.g., methane, ethane, propane, butane) as liquid petroleum

gases (LPGs) in pressurized spheres, or the gases are pumped to gas plants; gravity separation of

water, which may be reinjected or drained to a collection point; and pumping of the separated oil to

storage tanks. The shape of some structures provides a clue of the types of materials that may be

contained within. Metal spheres are usually associated with storage of LPGs under pressure. Storage

tanks with floating roofs are used to store volatile liquid fuels such as crude oils, kerosene, diesel, and

gasoline at essentially atmospheric pressure. Insulated dome-roofed tanks may contain liquefied

natural gas (LNG) which is a cryogenic liquid. Horizontal cylindrical tanks with spherical ends also may

contain LPGs. All pressure vessels are of concern.

2.4 Hazards at gathering points include crude oil exposure, exposure to LPGs, hydrocarbon

vapors, and hydrogen sulfide gas. As will be emphasized later, LPG storage spheres and domed LNG

storage tanks are significant explosion and fire hazards that may be the source of heat and toxic

combustion products. Active open well heads from wells with high subsurface pressures may also

pose an injurious noise hazard.

2.5 Crude oil or field-separated oil may also be pumped to refineries for further processing or

be pumped to offshore tanker loading facilities. Due to their abundance, the primary hazards in

refineries are crude oil, LNGs in domed storage tanks and LPGs in pressurized spheres, hydrocarbon

vapors, and hydrogen sulfide gas (particularly in hydrogen sulfide recovery and processing units).

Refineries, due to their structure and operations, pose several additional hazards including harmful

process chemicals and the potential for injuries due to collapsing structures. Asbestos, an irritant and

carcinogen following chronic exposure, may have been used in some refineries for insulation of pipes

and other fire resistance applications such as fireproofing cements on structural steel. More acute

hazards are associated with process chemicals, which may or may not be present due to the type of
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technology used in the refining process. Crude oil dewaxing operations would require anhydrous

ammonia, an irritant gas, for the operation of chillers. The operation of alkylation units would

involve use of concentrated sulfuric acid or hydrofluoric acid. Other acid or solid catalysts are

employed in the various refinery process units. Tetraethyl lead or tetramethyl lead may be found in

refineries that produce leaded gasolines. Water treatment facilites within refineries use chlorine gas,

a respiratory irritant. The use of hydrogen fluoride alkylation units may not be widespread in Kuwait.

2.6 Offshore terminals are the primary facilities for loading crude oil and petroleum products

for export. An unsophisticated loading facility might be a flexible hose tied to a buoy. Crude oil and

liquefied products may be fire hazards. Petroleum gases under pressure would be both fire and

explosion hazards.

2.7 Crude oil or its separated or refined components could also occur as environmental

contaminants either through accidental releases of materials as a result of combat operations or as

part of deliberate obstacles. The hazards could include oil or liquid fuel contaminated surface water,

beaches, and other sands and roadways. Military personnel operating in these environments may be

subject to direct skin exposure and skin exposure after permeation through contaminated clothing

and footgear. Volatile components may be inhaled. During marine or amphibious operations in

contaminated waters there is also a possibility for accidental oral ingestion to occur. Pools of crude

oil or crude oil liquid products used as deliberate obstacles may also be a source for accidental

ingestion exposure. Food consumption in contaminated areas may also contribute to oral ingestion.

As in most environments containing crude oil or crude oil products, toiere is also high potential for a

concurrent fire and smoke hazard. These hazards and other associated hazards are further detailed

in Section 3.5. A recommendation of several key workshop participants was that military planners

contact the Oil Ministry of the Kuwaiti government in exile or the Oil Ministry of the Kingdom of

Saudi Arabia to obtain more specific technical information about oil production, gathering, refining,

and loading facilities within intended areas of operation. A second recommendation was to use

commercially available PC-based computer software to estimate fire, explosion, and toxic gas

dispersion hazards; and distances between oil producing or refinery equipment and/or facilities.

2.8 Complicating environmental factors contributing to the hazard potential of crude oil.

crude products, or oil processing and storage facilities would be temperature, wind, fog, sandstorms,

and terrain features. Warm temperatures may approach the flash point and increase the explosion

potential of gases. Dependent on where one is positioned, wind may be helpful for the dispersion of

noxious gases. However, a downwind position is disadvantageous. The absence of wind currents may

prolong exposure to heavy gases such as hydrogen sulfide. Fog may lead to increased formation and

persistence of toxic aerosolized products and inhalable particulates during fires. Terrain features
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such as depressions or low lying terrain features may be the sites for collection and concentration of

toxic heavy gases like hydrogen sulfide.

2.9 Although the workshop participants were charged to consider the conduct of necessary

operations in or near environments containing crude oil or crude oil products, the consensus of the

participants was that facilities associated with the production, collection, refining, and handling of

crude oil and its associated products, as well as contaminated areas, posed a multiplicity of health

hazards to personnel. The collective opinion of the participants was that if the choice could be made,

the best choice would be to avoid operations in these threatening environments. The detailed

information that follows in Section 3 provides the basis for this overall recommendation and provides

specific information regarding health risks and the management of health risks and toxic health

effects associated with crude oil or crude oil product hazards that might be encountered in the

Persian Gulf Region. Although exact exposure scenarios were unknown, the workshop participants

considered a wide variety of reality-based situations to define crude oil and crude oil product hazards,

their harmful health effects, and methods of alleviating their harmful effects.

3 SPECIFIC HAZARDS, EFFECTS, PREVENTION, AND ALLEVIATION

3.1 CRUDE OIL HAZARDS

3.1.1 There are several settings that may result in the exposure of military personnel to crude

oil. The possibilities include, but are not limited to: (1) oil fields at and around well heads;

(2) ruptured pipelines and storage tanks; (3) crude oil-contaminated bodies of water, beaches, sands

and roadways; and (4) pooled crude oil within containment berms around storage tanks or within

deliberate obstacles placed in operational terrain. Personnel exposures could be whole body as might

happen when one is in a contaminated body of water or in a pool of crude oil. In the event of a

whole body immersion, routes of exposure may be dermal, ocular, oral (to include aspiration), and

inhalation. Exposures to crude oil such as in the spray from well heads, ruptured tanks and pipes, and

contaminated waters could result in dermal and ocular exposures. The possibility also exists that

aerosolized crude oil in these sprays, as well as gases and vapors evolved from crude oil, could be

inhaled. The toxic effects described hereafter are focused on the potential routes of exposure. Acute

toxic effects that would result in immediate casualties or hamper military operations are emphasized.

3.1.2 Physical Effects. Because of its lubricity, crude oil may result in falls and associated

physical injuries to limbs or other portions of the body. Physical injuries could also result from the

abrasive effects of sand that may become intermixed with crude oil that is in contact with the skin. In

physically active personnel, interactions of crude oil with skin in high-friction areas may lead to

irritation of the skin and blister formation (soles of feet and groin) thereby hampering mobility.
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3.1.3 Dermal Exposure. Dermal exposure can result in the clogging of pores and hair follicles

thereby compromising body heat loss. Of less immediate consequence, dermal exposure can result in

acne and folliculitis. The defatting action of lighter crude oil components can result in acute redness

and itching or dermatitis.

3.1.3.1 To the extent practical, remove as much of the crude oil from the skin as possible.

Sorbent materials should be used if water and soap or non-petroleum solvents are not available. Oil-

soiled socks and clothing should be changed at the earliest opportunity.

3.1.4 Ocular Exposure. Ocular exposure can result in slight stinging and a transient redness. No

permanent damage should result. The immediate treatment is to flush the eye with water.

3.1.5 Ingestion Exposure. The effects following ingestion of a small amount of crude oil are

not expected to result in clinical signs of toxicity other than mild gastrointestinal disturbances. The

primary debilitating effects of an ingestion exposure are associated with aspiration of crude oil into

the respiratory tract. The low boiling point components of crude oil are primarily responsible for the

chemical pneumonitis and pulmonary edema associated with crude oil aspiration.

3.1.5.1 To treat individuals exposed via ingestion, do not induce vomiting as this may lead to

aspiration of the crude oil into the lung. Trained medical personnel may elect to remove ingested

crude oil via gastric lavage. Trained medical personnel should provide symptomatic treatment.

3.1.6 Inhalation Exposure. The gas composition of crude oil largely determines the effects of

inhalation exposure. Hydrocarbon vapors evolved from crude oil may cause narcosis, and high

environmental concentrations of hydrogen sulfide evolved from sour crude oils may result in

asphyxiation. Details on the effects and treatment of hydrocarbon vapor and hydrogen sulfide

exposed personnel are presented below.

3.2 HYDROGEN SULFIDE (H2S) GAS

3.2.1 The effects of H25 have been recognized in the petroleum industry for almost 60 years.

Hydrogen sulfide exposure in the petroleum industry was one of the major industrial hazards in the

U.S.A. in the 1930s. Men have been found dead on derrick floors, apparently overwhelmed by the

rush of gas when they first drilled into a pocket. Before the danger became known, exposures to

large quantities of H2S occurred without respiratory protection. In some oil fields, gases were found

to contain 10 to 12% of H2S by volume.

3.2.2 Average concentration of H2S at the well head in Kuwait is 0.1% (1000 ppm).

Concentrations may range from being negligible to 15% (150,000 ppm). The potentially worst point

sources of H2S are the well heads. All well heads in the theatre of action should be considered to be

potentially sour (i.e., containing H2S). The odor threshold for H2S is low (.005 to 0.13 ppm). At
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concentrations up to 30 ppm, the odor is that of rotten eggs. The sense of smell fatigues quickly at

very low concentrations, and the odor goes undetected even after prolonged exposure. Although

the odor is detectable at low concentrations which are not life threatening, the discomfort and

possible nausea may be distracting and reduce an individual's efficiency of operation. Above

100 ppm, H2S rapidly abolishes the sense of smell. Exposures to 250 ppm for 120 min or less is

considered potentially life threatening and serious injury is likely. Exposures to 500 to 700 ppm could

result in a loss of consciousness, with death possible in 30 minutes to an hour. Exposure to 700 to

1000 ppm results in rapid loss of consciousness, respiratory failure, and death.

(NOTE: Inhalation of concentrations in excess of 250 ppm of hydrogen sulfide can be

lethal. The probability that these conditions could be created from a crude oil source in

a nonconfined area is low but not negligible: the potential for lethal concentrations in

the vicinity of a nonbuming sour well, or in the head space above sour crude oil tanks,

in deep trenches/pits and such requires caution.)

3.2.3 Inhalation Exposure. Exposure to low concentrations can cause irritation of the nose

(rhinitis) and throat, headache, dizziness, nausea, and nervousness. High concentrations may cause

bronchitis, pulmonary edema, and paralysis of the respiratory system resulting in asphyxiation.

Stupor or unconsciousness may be the first signs of excessive exposure because of effects on the CNS

(refer to Appendix A).

3.2.3.1 For treatment of inhalation exposure, immediately remove the patient from the

exposure area. Resuscitate and administer oxygen as necessary. Continue to monitor for pulmonary

edema or excessive tracheobronchial secretions. In severe poisonings, inhalation of amyl nitrite

followed by sodium nitrite injections (10 ml of a 3% solution) iv over a period of 2 to 4 min for adults

has been suggested, repeating at one-half dose if and when signs and symptoms reappear (refer to

Appendix A).

3.2.4 Ocular Exposure. The first signs of exposure to low concentrations (i.e., 4 to 15 ppm) are

irritation, tearing, and photophobia. Hydrogen sulfide gas can also cause painful conjunctivitis (which

may progress to keratoconjunctivitis), sometimes with corneal erosion and spasm of the eye lids.

Lasting eye damage is unlikely to occur.

3.2.4.1 For treatment, hold the eyelids open and flush with water for 15 minutes. Eye irritation

usually disappears without any treatment; however, local administration of steroids has been

reported to be an effective treatment, especially in preventing progression of conjunctivitis to

keratitis.

3.2.5 Dermal Exposure. H2S Gas can cause irritation but it is not of major concern.
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3.2.6 Ingestion. Exposure to H2S gas by ingestion is not of concern.

3.3 VOLATILE HYDROCARBONS

3.3.1 There is some concern about exposure to volatile aromatic components of fresh crude oil

such as benzene, xylene, toluene, and hexane. Exposure to pure solvents are of particular concern in

refineries and storage facilities. Solvents have a defatting action that makes the skin more prone to

absorbing other chemical agents and to secondary infections. The degree of acute health hazard for

exposure to any one of these volatiles varies. Cardiac sensitization to the effects of epinephrine was

raised as a concern, although there was some feeling that the levels to produce this effect would be

quite high (greater than 50,000 ppm). Because the effects of these compounds are similar, differing

only in degree, and treatments are similar, information will be given collectively. The specific effects

of the volatile hydrocarbons benzene, xylene, toluene, hexane, propane, and butane are further

described in Appendix A.

3.3.2 Aliphatic components such as methane, ethane, propane, and butane are of concern as

asphyxiants. They are also of concern when in pressurized containers for their potential as "pressure

bombs" as described in the section on explosion, fire, and smoke hazards (Section 3.5).

3.3.3 Dermal Exposure. The aromatic components may be absorbed through the skin. Dermal

contact may cause irritation (viz. erythema). Repeated or prolonged skin contact has a defatting

action, causing drying, fissuring, and dermatitis.

3.3.3.1 For treatment, contaminated personnel should wash with soap and copius amounts of

water after removing their contaminated clothing.

3.3.4 Inhalation exposure. The principal action of volatile hydrocarbons is predominantly

upon the CNS as a depressant causing effects ranging from fatigue, headache, nausea, and dizziness,

to convulsions, paralysis, and loss of consciousness. Toxic manifestations resulting from a single

exposure will vary with the atmospheric concentration. Death due to respiratory collapse can occur in

5 to 10 min at extremely high concentrations (i.e., 3,000 to 20,000 ppm). Inhalation of lower

concentrations (approximately 250 to S00 ppm) will only cause vertigo, drowsiness, headache, and

nausea.

3.3.4.1 For protection, rescuers should wear a standard issue gas mask (however, efficacy

against volatile hydrocarbons will be diminished after 15 minutes). They should remove the victim

from the exposure area and resuscitate and administer oxygen as needed.

3.3.5 Ocular Exposure. Vapors may be slightly irritating to the eyes. Pain may occur upon

contact, and dulling of the cornea may occur after significant eye contact with the liquid. Damage is

not extensive or long-lasting following a splash.
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3.3.5.1 For treatment, irrigate with water.

3.3.6 Ingestion Exposure. Effects are similar to those described under inhalation exposure

(3.3.4).

3.3.6.1 For treatment, careful gastric lavage using care to prevent aspiration into the lungs is

recommended. Do not induce vomiting.

3.4 ASPHALT, DIESEL FUEL. GASOUNE, JET ENGINE FUELS. AND KEROSENE HAZARDS

3.4.1 Asphalt, diesel fuel, gasoline, jet engine fuels, and kerosene are fire hazards.

Additionally, they produce toxic fumes. The absorption of fuels following dermal exposure can lead

to multisystemic effects following dermal contact. A primary injurious effect of asphalt exposure is

thermal burns. Additional information on the health effects and methods of treatment for exposure

to these materials are addressed in Appendix A.

3.5 EXPLOSION, FIRE, AND SMOKE HAZARDS

3.5.1 Disruptions in an oil production facility, either accidental or deliberate, are prone to

catastrophic explosions and fires. The major factors which contribute to fire and explosion hazards in

these sites include the flammable nature and voluminous inventory of crude oil and oil products, the

high-pressurized storage condition of petroleum gases, the continuous processing and transferring of

petroleum products, and the close proximity of processing and transfering units and storage tanks.

Apart from the oil production facilities, the oil fields in the Persian Gulf Region may have oil wells

located only a few thousand feet apart. Sabotage efforts to explode oil wells or processinglstorage

units in GOSPs and refineries or to ignite oil pool traps, oil-laden sand, or water are likely events and

therefore military personnel will find themselves in an immediately hazardous situation. The effects

of heat, smoke, combustion products, and fire gases are of major concern.

3.S.2 Explosion, Fire, and Heat Explosion of flammable materials in an oil-producing facility

produces a shock wave that will immediately knock down individuals standing within a few hundred

meters. Injury from the fall or from flying objects will require medical attention. The largest

explosions are likely to result from the rupturing of domed storage tanks and pressurized metal

spheres where the LNGs and LPGs are kept. From a design standpoint, LPG spheres are pressurized to

their maximum allowable servicing load. Added stress from an impact may crack the metal allowing

the sudden release of the explosive gas into the oxygenated atmosphere. The explosive force of

these "fire bombs" propagates the initiation of more explosions and fires. Steel structures under

heat exposure will lose their strength over time, and a lot of equipment, including columns, will be

collapsing. Flames from burning refinery equipment may reach 50 to 100 feet in height causing heat

to be radiated for several thousand feet. Skin and retinal burns will result among individuals
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standing close to the fire. Every effort should be made to shield individuals from the heat. Flames

from an exploding LPG sphere can result in an explosive fireball a few thousand feet in diameter and

height. Without protective equipment, a distance of up to 3000 feet may be necessary to avoid heat

radiation. Recommended stand-off distances are given in Appendix D.

3.5.2.1 Refinery and storage fires may burn for a considerable amount of time, possibly up to

two weeks. Well fires may burn for months. Due to the unpredictable nature of a fire in a petroleum

facility, the workshop participants advised that fire fighting efforts be avoided. However, if military

operations necessitate stopping a fire in a facility, the general guidelines to follow are: (1) contain

the fire by stopping the flow of fuel or draining the fuel; (2) depressurize high-pressure vessels; and

(3) cool the equipment. Water spray is the basic procedure for cooling equipment and structures

coupled with draining fuels into closed process sewers. Water sources may be limited unless the

facility is located along the coast and/or the facility firepumps are in service. Water pumping capacity

of up to 10,000 gallons per minute may be needed to control fires and up to 5,000 to 10,000 gallons of

firefighting foam concentrate may be needed for each storage tank to be extinguished. Attempts to

extinguish well fires should not be made until control measures to shut off the flow are prepared and

are in place.

3.5.2.2 A potential problem emerges due to the use of water spraying procedures. Water is

more dense than oil and will settle to the bottom of a storage vessel. When the heatwave in a

burning storage tank reaches the water at the tank bottom, the water may instantly boil causing

flaming oil to erupt from the tank. Individuals within several hundred feet of the tank will be at risk

from the burning oil. Additional considerations which may become problems for fighting fires are:

(1) limitation of the amount of fire fighting equipment and foam concentrates on site to handle more

than one fire at a time, (2) stripping of essential components of fire fighting equipment by the

opposing military forces, and (3) time to extinguish a fire. One large (approximately 200 foot) crude

oil tank may take 4 to 6 h to extinguish. During that time, the equipment to deliver several thousand

gallons of foam, to lay the foam streams, and several hundred thousand gallons of water must be in

operation.

3.5.3 Smoke and Combustion Products Hazards. The burning of crude oil is similar to the

burning of other natural resources, such as fossil fuels. The components of the smoke emitted from a

crude oil fire include carbon monoxide, carbon dioxide, and the products of combustion or pyrolysis.

These lptter products include the oxides of sulfur and nitrogen, aldehydes, and acrolein. Sulfur

dioxide results from the combustion of hydrogen sulfide. Crude oil fires also produce several

unburned products due to inefficient combustion. The solid particulates of smoke may be coated

with polycyclic aromatic hydrocarbons and other hydrocarbons, which may pose additional hazards.
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3.5.3.1 The components of smoke are irritating when inhaled and, at high concentrations, may

be fatal. High concentrations of carbon monoxide produce death in a few minutes. Asphyxiation

may result from high concentrations of carbon dioxide or from oxygen-depleted air. The irritant

effects of smoke usually involve the mucosal surface, in particular the eyes and the upper respiratory

tract (nostrils to larynx). Very low airborne concentrations (few ppm) of acrolein, aldehydes, and

acids (e.g., sulfuric) will produce immediate irritation.

3.5.3.2 In addition to a burning sensation of the eyes, nose, and throat, symptoms may include

headaches, dizziness, confusion, nausea, and vomiting. Eye redness, tearing and coughing may also

occur. A transient decrement in performance is likely. The degree of irritancy is associated with the

concentration of the individual components in the smoke cloud. There are several noteworthy

conditions which affect smoke concentrations. In general, the greater the distance from the source of

the smoke, the greater the dilution of air contaminants. However, air movement is important.

Low-lying areas may be subject to stagnant air and therefore should be avoided. Buildings and other

enclosures also are static air environments.

3.5.3.3 Respiratory tract toxicity, including lung damage, may result from short-term exposure

of high concentrations of smoke. Pulmonary edema, a consequence of inhalation of oxides of

nitrogen, may develop more rapidly in individuals under increased exertion.

3.5.3.4 Unburned volatile hydrocarbons, such as hexane, benzene and toluene are not likely to

be at high concentrations in the smoke cloud. For low concentration acute exposures, these

hydrocarbons are not toxic. Higher concentrations may cause drowiness and other CNS complications

(refer to section 3.3 on volatile hydrocarbons).

3.5.4 Alleviations and Personal Protection. Fires and smoke should be avoided. If eye

irritation occurs, wash with water. For burns or respiratory effects, supportive treatment is

recommended, possibly including oxygen and resuscitation. Suggestions for immediate medical

treatment for exposure to carbon monoxide or oxides of nitrogen are given in Appendix A.

Following the subsidence of symptoms of minor eye or respiratory tract irritation, individuals should

be able to return to duty.

3.5.4.1 Individuals directed to extinguish fires should don appropriate fire fighting gear.

During military operations when unexpected smoke clouds appear, standard military gas masks may

have to be donned. Safe distances will have to be defined. Monitors for H2S should be considered.
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3.6 MINOR HAZARDS

3.6.1 The hazardous materials identified below may be encountered, however, they were not

considered major hazards either as a consequence of their effects, minimal acute effect, or infrequent

presence in oil industry facilities in the Persian Gulf region.

3.6.2 Ammonia. Ammonia may be present in the cooling units in refineries at LNG facilities.

Therefore the possibility of an ammonia line being broken accidentally or intentionally exists.

Ammonia has a very penetrating, distinctly pungent suffocating odor. Odor threshold is probably

between 25 and 50 ppm although it has been reported as being as low as 1 ppm. Immediate health

effects, treatment, and other relevant information concerning ammonia exposure are described in

Appendix A.

3.6.3 Hydrogen Fluoride. When alkylation units are present, the potential exists for exposure

to HF. This gas has a sharp and penetrating odor with a threshold ranging from 0.04 to 0.13 ppm.

Immediate health effects, treatment, and other relevant information concerning HF exposure are

described in Appendix A.

3.6.4 Sulfuric Acid. When alkylation units are present, the potential exists for exposure to

sulfuric acid (112 50 4). Potential exists for exposure to H2 504 as a result of exposure to combustion

products of a refinery or oil field. Sulfuric acid is also routinely used for controlling the pH of cooling

water. It may be stored in a variety of vessels or barrels around cooling towers. Immediate health

effects, treatment, and other relevant information concerning 112 50 4 exposure are described in

Appendix A.

3.6.5 Sulfur Dioxide. Potential exists for exposure to S02 as a result of exposure to combustion

products of a refinery or oil field. Immediate health effects, treatment, and other relevant

information concerning S02 exposure are described in Appendix A.

3.6.6 Tetraethyl- and tetramethyl Lead. Potential for exposure to tetraethyl- and tetramethyl

lead exists if blending facilities for the production of gasoline are in the vicinity of explosions from

any deliberate or accidental source. Immediate health effects, treatment, and other relevant

information concerning tetraethyl- and tetramethyl lead exposure are described in Appendix A (Alkyl

Lead Compounds).

3.6.7 Radiation Sources. Potential exists for exposure to 137Ce and other radiation sources,

which may be used in liquid level detectors in various parts of the plant. Explosions may result in

unpredictable scatter of these radioactive sources. Other locations where radiation sources may be

present are laboratories and maintenance shops. The health effects of exposure to radiation include

various effects on the blood, and potential cancer. High exposures can also result in acute symptoms
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and radiation sickness. Treatment includes removing the source of radiation through

decontamination.

3.6.8 Chlorine. Chlorine is used for water treatment and in cooling towers. Immediate health

effects, treatment, and other relevant information concerning chlorine exposure are described in

Appendix A.

3.6.9 Asbestos. Asbestos is used in structural fire-proofing. It is not an acute toxic hazard, but

is likely to be spread in the case of explosions. See relevant information concerning health effects,

treatment, and such in Appendix A.

4 MAJOR CONCLUSIONS AND RECOMMENDATIONS OF WORKSHOP PARTICIPANTS

4.1 MAJOR CONCLUSIONS

4.1.1 Oil fields in the neutral zone (southern part of Kuwait) should be considered "sour"

(containing H2S). H2S gas is considered the major health hazard from crude or burning crude,

followed by SO2.

4.1.2 The most serious hazard is fire and the potential for explosions propagating from fires.

Explosion of vessels containing specialty chemicals poses serious injury consequences as well.

4.1.3 Opportunities for mischief include detonating sour oil wells and releasing oil onto sand,

water, or roads.

4.1.4 Oil soaked terrain and/or equipment will increase the number of slips, trips, and falls for

personnel attempting to maneuver under these cow!-ions.

4.1.5 Health effects related to crude oil and crude oil products are associated with the source

of exposure (i.e., focal areas may have potentially high concentrations of toxic or irritating chemicals).

These areas may include refineries, tank farms, or erupted well heads. Enclosed spaces also pose a

higher hazard due to stagnant air conditions resulting in failure to dilute toxic concentrations of

airborne chemicals.

4.2 MAJOR RECOMMENDATIONS

4.2.1 The Kuwaiti government should be contacted to identify and describe layouts of

refineries and other petroleum facilities. The chemicals present in the oil-producing facilities should

be identified to evaluate chemical hazards. In addition, the use of commercially available PC-based

computer software to estimate fire, explosion, and toxic gas dispersion hazards should be considered.

4.2.2 Remain upwind of open wells.
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4.2.3 Avoid oil gathering facilities, refineries, and terminals if at all possible due to the fire and

explosion hazards inherent in these facilities.

4.2.4 There should be no smoking, flames, or open lights in all oil-producing facilities.

4.2.5 If military operations necessitate entering a refinery, then limit the number of personnel

allowed to enter, and provide standard issue gas masks (see Appendix E for further information

regarding gas masks).

[NOTE: The only source of breathing air considered totally acceptable for use under

these conditions is a self-contained breathing apparatus (SCBA). In the unlikely event

an oxygen breathing apparatus (OBA) were available, it would be of limited use

because of the problems of canister life and surface temperatures of canisters that may

exceed the flash point of materials in the area.]

4.2.6 The loss of odor detection for H2S due to olfactory fatigue or adaptation is an important

concern. The standard issue gas mask provides significant protection against H2S (see Appendix E for

further information regarding gas masks). The use of H2S monitors by individuals in forward areas

was recommended. A suggested set point for the alarm is the current TLV of 10 ppm. However, a

concentration of 10 ppm only indicates a potential for hazard. Performance should not be affected.

4.2.7 When attempting to rescue personnel overcome by H2S, smoke, or other airborne

chemical contaminants, don an SCBA.

4.2.8 Protective eye wear is recommended for military personnel coming in contact with mists

or fogs positioned over oil-ladened sea water.

4.2.9 Avoid exposure to crude oil and crude oil products. For skin contact, dry wipe. Do not

use fuels such as gasoline or kerosene to remove excess oil. At the earliest opportunity, use waterless

hand cleaners followed by soap and water to remove the crude oil. Oil-soiled socks and clothing

should be changed at the earliest opportunity. Treat affected areas as needed.

4.2.10 Eye contact with crude oil may cause irritation and discomfort. Treat by flushing the

eyes with water.

4.2.11 Ingestion of small amounts of crude oil is not considered to be a serious problem. Do

not induce vomiting for alleviation of symptoms.

4.2.12 Inhalation of fresh crude oil poses a concern for inhalation of volatile hydrocarbons.

Symptoms include headache, dizziness, confusion, nausea, or vomiting. Inhalation of weathered

crude oil is of less concern because of the loss of volatile hydrocarbons. Central nervous system

symptoms may be more severe for crude oil vapor containing H2S. Inhalation of high concentrations
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of H2S may be lethal. individuals may rapidly lose their ability to smell even potentially fatal

concentrations of hydrogen sulfide, due to olfactory fatigue. Performance may decrease. Supportive

treatment, including oxygen, is recommended for alleviation of symptoms. Smoke inhalation is

potentially life threatening, espeially in confined quarters. Coughing and eye irritation are

associated with smoke inhalation.

4.2.13 Cardiac sensitization to epinephrine following crude oil vapor exposure is unlikely due

to the expected low concentrations of volatile hydrocarbons present in the vapor phase.

4.2.14 For wounded individuals contaminated with crude oil, normal decontamination

procedures should be followed with the advisory of keeping oxygen treatment areas free of oil and

disposing of oil-contaminated clothing as soon as possible to avoid spontaneous combustion. Avoid

the use of solvents and fuels to remove oil from the skin because these petroleum products may

increase the absorption of chemical or biological warfare agents.

4.2.15 Oil and an oxygen-enriched atmosphere are potentially explosive (refer to Appendix C).

Prior to oxygen treatment, oil should be wiped from the victim's face. Decontamination procedures

may have already taken place by the aid station personnel prior to oxygen treatment. Equipment

involving the use of oxygen must not become contaminated with oil.

4.2.16 Designate a contact point within the military that will provide professional advice to the

questions asked regarding health effects and treatment. Additionally, knowledge of oil-producing

facilities and fire fighting measures is needed.
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This appendix contains summaries of toxicity and emergency action information obtained from
a number of sources, including several oil companies and the American Petroleum Institute. These
documents represent toxicity and hazard risk as applied to civilian medical and community
emergencies. Because they are collected from several sources, they may not be entirely consistent in
their approach to a specific problem, but the differences are small. This list is not all inclusive of
chemicals found in the petroleum industry. but supplies data on the materials most likely to be found
in oil refineries and oil fields. More extensive information is available from the NMRI TOX DET by
calling (513) 255-6058 or AV 78546058, FAX (513) 476-7094.
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E*(ON EMERGENCY HEALTH INFORMATION SHEET

ALKYL LEAD COMPOUNDS
FORMULA: Pb (C,14)4  Pb (Cu,) 4

SYNONYMS: TEL; TETRAETHYL LEAD TML, TETRAMETHYL LEAD
TETRAETNYLPLUMBANE TERMTYPUBN

NFPA CIODEV

UN NO. CAS NO. HAZCIIEM NO.
1649 78410-2 (TEL) 2PE (OTHER I.D. NO.)7S-74-1 (TML)

TEL TML
* Colorless oily qud*Molecular weight: 323.44 267.33

PR PRIS* May be dyed with color 0 Boiling Polno (04: 200 110PR PRIS* Heeavier than water (OF): 392 230
* Insoluble i water 0 Vapor pressure: 0.2 0.22 (ATMOS)
a Vapor density. heavier than air 0 22C 152 167 (mmHg)

9 HIGHLY TOXIC WHEN INHALED
* READILY ADSORBED THROUGH THE SIN

KEY * IRRITATING and CORROSIVE to SKIN, EYES, AND RESPIRATORY TRACTHAZARDSe REACTS with OXIDIZING MATERIALS - SUCH AS PERCHLORATE$
HAARSUNTAL - MAY EXPLODE; FLAMMABLE

- KEEP AWAY FROM____________________
MPCky IN Sa a"m

9 PLEASANT, fruity or musty ODOR - BUT intensity a NOT ADEGUATE WARNING of
WARNING HA~ZAROUconcntrations
PROPERTIES - Liqluid is OFTEN DYED (red. blue, orange) for COLOR IDENTIFIATION

- METALLIC TAST may result from exposure

e FLAMMABLE LIMITS: 1.6 - 8.61%
* MAY EXPLODE; - with sudden SHOCK, PRESSURE, or HIGH TEMPERATIURE

FIRE/* To EXTINGUISH SHUT OFF FLOW OF MATERIAL - use DRY CHEMICAL. FOAM,FIREICARBON DIOXIDE; WATER SPRAY or MIST may be used to PROTECT FIREFIGHTERS.EXPLOSION * Combat k~e from BEHIND EXPLOSION RESISTANT or UNMANNED LOCATION4S
e FIREFGTR should APPROACH FROM UPWIND and WEAR SELF CONTAINED

BREATHING APPARATUS, FIRE may produce LEAD FUMES and HYDROCARBONS

e NIHALATIO and SKI ADSORPTION - Produces eimra nervous syslsm effects; anxityHEALTH isomnia, tremor delusion, coma, - EFFECTS MAY BE DELAYED AND MAY BE FATAL
HAZARDS *SKI WITAIO my resul in firs or seconid deore CHEMICAL SURNS* EYE - can cause SEVERE EYE DAMAGE and IRITATION

e INHALATIO - REMOVE FROM CONTAMINATED AREA resuscitate and adminiter
oxyge If ncssaWy FOLLOWUP - treat smtmlcfy

a SKIN CONTACT - CONTI1NUOUSLY FLUSH WITH SOAP AND WATER while removing
EMERGENCY cotamInatd clg. Consider the use of WITE GASOLINE or KERIOSINE to
MEDICAL * Y OTT-hold eyelids opnai FLUSH WITH WATER FOR 15 MINUTES;
TREATMENT FOLLOW-UP -refer to --- .aingis.

* CNTMN~r0USSYSTEM EFFECTS AME OFTE DELAYED;. Mee victim unider close
Wobsetwlih sdation v.Mauebsn Id m~rsequntLEADi UN&E

* IN ALL CASKS GET MEDICAL ATTENTIO. 0 CALL PoISO CONTROL CENR

bomNOf~- -- - am bowWfAw . w

READ OTHER SIDE
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ALKYL LEAD COMPOUNDS

0 When responding to a LEAKISPILL, OR WHILE ATTEMPTING RESCUE, USE SELF-
CONTAINED BREATHING APPARATUS (SCBA) with a full facepiece in the
pressure demand (positive pressure) mode.

PERSONAL a MAJOR LEASPILL, use a FULLY ENCAPSULATED NEOPRENE or POLYVINYL
PROTECTIVE CHLORIDE (PVC) SUIT.

EQUIPMENT * MINOR SPILL, use a CHEMICAL PROTECTIVE SUIT, BOOTS. 10d GLOVES of the same
materials as noted above and goggles.

e FULL FACEPIECE CANISTER RESPIRATORS may be suftahle for situations of low
concentrations and short time frame.

9 SMALL LEAK/SPILL (single drum. cylinder. small container) - ISOLATE 35 METERS
(115 feet) in all directions; restrict entry to emergency response personnel.

e LARGE LEAK/SPILL (many drums, cylinders, tanks) - ISOLATE 100 METERS (250 feet)
COMMUNITY in all directions; restrict entry to emergency response personnel, then EVACUATE IN A
ACTIONS DOWNWIND DIRECTION AN AREA OF 1 KILOMETER (0.6 mile) WIDE AND 1.5

KILOMETERS (1 mile) LONG.
e These are approximations; conditions change requiring constant reassessment and good

judgmenL

Concentralon/llme Effect

0.10 mg (kead)1m 3-TEL ACGIH Thresho Limit Value (LV)

CRITICAL 0m rg (Iad)m-TML
1.0 ,oW Extmrrne Resitr Irrttion

EXPOSURE for 120 minutes or less
LEVELS 100 mg/m' FATAL FOR SHORT EXPOSURES

for 15 minutes or less
* The above concentrations represent average values effects due to exposures vary among

indivkhads

EXPOSURE • Calorimetric procedure (Ethyl Corp.. LEAD IN AM TEST KIT or equivalent)
* Direct reading Instruments - (Vinten Instrumens, Ltd.. Lead Alkyl Analyzer - Model

MEASUREMENT No. 705; Telimnat Air Analyzer or equivalent)

- ABSORB "qld with vermiculte. sand, or other commercial sorbents.
SPILL * Prevent entry into sewers and water courses.

* lemoe ALL Ignition sources.
CONTROL e LEAD DEPOSITED ON SURFACES must be off with waer, collected and disposed.

Contaminated oll must be removed.

Exon lSlome Ica Sdiencm Inc. December 19M

READ OTHER SIDE
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E)5(ON EMERGENCY 'HEALiTH INFORMATION SH-1

NUEAMM NIALIQUID GAS

/ FORMULA: NHl,

> SYNONYMS: AMMONIA GAS;
ANHYDROUS AMMONIA;
LIQUID AMMONIA NFPA CODESO

UN NO. CAS NO. HAZCHEM NO.
1005 766441-7 2PE (OTHER I.D. NO.)

a Colorless gas e Molecular weight: 17.03
PR PETIS* Highly ube in waeer * Vap4: pressure: 10 ATMOS 0 25.70CPR PRIS* Lighter than air as agas e Boling point: -S.35C

e Heavier than air as a cold vapor cloud from liquid source (-330C)

* IRRITATING AND CORROSIVE TO SIN, EYES AND RESPIRATORY TRACT
KEY * REACTS VIOLENTLY WITH OXIDIZING AGENTS, HALOGENS AND ALKALI

HAZA DS *METALS
HZ RS*KEEP AWAY FROM_______________ ______

(SPoW lot eaCh 80)

WARN ING * PENETRATING, PUNGENT ODOR at tow concentrations
* IRRITATING to eyes and respiratory trac at higher -oncentrationsPROPERTIES - Tends to form WHITE VAPOR CLOUD at liquid source

* FLAMMABLE UIMITS 18%-25% (NH3 in air); autoigntion temperature 651*C; wil burn only

undR Elren lirAY conditions

EXPLOSION * In case of fire. use water spmy to cool exposed containers and so protect personnel
effecting shutoff.

9 TO EXTINGUISH, SHUT OFF FLOW OF MATERIAL;~ water spray and lowm can be used.

e INHALATIO - can produce pulmonary IRRITATION, chest pain, brocopaas
HELHp nuonia dumonar edra-A E FATAL ~wt~gs

HEALTH e SM -can cause MRIATION, severebum and b~ser fnainu otc ihgs

HAAe EYS-. a a SVNEWIAIN burning and tearing w~on exposure to gas;
~udcontact can cause som bum

* INHALATION - RMV FROM CONTAMINATED AIEA resucitae and admninister
caygen mit ssrY;FOLLOWUP -treat synmplomlly

Cy * SKIN CONTACT - FLUSH WITH WATER FOR 15 MINUTES while removing contaminated
EMERGENC clothing; FOLLOWUP - bet a bum
MEDICAL 9 EYE CONTACT -hold eyefldsopen and FLUSH WITH WATER FOR 15 MINUTES; 2-3

TREATMENTd; Fn~OWSUP - refer t0
-EFFECTS MAY BE DELAYED; keep victim under observation.

* IN ALL CASE, SEEK MEDICAL ATTENTION.

READ OTHER SIDE
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"'AMMONIA .

e When responding to a LEAK/SPILL, OR WHILE ATTEMPTING RESCUE, USE SELF.
CONTAINED BREATHING APPARATUS with a lull facepiece operated in the pressurePERSONAL demand (positive pressure) mode.

PROTECTIVE e For a MAJOR LEAK/SPILL. use a FULLY ENCAPSULATED SUIT of nitrile. butyl. neoprene
EQUIPMENT or polyvinyl chloridi (PVC)

* For a MINOR SPILL, use a CHEMICAL PROTECTIVE SUIT. boots and gloves of the same

materials as noted above.

- SMALL LEAK/SPILL (single drum. cylinder, small containers) - ISOLATE 25 METERS in
all directions and restrict entry to emergency response personnel.

COMMUNITY * LARGE LEAK/SPILL (many drums, cylinders, or large tank) - ISOLATE So METERS in
all directions and restrict entry to emergency response personnel, then EVACUATE IN A

ACTIONS DOWNWIND DIRECTION AN AREA OF .$ KILOMETER WIDE AND I KILOMETER LONG.
* These are approximations; conditions change, requiring constant reassessment

and good judgment.

* (ppm - parts per million; 10.000 ppm - 1% In air)

Concentmtilon/Tlme Effect

1-5 ppm Odor threshold
CRITICAL 25 ppm ACGIH threshold limit value (TLV);

generally irritating to unconditioned
EXPOSURE persons
LEVELS 100 ppm for 120 min or less Extreme respiratory discomfort

1.000 ppm for 120 min or less Life threatenng or serious injury likely

5.000-10.000 ppm IMMEDIATELY FATAL
e The above concentrations represent average values; effects due to exposures

vary among ndMdua

EXPOSURE e Cokorkmetric detector tube .e. Driger. etc.)
MEASUREMENT e Direct reading nrument

* Prevent entry to sewers and water courses.
SPILL * Cover liquid spill with chemical hazard foam to minimize gas release.

CONTROL * Use water Way downwind f spill to reduce gas.
e Water should not contact pools of liquid NH3 as this will increm gas evolution.

Exn Bomedicol Scienccs In. Februry IM

READ OTHER SIDE
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Fromi Nedical Xanagement of Chemical Zxpoaur# in the
Petroleum Zndust zy, American Petroleum Instituto.

ASBESTOS
Physical Data' 0.5 fibers/CC. > 5 .m in length (peak concen-
Chemical Family: Mineral dusts tration based on a 15-minute sample period)

Chemical Formula: Asbestos is a generic term that ap- Toxicity
plies to a number of naturally occurring hydrated
mineral silicates of differing chemical compositions. Asbestosis is a chronic lung disease due to the in-
Such minerals are divided into two groups: halation of asbestos fibers and is characterized by dif-
I) Pyroxenes. which include chrysotile (3MgO. fuse interstitial fibrosis, frequently associated with pleu-

2SiO:.2H ), the type most widely used in indus- ral fibrosis (thickening) or pleural calcification.
try in the United States; and The characteristic x-ray changes of asbestosis are

2) amphiboles, including amosite (FeMg-SiOj). cro- small irregular opactities in the lower and middle lung
cidolite (NaFe(SiO%)2.FeSiO-HO). tremolite fields, often accompanied by pleural thickening and
(Ca: Mg. Si on (OH)2). anthopyllite ((MgFe), Sis pleural calcifications.
O,, (OH)j). and actinolite (CaO-3(MgFe)O- The pulmonary fibrotic changes develop slowly over
4SiO:). the years--often progressively even without further

Normal Physical State: Asbestos fibers are character- exposure--and their radiographic detection is a direct
ized by high tensile strength, flexibility, heat and correlate of their extent and profusion. In some cases.
chemical resistance, and favorable frictional proper- minor fibrosis with considerable respiratory impair-
ties. ment and disability can be present without equivalent

x-ray changes. Conversely. extensive pleural radio-
graphic findings may be present with little functional

Synonyms" impairment.
Actinolite. amosite. amphibole. anthopylike. ascarite. Commonly found in advanced cases of asbestot; are
chrysotile. crocidolite, tremolite. pulmonary rales. dvpnea, finger dubbing, and cyano-

sis. but any or all can be absent in any onc case.
Pulmonary hypertension is frequently associated with

Degree of Health Hazard advanced asbestosis and the resultant cor pulmonale
Highly toxic for chronic exposure. may be the cause of death.

Exposure to airtorne asbestos fiber also has been
associated with bronchogenic carcinoma. mesotheli-Exposure Limits oma. and cancer of the gastrointestinal tract.Asbestosis and asbestos-related cancers usually take

ACGIH-TLV: Eight-hour, time-weighted average ex- many years to develop. However. prolonged exposure
posure. as follows: to the material is not necessary in order to develop such

Amosite 0.5 fiber/cc > 5 &m diseases; short-term or intermittent exposures may lead
Chrysotile 2 fibers/cc > 5 ign to the same results. Once the inhaled fiber is trapped in
Crocidolite 0.2 fiber/cc > 5 gm the lung tissue, it continues its biological activities re-
Other forms 2 fibers/cc >5 iL gardless of further exposure. Cigarette smoking pro-

duces a statistically significant increase in bronchial tu-Recognized to have carcinogenic or co-carcinogenic po- mors in those exposed to asbestos.'" Mesothelioma may
tential for humans associated with industrial processes. also be produced, independent of cigarette smoking.

OSHA Spicules of asbestos easily penetrate the skin. es-
(1976):* 2 fibers/cc, > S jm in length (eight-hour, pecially the fingers in those bagging the fiber. Chronic

time-weighted average) irritation of the dermis occurs with the formation of
l0 fiberscc. >3 5gm in length (ceiling con- corns which may have to be excised.!
centration) Medical Treatment'

(1976):" 0.1 fibersk. >5 jam in length. (eight-hour. Immedhite

time-weighted average) Inlaltatm: None.

December IM8(
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26 ~~MEDIAL MAAEETOF OMICAL EXPOSME

Asbestos connlued Comments or Discussion
Inestioa: Not applicable. The only satisfactory means of management is preven-
Skin Contact: Not applicable. tion of exposure. cigarette smoking is known to increase
Eye Contact: Not applicable, the risk of cancer. Monitoring procedures may include

chest x-ray. pulmonary function studies, and sputum
Follow-up cytology.

lnlaallouI: No satisfactory treatment other than re-
moval from any further exposure and therapy for any
complicating infection.

ligestom: Not applicable. Biological Monitoring Procedures
Skin Contact: Not applicable.
Eye Conutc: Not applicable. None.

December 198)
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From: Medical Management of Chemical Exposures in the

Petroleum Zndustry, American Petroleum Institute.

ASPHALT

Physical Data experimental animals after dermal application of as-

Chemical Family: Main constituent is bitumen with phalt mixed with solvents. The lack of quantitative

small amounts of sulfur. oxygen. nitrogen. and other dose-response data in animal experiments indicates that

minerals, intimate contact must extend over a long period before

Normal Physical State: Blackish-brown solid or semi- neoplasia become manifest. The NIOSH Criteria Docu-

solid material. ment on Occupational Exposure to Asphalt Fumes re-

Melting Point: Softens to viscous liquid above 9OrC. ported no data indicating a cancer risk in man.

Odor and Warning Properties: Characteristic. Medical Treatment

Synonyms Immediate

Petroleum asphalt. bitumen (not to be confused with Inhalaion: No special treatment indicated. Treat

coal tar). symptomatically.
Ingestion: Not applicable.

Degree of Health Hazard Skin Contact: Reported medical treatment deals
mainly with thermal burns from contact with molten

Low for both acute and chronic exposures. asphalt. Do not use toxic solvents to remove asphalt
from the skin. So-called waterless cleansers may aid in

Exposure Limits removal. Treat as thermal burns.

ACGIH-TLV: 5 mg/i' (eight-hour. time-weighted av- Eye Contact: Flush with water. Refer to an ophthal-

erage) mologist.

NIOSH: S mg/m', determined during any - Follow-up
minute period. Inhalation: No special treatment indicated. Treat

Toxicity symptomatically.
Ingestion: Not applicable.

Effects on one group of mice inhaling an aerosol of Skin Contact: Treat as thermal burn.
petroleum asphalt. and on another group exposed to Eye Contact: No specific treatment indicateo.
smoke from heated petroleum asphalt. included con-
gestion. acute bronchitis. pneumonitis. bronchial di- Comments or Discussion
lation. some peribronchiolar round-cell infiltration. None.
abscess formation, loss of cilia. epithelial atrophy and
necrosis." Biological Monitoring

Mice injected subcutaneously with a mixture of the
aromatic and saturated fractions of asphalt produced None.
both benign and malignant tumors. This route of ex-
posure is inappropriate for human cancer evaluation. *Criteria tot a Recommended Standard Occupational Expoure to
Both malignant and benien tumors were observed in Asphalt Fumes (1977).

December 1980

A-8



Pram: Medical Hanagemnt of Chemical Exposures In the
Petroleum Industry, American Petroleum institute.

BENZENE

Physical Data Benzene
Chemical Family: Aromatic hydrocarbons Benzene Vapor
Chemical Formula: CA Concentration Exp'isure Probable Response
Normal Physical Stsae: Clear colorless liquid 25 ppm l9 hrs. None.
Boiling Point: 80. 1*C SO-too ppm 6 hrs. Slight drowsiness and
Melting Point: 5.5*C possibly slight
Flammable Limiws: 1.3-4.0% headache.
Concentration of Chemical in Saturated Air (At 6C): .5oo ppm I hr. Symptoms of acute

13.15%toxicity may occur.
Odor & Warning Properties: Characteristic odor. no0t 7.500 ppm 30) mi. Life thireatening

useful for warning purposes. depressant effects.
20.000 ppm 'min. Probably fatal.

Synonyms Acute exposure to high concentrations may also result
Benzol; cyclohexatriene in chronic toxicity. Benzene ma% also be absorbed

through the skin. Dermal contact 'may cause erythema

Degree of Health Hazard and irritation.

Moderate for acute and high for chronic overexposures. Toxicity-Chronic
Benzene products chro'nic effects on the bone marrow

Exposure Limits and blood which ma% lead to leukopenia. aplastic ane-
ACGIH-TLV: 10 ppm (eight-hour. time-weighted av- mia and leukemia. Pf ilineed overexposure to benzene

erae).In diton.the ACGIH lists may also cause fatigue. nausea. loss of appetite. ver-
eneea anidsra stsac igo. headache. irritability. nervousness. nosebleed.

pect of carcinogenic potential for hu- and other hemorrhagic signs.
mans. (ih-orRepeated or prolonged skin contact has a defatting

OSHA 10ppm(eigt-hur ime-eigtedav- action, causing drying. fissuring, and dermatitis.
OSH: 0 pm im-wighede) Studies on laboratl'ry animals have raised the possi-

erage) bility that chronic cxpuisure to' benzene may have ad-
25 ppm ceiling concentration verse effects on repro'ductive function or performance.

NIO50 ppm maximum peak above ceiling No adverse reproductive effects in humans have been
NIOSH: I ppm as determined by an air sample determie.

collected at one liter/minute for two
hmrs.*Medical Treatment"' 4'

Toxicity-Acute Immediate
tmhalati"': Rescuiers shoulJ wear respiratory

Benzene acts predominantly upon the central nervous equipmer 'lemovc from exiosure. Resuscitate and
system as a depressant causing effects ranging from fa- administer oxygen as needed.
tigue. headache, nausea. dizziness, to convulsions. pa- Ingestion: Do not induce %omniiang. Gastric lavape. if
ralysis and loss of consciousness. Toxic manifestations indicated. using care to prevent aspiration into the
resulting from a single exposure will vary with the atmo- lungs.
spheric concentration. Death due to respiratoryv col- Skin Contact: Wash with soap and plenty of water
lapse can occur almost immediately, or may be delayed after removing contaminated clothing.
up to several days. See table. Eye Contact: Irrigate Aith water.

*Revised Cnitena 6r a Recommended Standrd ... OCCUP8ioui FolouUp

Exposure to Beazen (A" 19I. 1976). Inhalation: Treat symptomatically.

December 18
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40 MEDICAL MANAGEMENT OF CHEMICAL EXPOSURES

Benzene continued age to the individual, they can be used as an indication
of recent expoure to benzene.

Ingestion: Treat symptomatically. Observe for any *Normal- values for phenol in urine have been re-
abnormal signs due to aspirated.benzene, ported y various investigators to run from about 5 mg/

Skin Contact: Treat symptomatically. Emollients may poted by as inestgators wo rn r aou d
be usful.liter to 2% much as 42 mglliter. wi'th an average around

be useful. 30 mglter. NIOSH' considers a urinary phenol level of

Eye Contact: None. 75 mg.liter as indicative of a time-weighted average ex-

posure to benzene of 10 parts per million.
Comments or Discussion Certain foods and medications may result in in-

creased urinary phenols. These include, but are not

None. limited to. bananas, smoked meats, coffee, aspirin, bis-
muth, and Chloroseptic lozenges. Any increase above
the -normal" urinary phenol level, or above 75 mg/

Biological Monitoring liter, should be viewed as possibly due to exposure to
benzene.

Phenol is the major metabolite eliminated in the urine

after inhalation, ingestion, or absorption via the skin. "NIOSH Crnena Document. -Occupational Exposure to Bcnzene"
While urinary phenol levels are not a measure of dam- (19741

December 1980
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from: Medica l Management of Chemical Exposuros In the
Petroleum Znpfustry, American Petroleum institute.

BUTANE, ISOBUTANE

Physical Data Medical Treatment
Chemical Family: Aliphatic hydrocarbon Immediate
Chemical Formula: CAH Inhalation: Remove from expx'sure. Apply anificial
Normal Physical State: Colorless gas respiration as necesary."
Boiling Point: - It .7'C Ingestion: Not applicable.
Flammable Limits: 1.8-8.4% Skin Contact: For exposure in liquid. treat as a cold

burn.
Eye Contact: For exiourc t) liquid, treat as a cold

Synonyms burn.

2-methyl propane. trimcthyl methane Follow-up
Inhalation: None.
Ingestion: None.

Degree of Health Hazard Skin Contact: Ntne.

Very weak CNS depressant and asphyxiant. Eye Contatt None.

Comments or Discussion

Exposure Limits None

ACGIH-TLV: 600 ppm (A limit of 800 ppm is being Biological Monitoring
considered by the ACGIH.) None.

DLecberfh I:
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E*J(ON EMERGENCY HEALTH INFORMATION SHEET

CARBON MONOXIDE
FORMULA: Co

SYNONYMS: CARBON OXIDE

0
41 NFPA CODE@

LIN NO. CAS NO. HAZCHEM NO.
1016 630-064 2SE (OTHER 1.0. No.)

- Colorless gas 9 Molecular weight: 28.01
PR PReE Vapor density: lighter than air 0 Vapor Pressure 0 206C: > 760 mmHgPR PRTE* Slightly soluble in water > 1ATMOS

9Boiling point: -1920C (-3146F)

KEY FLAMMABLE
KEY e CHEMICAL ASPHYXIANT

HAZARDS o KEEP AWAY FROM___________________________

* ODORLESS - Provides no warningWARNING e TASTELESS
PROPERTIES o A victim may notic the onset of a headache; a severe prolonged case may exhibit cherry

red skin discoloration and/or blue lips.

e FLAMMABLE LIMITS - 12.5% to 74% (CO In air);
Autoignition temperature - 0C (I1289F).

FIRE/ * SHUT OFF all ignition sources; SHUT OFF FLOW OF MATERIAL.
e Gas may travel to ignition source and flash back.EXPLOSION * FIREFIGH1TERS should wear SELF-CONTAINED BREATHING APPARATUS; APPROACH

FROM UPWIND.
* TO EXTINGISH - use water. foam, carbon dioxide or dry chemical.

HEALTH * INHALATION - CHEMICAL ASPHYXIANT, producing central nervous system depression,HAZADS *myocardial lachernia - MAY BE FATAL
HAZA DS *SKIN - CRYOGENIC (cold) BURNS - FROSTBITE may result If exposed to the liquid

* INHALATION - REMOVE FROM CONTAMINATED AREA, ADMINISTER OXYGEN and
resuscitate If necessary; FOLLOW-UP - treat symptomatically.

a EYES - systemnic poisoning may cause blindness; FOLLOW-UP - refer to ophthalmologist.
EMERGENCY * SIN CONTACT - in case of FROSTBITE, warm affected areas slowly, with clothing or
MEDICAL with room temperature water; FOLLOW-UP - treat a a bum.

TREATMENT * EFFECTS MAY BE DELAYED; keep victim under sustained observation for up to eight

* ltd ALL CASES, GET MEDICAL ATTENTION
9 CALL POISON CONTROL CENTER

GWO"Oe --. wav 40 a ON bk am~
00featNEO4 wwf Us - is utbI*emu% -0~ a 00AN "N 8WA~*~V0
0" 0" O- s. "%o -faw - urdoama " mWw ra "of wofeI am we ad
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CARBON MONOXIDE

e When responding to a LEAK/SPILL. OR WHILE ATTEMPTING RESCUE. USE A SELF-

PERSONAL CONTAINED BREATHING APPARATUS with a facepiece operated in the pressure demand
(positive pressure) mode.PROTECTIVE * 00 NOT USE AIR PURFYINmG RESPRATOR

EQUIPMENT • HEAVY CLOTHING, GLOVES (LEATHER), AND BOOTS will provide protection against
direct contact (frostbite).

* SMALL LEAK/SPILL (single cylinder, small vessel) - ISOLATE 15 METERS (50 feet) in all
directions and restrict entry to emergency response personnel.

COMMUNITY • LARGE LEAK/SPILL (many cylinders, large vessels or containers) - ISOLATE 30 METERS
(100 feel) in all directions and restrict entry to emergency response personnel, then

ACTIONS EVACUATE IN ALL DIRECTIONS A DISTANCE OF 0.5 KILOMETER (0.5 Mae).
a These are conservative approximations; conditions change, requiring constant reassessment

and good judgement.

* (ppm - parts per million. 10.000 ppm , 1% in air)

Concentration/Time Effect

50 ppm 55 mg/m ACGIH Threshold Limit Value (TLV)

1500 ppm 1714 mg/m 3  Extreme respiratory discomfort
for 15 minutes or

CRITICAL 750 ppm 857 mg/m'

EXPOSURE for 120 minutes
LEVELS o350 ppm 4000 mg/n' UFE THREATENING or serious injury

for 15 minutes possible
1650 ppm 4000 mag/rn

for 120 minutes
5000 ppm 5716 mg/m' IMMEDIATELY FATAL

9 The above concentrations represent average values; effects due to exposures vary among
individuals.

EXPOSURE • Colorimetric detector tubes (i.e.. Orger. etc.).

MEASUREMENT * Direct reading ristruments.

SPILL e ISOLATE the area until gas has dispersed.
* ELIMINATE all sources of ignition in the area.

CONTROL e VENTILATE closed spaces; check the CO and oxygen concentration before entering.

Exxon siornedical Sconlef. Inc. Septenber 191
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E*KON EMERGENCY HEALTH INFORMATION SHEET

* CHLORINE
FORMULA: C16

1/ NFPA COMOC

UN NO. CAS NO. HAZCHEM NO.
1017 772-50- 2XE (OTHER I.D. NO.)

e Amber compressed liquid or greenish yellow gas 9 Molecular weight: 70.9
PROPERTIES - Slightly water soluble * Vapor Pressure: 10 ATMOS 0 35.6C

e Heavier than air e Boiling point: -34.P9C

* HIGH ACUTE TOXICITY BY INHALATION
9 CORROSIVE TO SKIN AND EYES

KEY 9STRONG OXIDIZER; COMBUSTIBLE MATERIALS WILL BURN IN CHLORINE

HAZARDS DIVIDED METALSLUISADFNL
9 KEEP AWAY FROM______________________

WARNING e IRRITATING ODOR - SMELLS LIKE BLEACH

PROPE TIES NON-FLAMMABLE

e MAY EXPLODE in contact with flammable gases, vapors. liquids or finely divided metals

FIRE/ * Oize.may cause fire on contact with combustible materials
a ae a nrae a eeainfo liquid source.

EXPLOSION 9 In case of fire, use water spray to cool exposed containers and to protect pemonnel
effecting shutoff.

* TO EXTINGUISH, SHUT OFF FLOW OF MATERIAL; water spray or foam can be used.

* INHALATION - can produce pulmonary IRRITATION, chest pains, pneumonia. bronchit
and pulmonary edemna - MAY BE FATAL

HEALTH * SKIN - can cause IRRITATION, burning. inflammation and blister formation upon contact

HAZARDS wit gas; liquid contact can cause chemical bum
e EYES - can caus IRRITATION upon contact with gas: liquid contact can caus chemical

burns

* INHALATION - REMOVE FROM CONTAMINATED AREA, resuscitae and adminiser
oxygen if necessary. FOLLOW-UP - treat symptomatlcaly.

* SKIN CONTACT - WASH WITH SOAP/WATER AND FLUSH WITH WATER FOR IfEMERGENCY MINUTES wile removing contamtd clothing; FOLLOW-UP - treat as cheina burn
MEDCAL* EYE CONTACT - hold eyelids open and FLUSH WIrh WATER FOR 15 MINUTESMEDICAL FOLLOW-s - treat as chemical bum refer to ophtamologist.

TREATMENT e EFFECTS MAY BE DELAYED; keep victim under observation.
* IN ALL CASES, GET MEDICAL ATTENTION.
e CALL POISON CONTROL CENTER.

amm 6 ._ ~WW go do*6
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CHLORINE.

9 When responding to LEAK/SPILL, OR WHILE ATTEMPTING RESCUE, USE SELF.
CONTAINED BREATHING APPARATUS with a full f4cepiece operated in the pressure

PERSONAL demand (positive pressure) mode.

PROTECTIVE • For a MAJOR LEAKISPILL. use a FULLY ENCAPSULATED SUIT of TyvekSarnex. nirite.
butyl. or Viton.

EQUIPMENT • For a MINOR LEAK/SPILL. use a CHEMICAL PROTECTIVE SUIT. boots and gloves of the
same malerials as noted above.

- SMALL LEAK/SPILL (single drum, cylinder, small containers) - ISOLATE 45 METERS
(150 feet) in all directions and restrict entry to emergency response personnel.

* LARGE LEAK/SPILL (many drums, cylinders, tank) - ISOLATE 90 METERS (295 feet) in
COMMUNITY an directions and restrict entry to emergency response personnel, then EVACUATE IN A

DOWNWIND DIRECTION AN AREA OF 1.0 KILOMETER (0.6 mile) WIDE AND 1.5
KILOMETERS (I mile) LONG.

* These are approximations; conditions change. requiring constant reassessment and good
judgment.

* (ppm ,, parts per million; 10.000 ppm 1% in air)

Concentration/TIme Effect

0.01 - 0.03 ppm Odor threshold

CRITICAL I ppm ACGIH thresholid mit value (LV)
3 ppm for 15 min. or less or Extreme respiratory discomfort

EXPOSURE 2 ppm for up to 120 min.

LEVELS 10 ppm for 15 min. or less or Life threatening or serious injury likely
5 ppm for up to 120 min.

500-1000 ppm FATAL FOR SHORT EXPOSURES

* The above concentrations represent average values; effects due to exposures vary among

individuals.

EXPOSURE * colorimetric detector tubes (.e. Driger. etc.)

MEASUREMENT * Direct reading instruments

* Prevent entry to sewers and water courses.

SPILL * Cover liquid spill with protein foam to minimize vapor release.
CONTROL Use water spray downwind from spill to reduce gas concentrations.

C Keep water away from leak soure; acid formationcorsion ca mae leak wo .

~~.. . . . . . . . . .. -........::......:...:.......-..:_.
Exxon Omei Sciences Inc.JItua
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From: Medical Management of Chemical Exposures In the
Petroleum Zndustry, American Petroleum Institute.

CRUDE OILS

Physical Data in various forms and concentrations including sulfide

Chemical Family: Complex hydrocarbon mixture and mercaptans. The gaseous petroleum fractions and
p nNonuniform highly omplex the more highly volatile products have a mild anestheticmixtures of paraffinic naphthenic and aromatic action. The gases may exist in sufficiently high concen-

miytreofarbons.Saliconpthenicsul and romc trations to produce narcosis and usually only occur as a
hydrcallerbos.ml amounts of niulfun and euns result of accidental exposures in enclosed or confinedsmaller amounts of nitrogen and oxygen compounds sae

usually are present. spaces.
Boiling Point: Dependent upon composition of crude oil The lower boiling point products produce severeNorll State: Crude oil may contain, or be chemical pneumonitis if aspirated into the lungs. Der-Normal PhysicalSte:rueolmyoninorb

composed of, compounds in the gaseous, liquid, matitis from lower boiling point fractions may deadelop.
and/or solid state, depending on the nature of these usually as the result of their defatting effect on the skin.
compounds and the existent conditions of temper- Heavier. more viscous fractions may plug skin follicles
ature and pressure. and lead to dermatitis. A small percentage of people

Flammable Limits: May be highly flammable. Because may develop a skin sensitivity to petroleum. Skin cancer
crude oils have widely variable compositions, specific from chronic exposure must be considered a possibility.
flammable limits cannot be determined.

Odor & Warning Properties: Some crude oils contain Medical Treatment
sulfur and have an unpleasant, sometimes sickening,
odor of garlic or rotten eggs. The odorous sulfur Immediate
usually exists in the form of mercaptans or hydrogen Inhalation: Remove to uncontaminated area. Resus-
sulfide. citate and administer oxygen as needed.

Ingestion: Treat symptomatically.
Synonyms Skin Coqtact: Wash with soap and water.

Petroleum, rock oil Eye Contact: Flush with water.

Degree of Health Hazard Follow-up
Inhalation: Treat symptomatically.

Dependent on composition of crude oil. Some crude Ingestion: Treat symptomatically.
oils and crude oil fractions have recently been reported Skin Contact: Any suspicious skin lesions should be
to produce benign and malignant tumors in mice after surgically excised and examined pathologically
prolonged exposure by skin application. Eye Contact: None indicated.

Exposure LimitsExposre LmitsComments or Discussion
Composition varies greatly, thus a single limit is not
applicable. None.

Toxicity B
The varying content of crude oil does not permit defi- Biological Monitoring
nite toxicological conclusions. Crude oil contains sulfur No biological monitoring procedures available.

December IM~
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Froms Nedlcal Management of Chemical Exposures In the

Petroleum Zndustrjy, AmerLcan Petroleum InstLtute.

DIESEL FUEL

Physical Data'" Degree of Health Hazard

Chemical Family: Mixed petroleum hydrocarbons Acute: Low by all routes (note: aspiration hazard).
Chemical Composition: Usually that fraction which dis- Chronic: Moderate by all routes.

tills after kerosine. consisting of various paraffins.
naphthenes, simple aromatics, and condensed ring
aromatics. All diesel fuels have varying amounts of Exposure Limits

sulfur and additives. Composition varies greatly, thus a single limit is not

w tent applicable.

Dicl Fueb nub "C Rasp -C Sufur

No. I Fuel Oil (Premuium) 57 110-300 02 Toxicity"

No. 2 Fuel Oil (Regular) 60 190-30 0.3 The varying composition of diesel fuels does not permit
definite toxicological conclusions. The principal acute

Economy Fuel oil 7"7 220-370 tO toxic effect of inhalation overexposure to diesel fuel is

CNS depression. Fuels containing significant quantities

The additives for diesel fuel are corrosion inhibitors, of highly cracked stocks may contain polynuclear aro-
anti-oxidants, dispersants. metal deactivators. bacteri- matic hydrocarbons.
cides. and flow and viscosity improvers. While concentrated additives used in diesel fuels may

Corrosion inhibitors and anti-oxidants: require stringent control, the dilute concentrations in
I) Zinc alkyl or aryl dithiophosphates final commercial use generally present no significant
2) Methyl ditertiary butylphenol toxicological danger. The presence of sulfur or chlori-
3) Terpene-phosphorus pentasulfide addition nated additives can have a directly irritating effect on

products the skin. Zinc alkyl dithiophosphates are slightly toxic
4) p-phenylenediamine orally and may be mildly irritating to the skin and highly
5) Sulfurized esters irritating to the eyes. Methyl ditertiary butylphenol is

6) Terpenes moderately toxic on ingestion and irritating upon skin

7) Olefins contact. p-Phenylenediamine derivatives are potent ir-
ritants and sensitizers. Alkyl polyamide has low system-

Dispersants: ic toxicity and slightly irritating properties. N.N-disali-

i) Alkyl polyamide cylidene-1.2-diaminopropane exhibits moderate sys-
temic toxicity on ingestion and inhalation, and is mildly

Metal Deactivators: irritating to skin and eyes. The listed viscosity improvers
1) N.N-disalicylidene-1.2-diaminopropane are physiologically inert.

Bactericides and Fungicides: Medical Treatment
None cited.

Immediate"
Flow & Viscosity Improvers: Inhalation: Remove from further exposure. Resusci-
1) Isobutylene methacrylate polymers tate and administer oxygen as needed.

Boiling Point: 180-370" C. Ingestion: Treat symptomatically. Do not induce
Normal Physical State: Liquid vomiting. Gastric lavage. being careful to avoid aspi-
Flammable Limits: Flammable ration into the lunp.
Odor & Waring Properlms: Typical. Skin Contact: Wash with soap and water.

Eye Contact: Flush with water.

Synonyms
No. I fuel oil; No. 2 fuel oil; economy fuel oil; distillate Follow-up
fuel. Inhalation: None.

December 190
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52 MEDICAL MANAGEMENT OF CHEMICAL EXPOSURES

Diesel Fuel continued Comments or Discussion
Ingestion: Treat symptomatically. Observe for any None.

signs of lung damage from aspiration of the diesel fuel.
Skin Contact: Any suspicious skin lesions should be Biological Monitoring

surgically excised and examined palhologically.
Eye Contact: None. None.

December 1960
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From: Medical Management of Chemical sxposures in the

Petroleus Zndustry, American Petroleum institute.

GASOLINE

Physical Data Toxicity-Chronic

Chemical Family: Mixture of C. to C,2 hydrocarbons There is no conclusive evidence that repeated exposures

Chemical Composition: Commercial grades of motor to relative low concentrations of gasoline vapor in air

gasoline contain highly branched paraffins ("al- have any deleterious effects. Gasolines containing sig.

kylate"). branched and internally unsaturated cyclic nificant amounts of benzene may present a risk of

olefins, naphthenes and aromatics. Benzene in con- benzene-associated blood disorders. Pure n-hexane. a

centrations of less than 0.5 to perhaps as much as minor constituent of gasoline, is known to cause periph.

3.0% can be found in U.S. gasolines. eral nervous system disease. Potential overexposure to

Normal Physical State: Liquid these two constituents in gasoline must. therefore, be

Melting Point: -90.5 to -95.4*C. considered. Generally, no excessive exposure to ben-

Boiling Point: 39-200"C zene has been reported from the usual handling of gas-

Flammable Limits: 1.4-7.4% olines. No studies on n-hexane exposures from gasoline

Concentration in Saturated Air (at 2* C): Variable, have been reported. If gasolines are handled indoors, in

depending on composition. unventilated areas, potential overexposure to n-hexane

Odor & Warning Properties: Distinct odor. and benzene should be evaluated. For the compound
specific diseases, see Benzene and Hexane dat sheets

Degree of Health Hazarr! for additional information.

Moderate to mild for inhalation and skin contact. High
for ingestion. Medical Treatment' " 2' '
Exposure Limits Immediate

Inhalation: Remove from exposure. Resuscitate and

The composition varies greatly and thus a single cx- administer oxygen as necessary.
posure limit is not applicable. In general, the aromatic Ingestion: Do not induce vomiting. Gastric lavage.

hydrocarbon content will determine what limit applies, taking care to avoid aspiration into the lungs.

Consequently, the content of benzene. other aromatics, Skin Contact: Wash with water.

and additives should be determined to arrive at the Eye Contact: Wash with water.

appropriate limit. Follow-up

Toxicity-Acute Inhalation: Observe for possible sequelac. central

Gasoline is a central nervous system depressant; its ef- nervous system depression. hypotension and coma.

fects progress from confusion through incoordination, i Ingestion: Treat symptomatically. Observe f chem-

unconsciousness, coma. and death as sverity of ex- ical pnCumonitis.

posure increases. Following severe acute overexposure, Skin Contact: None.

degenerative changes may occur in the liver, kidneys, Eye Contact: None

and other organs, but in most cases recovery in humans

is clinically complete. Comments or Discussion
Ingestion of gasoline is occasionally reported as a

result of siphoning attempts. In this case, the principal The presence of benzene. n-hexane. alkyl lead com-

risk is chemical pneumonitis, lung edema, and hemor- pounds, or other special additives may be a compli-

rhage resulting from aspiration. While swallowing small cating factor.

amounts of gasoline may result in gastrointestinal dis-
tress and central nervous system depression, reLovery is Biological Monitoring
usually complete in the absence of complications re-
suiting from aspiration into the lunp. None.

December 198
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From: Radical Managemen101t Of Cheical Exposures In the
Petroleum Industry, Amewrican Petroleum Institute.

HEXANE
Physical Data taining appreciable amounts Of benzene should be,
Chemical Family: Aliphatic paraffin treated as a benzene exposure.
Chemical Formula: CAi. Hlexane has been associated with reports of poly-

Norml Pysial Sate Voatil liuidneuropathy in Japan, America. and France. Thesw ef-
Borml Phyican ta: e Volatile Iquid fects have been associated with exposure to prolonged
Boilting Point: 6895C (-56 190F) and excessive solvent vapors in the workplace. The dis-

Flammable Limits: 1. 19-7.40% vapor by volume in air odri hrceie ydgnrto fprpea
Concntrtionof hemial n Sturaed ir (t 20Q: nerves. The clinical signs may progress for as lon-, as

Co1nra9 nofC.iali94trtd i a several months following termination of exposure. eon-
firmatory studies in animals have been conducted iden-

Synonyms tifying n-hexane as the etiologic agent.

Dipropyl; n-hcxanc. Medical Treatment"

Degree of Health Hazard Immediate
Low or cuttCXPSUT modrat fo chrnicex. Inhalation: Remove from exposure. Resuscitate and
Low or cut ex~osrc~modeateforchrniccx- administer oxygen as necessary.

posure. Ingestion: Do not induce vomiting. Gastric lavage.
being careful to avoid lung aspiration.

Exposure Limits Sin Contact: Wash with soap and water.
ACGlH-TLV: lIW ppm (eight-hour, time-weighted Eye Contact: Wash with water.

average). (A limit of 50 ppm is being
con-idered by the ACGIH.) Follow-up

OSHA: 5019 ppm (eight-hour. time-weighted Inhalation: Treat symptomatically.
average).* Ingestion: Treat symptomatically. Observe for chem

ical pocumonitis.
Toxicity Skin Contact: None.
Hexanes arc weak anesthetic agents. Unacclimatized Ele Contact: None.
individuals found no irritation at 5WK ppmn but encoun- Cm et rDsusotered nausea. headache. eye and throat irritation at Cm et rDsuso
1,400-1.500) ppm. The health hazard varies depending Neurological function tests should be included in th
on the grade of hexane being used. The grade can vay periodic medical surveillance of potentially exposed c
from pure (ltNJ'f n~texane) to the technical or commer- symptomatic personnel.
cial grade (45-86'4 n-hexane with isohexanes and cyclo-
pentanes as the remaining con%tituents). The technical Biological Monitoring
or commercial grade of hexane may contain up to six
percent benzene. Expti.ure to grades of hexane con- None.

Decme IS
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1E'q(O0*N EMERGENCY HEATH' -INFORMATION SHEET

HYDROGEN FLUORIDE
FORMULA: HF

SYNONYMS: ANHYDROUS HYDROFLUORIC ACID
'S'"HYDROFLUORIC ACID0

HF-ANFPA CODE 0

UN NO. CAS NO. HAZCHEM NO.
1775 7664-39-3 (OTHER I.D. NO.)

*Sharp. penetrating odfr * Molecular weigt 20.01
e Highly soluble in water @ Vapor pressure a 200C 650 mnmHgPROPERTIES e Uigher oan air as agas. but often 08 TO

behaves as If It is heavier than air e Bodling point: 19.40C (67*F)

KEY e EXTREMELY IRRIATIN AND CORROSIVE TO SKIlN, EYES AND RESPIRIATORY TRACT

HAZARDS aKE WYMMe~q VO*Sb

WARNING e SHARP, PENETRATING ODOR at low concentrationso

PROP ERTIES e IRRITATING to eyes and respiratory tract at high concentrations

* NOT COMBUSTIBLE OR FLAMMABLE.
* REACTIVE with concrete. glass and ceramics.

FIRE/ e CORROSIVE TO MOST METAL - reaction my formn FLAMMABLE GAS Qrydrogeri).
* F IRfJI SHO~fULD WEAfl SELF-CONMTAINED BREATING APPARATUS;

EXPLOSION APPROACH FROM UPWIND.
e To EXTINGUISH Wie in area, of this material reffovelshut off fuel sowrce*), use water

spray. dry cheiacal or foam.

e INHALATION - can produce SEVERE PULMONARY IRRITATION. chest pain.
HEALTH *bocopssand pulmonary edemna - MAY BE FATAL

*SKI - can cause SEVEREIBURNS, and PERIMANENT SKI DAMAGE - MAY BE FATAL
HAZARDS * YS-can cause SEVIERE IRRITATION and PERMANENT VISUAL DAMAGE

* BONE -can cause SEVERE and PERMANENT BONE DAMAGE

* INHALATION - REMOVE FROM CONTAMINATEIr AREA, resuscitate anid administer
oxyen N necesary. Pulmonary Edem wD isq* R11ESPIRATORY SUPPORT;
FOLLOW4UP - tratsynMp ca0-11y.

* SKIN CONTACT - FLUSH CONTINUOUSLY WITH WATER FOR IS MINUTES while
removing contamninatted clothing, apply lced 0.13-2% SENZALICONIUM CHLORIDE
(ZEPIRAN) andlor 2.5-11011 calcium gluconat gel. Monito the patient's EKCG. For severe

EMERGENCY bumn. administer INTRVENOUS CALCIUM OLUCONA1E (10%) - MAY BE UP!E
MDCLSAVING. If subungual issue are involved, perform EVULSION une local anesthesia;
MEDICAL ~FOtLOWUP- ratasbur imd at prvnting Iin by applyingto- ianstiotics.

TREATMENT , EYE CONTACT - HOLD E'YELIDS OPEN and FLUSH CONTINUOUSLY WITH WATER
FOR IS MINUTES; until reaching HOSPITAL . Consider applying a 1% aqueous calciumn
gluconate solution, 243 drops of 0.5% tetracaine nay also be used; FOLLOW4UP - reler
to ophthologist.-

* EFFECTS MAY BE DELAYED keep viefm under obervatn
* IN ALL CAOMM. GET MEDICAL ATTENTION. CALL P oISO CONTROL CENTE

0049"" - -- beud I ft a l- u*
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* When responding to a LEAK/SPILL, OR WHILE ATTEMPTING RESCUE. USE SELF-
CONTAINED BREATHING APPARATUS with a full facepiece operated in the pressurePERSONAL demand (positive pressure) m6de.

PROTECTIVE * For a MAJOR LEAKISPILL, use a FULLY ENCAPSULATED SUIT of vinyl or chlorinated
EQUIPMENT polyethylene material.

* For a MINOR SPILL, use CHEMICAL PROTECTIVE SUITS, BOOTS. and GLOVES of the
same material as noted above.

* SMALL LEAK/SPILL (single drum, small container) - ISOLATE 60 METERS (200 feet) in
all directions and restrict entry to emergency response personnel.

9 LARGE LEAK/SPILL (many drums, large tank) - ISOLATE 90 METERS (300 feet) in all
COMMUNITY directions and restrict entry to emergency response personnel, then EVACUATE IN A

ACTIONS DOWNWIND DIRECTION AN AREA OF 1 KILOMETER (0.6 mile) WIDE AND 2
KILOMETERS (1.3 miles) LONG.

* These are approximations; conditions change, requiring constant reassessment and good
judgment.

e (ppm - parts per million; 10,000 ppm = 1% in air)

Concentration/Time Effect

0.04 - 0.13 ppm Odor threshold

CRITICAL 0.03- 0.11 mg/rm3

3.0 ppm; 2.5 mg/mn ACGIH Threshold Limit Value (TLV)

EXPOSURE 10 ppm; 8 mg/rm Extreme respiratory discomfort

LEVELS for 15 minutes or less
30 ppm; 25 mgrn3  UFE THREATENING or Serious Injury Likely

120 ppm; 100 mg/mW IMMEDIATELY FATAL
* The above concentrations represent average values; effects due to exposures vary among

individuals.

EXPOSURE o Colorimetric detector tubes (i.e. Driger. etc.)
MEASUREMENT o Direct reading instruments

e Prevent entry to sewers and water courses, dike with sandbags or foam barrier.

SPILL e Cover liquid spill with chemical hazard foam to minimize gas release. NEUTRAUZE SPILL
with slaked lime.

CONTROL & Use water spray downwind of spill to reduce gas concentrations. Knocked down water is
hazardous (highly acidic) and should be contained.

E.x m - . -.. . . -. . .f 1 1
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E)J(ON EMERGENCY HEALTH INFORMATION SHEET

HYDROGEN SULFIDE
FORMULA: 1425

S SYNONYMS: SULFURETTED HYDROGEN;
HYDROSULFURIC ACID;

POISON ci$ SOUR GAS
NA CODEO

UN NO. CAS NO. HAZCHEM NO.
1053 7783-06-4 2WE (OTHER I.D. NO.)

o Colorless gas e Molecular weight: 34.08
PROPERTIES • Slightly soluble in water • Vapor pressure: 20 ATMOS a 25.5C

e Slightly heavier than air * Boiling point: .60.70C

* HIGH ACUTE TOXICITY BY INHALATION
* CAN DEADEN THE SENSE OF SMELL

KEY * FLAMMABLE
HAZARDS o REACTS VIO.ENTLY WITH OXIDIZING AGENTS, (E.G., PEROXIDES, NITRA1ES)

e KEEP AWAY FROM
S.ci for eaCh ads)

WARNING a Unpleasant ROTTEN EGG ODOR at low concentrations

o Sweet odor and possible IRRITATION of eyes and respiratory tract at higher concentrations
PROPERTIES e ODOR IS UNRELIABLE AS A WARNING; can deaden the sense of smell

* FLAMMABLE UMITS 4.3% to 46% (H2S in air). auto-ignition temperature 2600C
* Dangerously reactive with strong oxidizers

FIRE/ * Shut off al ignition sources.
* Toxic gases are produced in fires (oxides of sulfur).

EXPLOSION * In case of fire, use water spray to cool exposed containers and to protect personnel
effecting shutoff.

e TO EXTINGUISH, SHUT OFF FLOW OF MATERIAL; water spray or loam can be used.

e INHALATION - can produce IRRITATION, bronchitis, pulmonary edema and paralysis of
HEALTH the respiratory system causing asphyxiation - MAY BE FATAL
HAZARDS * SKIN - can cause IRRITATION; can produce cryogenic (cold) burns if contact with liquid

H EYES - can cause IRRITATION. tearing, severe pain

* INHALATION - REMOVE FROM CONTAMINATED AREA, resuscitate and administer
oxygen if necessary. FOLLOW-UP - observation for delayed onset of pulmonary edema

EMERGENCY and/or infection. Treat symptomatically.
e EYE CONTACT - hold eyelids open and FLUSH WITH WATER FOR 15 MINUTES. Treat

MEDICAL symptomaticly. FOLLOW-UP - refer to ophthalmologist.
TREATMENT * EFFECTS MAY BE DELAYED: keep victim under observation.

* IN ALL CASES. GET MEDICAL ATTENTION.
* CALL POISON CONTROL CENTER.

C1010 6* N~w ON~l~ "a a spun k ad~soWw*w aw eti "W ft tw- t*tf~tddftw a a~ -FI Ow" mork ofdwuttftwm 01 Uf 5a ud -fN%" o
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e When responding to LEAK/SPILL, OR WHILE ATTEMPTING RESCUE, USE SELF.PERSONAL CONTAINED BREATHING APPARATUS with a full facepiece operated in the pressure

PROTECTIVE demand (positive pressure) mode.
- If skin contact with liquid is possible, CHEMICAL PROTECTIVE CLOTHING should beEQUIPMENT worn to prevent cryogenic burns.

9 SMALL LEAK/SPILL (single drum, cylinder, small containers) - ISOLATE 35 METERS
(115 feet) in all directions and restrict entry to emergency response personnel.

e LARGE LEAK/SPILL (many drums, cylinders, or large tank) - ISOLATE 75 METERS
COMMUNITY (250 feet) in all directions and restrict entry to emergency response personnel, then

ACTIONS EVACUATE IN A DOWNWIND DIRECTION AN AREA OF 1 KILOMETER (0.6 mile) WIDE
AND 1.5 KILOMETERS (1 mile) LONG.

* These are approximations; conditions change, requiring constant reassessment and good
judgment.

a (ppm - parts per million; 10,000 ppm , 1% in air)

Concentration/Time Effect

.005 - 0.13 ppm Odor threshold

CRITICAL 10 ppm Threshold of irritation; ACGIH threshold
EXPOSURE limit value (MV)
LEVELS 50 ppm for 120 min or less Extreme respiratory discomfort

L E250 ppm for 120 min or less Life threatening or serious injury likely

700-1000 ppm Rapid loss of consciousness; DEATH
a The above concentrations represent average values; effects due to exposures

vary among individuals.

EXPOSURE Corimetric detector tubes (i.e. Driger. etc.)
* Direct reading instruments

MEASUREMENT * Coexisting hydrogen may give incorrect low readings on direct reading instruments.

a Remove all ignition sources.
SPILL e Prevent entry to sewers and water courses.

e Cover liquid spill with loam to minimize gas release.
CONTROL • Keep water away from leak source; acid formation/corrosion can make leak worse.

9 If water mixes with H2S, use caustic to neutralize.

Exxon Siomedical Sciences Inc. January 19
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From: Medical Management of Chemical Expoguree in the
Petroleum Zndustry, AmerLcan Petroleum Instituta.

KEROSENE OR JET ENGINE FUELS

Physicial Data2"  vomiting. Aspiration of kerosene results in a progres.

Chemcial Family: Petroleum hydrocarbon mixtures. sion of events, marked by chemical pneumonitis with
Chemical Composition: These hydrocarbon mixtures prominent endothelial damage and pulmonary hemor-

are similar chemically, consisting of aliphatic. ole- rhage and edema. Central nervous system depression
finic, naphihenic (cycloparaffinic). and aromatic hy- may follow systemic absorption.
drocarbons. The principal components of kerosene
are aliphatics ranging from Co to CA. Jet engine fuels
are usually composed of gasoline and kerosene, pre- Immediate
dominately of molecular species ranging from Cs to Inhalation: Not applicable.
C16. Ingestion: Do not induce vomiting. A person who has

Normal Physical State: Non-viscous oil liquid, ingested kerosine should be given olive oil or some
Boiling Range: 175-325"C. (kerosene); 40-325"C. (jet other vegetable oil orally to retard absorption of ker-

fuel) osine. Gastric lavage and the induction of vomiting are
Flammable Limits: 0.7-5.0% (kerosene) not advisable because of the possibility of the devel.
Odor & Warning Properties; Characteristics, not alto- opment of chemical pneumonia from aspiration of ker-

gether disagreeable odor. osine. See "Comments or Discussion."
Skin Contact: Wash with soap and water.

Synomyns Eye Contact: Wash with water.

Kerosine. astral oil, coal oil. No. I fuel oil. Follo-up
Degree of Health Hazard' Inhalation: Not applicable.

Ingestion: Treat symptomatically. Observe for chem-

Low for both acute and chronic inhalation and skin ical pneumonitis.
contact. High for ingestion. Skin Contact: Treat for any dermatitis resulting from

prolonged exposure.
Exposure Limits"2  Eye Contact: None.
For Kerosene: Comments or Discussion"
NIOSH (1977): 100 mg/il (time-weighted average for

up to a ten-hour work shift, 40-hour Emetics are definitely contraindicated. In general. the
work week). potential benefits of gastric lavage do not justify the risk

For Jet Fuel: If benzene is found to be present in this in case of kerosene ingestion. If and when warranted by
material. benzene levels should apply. specific circumstances, the procedure should be per.

formed cautiously. Copious amount of water or three
Toxicity per cent sodium bicarbonate may be used. Instill 30 to

60 ml. of olive oil in the stomach at the conclusion ofExposure to mists may cause eye and respiratory mu- lvg n olw ti ihasln ahri n ae

cous membrane irritation. Contact with lung tissue by lavage and follow this with a saline cathartic in water
aspiration will cause chemical pneumonitis. Prolonged (e.g., sodium sulfate). Parenteral antibiotic therapy as
or related contact with skin may result in irritation. prophylaxis against bacterial invasion of the lungs and
drying and dermatitis.1 supportive treatment of pulmonary edema by the use of

Polyneuropathy and neurologic dysfunction were re- positive pressure oxygen therapy are recommended.
ported to develop in workers exposed to jet fuel. A Avoid epinephrine because of possible adverse effects

on the sensitized myocardium. A cleansing enema may
long-term exposure estimated from a one-time mea-
surement to range from 500 to 3,000 ppm of jet fuel help remove unabsorbed kerosene. u

(3,476 to 20,859 mg/m. assuming a molecular weight of Biological Monitoring
170) has resulted in other non-specific signs and symp
toms.n These materials can enter the lungs upon aspi- No specific monitoring procedures available correlating
ration following ingestion and spontaneous or induced exposure with possible effects.

December 1980
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E(ON EMERGENi', v HEALi n INFOriMATION ,r-iEr.a

OXIDES OF NITROGEN
FORMULA: NO2

DINITROGEN TETRAOXIDE
FORMULA: NO4

SYNONYMS: NOX
NITROGEN PEROXIDE NFPA CODE@0

UN NO. CAS NO. HAZCHEM NO.
1067 1010244-0 2RE (OTHER I.D. NO.)

Redish-Brown as a gas * Molecular weight: 46.01(N02 )
...... . ........ .92.02(N 20 4 )

PROPERTIES Yellowish-Brown as a liquid Vapor pressure 0 20C: 72 mm g
0.95 ATMOS

* Decomposes in water to form acid * Boiling point: 21"C (700F)

* ACUTE TOXICITY BY INHALATION

KEY CORROSIVE TO SKIN, EYES AND RESPIRATORY TRACT
EXTREMELY STRONG OXIDIZERHAZARDS • KEEP AWAY FROM

WARNING • IRRITATING ODOR - but UNRELIABLE AS A WARNING of hazardous concentrations

PROPERTIES e IRRITATING TO EYES, SKIN AND RESPIRATORY TRACT

* NON-FLAMMABLE
* DOES NOT present an explosive hazrd itell, however. REACTIONS WITH FUELS and

CHLORINATED HYDROCARBONS MAY BE VIOLENT.
* OXIDIZER may cause fire on contact with combustible materials.

FIRE/ • FIREFIGHTERS SHOULD WEAR SELF-CONTAINED BREATHING APPARATUS;EXPLOSION AP.MOACH FRMo UPWIND.
E In X S o ire. use water Way to cool exposed containers and to protect personnel

enacting shutoff.
9 TO EXTINGUISH fire in the area of this material remove/shut off fuel source(s), use dry

chemical. carbon dioxide or halon.

* INHALATION - can produce SEVERE PULMONARY IRRITATION, pulmonary edema may

be delayed for up to 72 hours including fibrmosis and PERMANENT LUNG DAMAGE may
HEALH ocur- INAY BE FATAL.

HEALTH •SI - may be CFATAS causing see Irritation or CHEMICAL BURNS; can produce
HAZARDS to"% bun aontact with *.q.

* EYES - can cause SEVERE IRRITATION, burning and tearing upon exposure to the gas;
liquid exposure can produce frostbite and PERMANENT EYE DAMAGE.

a NINALATION - REMOVE FROM CONTAMINATED AREA, resuscitate and administer
oxygen if necessary-. FOLLOW-UP - treat smptOmatcally.

* SKIW CONTACT - FLUSH WITH WATER FOR AT LEAST IS MINUTES while removing
EMERGENCY ontaminated clothin; FOLLOW-UP - treat as a burn.

MEDICAL a EYE CONTACT - hold yelids open and FLUSH CONTINUOUSLY WITH WATER FOR
TREATMENT 15 MINUTES; FOLLOW-UP - refer to tm g.

* FFECTS MAY BE DELAYED fo many hours; keep victim under observation.
* IN ALL CASES, GET MED4CAL ATTENTION.
o CALL POISON CONTROL CENTER.

G * Im f " - " a - S - mm o
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OXIDES OF N 001141 .*

" When responding to a LEAKISPILL, OR WHILE ATTEMPTING RESCUE, USE A SELF.
CONTAINED BREATHING APPARATUS with a facepiece operated in the pressure demandPERSONAL (positive pressure) mode.

PROTECTIVE * For a MAJOR LEAK/SPILL, USE A FULLY ENCAPSULATED SUIT of chlorinatedEQUIPMENT polyethylene (PVC) or Viton material.
" For a MINOR LEAK/SPILL, use a CHEMICAL PROTECTIVE SUIT, boots and gloves of the

same material as noted above.

" SMALL LEAK/SPILL (single drum, cylinder, small containers) - ISOLATE 45 METERS
(150 feet) in all directions and restrict entry to emergency response personnel.

" LARGE LEAK/SPILL (many drums. cylinders, or large tank) - ISOLATE 90 METERS
COMMUNITY (300 feet) in all directions and restrict entry to emergency response personnel, then
ACTIONS EVACUATE A DOWNWIND AREA OF 0.6 KILOMETER (0.4 mile) WIDE

AND 1.3 KILOMETERS (0.8 mile) LONG.
" These are conservative approximations; conditions change, requiring constant reassessment

and good judgement.

" (ppm w parts per million; 10,000 ppm - 1% in air)
Concentration/Time Effect

0.39 ppm 0.78 mgm 3  ODOR Threshold
3.0 ppm 6.0 mglM 3  ACGIH Threshold Limit Value (TLV);

generally irritating to unconditioned
persons.

CRITICAL 50 ppm 100 Mglm3  Extreme respiratory discomfort
EXPOSURE for 15 minutes or
LEVELS ppm o 0wm

for up to 120 minutes
100 ppm 200 mgim3  LIFE THREATENING or serious injury

for 15 minutes or likely
50 ppm 100 mglm3

for up to 120 minutes
9 The above concentrations represent average values; effects due to exposures vary among

individuals.

EXPOSURE * Colorimetric detector tubes (i.e.. Driger. etc.).

MEASUREMENT * Direc reading instruments.

* DIKE the spill to prevent entry into sewers and water courses.

SPILL o USE WATER SPRAY DOWNWIND from spil to reduce gas concentrations. DO NOT put
water directly on the spill. Knocked down water is CORROSIVE. Dike the contaminated runoff.CONTROL e NEUTRALIZE spill with slaked lime, sodium bicarbonate or crushed limestone.

* ABSORB liquid with fly ash or cement powder.

Exxon Biomedical Sciences. Inc. Sfoner ME

READ OTHER SIDE
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Proms Medical Management ot Chemical Exposures In the
Petroleum Industry, American Petroleum Institute.

PROPANE

Physical Data to 2.9% and 4.7 to 5.5%q propane by volume for periods
Chemical Family: Aliphatic paraffin of five minutes. 30 minutes. and one to two hours.
Chemical Farml: A ,c showed signs of irregular breathing at the lower concen-

Normal Physical State: Gas trations; tremors at high concentrations during the first

Boiling Point: -42. : five minutes; and nausea. retching. and a state of stupe-

Melting Point: - 189.69*C fication during longer periods of exposure. Human

Flammable Limits: 2.4-9.5% vapor by volume in air cases of overexposure were not found in the literature.

Odor & Warning Properties: Pure propane is odorless Medical Treatment"Ms°

but commercial grades may have a natural gas odor.
Immediate

Synonyms Inhalation: Remove from expisure. Resuscitate and
Dimethylmethane. propyl hydride. Not to be confused administer oxygen as needed.

with LPG (Liquefied Petroleum Gas) often referred to Igsin o plcbeSkin Contact: Not applicable.

as propane." Eye Contact: Not applicable.

Degree of Health Hazard Follow-up
Low for both acute and chronic exposures. Inhalation: None.

Ingestion: None.
Exposure Limits Skin Contact: None.

ACGIH: A simple asphyxiant. Eye Contact: None.

OSHA: 1.000 ppm (eight-hour. time-weighted aver- Comments or Discussion
age).

None.Toxicity ToxicityBiological Monitoring
Very little toxicological work has been done on pro-
pane. Guinea pigs exposed to concentrations from 2.4 None indicated.

December 198
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SULFUR DIOXIDE
FORMULA: S02

SYNONYMS: SULFUR OXIDE
POISON SULFUROUS ACID ANHYDRIDE

< > SULFUROUS OXIDE

NFPA CODEC

UN NO. CAS NO. HAZCHEM NO.
1079 7449409-5 2RE (OTHER I.D. NO.)

* Colorless gas or liquid under pressure * Molecular weight: 64.07
e Soluble in cold water * Vapor pressure: 2432 (mmHg) a 209CPROPERTIES * Evaporates rapidly from liquid 3.2 (ATMOS)
a Vapor density: heavier than air * Boiling point -10*C (140F)

KEY * IRRITATING TO EYES, SKIN AND RESPIRATORY TRACT

HAZARDS *~ ~ KEPAAYFO

WARNING * STRONG SULFUROUS. SUFFOCATING ODOR at high concentrations

PROPERTIES e IRRITATING TO EYES AND RESPIRATORY TRACT at high concentrations

e NOT COMBUSTIBLE OR FLAMMABLE
FIRE/ Reacts with water to form CORROSIVE ACID
EXPLOSION 0To INOUSH fire in area of this material remvelshut oft fue source(s). Use water

spray or loam.

*INHALATION - can produce SEVERE PULMONARY 1IRRITATION. chest pain, soevr
HEALTH brweathing diftfiuty, pulmonary edemna - MAY BE FATALad

HEALTH SM -can produceIRRITATION; liquid exposure can produce RSBT n

HAZARDS CROGEI (COLD) BURNS brig n ern pnepsr ogs
EYE - anproduce SEVERE OIRRTAIN.unn.adtaig pnepsr ogs

liquid exposure can produce frostbie and PERMANENT EYE DAMAGE

*INHALATION - REMOVE FROM CONTAMINATED AREA, resuscitate and administer
oxwmn If necessary. FOLLOW-UP - treat syboalayfr possibe lung damage.

*SIN CONTACT - FLUSH WITH WATER FOR 15 MINUTES while removing contaminated
EMERGENCY *idim COLLOW- - WAT FOR 15ta buUTS;tm

9 EVECONTCT -hold eyefid open and FLUSH WITHWAE O15NU ;mMEDICAL or fmr drops of 0.5 percent tetraalne Solution or an equafly effective aqueous topica
TREATMENT solulion (Lavoptka) my be used; FOLLOW4IP - refe lo, ophthalmologlst.

- EFECT MA BE ELAED y seera hors;keep victi under Ose-vL-aon for infection
or scarrfng.

e IN ALL CASES, GET MEDICAL ATTENTION. *CALL POISON CONTROL CENTER

- - *.. READ OTHER SIDE.
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" When responding to a LEAK/SPILL, or WHILE ATTEMPTING RESCUE, USE SELF-
CONTAINED BREATHING APPARATUS with a lull facepiece operated in the pressurePERSONAL demand (positi4; pressure) mode.

PROTECTIVE e For a MAJOR LEAK/SPILL, use a FULLY ENCAPSULATED SUIT of vinyl. Vdon. flame

EQUIPMENT retirdanl urethane or chlorinated polyethylene material.
SFor a MINOR SPILL, use a CHEMICAL PROTECTIVE SUIT, boots and gloves of the same

material as noted above.

" SMALL LEAK/SPILL (small container) - ISOLATE 37 METERS (120 feet) in all directions
and restrict entry to emergency response personnel.

" LARGE LEAK/SPILL (many drums, large tank) - ISOLATE 75 METERS (250 feet) in all
COMMUNITY ections and restrict entry to emergency response personnel, then EVACUATE IN A
ACTIONS DOWNWIND DIRECTION OF 1 KILOMETER (0.6 mile) WIDE AND 1.5 KILOMETER

(1 mile) LONG.
" These are approximations: conditions change, requiring constant reassessment and good

judgment.

" (ppm a parts per million; 10.000 ppm - 1% in air)

Concentration/Time Effect

2 ppm; 5.2 mg/m3  ACGIH Threshold Limit Value (TLV)
3.5 ppm; 8 - 13 mg/I 3  Odor threshold
20 ppm; 52 mg/m3  Extreme respiratory discomfort

CRITICAL fo 15 minutes orEXPOSURE 1to ppm; 26 mg/rn2
EXPOSUREfor 120 minutes

LEVELS 100 ppm; 260 mg/m3 Life threatening or serious injury likely
for 15 minutes or

50 ppm; 130 mg/m 3

for 120 minutes
1000 ppm; 2600 mg/r 3  IMMEDIATELY FATAL

* The above concentrations represent average values; effects due to exposures vary among
individuals.

EXPOSURE e Colorimetric detector tubes (i.e. Origer. etc.)
MEASUREMENT * Direct reading instruments

S Use water say downwind to reduce GAS but DO NOT PUT WATER ON LEAK ORSPILL SPILL AMA.

CONTROL Isolate area until gas has dispersed.
0 Prevent entry Io sewers and water courses.

o Sl iomeical Soenes hIr Nner 1110
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roms leidlcal Hanagawe o Che cal SxpoJauzo# LA the
Potroleum Zndustry, American Petroleua Institute.

SULFURIC ACID

Physical Data who is able to escape would be exposed to high concen.
Chemical Family: Ino~rganic acid trations.Chemical Formula: nSO Persons may become acclimatized to sulfuric acidChemial FhysimlSa: Lii mist. tolerating three to four times higher concentra-
Normal Physical State: Liquid tions than are tolerated by unacclimatized individuals.
Boiling Point: 330T Fuming sulfuric acid. or oleum. is a solution of sulfur
Melting Point: 0.5C trioxide in anhydrous sulfuric acid. The fumes" of
Flammable Limits: Not applicable. oleum are initially composed of sulfur trioxide which

will combine with water, present either in the air or on
Synonyms the mucous membranes of exposed persons. to form
Oil of vitriol, battery acid. sulfuric acid. Fuming sulfuric acid. because of its higher

vapor pressure and attendant release of sulfur trioxide

Degree of Health Hazard is intensely irritating to the respiratory tract.

Moderate for acute and chronic overexposure. Medical Treatment'$-'
Immediate

Exposure Limits Inhalation: Remove from exposure. Resuscitate and
ACGIH-TLV: I mg/in (eight-hour. time-weighted av- administer oxygen as needed.

erage) Ingestion: Do not induce vomiting. Careful gastric
OSHA: I mg/m'(eight-hour. time-weighted av- lavage.

erage) Skin Contact: Wash thoroughly with water.
NIOSH: I mg/m' (ten-hour workday. 40-hour Eye Contact: Flush thoroughly with water for at least

workweek, time-weighted average) 15 minutes. Consult an ophthalmologist.

Toxicity".-. , Follow-up
Inhalation: Treat symptomatically,

Concentrated sulfuric acid is extremely irritating and Ingestion: Treat symptomatically.
corrosive to the skin and mucous membranes primarily Skin Contact: Treat as chemical burn.
due to its affinity for water. As sulfuric acid is diluted Eye Contact: Follow up with ophthalmologist.
with water, the intensity of its dehydration/charring ac-
tion gradually diminishes to that of irritation of the skin Comments or Discussion
and mucous membranes. Eye contact with sulfuric acid Individuals with any respiratory or cardiac disease or a
is capable of causing irreparable damage to the cornea preexisting asthma must be carefully evaluated in re-
resulting in blindness. prdxtino a cemnt.

Sulfuric acid mist is a strong irritant to eye and respi- gard to job placement.
ratory mucous membranes. Inhalation can cause tick- NIOSH Criteria Document Sulfuric Acid" (June
ling of the nose and throat, sneezing and coughing. and 1974) available.
reflex increase in the rate of respiration. which de- Biological Monitoring
creases with the depth of penetration of the mist into
the lungs. Due to these factors, it is rare that anyone Periodic evaluation of pulmonary function is advisable.

December 1980
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Froms Medical Management of Chemical Zxposures in the
Petroleum Zndustry, AmerLcan Petroleum Inatitue.

TOLUENE

Physical Data Toxicity-Acute
Chemical Family: Aromatic Hydrocarbons Toluene acts predominantly upon the central nervous
Chemical Formula: CH.,CHj system as a depressant causing fatigue. headache, con.
Normal Physical State: Colorless liquid fusion. paresthesia. dizziness. collapse, and muscular
Boiling Point: I0.6"C incoordination. Toxic manifestations resulting from a
Melting Point: -95C single exposure will vary with the atmospheric concet-
Explosive ULmits: 1.27-7.0% tration. See Table.
Concentration of Chemical In Saturated Air (at Acute exposure of short duration and at infrequent

25*C): 3.75% intervals can be tolerated without irreversible toxic ef-
Odor & Warning Properties: Toluene has an aromatic feet. However, sustained exposure to concentrations of

odor. The odor of toluene is detectable by most peo- toluene which produce narcosis may result in fatal pa.
ple at concentrations ranging from 10 ppm to 15 ppm. ralysis of the respiratory center. Toluene can be ab-
Odor has little value as a warning property. sorbed through the skin.

Synonyms Toxicity-Chronic
Benzene-free toluene does not produce chronic effects

Toluol, methylbenzene. phenylmethane, methacide. on the bone marrow and blood. Prolonged over.
exposure to toluene may cause fatigue. nausea, loss of
appetite. vertigo, headache, and alcohol intolerance.

Degree of Health Hazard Wilson (23)" in 1943 reported on the effects of expo.

Slight for acute and moderate for chronic overexpo- sure of 1OD workers out of a total of 1.000 employees
sures. exposed to vapor of commercial toluene who presented

themselves to the hospital for examination. The pa-
tients were classified into 3 groups: Group I--those

Exposure Limits patients exposed to toluene vapor from 50 up to 200
ACGIH-TLV: 100 ppm-Skin ppm: Group 2--hose persons exposed to vapor fromOSHA: 220 ppm (eight-hour, time-weigted 20(1 to 5, I ppm; and Group 3-those workers exposed

SHe mei u tto vapor from SWM to I_ X) ppm. Exposures were from
average) 6 to 8 hours daily for periods of I to 3 weeks.
300 ppm (acceptable ceiling oncentra- The following effects were reported at:
,00 ppm (acceptable maximum peak 5 to KI ppm (approximately 60 percent of the pa-
above the acceptable ceiling poncentra- tients)--headache, lassitude, and loss of appetite.
tion for an eipht-hourshift maximum M0(3 to S(KI ppm (approximately 30 percent of the
duration 10 minutes) patients)-headache. nausea, bad taste in the mouth.

ANSI: (037.12-1974) anorexia. lassitude, slight but definite impairment o
A0S ppm (eight-hour, time-weighted coordination and reaction time, and momentary loss of
a pira go) memory. Complaints were more numerous and more

200 ppm (acceptable ceiling concentra. pronounced than at lower exposure levels.
lion) 500 to 1.50 ppm (approximately 10 percent of the
500 ppm (acceptable maximum peak patients)--headache. nausea, dizziness, anorexia, pal-
above the acceptable ceiling concen- pitation and extreme weakness. Loss of coordination

tration for an eight-hour shift. maxi- was pronounced and reaction time was definitely im-
mum duration 10 minutes) paired.

NIOSH: 100 ppm (eight-hour, time-weighted Repeated or prolonged skin contact has a defattins
average) action, causing drying. fissuring, and dermatitis.

200 ppm (acceptable ceiling concen- "NIOSH Criteria Document Ref. (23): Wilson. R. H.
tration) Toluene Poisoning. JAMA 123:1106-08 (1943).

December 19&
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Toluene continued

Toluene Vapor Time of Probable
Concentration Exposure Probable response After Effects

50-100 ppm 8 hrs. No serious effects. Slight None.
drowsiness and possibly slight
headache in the unconditioned
workers.

200 ppm (MAC) 8 hrs. Unconditioned workers may corn- Unconditioned workers may
plain of fatigue, some muscular complain of fatigue of short
weakness and burning, itching, duration and a few may suffer
or "crawling" skin. There may restless sleep.
be complaints of headache and
some nausea.

300-400 ppm 8 hrs. Varying degrees of fatigue and Fatigue lasting several
headache. Varying degrees of hours and insomnia.
muscular weakness, mental con-
fusion and slight incoordination.

600 ppm 3 hrs. Marked fatigue and mental con- Fatigue and weakness lasts
fusion, exhilaration, headache, several hours. There may be
and dizziness, complaints of nausea and

8 hrs. Definite mental confusion, con- nervousness. Many suffer
siderable incoordination and headache.
staggering gait.

800 ppm 3 hrs. Nausea and pronounced confusion. Nervousness and fatigue may
Considerable incoordination and last several days. There
staggering gait. may be marked insomnia.

Medical Treatment' Comments or Discusson
Immediate None.

Inhalation: Remove from exposure. Resuscitate and
administer oxygen as needed.

Ingestion: Do not induce vomiting. Careful gastric Biological Monitoring
lavage.

Skin Contact: Wash with soap and water after re- On the basis of various studies, a level of 5 gSl of hip.
moving contaminated clothing. puric acid in urine has been shown to correlate with a

Eye Contact: Flush with water. time-weighted average exposure of 200 ppm of toluene
vapor. This level of urinary hippuric acid, if from tolu.

Follow-up ene alone, represents an unacceptable absorption of
Inha ation: Treat symptomatically. toluene posing and possible risk of toluene poisoning. it
Ingestion: Treat symptomatically. Observe for any should be noted, however, that normal dietary constitu-

signs of pneumonitis from aspirated toluene. ents such as certain fruits and vegetables raise the nor-
Skin Contact: Treat symptomatically. Emollients, mal level of hippuric acid excretion. Methods based on

may be useful. colorimetry. fluorimetry, and ultraviolet spectropho-
Eye Contact: None. tometry are used to determine hippuric acid in urine.

December 1960
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From: Medical Management of Chemic4l Xxpoaureg In the
Petroleum Zndustry, American Petroleum instlitute.

XYLENE

Physical Data
Chemical Family: Aromatic hydrocarbons
Chemical Formula: C.R(CH) 2
Normal Physical State: Liquid

o-Xylen MXykn p-xyne
Boilng Point: 144.4*C 193.1C 138.40C

Melting Point: - 25.?C - 47.9C0 13.3*C

Flammable Limits
(% In air): 1.1-6.4 1.1-6.4 1.1-6.6

Comcentration at
Cbemical Is Saturated
Air (at 25°C): 0.68% 1.09% 1.13%

Sy"0yms: o-xylol m-xylol p-Xylo
1,2-Dimethyl 1,3-Dimethyl 1,4-Dimethyl
benzene benzene benzene

Odor and Warning Properties: May be recognized by its The narcotic and other effects of xylene at high con-
characteristic aromatic odor. For xylene, the odor centrations were indicated in a case where three paint-
threshold was reported at 20 ppm, with the odor of 40 en were using a solvent of 90% zylene in a confined
ppm reported as distinctly noticeable. space. The estimated xylene concentration reached

10,00 ppm. One fatality occurred from pulmonary
Degree of Health Hazard edema, the other two men survived but showed tempo-

Moderate for both acute and chronic overexposures. ay hepatic and renal impairment.

Exposure Umlts Toxicity-Chronic
ACGIH-TLV: 100 ppm-Skin No confirmed cases of chronic effects of overexposure
OSHA: 100 ppm-Skin by inhalation to xylene. Repeated or prilonged skin
NIOSH: 100 ppm (time-weighted average up to contact has a defatting action, causing drying, fissuring.

a ten-hour workday, forty-hout work- and dermatitis.
week)
200 ppm (acceptable ceiling concen- Medical Treatment"
tration for a sampling period of ten kmvodlat
minutes) Inhalatio: Remove from exposure. Resuscitate and

Toxicity-Acute administer oxygen as needed.
ligestio: DO NOT induce vomiting. Careful gastric

Inhalation is the primary exposure of xylene. Xylene lavage.
can be absorbed through the skin. Acute exposures to Skim Coutact: Wash with soap and water after re-
high concentrations may result in central nervous sys- moving contaminated clothinb.
tem depression which can lead to unconsciousnes. Eye Contact- Flush with water.
Characteristic indications of acute overexposure in-
dude giddiness, fatigue, palpitation, dyspnea, anxiety, Follow-up
and numbness of hands and feet. binalatims Treat symptomatically.

DecembrI Ir
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Xylene ,gtiflUe Biological Monitoring

Ingestion: Treat symptomatically. Observe for any Breath analysis for xylcne exposures is feasible hut has

signs of pncumonitis from aspirated xylene. not been reported.
Skin Contact: Treat symptomatically. Emollients may m.Methylhippuric acid concentration in urine has

be helpful, been used as an index of exposure to xylcnc. Since a,

Eye Contact: None. least 75% of technical xylene consists of the m-isomer.
this metabolite predominates in urine and its concen-

Comments or Discussion tration appears to be well correlated with the atmo-

NIOSH Criteria Document "Xylene' (May, 1975) spheric xylene level and the total dose of xylene ab-

available, sorbed by an individual.'

December 19W
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APPENDIX B

WORKSHOP PARTICIPANTS

Nonmilitary

Paul Bailey, Ph.D. David Hale, P.E.
Environmental Affairs & Toxicology 65 Wisteria Drive
Mobil Oil Corporation Dayton, OH 45419
P. 0. Box 1029 (513) 294-5436
Princeton, NJ 08543-1029
(609) 737-5511 Theodore Huddle
FAX (609) 737-5572 Exxon Company, U.S.A.

P.O. Box 2180
Stanley Budzynski, Jr., P.E. Houston, TX 77252-2180
Employee & Facility Safety Division (713) 656-1369
Mobil Oil Corporation FAX (713) 656-6350
P. O. Box 1032
Princeton, NJ 08543-1032 David C. Logan, M.D.
(609) 951-5105 Mobil Medical Department
FAX (609) 951-5090 MASCI
Express Mail: 202 Carnegie Center P.O. Box 1038

Princeton, NJ 08540-6239 Princeton, NJ 08543-1038
(609) 951-5111

James Cotner FAX (609) 951-5120
BP Oil
Lima Refinery Craig A. Morin, CIH
1150 South Metcalf Street CDR, MSC, USNR
Lima, OH 45804 Texaco Chemical Company
(419) 226-2430 3040 Post Oak Boulevard

Houston, TX 77056
T. Scott Douglass, M.D. (713) 235-6403
Exxon Company, U.S.A FAX (713) 235-6440
P. O. Box 2180
Houston, TX 77252-2180 Mr. Edmond H. Vemot
(713) 656-3840 American Petroleum Institute

1220 L Street. N.W.

James J. Freeman, Ph.D. Washington, DC 20005

Exxon Biomedical Sciences, Inc. (202) 682-8342

CN 2350, Mettlers Road FAX (202) 682-0827
East Millstone, NJ 08875-2350
(908) 873-6294
FAX (908) 873-6009
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Military, Military Civilian, and Contractors

Naval Medical Research Institute Office of Assistant Secretary of the Navy
Detachment (Toxicology) (Installations and Environment (ASN/I&E/E&S)

NMRI/TD, Building 433, Area B Crystal Plaza 5, Room 218
Wright-Patterson AFB, OH 45433-6503 Washington, DC 20360
(513) 255-6058 (703) 602-2148
FAX (513) 476-7094 FAX (703)602-2145

R. L. Carpenter, Ph.D., DABT Business Address:
CAPT David A. Macys, MSC, USN Central Missouri State University

John F. Risher, CAPT, USNR Humphreys 300
Warrensburg, MO 64093

Navy Environmental Health Center (816) 429-4411
2510 Walmer Avenue FAX (816) 747-1653
Norfolk, VA 23513-2617 J. Thomas Pierce, Ph.D., CIH

(804) 444-4657, Ext 274 LCDR, MSC, USNR
FAX (804) 444-3672)

James R. Crawl
CDR Richard Gilbert, MC, USN

Midwest Research Institute
401 Harrison Oaks Boulevard, Suite 315
Cary, NC 27513
(919) 677-0249

Richard Crume

ManTech Environmental Technology, Inc.
P.O. Box 31009
Dayton, OH 45431-0009
(513) 256-3600,
FAX (513) 258-2197

Darol E. Dodd, Ph.D., DABT
Allen Vinegar, Ph.D.
Henry G. Wall, D.V.M., Ph.D.

Armstrong Aerospace Medical Research Laboratory, AL/OET
Building 79, Area B
Wright-Patterson AFB, OH 45433-6573
(513) 255-3916
FAX (513) 255-1474

Jeffrey W. Fisher, Ph.D.
Lt Col James N. McDougal, USAF, BSC
Col Erik Vermulen

Armstrong Laboratory, OEHD/OMT
Brooks AFB, TX 78235
(512) 536-2063
FAX (512) 536-2288

Lt Col Stanley 0. Hewins, USAF, BSC
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POINTS OF CONTACT SPECIFIC EXPERTISE

Paul Bailey Toxicology of the Eye and Skin
Mobil Oil

Stanley Budzynski Fire Fighting, Refinery Disaster Models

Mobil Oil

James Cotner Disaster Preparedness, Fire Fighting
BPOil

Scott Douglass Medical Treatment of Oil Exposure
Exxon

James Freeman General Toxicology
Exxon

David Hale Construction, Civil Engineering

Theodore Huddle Ship and Shore Hazards of Oil Slicks
Exxon

David Logan Medical Treatment of Oil Exposure
Mobil Oil

Craig A. Morin Oil Field Layout, Refinery Operations
Texaco Chemical Company Firefighting, Petrochemical Plants

Edward H. Vernot General Toxicology
American Petroleum Institute
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APPENDIX C

HAZARDS OF MEDICAL OXYGEN IN PETROLEUM-RICH ENVIRONMENTS

Workshop discussions resulted in a difference in opinion between practicing physicians and

hazard assessment/fire fighters with respect to the hazards of using medical oxygen around

oil-contaminated patients, clothing, and equipment. Consensus opinion was that oxygen

administration should NEVER be withheld from a patient because of the presence of oil, but that it is

necessary to remove excess oil from contaminated patients. Because medical facilities may be

handling large numbers of oil-contaminated individuals, the following information is offered to aid

in dealing with the combination of crude oil and medical oxygen treatment.

The strictures against using oil in and around oxygen equipment are well known and generally

followed. However, medical facilities and other operations using gaseous or liquid oxygen may be

forced to operate on patients or in areas heavily contaminated with crude oil. Increasing the oxygen

content of atmospheric air results in four major changes with respect to fire hazard. The energy

needed to start a fire/explosion decreases to the point where small sparks of static electricity or the

rapid opening of an oxygen cylinder valve is sufficient to ignite the oxygen/oil mixture at 100%

oxygen. The rate at which flames spread after ignition increases to the extent of explosion at high

oxygen concentrations. The temperature needed for spontaneous ignition decreases significantly.

The range of fuel-to-oxygen mixtures that are flammable increases and the maximum temperature of

the fire also increases.

The National Fire Protection Association (NFPA) defines an oxygen-rich atmosphere as

containing 23.5% or more by volume. This includes the oxygen mixture often used for respiratory

support. The use of oxygen for respiratory support or sustained breathing operations does not result

in a generalized oxygen-rich atmosphere. However, increasing caution in the immediate vicinity of

the oxygen equipment is necessary.

Oxygen equipment must be kept scrupulously free of oil. Individuals working with
oxygen equipment must remain oil-free. This requires the removal of crude oil
contamination and other petroleum-based materials.

Rapid opening of cylinder valves may bring combustible materials downstream of the
valve in contact with hot oxygen. Open valves slowly.

Oxygen-rich atmospheres exist in the immediate vicinity of all oxygen administration
equipment, oxygen tents, incubators, and similar equipment. Oxygen-rich
atmospheres exist at the site of intentional release of gases from such equipment
(within 1 ft of a nasal cannula or face mask, oxygen tent openings, the venting portion
of a ventilator) and in the vicinity of the discharge ports of liquid oxygen equipment.

C-1



Normal static electrical sparks will NOT constitute an ignition hazard during normal
operations in the absence of ether. alcohols. acetone. oils. greases, or lotions. To
minimize hazard. oil-contaminated patients should be wiped free of readily removed

Waterless hand cleaners and other petroleum-based materials should also be removed
from patients prior to administration of oxygen.

Human skin is difficult to ignite in low pressure oxygen. However, it will burn readily in
the presence of grease that can act as an ignition source.

Some relevant examples of accidents from the NFPA manual are instructive.

A pressure regulator that had been in use for some time was disconnected
from an oxygen cylinder supplying an incubator and reconnected to a new
one. When the valve was opened, the regulator components ignited. The
infant was killed and five others were injured in the flash fire.

A gunsmith with greasy hands loosened the fittings on a welding oxygen
cylinder with a greasy wrench. A spark ignited the grease, burning the
gunsmith and resulting in $10,000 in damage.
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APPENDIX D

APPROXIMATE SAFE STAND-OFF DISTANCES FOR PETROCHEMICAL EQUIPMENT

The following table represents an estimate of stand-off distances at which minimal damage to

equipment or personnel will occur. This table is currently an estimate based on the personal

experience of individuals who have been involved in fighting fires and controlling hazards within oil

refineries. It should be noted that this experience is based on dealing with nonmilitary refinery and

oil field accidents and explosions. If the initiating event leading to explosion and fire is more

catastrophic (artillery fire as opposed to valve failure or pipe rupture), the ensuing fire and explosion

may be more violent. Thus the table represents a guide to those in the vicinity of oil production or

refining equipment. Those calculations are crude and the actual stand-off distance for propane

spheres may have to be increased by a factor of at least two.

STAND OFF
EQUIPMENT ITEM DISTANCE COMMENTS

OIL WELL HEADS AND Based on blast and shrapnel effects.
REFINERY EQUIPMENT 200 feet Heat is a major factor in ability
NOT LISTED BELOW to approach fires.

PETROLEUM STORAGE 500 to 1000 feet Petroleum storage tanks often have water
TANKS in the bottom of the tank. When on fire,

the contents will transfer heat to this water
causing it to boil and expel the tank
contents with considerable speed.

PROPANE SPHERES 1500 to 3000 feet Blast overpressure and schrapnel are the
determining factors. Note that fireball
brightness can cause eye damage.
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APPENDIX E

MIUTARY ISSUE GAS MASK EFFECTIVENESS

During the workshop several individuals had expressed concern that general military issue gas

masks might be ineffective in protecting against exposure to hydrogen sulfide and/or sulfur dioxide.

These concerns were based on experience with commercially available respirators and a lack of

information on the equipment issued to coalition forces. Further investigation into the effectiveness

of military issue masks revealed the following information which positively supports their efficacy

(information provided by U.S. Army sources).

Tests of the C2 canister as used with the M40 mask with a challenge concentration of 5000 ppm of

hydrogen sulfide at a flowrate of 32 liters per minute provided about one hour of protection. The

M13A2 filter element as used with the M17 mask provided about one-half hour of protection under

very dry conditions (Benton, 1991).

Performance of the C2 canister in filtering sulfur dioxide with a challenge concentration of 700

ppm at a flowrate of 30 liters per minute maintained protective ability for about an hour. Filtering

ability increased with increasing humidity (Harrison and Poirier, 1983). The M13A2 filter element

while not tested under the same conditions, should afford equal protection based on its relative

performance in removing other acid gases.

Because workshop participants were working under the assumption of gas mask ineffectiveness,

self-contained breathing apparatus (SCBA) and oxygen breathing apparatus (OBA) were proposed as

alternatives. These two measures are still effective alternatives to gas masks with the caveat that the

OBA would be of limited use because of the problems of canister life and surface temperatures of

canisters which may exceed the flash point of materials in the area.

References

Benton, D.R. Hydrogen sulfide capacity of protective mask filters. U.S. Army Chem. Res. Develop. &
Engng. Ctr. Tech Rept. (Draft, Augusj 1991).

Harrison, B.H. and R. Poirier. Performance of charcoal filters II: Adsorption of sulphur dioxide.
Defense Research Establishment Ottawa Report 868, September 1983.
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APPENDIX F

CONTACTS FOR HEALTH ISSUES FOR CRUDE OIL AND PYROLYSIS PRODUCTS

I. Key U.S. Government Contacts

The following individuals have been identified as the key contacts within their respective
departments/agencies for issues dealing with the oil and smoke problems in the Persian Gulf.

NAVY

Mr. Dan Reinhard
Deputy Director for Safety and Occupational Health
Assistant Secretary of the Navy for Installations and Environment
Washington, DC 20360-5000
Phone: 703-602-2351

ATSDR

Dr. John Andrews
Associate Director for Science
Agency for Toxic Substances and Disease Registry (AiSDR)
Atlanta, GA 30333
Phone: 404-639-7000

EPA

Mr. Timothy R. Titus
Director, Science, Economics, and Statistics Division
Office of Regulatory Management and Evaluation
U.S. Environmental Protection Agency
401 M Street, S.W.
Washington, DC 20460
Phone: 202-260-2667

NIOSH

Dr. Paul Seligman
Chief, Medical Section Surveillance Branch
National Institute for Occupational Safety and Health (NIOSH)
4676 Columbia Parkway
Cincinnati, OH 45226
Phone: 513-841-4353

CDC

Dr. Ruth Etzel
Chief, Air Pollution and Respiratory Health Activity
Center for Environmental Health and Injury Control
Centers for Disease Control
1600 Clifton Road (MS-F28)
Atlanta, GA 30333
Phone: 404-488-4682

F-1



II. Additional USN Contacts

(For issues dealing with this technical report:)

CAPT David Macys
Officer in Charge
NMRI Toxicology Detachment
Building 433, Area B
Wright-Patterson Air Force Base, OH 45433-6503
Phone: 513-255-6058

(For questions concerning health survey of Marines in Kuwaiti Theater:

CDR Mary Andersen
Naval Aerospace Medical Institute (Code 32)
Naval Air Station
Pensacola, FL 32508-5600
Phone: 904-452-2457

LCDR Kevin Hanson
Epidemiology Department
Navy Environmental and Preventive Medical Unit 6
Box 112
Pearl Harbor, HI 97860-5040

(For general background on Navy medical involvement in health effects issues pertaining to Desert
Shield and early Desert Storm:)

Dr. Thomas Pierce (LCDR, MSC. USNR-R)
Department of Safety, Science, and Technology
Central Missouri State University
HUM327
Warrensburg. MO 64093
Phone: 816-543-4411 Direct

816-543-4626 Department
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APPENDIX G

SUMMARY OF TOXICOLOGICAL DATA PERTAINING TO PETROLEUM
PRODUCTS AND CRUDE OIL CONSTITUENTS
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ACETALDEHYDE REFERENCES

Appleman, L.M., R. A. Woutersen, and V1 J Feron. 1982. Inhalation toxicity of acetaldehyde in rats. I.
Acute and subacute studies. Toxicology 23: 293-307.

Feron, V. J. 1979. Effects of exposure to acetaldehyde in syrian hamsters simultaneously treated with
benzo (a) pyrene or diethynitrosamine. Prog. Exp. Tumor Res. 24: 162-176.

Feron, V. J. 1982. Respiratory tract tumors in hamsters exposed to acetaldehyde vapour alone or
simultaneously to benzo (a) pyrene or diethylnitrosamine. Eur. J. Cancer Clin. Oncol. 18: 13-31.

Woutersen, R. A., L. M. Appleman, A Van Garderen-Hoetmer, and V. J. Feron. 1986. Inhalation
toxicity of acetaldehyde in rats. III Carcinogenicity study. Toxicology 41: 213-231.

Woutersen, R. A. and V. J. Feron. 1987. Inhalation toxicity of acetaldehyde in rats. IV. Progression
and regression of nasal lesions after discontinuation of exposure. Toxicology 47: 295-305.

REVIEW ARTICLES AVAILABLE

U.S. EPA. 1987. Health Assessment Document for Acetaldehyde. U.S. Environmental Protection
Agency, Office of Research and Development, Office of Health and Environmental Assessment,
Environmental Criteria and Assessment Office, Research Triangle Park, N. C.
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ACROLEIN REFERENCES
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AMMONIA REFERENCES
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REVIEW ARTICLES AVAILABLE.:

ATSDR. 1990. Toxicological Profile for Ammonia. Agency for Toxic Substances and Disease Registry,
Center for Disease Control, Atlanta, GA. ATSDR/TP-90/03.

W.H.O. 1986. Environmental Health Criteria for Ammonia. IPCS International Program on Chemical
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U.S. EPA. 1987. Health Effects Assessment for Ammonia. Prepared by the Office of Health and
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Office of Emergency and Remedial Response, Washington. DC.
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Office of Health and Environmental Assessment, Environmental Criteria and Assessment Office,
Research Triangle Park, NC. EPA/600: 8-89-052 F.
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CARBON MONOXIDE REFERENCES
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CHLORINE REFERENCES
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COMMENTS ON POLYCYCLIC
AROMATIC HYDROCARBONS (PAH)

SECTION OF APPENDIX

A number of PAHs including pyrene, fluoranthene, benz(alanthracene, chyrysene, triphenylene,
benzo[alpyrene and benzolejpyrene have been identified in crude oil from both south Louisiana and
Kuwait. and it is reasonable to assume that they are associated with crude oil from other locations, as
well. Some of these PAHs have been identified by the U.S. Environmental Protection Agency (U.S.
EPA) as probable human carcinogens, while others are either classified as having insufficient
information upon which to base a carcinogenicity classification or have not yet been tested for
tumorigenic potential.

The burning of crude oil may have varying effects on the PAH concentration. While for some
PAHs burning of crude oil results in less total PAHs than were in the original crude, the concentration
of PAHs with five or more rings has been reported to be 10 to 20 times greater in the smoke than in
the oil (Benner et al., 1990). Incineration of crude might also produce small oil droplets of varying
size, which might further complicate any human exposure scenario.

In the PAH section of the appendix to this technical report, information is presented on all PAH
chemicals for which information could be found, whether or not they have been specifically
identified as contaminants of crude oil. While structural similarities among compounds often result
in similar toxicologic manifestations, the reader is cautioned concerning the use of structural
relationships to develop quantitative estimates of health risk.
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INDEX

Alkyl lead 3-12, A-2
toxicity and emergency action A-2

Ammonia 3-12, A-4
toxicity and emergency action A-4

Amphibious operations 2-1, 3-4
Asbestos 3-2, 3-13, A-6

toxicity and emergency action A-6
Asphalt 3-9, A-8

toxicity and emergency action A-8

Benzene 3-8. 3-11, A-9
toxicity and emergency action A-9

Burgan Field 3-1, 3-2
Bums 2-6, 3-9, 3-11
Butane 3-1 - 3-2. 3-8, A-11

toxicity and emergency action A-1I

Carbon monoxide 3-10 - 3-11, A- 12
toxicity and emergency action A-12

Cardiac sensitization 3-8, 3-15
Casualty

care 1-1. 2-1,2-4,3-9
prevention
treatment

Chemical Warfare (CW) Agents 1-1. 2-1. 2-6
Chlorine 3-4, 3-13, A-14
Chromate salts 2-9
Combustion hazards 2-4

oxygen-oil combustion 3-15
other (see Combustion Products)

Combustion products 1-1, 3-9
aldehyde gases 2-4.3-10
nitrogen oxides (NOx) 2-4
soot 2-4
sulfur dioxide (S02) 2-4, 3-9.3-12
sulfuric acid aerosol 2-4,3-12
toxicity and emergency action Appendix A

Combustion, spontaneous 3-1S
Crude Oil

burning 1-1,2-4,2-6.2-7,3-6.3-9-3-11, 313, C-2
dermal contact, toxicity and emergency action 3-5. 3-9
description 3-1
emergency action 3-6- 3-9
environmental factors contributing to hazard 2-1. 3-1, 3-4.3-6
eye contact 1-1. 2-7, 3-6-3-8. 3-11,3-14, 3-15. D-1
fields, Kuwait 1-1, 2-1, 2-3, 2-7, 3-1 -3-2, 3-5- 3-6 3-9.

3-13
ingestion, toxicity and emergency action 2-2 - 2-3, 3-4.3-6,3-8 - 3-9. 3-14
ingestion, aspiration concerns 2-3.2-,3-5 - 3-6,3-9
inhalation, toxicity and emergency action 1-1, 2-2 - 2-4. 3-5 - 3-9. 3-11.3-14. 3-15
oxygen mixture, hazards 2-4.2-8. C-I -C-2
physical effects 1-1. 2-2- 2-.32.3-5- 3-7
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removal from skin 2-4, 2-7. 3-6
situations contributing to hazard 3-9
sour 3-2, 3-6, 3-13
water (potable), contaminated 1-1,2-5, 2-8
weathered 2-8, 3-14

Conclusions 1-1, 2-2, 2-7, 2-8, 3-1, 3-4, 3-6- 3-11, 3-13
Contamination

skin 2-4 - 2-5, 2-8, 3-13, 3-15, C-1
water 1-1.2-5, 2-8-2-9
wound 2-5,3-5

Decontamination Water 1-1, 2-9
Defatting action 1-1,2-3, 3-6, 3-8
Dermal contact - see specific chemicals 3-5- 3-9
Diesel Fuel A-17

toxicity and emergency action A- 17

Emergency Health Information 2-7
Environmental factors 34-3-5
Ethane 3-1, 3-2, 3-8
Explosion

hazards 3-9,3-13
Exposure Scenarios 3-6- 3-9
Eye Contact - see specific chemicals

Fire
hazards 1-1, 2-4,2-6.3-4,3-9- 3-11,3-13, D-1

Firefighting foam 3-10
Food consumption 3-4

Gas-oil separation point (GOSP) 3-2
Gasoline A-19

toxicity and emergency action A-19
Gas Mask 1-1, 2-3, 2-4, 2-7

Heat 3-9, D-1
Hexane A-20

toxicity and emergency action A-20
Hydrocarbons - see volatile hydrocarbon compounds
Hydrogen Fluoride A-21

toxicity and emergency action A-21
treatment following inhalation A-21

Isobutane A-11
toxicity and emergency action A- 1I

Ingestion - see specific chemicals

Jet Engine Fuels A-25 - A-26
toxicity and emergency action A-25 - A-26

Kerosene A-25- A-26
toxicity and emergency action A-2S - A-26

Lead (alkyl) compounds A-2
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toxicity and emergency action A-2
Liquefield natural gases (LNGs) 3-2, 3-9
Liquid petroleum gases (LPGs) 3-2, 3-9
Low-lying areas 3-11

Major oil formulations
Marine operations 3-1
Methane 3-1, 3-2, 3-8

toxicity and emergency action
Minor hazards 3-12

Ocular contact - see specific chemicals
Offshore terminals 3-14
Oil

fields 1-1, 2-1, 2-3, 2-7, 3-1, 3-2. 3-5, 3-6. 3-9, 3-13,
A-I

gas composition 3-1, 3-6
handling 2-8,3-5, C-I
processing 3-1, 3-2, 3-4,3-9
production 3-1,3-2, 3-4, 3-5, 3-9, D-1
sour 2-3, 3-1 -3-2, 3-6-3-7, 3-13
wellheads 3-1

Oil Ministry of the Kuwaiti government 3-4
Oil Ministry of the Kingdom of Saudi Arabia 3-4
Olfactory fatigue 3-14, 3-15
Oral ingestion 34.3-5
Organo-lead compounds 2-6, 2-9
Oxides of nitrogen 3-10,3-11, A-26

toxicity and emergency action A-26
Oxygen-breathing apparatus (OBA) 2-5.2-8.3-14, E-1
Oxygen, crude oil mixture, hazards C-1
Oxygen-enriched atmospheres 2-4. 2-14, 3-9. 3-11.3-15, C-I

Personal protection 3-11
Petroleum

distillates 2-5 - 2-6
Potable water 1-1,2-5,2-8
Propane 3-1. 3-2, 3-8, A-28, D-1

toxicity and emergency action A-28

Radiation sources 3-12
Recommendations 2-2,2-7, 3-1. 3-4 - 3-5. 3-13 - 3-15
Refineries 2-5, 3-2
Respiratory protection with OBAs 3-14. E-1
Respiratory tract toxicity 3-11
Retinal bums 2-6

Skin contact - see specific chemicals
Skin defatting 1-1,2-3,3-6,3-8
Skin, dermatitis 1-1, 2-3, 3-6,3-8
Skin irritation - see specific chemicals
Smoke 1-1,3-10,3-15

toxicity and emergency action
Smoking 2-7.3-14
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Solvents 1-126,2-7,3-634
Sour, crude oil 2-3, 3-1 - 3-2.3--3-7, 3-13
Spheres 2-9, 3-2, 3-9, 3- 10. D- 1
Stand off distances .D-1
Storage vessels 3-2
Sulfur 2-4, 2-6,3-10, 3-12, E-
Sulfur dioxide 3.12, A-29

toxicity and rtmergency action A-29
Sulfuric Acid 3-12. A-31

toxicity and emergency action A-31

Tank farms 2-9.3-13
Terrain features 3-4,3-S, 313
Tetraethyl lead (TEL) 3-4,3-12
Tetramethyl lead (TML) 246
Thermal burns 3-9
Toluene A-32

toxicity and emergency action A-32

Vessels, shape and contents 1- 1, 2-6, 3-2, 3-10, 3-12, 3-13
Volatile Hydrocarbons (VHCs) 2-2, 2-3. 3-2, 348, 3-11, 3-14, 3-15

toxicity and emergency action

Water
contamination 1- 1, 2-S, 2-8,2-9. 3-4, 3-5
potable 1- 1. 2-5, 248,2-9
spraying, potential hazard in vessel fires 3-5.3-10

Waterless hand cleaners 2-5. 3-14. C-2
Waterspray 3-5.3-10
Weather

wind direction 2-7
Workshop participants C-1

Xylene A-34
toxicity and emergency action A-34
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