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FOREWORD

API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL NATURE.
WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, AND FEDERAL
LAWS AND REGULATIONS SHOULD BE REVIEWED.

API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS,
MANUFACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP
THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND SAFETY
RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS UNDER
LOCAL, STATE, OR FEDERAL LAWS.

NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE
MANUFACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT
COVERED BY LETTERS PATENT.  NEITHER SHOULD ANYTHING CONTAINED IN
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABILITY
FOR INFRINGEMENT OF LETTERS PATENT.

All rights reserved.  No part of this work may be reproduced, stored in a retrieval system, or transmitted by any
means, electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the
publisher.  Contact the publisher, API Publishing Services, 1220 L Street, N.W., Washington, D.C.  20005.
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ES-1

EXECUTIVE SUMMARY

This report provides an overview of potential human health hazards encountered by personnel

involved with petroleum product spills or leaks.  Widely distributed products are covered,

including crude oil, gasolines, various middle distillates (e.g., kerosene, jet fuel, diesel fuel, and

home heating oil), heavy fuel oil, and asphalt.  The main objective is to define basic components

and products of concern based on their inherent toxicity and potential risks to oil spill workers.

In addition, environmental factors that may affect the risk of exposure to the various components

are discussed.  A brief summary of important exposure considerations is included (Section 4).

In order to discuss the potential human health hazards associated with these petroleum

hydrocarbon products, it is helpful to break down the products into the various components of

concern and understand the toxicology of those components.  Table 2-1 links the various

products to their associated components of concern.  The main components of health concern in

Table 2-1 include benzene, hydrogen sulfide, n-hexane, naphthalene, toluene, trimethyl benzene,

polycyclic aromatic hydrocarbons (PAHs) and, in specific instances, organic lead compounds.

Acute health hazards associated with many components of concern include depression of the

central nervous system, and irritation to the skin, eyes, and respiratory tract.  Chronic exposure to

some components, such as benzene and polycyclic aromatic hydrocarbons, has been associated

with cancer risks.

Other than the toxicological properties of the components and products of concern, other factors

affect the nature of health hazards during spill response activities.  These include environmental

conditions, the physical characteristics of the products, and the type of spill or leak scenario and

time factors.  The environmental fate of a spilled material is determined by various mechanisms

including evaporation, spreading, dissolution, drift, dispersion, and emulsification.

Many of the more toxic components evaporate rapidly, so risk of exposure to airborne

contaminants diminishes greatly with time.  This is especially true for one of the most inherently

toxic components, hydrogen sulfide.  Benzene and other very light hydrocarbons may evaporate
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ES-2

within the first 6-8 hours after a spill.  As the material continues to weather, physical contact

becomes the main route of exposure.  Chemical hazards relating to oil treating agents such as

dispersants or chemical cleaners are not evaluated in this report.
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1-1

Section 1

INTRODUCTION

Oi l spi ll s can ori gi nat e from  many sour ces.   Many spi l l  i nci dent s ar e at t r ibut ed to shor t- t er m,  hi gh

volum e rel eases fr om  pi pel ine breaks, vessel  casualt i es such as si nki ng,  grounding,  and col l i si on, 

and fr om facil i t ies dur i ng f uel  or  car go t r ansf er s.  T he pot ent i al  human heal t h hazards associat ed

wi th long- t erm  chr oni c exposur e t o pet r oleum  fuel s dur i ng petr ol eum  product ion oper at ions have

been revi ewed and sum mar i zed (CONCAWE,  1985) ;  however ,  the shor t -t er m  heal th hazar ds t o

human heal t h f r om pet rol eum spil l s have not  been discussed in det ai l  (AP I ,  1997). 

It is important to understand potential hazards associated with an oil spill so that efforts can be

made to reduce acute health impacts, particularly during emergency response.  The potential

health hazards from a petroleum spill depend on many factors, the most important are the:

· Chemical and physical properties and composition of the petroleum product;
· Environmental conditions both during and after the release;
· Location and types of tasks performed by the oil spill workers;
· Control measures used to minimize worker exposure.

The objective of the report is to identify the potential chemical health hazards and provide

information on exposure to spilled petroleum products.  The report is not intended to be used as a

field guide during cleanup operations following a spill.  Physical hazards, such as slips, trips,

falls, fire, and explosion are important, but are not discussed in this report.

Hazard identification is the first step in the process of linking scientific information about

hazards (risk assessment) to the decision-making process (risk management) during which these

hazards are mitigated.  Figure 1-1 shows the elements of risk assessment and risk management

and highlights the risk assessment process covered in this report.

Hazard identification is defined as the process of determining whether exposure to an agent can

cause an increase in the incidence of a health condition (EPA, 1992).  In order to identify the

overall health hazards, the toxicological properties of each petroleum constituent were reviewed
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1-2

Research Risk Assessment Risk Management

Figure 1-1.  Elements of Risk Assessment and Risk Management (modified from NRC 1993).

due to the poor health hazard information available on oils as a whole.  Information used to

compile this summary includes toxicology databases, case histories of oil spill drills and actual

incidents, as well as model data.  Little relevant information on exposure to oil spill responders is

available in the literature.  Factors evaluated include chronic and acute toxicity by the two major

routes of exposure (dermal and inhalation), and the component concentrations in the common

petroleum products.  These factors are summarized in Table 2-1.

The following topics are discussed:

· Identification of the most commonly spilled petroleum products;
· Review of their overall potential health hazards as well as those associated with their

components of concern;
· Summarization of the relevant environmental fate of petroleum products;
· Additional considerations related to health hazard assessment.

This document is intended to provide general guidance for oil spill response planning.

Therefore, conclusions reached may not apply to all situations.  Actual health concerns may vary

Evaluation of public
health, economic, social,
political consequences
of control options.

Decisions and actions.

Laboratory and field
observations of
adverse effects and
exposures to
hazards.

Hazard Identification
(Does the hazard or
safety threat cause an
adverse effect to
human health/safety?)

Exposure-Response
Assessment  (What is
the relationship
between the
magnitude of exposure
and the probability of
occurrence?)

Field measurements,
observations,
estimated exposures.

Development of
control options.

Exposure Assessment
(what exposures are
currently experienced
or anticipated under
different conditions?

Risk Characterization
(What is the estimated
incidence of the adverse
effect in a given
population?)
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1-3

depending upon product composition, environmental conditions, worker training, and other

factors.  Where potential exposures are uncertain, air monitoring and/or conservative protective

measures are recommended.
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Section 2

ENVIRONMENTAL FATE AND EXPOSURE CONSIDERATIONS

This section describes the environmental fate processes and provides a brief overview of some

considerations that need to be included in discussions about potential exposure.  The information

found in this section is based on referenced literature (F ingas,  1994,  1995;  GE SAMP,  1993;

Koons and Jahns, 1992; Mielke,  1990;  NRC, 1985,  1989).  A more complete description of the

environmental fate and effect processes are found in the Fate and Environmental Effects of Oil

Spills in Freshwater Environments (API, 1999).

ENVIRONMENTAL FATE

Introduction

When oil is released into the environment, numerous processes begin to affect the environmental

fate of oil components and the chemical-physical properties of the oil.  The composition and

physical/chemical properties of crude oil and refined products are variable; therefore, no two

crude or refined oils will behave exactly the same in the environment.  In addition,

meteorological and oceanographic conditions will affect the movement and weathering of oil.

Spreading, drift, evaporation, dissolution, and dispersion are processes that begin immediately

once oil is spilled.  Figure 2-1 illustrates these processes.  One process can occur at a greater

relative magnitude than another process.  For example, in the early phases of an oil spill,

spreading occurs at a greater rate than oil drift.  Dispersion of oil occurs at a greater magnitude

than dissolution since only small amounts of oil components are soluble in water.

Emulsification, sedimentation, biodegradation, and photooxidation can occur within the first day

of a spill, but these processes are not as predominant as spreading, evaporation, and dispersion.

Some of the fate processes, for example, evaporation, may be most relevant to human health

exposure.  Other processes, such as photooxidation and sedimentation, are not important

determinants of human exposure.  The major processes are discussed here to provide a general

understanding of the environmental fate of spilled oil.
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2-2

Figure 2-1.  Processes Acting on Spilled Oil (Exxon, 1985)

Spreading

S pr eadi ng is vari abl e,  depending on the t ype of oil  spi l led.   I f a light  oi l is spil l ed, it  begi ns to

spr ead imm edi at el y and r api dl y.   I n the hour s fol lowi ng a spi ll , as the layer  of  oil  thins,  the rat e of 

spr eadi ng decreases.   Som e oi ls,  generall y those wi th a speci fi c gr avi ty gr eater  t han 1.0 and those

wit h a pour poi nt  gr eater  t han the am bi ent wat er  temper ature,  t end to for m lumps and may si nk

r at her than spr ead. 

S pr eadi ng is cont rol led by oi l vol um e, vi scosi ty,  and surf ace t ensi on.   Sur face tensi on and vi scosi ty

var y wi t h tem peratur e and t ype of  oi l.   As surf ace t ension increases,  spreading becomes less rapid.

Weather i ng di mi ni shes spr eadi ng by r educi ng oi l vol um e and i ncr easi ng oi l  densi t y and viscosit y. 

High vi scosi t y oi ls spread sl owl y whi le l ow vi scosi ty oi ls spread m ore r api dl y.   T he type of  oil 

det er mi nes t he rate at  which col d wat er  t em per at ures increase oil  vi scosi ty and,  t hus, sl ow the

spr eadi ng of  oi l as well  as t he rate at  whi ch hi gher wat er  t emper at ures enhance oi l spr eadi ng. 
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2-3

However ,  r el ati ve t o other cont r ol li ng fact ors, the eff ect s of am bi ent  t emper at ure on spr eading are

usual ly negl i gi bl e for  oi ls, except for  high viscosit y oil s such as Bunker C. 

An oil sl ick contains areas of variable thickness.  Under  relat ively calm conditi ons, oil sli cks

typically may have a thick (³ 1 mm) ar ea sur rounded by a more extensive thin (< 10 mm) area.  The

thi ck por tion contains the greatest vol ume of  oil ( approximatel y 90%)  while the t hin portion of the

sli ck contains the balance.   The thin area, however , repr esents 80% t o 90% of the total  slick area. 

L ocal  physical fact ors m ake predicti ons of spr eading di f fi cul t.   Wave and wind act ion m odif y oil 

spr eadi ng.   Nat ur al  surf ace conver gences (ar eas where curr ent s meet )  or diver gences (ar eas where

adj acent  cur r ents m ove i n dif fer ent dir ecti ons) may cause accum ul at i ons or separ at ions of  oi l.   As a

r esul t,  wi ndr ows (st reaks) and oil  patches may occur.   Spr eading is an i m port ant  det erm inant  f or 

r at es of  dissol ut ion, di spersion, and photooxi dat ion of  oi l. 

Drift

T he com bined acti on of  wi nd, sur face curr ent s,  and waves causes t he oi l sli ck t o dri f t.   Pr edi ct i on

of sl ick dri f t is necessary f or  spil l  r esponse pl anni ng and operati ons.  Sl ick dri ft  is l ar gel y

i ndependent of spil l  vol ume, spr eadi ng,  or weatheri ng.  However , a "thick" sl ick dri f ts f ast er  t han a

"thin" sli ck,  because wi nd inter acti on is i ncr eased wit h t hi cker oi l  i n com pari son t o t hi nner oi l .

T herefor e,  t he thicker  port ions of  t he sl ick oft en form  the leadi ng edge of  an advancing spi ll .  Local

condi ti ons such as river  outf low, nearshore st ructures,  or  t he pr esence of surf ace debr is can al so

aff ect sli ck dr if t. 

Evaporation

E vaporat ion is one of the pri mar y weather ing processes invol ved i n the r emoval of oi l  f rom the

sea.  E vapor ati on begi ns im medi ately upon r elease of oi l  and is especi al l y domi nant dur ing the f i rst

f ew days of a spi ll .   Dur ing evaporat ion,  volati l e hydr ocarbon component s f rom the oi l sl ick escape

t o the atm osphere.  In t he fi rst  f ew days f oll owi ng a spil l,  li ght crude oi ls can lose up t o 75%  of 

t heir  volume due to evaporati on.   Medium cr ude oi ls and heavy crude oi ls may lose up to 40%  and

10% , respect i vely, of their  vol ume t hrough evapor at ion. 
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Crude oi l is a compl ex m i xt ur e contai ni ng numerous component s wit h dif fer ent vol at il i ti es.  Lower 

m ol ecul ar wei ght com ponents are gener al ly t he most volat il e.   T hese component s,  such as benzene

and t ol uene,  evapor ate r api dl y,  typi cal ly i n l ess t han one day.   As evaporati on pr oceeds,  t he oi l 

becom es enri ched in non- vol at il e com ponents,  higher  m ol ecular  wei ght  hydr ocar bons,  and

com pl ex ni tr ogen- sul fur- oxygen com pounds. 

As low mol ecular wei ght com ponents evapor at e, the physi cal  pr oper ti es of  the rem ai ni ng oi l

change.   F or  exam pl e, speci fi c gravi t y and viscosit y of  the oil  wil l  i ncr ease.  These changes wi l l

t end to retar d the rat e of spreadi ng and evaporat ion. 

Dissolution

Dissolut ion is the transf er  of sol ubl e hydr ocarbons f rom  a sl ick or  di spersed oi l int o solut ion in

wat er .  Di ssoluti on begi ns im mediatel y af ter  a spil l. 

T he concentr ati on of  sol ubl e com ponents i n crude oi l is low,  about 10 to 30 ppm .   Low m ol ecular

wei ght com ponents t end t o be mor e sol uble t han hi gher  m olecul ar  wei ght  component s.   The m or e

pol ar  ar om at i c component s ( benzene, tol uene,  xyl enes)  t end t o be mor e sol uble t han al kanes (up t o

C5) .  I n addi ti on, som e of the sul fur -contai ni ng component s and sal t s pr esent  i n crude oi l are water

sol uble. 

S ince only a very sm al l fract ion of an oi l sli ck di ssol ves, it is unli kel y that  di ssoluti on si gni fi cant l y

aff ects oi l weather i ng.  Al though evaporati on occur s mor e rapidly t han di ssol ut i on, dissolut ion is

an im por tant  pr ocess under condi ti ons when evapor at ion is mi nim al .  For example,  evapor at ion i s

not  l ikely t o occur  when oi l dr opl et s are di sper sed or when oil  i s trapped under  or in ice. 

Dispersion

Oil  can enter  wat er  natur al ly, wit hout chem i cal enhancem ent,  as disper sed dropl ets.  The di ameter 

of di spersed dr oplet s gener al ly ranges fr om  10 t o 100 m m .  Di sper si on makes i t dif fi cul t to inter pr et 

oil  concentr ati ons in wat er  ( e. g.,  solubl e oil ) measured beneat h sl i cks.   T he di ff icult y li es in

separ at i ng water- sol uble component s of oi l from neat oi l  droplets pr ior to anal ysi s.   Most oil  i n t he
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wat er  column under a sli ck is beli eved to be disper sed dropl ets r at her  t han t rul y di ssolved

hydrocar bons. 

Oil  com posit i on, sl i ck t hickness, oi l -wat er  inter faci al  tensi on, and t ur bul ence ar e factors af fecti ng

oil  disper si on.   Cr ude oi ls and ot her  pet rol eum product s cont ai n ni t rogen, sulf ur,  and oxygen- 

containi ng compounds t hat  act  as sur f ace act ive agent s (surf act ants) .  Natural sur factant s in

pet roleum tend to r educe the oi l -wat er inter faci al tensi on al lowi ng the oil  t o disper se m or e r eadil y. 

T ur bulence enhances oi l dispersi on by i ncreasi ng the int er act ion bet ween the oi l  and water layer s;

t herefor e,  di sper si on is gr eater  wher e ther e i s high wave energy.   Breaki ng waves may ent rai n

f ragm ent s of  the sl i ck i nto t he upper  wat er  colum n.   The l ar ger , mor e buoyant  oi l dr opl et s may

sur face and coalesce wit h t he sl ick,  whil e small er oi l dropl ets are incor porated i n the wat er col um n. 

Dispersi on al so occurs i n t he absence of br eaking waves.   Oi l  dropl ets i n t he water col um n wil l

conti nue t o disperse under condi ti ons of tur bulent mi xi ng and cur rents.  Use of  chem i cal

dispersant s dur ing spi ll  response operati ons all ows disper si on to occur at much lower  energy l evels

and m ini mi zes r ecoal escence of disper sed dr opl et s.

Bot h nat ur al  and chemi cal  disper si on acceler at e oil  degr adat i on.  Di sper sion increases the sur face

area of  oi l rel at ive t o its vol ume.  Ther ef ore, dissolut ion and biodegradat ion may pr oceed mor e

r apidly. 

Emulsification

Wat er -i n-oil  em ul si f icat i on i s the i ncorpor ati on of  wat er dr opl et s (1 to 15 m m diamet er s)  i nto oi l. 

T hese em ul si ons, al so ref er red to as "m ousse",  m ay cont ain f r om  20 to 80 percent  wat er. 

T he f act or s that af f ect the f or m at ion of em ulsions ar e not  completel y under st ood.  E m ul si on

f or mati on and stabi l it y are aff ect ed by t em per at ure and the amount of asphalt enes,  waxes,  and

sur face- acti ve mater ials in oil .   Dat a ar e avail abl e for  t he em ul si on- for mi ng pr oper t ies of  vari ous

oil s.   Oil s having high viscosi t y and high speci f ic gravit y are m or e l ikely t o for m mousse than are

oil s wi t h lower  viscosit y and specif i c gr avi ty.
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Wat er -i n-oil  em ul si ons sl ow t he natur al  degr adat i on of oil .  These emulsi ons may per sist for 

m onths or years f ol l owing a spi l l,  depending upon l ocal  condi ti ons.   Depending on the oil  t ype,

wat er  i n oil  em ul si f icat i on can si gni fi cant l y increase the volume and vi scosi ty of  t he oi l/ wat er 

m ixture.   An em ul si on containing 70 to 80% wat er  is 3 t o 4 t i mes lar ger than the i ni t ial vol um e of

spi ll ed oi l.   Mousse viscosit y is typical ly far great er  than that  of  t he parent  oi l. 

I f mousse st r ands on shor e,  i t may accumulat e debri s and sedi ment .  Foll owi ng t he evaporati on of 

wat er  f r om  st randed mousse,  a t arr y residue may rem ai n and sl owly weat her  over tim e. 

Sedimentation

S edim ent at ion occur s when t he specif i c gr avi ty of  oil  becomes great er than that  of  water.   The

speci fi c gravit y of  fl oat ing or  di spersed oi l can i ncrease due to

1) weather i ng ( evaporat ion,  di ssol uti on,  and em ul si f icat ion), 
2) adhesion or sor pt ion ont o suspended par ti cl es or , 
3) zoopl ankton ingesti on of  oi l wi t h subsequent  i ncorpor at i on i nto f ecal pel lets.

Heavy oi l,  hi ghly weat her ed oil ,  and tar may accumulate debr i s and sink,  becomi ng incor porat ed i n

sedim ent s.   Oil  m ay becom e incor porat ed i nt o near shor e sedim ent s as oi l com es i n cont act wi t h

shoreli nes.

T he com posit i on and concent rati on of  part icl es ar e im por tant  fact or s aff ect ing sedim ent at ion.  Oi l

can sor b ont o plankt on or  sedim ent .  Fi ne-gr ai ned sedim ent s such as si lt s and cl ays oft en cont ai n

charged part i cl es t hat  can bi nd to hydr ocar bons.   Consequent l y,  hydr ocar bons tend to accumul at e

i n fi ne- gr ai ned sedi ment s.  S edi ment ati on wi ll  vary wit h l ocati on, depending on the concent r at ion

and t ype of suspended par ti cl es in t he water  col umn.  S edi mentati on is an i mpor t ant process in

r iver s,  delt as,  and estuari es wher e suspended par ti cl e level s are hi gh.

Biodegradation

Mar ine and f r eshwat er envir onments cont ai n popul ati ons of bacteri a and f ungi that can m et aboli ze

and degr ade hydrocar bons (a car bon sour ce).   Car bon, in conj uncti on wi th ot her nut ri ent s,  ai ds

sur vi val , gr owt h,  and reproduct i on of  cer tai n mi croor ganisms. 
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T he r at e and extent  of  oi l bi odegr adati on depend on num erous fact or s such as: 

1) Abundance and t ype of pet roleum - degr adi ng species,
2) Avail abl e oxygen and nut r ient s, 
3) T em perat ur e, 
4) Oil  com posit i on,
5) Degree of oi l  weatheri ng,  and
6) Whether  or  not chem i cal dispersant s are used.

Oil  biodegradat ion in ar cti c regions may occur  sl owly due to lower tem per at ur es and the slow l oss

of volat il e com ponents.  In coastal wat er s,  terr est ri al  runof f and sedim ent  r esuspension add t o the

nut ri ent  supply of local  waters and may enhance biodegr adati on.   In of fshor e wat er s,  wher e

avail abl e nut ri ents ar e not  i ncr eased by ter rest r ial runof f,  oi l bi odegr adati on may occur  m ore

slowl y.   Wave and curr ent  act ion m ay enhance biodegradat ion by incr easing t he supply of 

avail abl e oxygen. 

Dif ferent speci es of  m icr oorgani sm s degrade di ff erent  component s of  oi l.   P et rol eum- degradi ng

m icrobes are wi despr ead and abundant  in r ivers, coast al  water s,  and st reams chr oni cal ly pol l ut ed

by hydr ocarbons.  Di sper sed oil  can be readi ly bi odegraded because of the i ncreased sur face ar ea

avail abl e for  m icrobial act ion.   Mousse degr ades sl owly si nce exchange of  wat er ,  nut r ient s,  and

oxygen is li m it ed.

Photooxidation

Vol at il i zed hydrocar bons can be oxidi zed by solar  r adiat ion in a pr ocess known as photooxidati on. 

Dissolved ar omati c and polar com pounds at  t he sur face of  t he water col um n m ay al so undergo

photooxi dati on. 

P roduct s of photooxi dati on tend to be sol ubl e in seawat er and are r emoved f rom the sl ick.   The

oxi dati on pr ocess i s m ini mal in the overall  removal  of oil ; however ,  oxi dat ion does alt er  t he

chemi cal  char acteri sti cs of  r em aining oil  al lowi ng ot her , mor e si gni fi cant,  degr adat i ve processes t o

operate. 
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T he physical  pr oper t ies of oi l and oi l thickness govern oxidati on r ates.   T hi n sli cks oxi di ze mor e

r apidly than thick oil  or  m ousse.  P hot ooxi dat ion i s not  an impor tant degradati ve pr ocess f or tar 

bal ls, since only t he sur face i s act i vely oxidized.   Oi l  i ncorpor at ed in sedi ments or  deep in the

wat er  column ar e not  exposed to phot ooxidat i on.

Fate of Oil Onshore

Dispersi on, dissolut ion,  and em ulsif i cati on can occur  i n near shor e wat er s, dependi ng on waves, 

cur rent s, ti des, and oil  pr oper t ies.   Breaki ng waves cr eat e a high- energy envir onm ent , leadi ng t o

great er  di spersion and em ul si fi cat ion r at es.   As wave and ti dal  act i on r emove and replace shor el i ne

subst rat e,  oi l moves f rom  t he shor el i ne t o nearshor e wat er s.   On medium to hi gh ener gy shor eli nes,

oil  i s rem oved more rapi dly t han f rom  shelt ered,  low energy shoreli nes.

S horeli nes act as t her mal  i nsul ators and st r anded oil  exposed t o sun can at tain gr eat er  t em per at ures

t han oi l  on wat er .  Oi l heated by the sun or  by war m ter rest r ial sur faces m ay spread fart her  and

m or e rapidly than oi l on water.   T hi s i ncreases the oil  surf ace area exposed to sunl i ght,  r aising t he

oil  t em per at ure even f ur t her.   Theref or e,  t he evaporati on rat e for str anded oil  may be gr eat er  t han

f or  oil  on water.   When str anded oil  is exposed to solar  ener gy, som e em ulsions may break down

and r el ease wat er , whi ch wi ll  r educe oi l vol um e.   Biodegradat ion rat es of  onshor e oi l  depend on

num er ous f act or s,  i ncl udi ng m icr obial  speci es,  t emper at ure, oil  proper ti es,  and avai l able nutr ients

( ni tr ogen,  phosphor us) .

T he degr ee of  oil  penetr ati on on a shor el ine depends on the subst rat e and oil  t ype.  For example, 

oil  r eadil y penet rat es pebble and cobbl e beaches result i ng i n i solat ion of oi l from the sur f ace

envir onm ent.   Consequent l y,  weat heri ng and biodegradati on ar e decreased if the oil  r eaches

deeper zones wi th r est ri cted oxygen,  nutr ients, or fl ushing.   L ow vi scosi ty oil s wil l  penet r at e

beaches more readil y t han high viscosit y oi l s.   Dependi ng on the nat ur e of the sedim ent /substr at e,

subsurf ace oi l can per si st for months t o sever al  year s.   I f oil  adheres to shel t er ed rocks onshor e,  i t

m ay not  be easi ly r emoved by wave and t idal  acti on.   Oi l  adhesi on vari es wi th oi l type and

weather ed st ate, as well  as char acter isti cs of  t he rock surf ace ( wet ness,  presence of  organi sm s) . 
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Fate Summary

An im pr oved under st anding of oi l  f at e aids decisi on-m aki ng and response at the tim e of a spi ll .

T he f at e of spi ll ed cr ude oil  and ref ined pr oduct s is governed by a compl ex i nt eract i on of physi cal ,

chemi cal , and biological  pr ocesses.  The magni tude of  each pr ocess var ies over tim e based upon

t he t ype of oil , and l ocal sea and weat her condi t ions.

S pi ll ed oi l is physi call y t ranspor ted via spreadi ng, dr i ft ing, natur al  di sper si on,  and sedi m entat ion. 

T hese pr ocesses aff ect  t he di st r ibut i on of oil  at  t he sea sur face, in the wat er  colum n,  and in

sedim ent s.   In gener al , these pr ocesses act  on whol e oi l  wit hout changing i ts composi ti on or 

physi cal  proper ti es. 

Weather i ng pr ocesses i ncl ude evaporat ion,  di ssol uti on, and em ul si fi cat ion, which aff ect  t he

com posi t ion and physical  pr oper t ies (densit y, vi scosi ty)  of spi ll ed oi l.   T hese pr ocesses vary based

upon the physical  and chemi cal proper ti es of  pet r ol eum and si te-specif ic condit i ons such as wi nd, 

t em perat ur e,  and sea stat e.   Evaporat ion resul ts in t he tr ansfer of  the vol at il e com ponents of  oi l to

t he atm ospher e.   In di ssoluti on,  sol ubl e com ponents of oil  di ssol ve in t he water  col umn, whi le

emulsif i cati on is t he incor porat ion of water  i nt o t he oi l.   Degradat ive processes such as

photooxi dati on and biodegradati on al t er  t he chem i cal st r uctur e of  oi l com ponent s.  Degr adat i on

r at es vary according t o a num ber  of local  f act or s.

EXPOSURE CONSIDERATIONS

Besides toxicity of the products and components, other things that need to be considered in a

complete health hazard assessment include time factors, location of personnel, tasks being

performed, nature of products and spill scenario, and regulatory factors.

Time Factors

Little data is available describing actual chemical exposures immediately following a crude oil

spill.   Typically, the time of highest expected airborne contaminants of concern is immediately

following the spill.   As time passes, the potential for exposure to volatile contaminants,

including benzene and hydrogen sulfide, diminishes.
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Thayer and Tell (1999) reviewed available benzene exposure data from oil spills as well as

modeling data conducted at Exxon Biomedical Sciences.  The combined data indicate that initial

benzene concentrations may exceed 1 ppm (the OSHA and U.S.  Coast Guard Permissible

Exposure Limit), but levels decrease to less than 1 ppm within about 6 hours.  Similarly, model

data of simulated sour crude oil spills show that initial concentrations of hydrogen sulfide may

be considered immediately dangerous to workers in the area.  However, modeled exposures drop

to safe levels in about 4 minutes.  Based on this data, it appears that exposure to benzene and

hydrogen sulfide is a consideration for personnel at the spill site, (e.g.,  ship or terminal

personnel)  within the first 6-8 hours after fresh oil is no longer being spilled.  The potential for

benzene and hydrogen sulfide exposure to oil spill cleanup workers arriving one or more days

after the spill would be lower.

As more time elapses, evaporation of volatile components continues and airborne contaminant

levels continue to decrease.  Payne, et al., (1991) report that with water temperatures of 11-14ºC

(52-57ºF), all compounds with boiling points <400°F were lost within the first nine days.

Between two weeks and seven months, there was an additional loss of compounds between n-

C11 and n-C-13 (boiling points <450°F).  Therefore, exposure to airborne contaminants is less of

a concern after weathering occurs.

Nature of Products, Spill Scenario and Tasks

The nature of the product and the spill scenario also affect the nature of the potential health

hazards.  Heavy products are affected little by evaporation, but may sink or be washed ashore as

tar balls or mousse.  Since there is little evaporation occurring, exposure to airborne

contaminants would not be a concern unless the material is aerosolized (e.g., via high pressure

water washing the shore).  For those heavy products that contain PAHs, skin contact may be the

primary concern for oil spill workers, depending on the nature of the cleanup tasks.

Products such as gasoline, middle distillates, and most crude oils contain volatile components

that could generate high concentrations of light hydrocarbons, especially in enclosed spaces.

Again, depending on the spill scenario and tasks required of cleanup workers, risk of
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fire/explosion, oxygen deficiency, and mixed hydrocarbon exposure may need to be considered

in these situations.  When two or more hazardous substances which act upon the same organ

system are present, there is a concern of additive effects (ACGIH, Appendix C, 1998).  With

mixed volatile hydrocarbons in enclosed spaces, this could mean greater potential (relative to

that in well-ventilated areas) for central nervous system effects leading to increased risk of falls,

e.g., dizziness or narcotic effects or poor judgment (Holliday and Park, 1993).

In some spill scenarios, such as a punctured hull, underwater wellhead or pipeline leaks, oil

continues to be spilled over a long period.  In these scenarios, evaporation of volatile

components and, thus, airborne contamination continues as long as leakage is occurring.

Weathering, in these cases, may not be as effective in reducing levels of volatile components.

Also, unusual tasks may be necessary to stop or control the spill, and the nature of these tasks

could affect the health risks to workers.

All of the above information is very generic in nature and is only intended to provide rough

guidance regarding the components of concern for the various products.  If there is any doubt

regarding the potential exposures to oil spill workers, there are two main courses of action:

monitoring (direct reading) can be conducted to determine actual exposures or, if this is not

feasible, workers can be provided with sufficient protective gear to protect against worst-case

exposure scenarios.   Whenever feasible, monitoring and interpretation of results should be

conducted by, or in consultation with, industrial hygienists or adequately trained personnel.

The spill scenario timing, nature of the products, and cleanup tasks need to be considered when

assessing and controlling health hazards.  During periods when air-borne contaminant

concentrations is high, respiratory and eye protection may be needed.  Skin protection is an

important consideration for tasks where workers may come in direct contact with spilled oil.

Regulatory Issues

Another issue to consider with respect to health hazards and their evaluation and control is the

existence of national, state, and local occupational health regulations applicable to oil spill

response activities for exposure and training.  Examples are those issued by the U.S.
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Occupational Safety and Health Administration (OSHA) for spills connected to land (e.g.,

reaching shoreline or docks), and the U.S.  Coast Guard for spills offshore.  Activities associated

with some hazardous components such as benzene may be heavily regulated.   Detailed

discussion of regulatory issues is outside the scope of this document, but exposure limits set by

OSHA are listed in Table 2-1 along with exposure limits established by the American

Conference of Governmental Industrial Hygienists (ACGIH).

One commonly misunderstood factor affecting oil spill worker exposures relates to the length of

exposure.  Health standards that are typically compared to worker exposure monitoring results

are time-weighted averages (TWAs).  As an example, ACGIH defines this as "the time-weighted

average concentration for a conventional 8-hour workday and a 40-hour workweek, to which it is

believed that nearly all workers may be repeatedly exposed, day after day, without adverse

effect."  In developing such standards, toxicologists commonly assume that workers could be

exposed to these levels for a working lifetime to ensure a standard that encompasses worst-case

scenarios.  However, oil-spill cleanup workers are most often temporarily employed from the

local work force, and would commonly only be exposed for one day to a week.  Although

regulators overseeing cleanup activities are correct to compare cleanup exposure results to

TWAs instead of the alternative 15-minute short-term limits, it should be recognized that this

adds an extra safety factor to the worker's overall risk.
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TABLE 2-1

Exposure Limits for Components of Concern in Crude Oils

1998 ACGIH TLV's* OSHA Permissible Exposure Limit (PEL)

Chemical Name 8-Hr TWA
(ppm unless
specified)

STEL/C
Notations, TLV Basis-Critical

Effects

8-Hr TWA
(ppm unless
specified)

STEL/C Comments

Benzene 0.5 2.5 Skin, A1,  Cancer 1 5
Toluene 50 - Skin, A4, CNS 200 C300 500 ppm for 10 min peak per 8-hr shift
n-Hexane 50 - Skin, Neuropathy, CNS, Irritation 500 -
Naphthalene 10 15 A4, Irritation, CNS, Blood - -
Hydrogen Sulfide (10)

[5]
(15) Sudden death, Irritation, CNS - C20 50 ppm for 10 min peak per 8-hr shift

Benzo[a]pyrene NA NA A2, Cancer 0.2 mg/m3 - Polycyclic Aromatic Hydrocarbons
Benz[a]anthracene NA NA A2, Cancer - - Polycyclic Aromatic Hydrocarbons
Trimethyl benzene 25 - Irritation, CNS, Blood - -
Gasoline 300 500 A3, Irritation, CNS - -
Kerosene
(Diesel fuel/kerosene)

[100 mg/m3] - Skin, A3, Irritation, Dermatitis,
Lung

- -

Tetraethyl Lead 0.1 mg/m3 - Skin, A4, CNS 0.075 mg/m3 - Skin
Tetramethyl Lead 0.15 mg/m3 - Skin, CNS 0.075 mg/m3 - Skin
Oil Mist 5 mg/m3 - Lung 5 mg/m3 -

A1 Confirmed Human Carcinogen
A2 Suspected Human Carcinogen
A3 Confirmed Animal Carcinogen with Unknown Relevance to Humans
A4 Not classifiable as a Human Carcinogen
CNS Central Nervous System
Skin Potential for exposure via skin absorption
( ) Current limit shown but change has been proposed (for proposed H2S TWA = 5 ppm)
[ ] Proposed value listed in Notice of Intended Changes
C Ceiling Limit - concentration should not be exceeded during any part of the working shift
NA Not Applicable
Source (ACGIH, 1998) (US OSHA, 1997)
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Section 3

HEALTH HAZARDS OF PRODUCTS AND COMPONENTS OF CONCERN

The horizontal axis in Table 3-1 lists the primary petroleum products associated with spills, and

the various components of concern, which are listed on the vertical axis.  The body of the table

provides some generic guidance regarding the relative health concern associated with the various

components for each product.  These estimates of relative risk may vary considerably depending

on the specific spill circumstances.  The specific toxicity and health aspects of petroleum

products are discussed in this section.

Table 3-1.  Relative Potential Health Concern for Components of Petroleum Products1

Components of Potential Concern C
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Benzene : : 3 3 3 3 3

n-Hexane O O 3 3 3 3 3

Hydrogen Sulfide :2 3 3 3 3 O O

Naphthalene 3 3 O O O 3 3

PNAs : 3 3 3 3 : O

TEL/TML3 3 34O5 3 3 3 3 3

Toluene O O 3 O 3 3 3

Total Hydrocarbons O : O O O 3 3

Trimethyl Benzene O O O O O 3 3

Key:

: - Component of concern
1Ratings are relative to specific conditions and may vary
considerably

O - Component of low concern 2Sweet crude oils do not contain hydrogen sulfide
3 - Component of negligible or no concern 3Tetraethyl lead/tetramethyl lead

4Ratings may be higher for motor gasoline outside the USA
5Rating for aviation gasoline
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IDENTIFICATION OF PRODUCTS AND COMPONENTS OF CONCERN

T able 3- 1 li nks pet r ol eum  products wi th t he relevant com ponents of concer n.   The f ol l owing

descr ibes basic hum an toxicol ogy i nf orm at ion avai labl e on each component ,  and summ ar i zes that

i nf or mat ion for  each product.   The pr oducts and com ponents ar e li st ed in al phabeti cal  order  below,

and i ncl ude Chemi cal  Abstracts Service Registry Numbers (CAS No.).  CAS Numbers are

unique numerical identifiers assigned to chemical substances and recorded in the CAS Chemical

Registry System which provide a concise and unique means of substance identification.  F or 

r ef er ence pur poses,  Tabl e 2-1 l i st s cur rent  exposur e li m it s est abli shed by ACGI H ( 1998)  and the

OSHA (1997).   A det ail ed di scussion of these exposure l i mi ts is out side the scope of  this

docum ent .

Products of Concern

Crude Oil  (CAS No.  8002-05-9).  There are many different formulations of crude oil, which

vary based on the parent material, properties, geographic location of the well, and formulations.

Crude oil is composed of highly complex and variable mixtures of paraffinic (alkane),

cycloparaffinic (naphthenic), and aromatic hydrocarbons of different molecular weight and

structure.  Crude oil may also contain low percentages of sulfur and trace amounts of nitrogen

and oxygen compounds, as well as metals such as nickel and vanadium and other elements.

Vapor pressure varies widely based on composition.

Toxicity/Health Aspects: The health effects associated with exposure to crude oil are related to

the individual components that make up the crude and their respective concentrations.

Generally, crude oil has a low order of acute oral and dermal toxicity and may cause slight to

moderate skin irritation  (Smith, et al., 1981).  Ingested crude oil may be aspirated into the lungs,

causing severe chemical pneumonitis, which can be fatal  (Holliday and Park, 1993).  Inhalation

of the vapors of aromatic and paraffinic components may cause dizziness, incoordination,

nausea, headache, and fatigue at concentrations above 100 to 200 ppm  (Holliday and Park,

1993).  In crude oils with sulfur compounds (sour crudes), hydrogen sulfide and mercaptans may

be released in early stages of a spill or if the material is overheated.  Hydrogen sulfide may cause
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irritation, respiratory failure, coma, or death depending on the concentration of the gas and the

duration of exposure  (Yant, 1930).  Benzene exposure may also be a health concern in the early

stages of a crude spill.  Benzene is a known human carcinogen, and long-term exposure can

cause anemia and other blood diseases, including leukemia  (Department of Labor, 1977).  Mists

and aerosols generated during spill cleanup provide a route for the inhalation of nonvolatile

components of crude oil, such as polycyclic aromatic hydrocarbons (PAHs).  Mists and aerosols

containing certain PAHs are, in principle, a cancer risk, but it is not clear whether such particles

could be formed in sufficient quantities or of the appropriate size during spill cleanup operations

to make the risk significant  (Holliday and Park, 1993).  The heavy molecular weight fraction of

crude oil contains PAHs, some of which are carcinogenic to the skin after repeated, prolonged

exposure if proper decontamination techniques are not used  (Holliday and Park, 1993).  The

International Agency for Research on Cancer (IARC) determined that crude oil is not classifiable

as to its carcinogenicity to humans.  The IARC evaluation states that there is inadequate evidence

for the carcinogenicity of crude oil in humans and experimental animals, respectively

(International Agency for Research on Cancer, 1989).

Gasoline (CAS No.  86290-81-5).  Complex combination of volatile, highly flammable

hydrocarbons of carbon number C4 to C10 with boiling points between 30 and 260°C and with a

flash point < -40°C  (CONCAWE, 1992c).  Vapor pressure range @20°C = 38-300 mmHg.

Toxicity/Health Aspects:  The main health hazard associated with the ingestion of gasoline is

the possibility of severe, potentially fatal damage to lung tissue, which can occur following

aspiration of even small amounts of gasoline into the lungs (Sciences International Inc., 1995);

(CONCAWE, 1992c); (CONCAWE, 1997).  Gasolines are unlikely to cause systemic toxicity

following accidental ingestion or skin exposure.  Skin contact may cause irritation and, if contact

is frequent or prolonged, skin reactions may be severe.  Gasolines also have a defatting action on

the skin which can result in drying, cracking, and dermatitis.  Accidental splashes entering the

eye may cause irritation and discomfort.  Such effects usually are transient and reversible

(Sciences International, 1995b); (CONCAWE, 1992c); (CONCAWE, 1997).
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Short-term exposure to high concentrations of vapor (>500 ppm) may cause irritation of the eyes,

nose, and respiratory tract and possibly signs of central nervous system depression e.g.,

headache, dizziness, and mental confusion.  Inhalation of 20,000 ppm gasoline vapor for five

minutes has been shown to be fatal  (Sciences International, 1995b).  No studies are available

which indicate that gasolines cause adverse reproductive effects in humans.

Marketed gasolines contain proprietary chemical additives, e.g., detergents, dyes, and antiknock

compounds.  In general, these additives are present at low concentrations (<0.1%) and are

unlikely to influence the toxicity of gasoline product.  Alkyl lead compounds, such as tetraethyl

and tetramethyl lead, are toxic; however, they are present at low concentrations (typically with a

maximum of 1.12 g/l lead in certain aviation gasolines).  Unleaded gasolines commonly contain

oxygenates, e.g., up to 10% ethanol, 3% methanol, or 15% methyl tertiary butyl ether.  In terms

of acute toxicity, only the presence of methanol causes concern  (CONCAWE, 1997).

The International Agency for Research on Cancer (IARC) concluded that limited evidence exists

for the carcinogenicity of unleaded gasoline in animals.  The studies were inadequate in

demonstrating increased carcinogenic risk in humans.  The IARC Working Group did find that

some components of gasoline, especially benzene, are carcinogenic in humans, and concluded

that gasoline is possibly carcinogenic in humans  (International Agency for Research on Cancer,

1989); (Hathaway, et al., 1991).

Middle Distillate Fuels.  Petroleum materials boiling between 145 and 450°C, which include all

fractions derived from crude oil between naphtha and residuum are referred to as middle

distillate fuels.  These include kerosenes (aviation turbine fuels), diesel fuels, and heating oils

(CONCAWE, 1995); (CONCAWE, 1994).  Vapor pressure depends on composition, e.g.,

Kerosene @ 20°C = 0.48 mmHg.

Toxicity/Health Aspects:  It is reported that inhalation of middle distillate fuel aerosols and

vapors causes respiratory irritation, headaches, dizziness, mental confusion, and unconsciousness

(CONCAWE, 1994); (CONCAWE, 1997).  Middle distillate liquids and mists can cause

transient eye irritation, while prolonged exposure can cause conjunctivitis  (CONCAWE, 1994).
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Middle distillate fuels can defat the skin which may lead to skin irritation following prolonged

and repeated exposures  (American Petroleum Institute, 1967); (Gerarde, 1960).  Although of a

low order of oral toxicity, middle distillate fuels, if ingested, may be aspirated into the lungs

causing severe chemical pneumonitis, which can be fatal  (Swanson, 1985); (CONCAWE, 1997).

Some straight-run fuels (kerosenes and gas oils) in this class exhibit weak carcinogenic potential

when repeatedly applied to the skin of animals over the course of their lifetime  (CONCAWE,

1994); (CONCAWE, 1995).  These products contain very low concentrations of 3-7 ring

polycyclic aromatic hydrocarbons (PAHs) which are generally regarded as being responsible for

the dermal carcinogenicity of petroleum products  (CONCAWE, 1994).  Recent toxicological

data suggest that the carcinogenic potential of these materials is dependent on a mechanism

involving chronic irritation caused by repeated application to the skin  (Freeman, et al., 1993).

Some diesel fuels and heating oils are composed of heavier atmospheric, vacuum, or cracked gas

oil components, which can contain carcinogenic PAHs.  Some of these components have been

found to cause skin cancer in laboratory animals following repeated and prolonged exposures

(CONCAWE, 1995).  Middle distillate fuels represent a negligible skin cancer risk, provided

excessive skin contact is avoided  (CONCAWE, 1994).  No information is available on the

developmental or reproductive effects of middle distillates in humans.

Middle distillate fuels may contain chemical additives such as antioxidants, flow/combustion

improvers, detergents, or corrosion inhibitors.  These additives are usually present at

concentrations that do not add to the toxicity of the fuel itself  (CONCAWE, 1997).

Heavy Fuel Oil. The residue from refinery distillation or cracking processes constitutes heavy

fuel oil.  It contains saturated, aromatic, and olefinic hydrocarbons mainly in the range C9-C50,

boiling in the range 160-600°C. (CONCAWE, 1998); (CONCAWE, 1997).  Vapor pressure

@20°C = negligible.
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Toxicity/Health Aspects:  Significant concentrations of hydrogen sulfide can accumulate in

storage tanks which contain heavy fuel oils (CONCAWE, 1997).  Appropriate precautions

should be exercised to prevent exposure to this hazardous gas.  Accidental exposure to heavy

fuel oil does not present a systemic toxicity hazard following a single oral, dermal, or inhalation

exposure.  However, ingestion may result in transient gastrointestinal effects.  Physical contact

with the eyes may produce temporary irritation and discomfort.  Heavy fuel oils are unlikely to

be irritating to the skin following a single exposure, but repeated or prolonged contact may cause

dermatitis and possibly skin cancer due to the presence of carcinogenic polycyclic aromatic

hydrocarbons (PAHs)  (CONCAWE, 1997); (CONCAWE, 1998).  The low vapor pressure of

heavy fuel oil prevents the formation of significant vapor concentrations at ambient

temperatures.  Elevated temperatures and mechanical action may lead to the formation of vapors

and mists, which can cause eye, nose, and respiratory irritation.

Asphalt (CAS No.  8052-42-4).  Asphalt is a complex combination of high molecular weight

organic compounds containing a relatively high proportion of saturated and aromatic

hydrocarbons having carbon numbers greater than C25.  Asphalt may be mixed with volatile

petroleum diluents or oxidized to modify its physical or chemical properties  (CONCAWE,

1997).  Vapor pressure @ 20°C is usually negligible but depends on composition.

Toxicity/Health Aspects:  The greatest acute hazard is burns from contact with hot asphalt

(American Conference of Government Industrial Hygienists, 1997).  At ambient temperature,

asphalt is non-volatile.  Reports of reduced appetite, fatigue, laryngeal/pharyngeal irritation and

cough following exposure to asphalt may be due to the presence of solvents added to the asphalt.

Contact with asphalt has been reported to cause dermatitis  (CONCAWE, 1997).  Generally, the

potential for undiluted asphalt to cause skin and eye irritation is considered to be low

(CONCAWE, 1992b).  The acute toxic health concerns for asphalt are also considered to be low.

Asphalt may contain traces of highly toxic hydrogen sulfide which may accumulate during

storage.  Appropriate precautions should be exercised to prevent exposure to hydrogen sulfide.

The International Agency for Research on Cancer (IARC) stated that there was inadequate

evidence that bitumens (asphalt) alone are carcinogenic to humans, but there was sufficient

evidence of animal carcinogenicity of certain asphalt extracts  (International Agency for

Research on Cancer, 1985).
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Components of Concern

Benzene (CAS No.  71-43-2).  Colorless liquid.  Vapor Pressure @ 20°C = 76 mmHg.

Inhalation/Contact with Vapor or Fumes:  Acute benzene exposure causes central nervous

system depression.  Human exposure to approximately 20,000 ppm is fatal in 5 to 10 minutes.

Convulsive movements followed by unconsciousness follow severe exposures  (Hathaway, et al.,

1991).  Brief exposures to concentrations in excess of 3,000 ppm are irritating to the eyes and

respiratory tract.  Continued exposure may cause euphoria, nausea, a staggering gait, and coma

(Gerarde, 1960).  Exposures to lower concentrations (250 to 500 ppm) are reported to cause

vertigo, drowsiness, headache, and nausea  (Department of Labor, 1977).

Prolonged and repeated exposure to low concentrations (above 1 ppm) of benzene has been

found to adversely affect the blood-forming system  (Collins, et al., 1991); (Tsai, et al., 1983);

(Yardley-Jones, et al., 1988).  Long term exposure causes a reduction in the numbers of red cells,

white cells, and/or platelets produced by the bone marrow (anemia, leukopenia, and

thrombocytopenia, respectively)  (Department of Labor, 1977).  Aplastic anemia, the depression

of all three blood cell types as well as bone marrow necrosis, may also develop following

prolonged exposure  (Goldstein, 1977).  Typical symptoms of aplastic anemia include light-

headedness, headache, loss of appetite, abdominal discomfort, weakness, blurring of vision,

labored breathing, pale mucous membranes, and easy bruising  (Committee on Toxicology of the

National Research Council, 1976).  Eventually, aplastic anemia may lead to death due to

infection or hemorrhage.  The International Agency for Research on Cancer (IARC) classified

benzene as a proven human carcinogen, based on studies of leukemias  (International Agency for

Research on Cancer, 1982).  Evidence linking benzene to other types of cancers is contradictory

and inconsistent.  Benzene does not appear to induce significant adverse reproductive effects,

based on the results of laboratory animal studies (Schwetz, 1983).

Dermal:  Direct contact with the skin may cause erythema and vesiculation.  Prolonged or

repeated exposure to benzene may lead to dermatitis, which may lead to secondary infections.
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Benzene is absorbed through the skin and may contribute somewhat to systemic toxicity

(Susten, 1985).  The permeability coefficient of benzene in human skin (Kp) is 1x10-1 cm/hr

(Environmental Protection Agency, 1992).

n-Hexane.  (CAS No.  110-54-3).  Colorless liquid.

Inhalation/Contact with Vapor:  n-Hexane is an upper respiratory irritant and causes central

nervous system depression.  Exposure to greater than 1,000 ppm is reported to cause dizziness,

nausea, headache, numbness of the limbs, and confusion; no effects were seen below 500 ppm

(Cavender, 1998); (Hathaway, et al., 1991).  An exposure of 880 ppm for 15 minutes can cause

eye and respiratory tract irritation  (Cavender, 1998).

Repeated exposure to 400-600 ppm n-hexane has been linked to damage to the peripheral nerves

which eventually reverses following cessation of exposure.  Symptoms include muscle

weakness, sensation disturbances, pain in the extremities, and atrophy.   (National Institute for

Occupational Safety and Health, 1977); (Jorgensen and Cohr, 1981); (Spencer, et al., 1980).

Based on animal studies, n-hexane is not expected to cause birth defects in humans.  There have

been no reports of sterility or other adverse effects on the human reproductive system due to n-

hexane exposure (Research Triangle Institute, 1997).  n-Hexane is not categorized as a

carcinogen by the US Environmental Protection Agency or the International Agency for

Research on Cancer.

Dermal:  n-Hexane contact causes skin irritation  (National Institute for Occupational Safety and

Health, 1977).  n-Hexane is absorbed into the skin; however, the rate of skin resorption is 100-

fold lower for n-hexane than for benzene  (Research Triangle Institute, 1997).  (Permeability

coefficient Kp value is not available for n-hexane).

Hydrogen Sulfide (CAS No.  7783-06-4).  Colorless gas.  Vapor pressure @ 20° C = 13,376

mmHg.
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Inhalation: Hydrogen sulfide is a highly toxic gas with an offensive odor that is immediately

lethal in concentrations greater than 2,000 ppm.  Inhalation of 1 or 2 breaths of air containing

5,000 ppm hydrogen sulfide causes unconsciousness (Environmental Protection Agency, 1993).

At concentrations of 500 to 1,000 ppm, respiratory paralysis is preceded by a period of rapid

breathing, and death will result unless the victim is removed from the contaminated area and

given artificial ventilation (Yant, 1930).  Lethality appears to be due to a lack of oxygen in brain

and heart tissues, through a mechanism similar to that of cyanide (Environmental Protection

Agency, 1993).  Hydrogen sulfide produces irritation of the mucous membranes, particularly

those of the respiratory tract and eyes.  Due to its low water solubility, hydrogen sulfide

penetrates deeply into the respiratory tract, rendering it capable of causing lung alveolar injury

leading to acute pulmonary edema (excessive accumulation of fluids in the lung) (Guidotti,

1994).  Pulmonary edema occurs at sublethal concentrations (250 to 500 ppm).  Pulmonary

edema has also been reported after long-term exposure to levels as low as 50 ppm.

Concentrations of 150 ppm or less are reported to produce incoherence and to affect the ability to

think logically (Environmental Protection Agency, 1993).  Prolonged exposure to hydrogen

sulfide at concentrations above 50 ppm causes dryness and inflammation of the epithelia of the

respiratory tract.  The epithelia of the eye, especially the conjunctiva and cornea, are similarly

affected.  Ocular effects resulting from hydrogen sulfide exposure include inflammation, tearing,

changes in visual acuity, perception of blue or rainbow colors around lights, and possibly

ulceration of the cornea leading to permanent scarring (Luck and Kaye, 1989).  Other symptoms

reported following subacute exposure include headache, fatigue, irritability, vertigo, loss of

libido, and gastrointestinal disturbances such as nausea, abdominal cramping, vomiting, and

severe diarrhea  (Environmental Protection Agency, 1993); (Ahlborg G, 1951); (Hathaway, et

al., 1991).

The lower limit for detection of odor for hydrogen sulfide is reported to be 0.003-0.02 ppm.

However, olfactory sensation is lost at 150 to 200 ppm; hence, the characteristic rotten egg odor

of hydrogen sulfide is not sufficient to warn of lethal exposure.  Similarly, it should not be

assumed that pain from the irritant effect, especially in the eyes, will warn of dangerous exposure

since the gas anesthetizes the nerve endings in the mucous membranes (Environmental

Protection Agency, 1993).
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Hydrogen sulfide is not considered to be a cumulative poison since it is rapidly oxidized to

sulfates and excreted by the kidneys (Curtis, et al., 1972).  Some permanent or persistent

neurological effects have been reported following acute high level exposures (Guidotti, 1994);

(Wasch, et al., 1989).  The extent to which oxygen deprivation plays a role in these effects is

unclear.  Chronic exposure to hydrogen sulfide below 50 ppm may cause fatigue, headache,

dizziness, and irritability  (Hathaway, et al., 1991).  There are insufficient data to determine if

hydrogen sulfide causes mutagenic, carcinogenic, or reproductive effects.

Dermal:  Absorption through the skin appears to be minimal, but absorption through the nasal

and lung mucosa occurs readily (Environmental Protection Agency, 1993).

Naphthalene.  (CAS No.  91-20-3).  White crystalline solid.  Vapor pressure @ 20°C = 0.08

mmHg.

Inhalation/Contact with Vapor or Fumes:  Naphthalene vapor is reported to cause headache,

nausea, and confusion, although occupational poisoning from vapor exposure is rare  (Gosselin,

et al., 1984); (Hathaway, et al., 1991).  Concentrations of 15 ppm cause eye irritation.  Cataracts

have been reported in workers exposed to high concentrations of fume or vapors for 5 years

(Grant, 1986).  Although ingestion of naphthalene causes damage to the red blood cells

(hemolysis) leading to anemia and other blood disorders, this effect is only seen by inhalation at

very high vapor concentrations or in individuals with a specific genetic defect  (Sciences

International, 1995a).

Dermal: Skin contact may cause skin irritation and, in a sensitized person, severe dermatitis.

Absorption through the skin may be enhanced if naphthalene is mixed with oil  (Sciences

International, 1995).  The predicted Permeation Coefficient (Kp) for naphthalene is 6.9 x 10-2

cm/hr  (Environmental Protection Agency, 1992).
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The evidence available does not  indicate that naphthalene is a human carcinogen.  No studies

are available which indicate that naphthalene causes reproductive or developmental effects in

humans following inhalation or dermal exposure.

Polycyclic Aromatic Hydrocarbons.  Polycyclic aromatic hydrocarbons (PAHs) are a group of

organic compounds composed of three or more fused aromatic rings, containing only carbon and

hydrogen atoms  (Stony Brook Laboratories Inc., 1995); (Agency for Toxic Substances and

Disease Registry, 1993).  They are a subset of broader chemical groups known as polynuclear

aromatic compounds (PNA) and polyaromatic compounds (PAC).  PAHs occur naturally in

crude oil and may become concentrated in certain high boiling (>340°C) petroleum products

during refining.  Vapor pressure is negligible at 20°C.

Carcinogenic PAHs:  Not all PAHs contained in petroleum products are carcinogens.  Certain

PAHs with four to seven rings have been demonstrated to be carcinogens, while PAHs with

fewer than four, or more than seven, rings generally have not shown carcinogenicity.

Benzo[a]pyrene, benz[a]anthracene, and dibenz[a,h]anthracene are examples of PAHs found in

certain high boiling petroleum products that are classified as probably carcinogenic to humans

(Stony Brook Laboratories Inc., 1995); (Agency for Toxic Substances and Disease Registry,

1993).

Inhalation:  Exposure to PAHs is possible through the inhalation of smoke and fumes generated

by the combustion of petroleum products.  However, due to the low volatility of PAHs, dermal

contact, not inhalation, is the major route of exposure to those dealing with spills of PAH-

containing petroleum products.  Under conditions where an oil mist is formed, inhalation may

contribute to PAH toxicity  (CONCAWE, 1992a).  Studies in animals indicate that repeated

inhalation exposure to carcinogenic PAHs causes lung and respiratory tract cancer  (Schulte, et

al., 1993); (Thyssen, et al., 1981).

Dermal:  Prolonged and repeated contact with petroleum products containing significant

concentrations of PAHs has been shown to cause skin cancer.  Tumors generally occur at the site
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of contact, but when metabolites of the PAHs are transported to other sites in the body, tumors

may also occur elsewhere  (Stony Brook Laboratories Inc., 1995).

Absorption of benzo[a]pyrene into the skin is expected to be rapid  (Research Triangle Institute,

1995); however, substantial metabolism and binding in the skin limits what is available to enter

the systemic circulation  (Research Triangle Institute, 1995).  The permeability coefficient for

benzo[a]pyrene is estimated to be 1.2 cm/hr  (Environmental Protection Agency, 1992).

There is insufficient information available to determine if PAH exposure causes reproductive or

developmental effects in humans.

Tetramethyl and Tetraethyl Lead.  (CAS Nos.  75-74-Land, 78-00-2).  Colorless liquids.

Vapor pressure at 20°C = 23 mmHg and 0.2 mmHg.

Inhalation: Tetramethyl lead (TML) is believed to produce effects identical to tetraethyl lead

(TEL), but of less intensity  (ILO, 1983).  TML and TEL affect the central nervous system and

cause mental aberrations, including psychosis, mania, and convulsions.  Intoxication occurs

following brief exposures to high levels of TEL (100 mg/m3 for 1 hour) or prolonged exposures

at lower concentrations (American Conference of Governmental Industrial Hygienists, 1992a);

(Kehoe, 1983).  Initial symptoms include weakness, fatigue, headache, nausea, vomiting, and

diarrhea.  These signs are often followed by insomnia, incoordination, tremors, slowed heartbeat,

and hypothermia.  Severe intoxication causes recurrent or nearly continuous episodes of

disorientation, irritability, hallucinations, facial contortions, intense hyperactivity, and may result

in coma and death.  If death does not occur, recovery may take weeks to months, and complete

recovery may never occur  (American Conference of Governmental Industrial Hygienists,

1992a); (American Conference of Governmental Industrial Hygienists, 1992b); (Grandjean,

1983); (Hathaway, et al., 1991).  Psychological relapses during recovery are common

(Hathaway, et al., 1991).

Dermal:  TML and TEL can be readily absorbed through the skin in amounts that cause systemic

poisoning, although TEL is thought to be absorbed more quickly than TML in humans
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(American Conference of Governmental Industrial Hygienists, 1992a); (Hathaway, et al., 1991).

A single exposure to TEL can be fatal  (Grandjean, 1983).  As such, TML and TEL absorbed

through the skin are a human developmental or reproductive hazard.

The International Agency for Research on Cancer (IARC) concluded that there is inadequate

evidence for carcinogenicity for organolead compounds in humans  (International Agency for

Research on Cancer, 1987).

Toluene.  (CAS No.  108-88-3).  Colorless liquid.  Vapor pressure at 20°C = 22 mmHg.

Inhalation/Contact with Vapor:  The primary effect of toluene is on the nervous system.

Exposures to extremely high concentrations of toluene (15,000-30,000 ppm) may cause mental

confusion, loss of coordination, and unconsciousness within a few minutes  (Hathaway, et al.,

1991).  Concentrations of 800 ppm or higher have been shown to produce rapid eye and

respiratory tract irritation, nasal discharge, drowsiness, ataxia, and dizziness.  Toluene

concentrations from 100 to 600 ppm have been reported to produce headache, eye irritation,

lacrimation, mild irritation of the upper respiratory tract, lassitude, and nausea (Gosselin, et al.,

1984).

Workers repeatedly exposed to 50 to 200 ppm toluene over 1 to 3 weeks reported headache,

lassitude, and loss of appetite while those repeatedly exposed to 200-500 ppm exhibited impaired

coordination, increased reaction time, and transient memory loss.  Repeated exposures to toluene

concentrations above 500 ppm also caused muscular fatigue, nervousness, palpitations, and

insomnia  (National Institute for Occupational Safety and Health, 1973); (Department of Labor,

1975); (von Oettingen, et al., 1942); (Low, et al., 1988); (Wilson, 1943).  There is no conclusive

evidence that toluene exposure leads to irreversible damage to the nervous system.

There is no evidence that toluene causes developmental toxicity at current occupational exposure

limits.  Chronic inhalation abuse of toluene during pregnancy has been associated with birth

defects  (Hersh, 1989).  There is no evidence that toluene is carcinogenic.
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Dermal:  Toluene is a slight to moderate dermal irritant.  Repeated or prolonged skin contact

removes lipids from the skin and may cause dryness, fissures, and contact dermatitis. (Browning,

1965); (Gerarde, 1960).  Accidental contact of liquid toluene with the eyes has produced

transient injury to the eyes with no loss of vision.  There is no evidence that toluene causes skin

sensitization.  Toluene is absorbed through the skin and may contribute to systemic toxicity.

Permeability coefficient of toluene in human skin is (Kp) cm/hr  (Environmental Protection

Agency, 1992).

Trimethyl Benzene:  Mesitylene  (1,3,5-trimethylbenzene) (CAS No.  108-67-8),

Pseudocumene (1,2,4-trimethylbenzene) (CAS No.  95-63-6), and Hemimelitene (1,2,3-

trimethylbenzene) (CAS No.  526-73-8) Mixed Trimethyl Benzene (CAS No.  25551-13-7).

Colorless liquid composed of three isomers, mesitylene (1,3,5-trimethylbenzene), pseudocumene

(1,2,4-trimethylbenzene), and hemimellitene (1,2,3-trimethylbenzene).  Vapor pressure @ 20°C

ranged 1-2 mmHg.

Inhalation or Contact with Vapor:  Exposure to trimethyl benzene at up to 60 ppm was

reported to cause impairment of the respiratory, nervous, and blood-forming systems.  Symptoms

included headaches, drowsiness, and anemia  (American Conference of Governmental Industrial

Hygienists, 1992); (Hathaway, et al., 1991).  In animals, concentrations of greater than 7,000

ppm mesitylene and pseudocumene for 2 hours resulted in depression of the central nervous

system.  Trimethyl benzene is a skin and respiratory tract irritant and presumably an eye irritant

(American Conference of Governmental Industrial Hygienists, 1992); (Hazardous Substances

Data Bank, 1999).

Dermal:  Repeated dermal exposure is expected to cause drying and cracking of the skin

(Browning 1987).  A permeability coefficient value (Kp) is not available for trimethyl benzene.

The evidence available does not indicate that trimethyl benzene is a human carcinogen.  No

studies are available which indicate that trimethyl benzene causes reproductive or developmental

effects in humans following inhalation or dermal exposure.
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S ecti on 4

SUMMARY AND CONCLUSIONS

I n or der  t o under st and t he possi bl e healt h hazar ds encount er ed duri ng oi l  spi ll  response act ivit i es, it 

i s necessary to i denti fy and review healt h hazar ds of  t he key com ponents of  concer n. 

E nvir onm ental  f actor s,  t he ident it y of the product spil l ed, and t he natur e of  t he spi ll  or leak also

aff ect the potent ial  hum an heal t h ri sks.

· T he m ost  t oxi c const it uents nat urall y f ound in cr ude oi l s and pet rol eum product s
i nclude benzene, hydrogen sul fi de,  n- hexane,  t ri m et hylbenzene, toluene, napht hal ene, 
pol ycycl ic ar om at ic hydr ocarbons ( PAHs) , and m ay incl ude organi c lead addit ions in
speci fi c products.  The com ponents of  concer n var y dependi ng on t hei r concent rat ions
i n the speci f ic oil  or  pr oduct. 

· E nvir onm ental  m echanisms such as evapor at ion, spr eadi ng,  dissol ut ion, di spersion, et c.
and t he chem i cal charact eri st ics of the spi l led mat er ial  wil l  aff ect  pot ent ial exposure
r isks t o oil  spil l cleanup workers.

· T im e al so gr eat ly af fect s t he potent i al  exposure ri sks wit h the i ni t ial per iod having t he
highest  potenti al  f or ai r borne contam inant exposure as vol at i le com ponent s begi n t o
evaporat e fr om the sur face.   Af t er  weat heri ng,  skin exposure hazards are the most
signi fi cant. 

· All  of the above factors were considered in const ruct ing T abl e 3- 1,  which gener i call y
est im at es br oad l evels of  concer n for  each const i tuent of each pr oduct .  It  i s meant  to
provi de rough gui dance, and m odi fi cat ion based on t he specif i c spil l  sit uat ion wil l need
t o be considered. 

T hi s repor t provi des an overview of the possible human healt h hazar ds associated wit h exposure t o

pet roleum and pet rol eum product s dur i ng spi l l response operat ions.  Assessm ent and cont rol of

t hese heal th hazards m ay be covered in subsequent  r epor t s. 
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