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CHAPTER 106
HYDROCARBONS

David D. Gummin

Nearly
ist wi arbons.

Our present world could not exist without hc)l’df?cor AT
everyfhing we touch today is either comprise 0

: nitial
: . ical toxicology, 1N
tice of clinical &)
hydrocarbon products. In the prac e speciﬁcxenoblotlcs that

lly entail precisely determinin . the t
eff'orts s yl d in a specific exposure, followed by defining };l:
might be involve drocarbon €Xposures

and extent of the exposure. In this regarfl, h}’\ oo cal diversity,
always clinically challenging. Despite Sighi 1408 b specific uses OF
most classification schemes group hydrocerceny }ZI sfolo ic proper-
applications, rather than by chemical structure or p Zsolinge g
ties, Most hydrocarbons in everyday use, such e gl obtat d from
starter, and lamp oil, are actually mixtures B Ch?mlcé gip hl'nea mix-
2 common distillation fraction. The chemical diversity .w;t .m : T
ture makes it challenging to try to assess individual conFrlbu}zloll)l }?avior
icity. As a result, generalities are often needed to deécnbe‘f the :3 o
of these complex mixtures. This chapter focu§e§ primarily onb 0 r);
ofhydrocarbons present in such mixtures. lnc!mdue}l hyd e, fOﬂS a
addressed only when they are commonly available in Punﬁed orm, Of
when individual xenobiotics present unique toxicologic concerns.

HISTORY AND EPIDEMIOLOGY

Organic chemistry originated in the industrial revolution and evolved
largely because of advances in coal tar technology. Coal liberates
hydrocarbons in the coking process, when bituminous (soft) coal is
heated to remove coal gas. The gas is then separated into a variety of
natural gases. The viscous residue from the heating process forms coal
tar, which can be further distilled into kerosene and other hydrocarbon
mixtures.

Over the years, crude oil has replaced coal tar as the most common
source for distillation of organic compounds. Crude oil distillation
involves heating the oil to fixed temperatures in large-scale proces-
sors that separate hydrocarbons into fractions by vapor (boiling)
point. Because of the relationship between boiling point and molecu-
lar weight, distillation roughly divides hydrocarbons into like-sized
molecules. The most volatile fractions come off early, as gases, These
are used primarily as heating fuels. The least volatile fractions (larger
than about’li carbons) are used chiefly for lubricants or as paraffins,
gzt:;lt(ilémti)elg, )o;rzslt)]}lfl;. The remaining volatile distillation frac-
13 ds " nes most .comrnonly used in combustion

1€ls and as solvents. Petroleum distillates are also used as
feedstocks and as precursors or intermediates for product

many contemporary applications of petroleum distillates jp consumer

and household products include paj :
. paints and thi : .
lamp oils, and lubricants (Tab]e 106-1). nners, furniture poljsh,

Minera! oil, castor oil, and gtycerine are common]
Hydrocarbon-based ointments, petroleum jelly, and
topically on skin and mucous oA
oils) are fragrant hydrocarbon plant extracts, Fxa
thol, eucalyptus oil, clove ojl, sassaftas oil, and

chemical
10n. The

y used as laxativeg.
camphor are ysed

mples include men.
»and pennyroyal, among oth-

1‘4 .4_3): Phenol and substituted

disinfCCtantS (ChaP 102). DlEthYl ether i
Compounds, like chloroform, were AMONg the ¢
used more than 150 years ago. Cydopro firs
(TCE) were also widely used anesthetics.uspane a
Three populations appear to be 4t

ale

related illness, children who have 11)1 iit;ct:iaf. tisk fﬂrh
ingestions, workers with occupationaj .Stulonal ex%?h
inhalational, and adolescents or young adup res, o dur
solvents through inhalat pecific oc Cupai-WhOinfnl.‘O
wnclude petrochemical plaatian andloni 2t o fOI:am
ers, laboratory worker , and hazardoru be, =
Occupational Safety AdMiisty Wagte Woﬁ
that nearly 238,000 workers are ex[?on 5
nificant concentrati enzene alone? i}e\d M
hydrocarbon €xXposure hydrocarbon‘felated c.n

to assess. Most involve ingesti.nl fegt
result in illness. Because Property of b r(,iand
volatility, inhalation commoy, Lipid)s fl.c!gr‘b.mn
dermal absorption wh is exposed 5> P
selfpumping gasoline, to painting a spare bedr00m,mt;

removing fingernail polish. Table 106-1 |ists frequey
hydrocarbon compounds and propetties,

During the years 2003 to 2007, American DOiSON g
52,398 average yearly human hydrocarbons exposure 0
Association of Poison Control Centers { AAPCQ)
accounted for 2.2% of total human exposures reported
of exposures has not changed appreciably in the 44pce
since the first report in 1983. Over the most recent S-Year perig
of reported human exposures to hydrocarbons inyolved iy
exposures in children younger than 6 years of age. Exposure:
children appear to be declining over the past decade of AAP(Crem
but this may be an artifact of the way in which cases are repitd
the database. Within the AAPCC database, many thousandsoffre
carbon exposures are not listed as such, but are ascribed to e
pesticides, personal care products, cleaning substances, peis ®
motive products (see Chap. 135). The alarming rate ol'ink‘m
misuse of volatile solvents by young people and the concomitaate
death from volatile substance abuse is discussed in Chap.5!
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A hydrocarbon is an organic compound made up < wt;ﬂgt
and hydrogen atoms, typically ranging from l, ® 4 frm pla®®
length. This definition includes products derive Lo
oil, vegetable oil), animal fats (cod liver oil) namramﬁe’(ule&
coal tar. There are two basic types of hydrocarbqn *'ilhw’
(straight or branched chains) and cyclic (e rtl}[: }ar‘%ﬁifﬁ‘ r
subclasses. The aliphatic compoundS include tkefteg e
with a generic formula C H, ,); the olefins @ )
bond and alkadienes have two double bOn™
with at least one triple bond; and t b
prene, CH,). Some aliphatic ComPOundS the chail af
subchain also contains carbon atoms; POt morsz,
essentially straight. . g (three O L

The cyclic h%fdrocarbons include (fhcyfhcii:?;oﬂ‘e?hpi;"f z
atoms in a ring structure, with Pfol’ertl.es Slmenes. The allczhtﬂ’@
aromatic compounds, as well as the cychic teﬁ; cuch 89 d A0
ther divided into cycloparaffins (”aphth e uch 2 ‘ycloisjsi‘ﬁ!
the cyclooleﬁns (two or more double bonds) Satoms t}]&t i i

Saturated hydrocarbons contain S each Carbonr
their most reduced state. This means ﬂ.ﬁ: 10 7
either hydrogen or to another carbon, !
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rtp " b, : ; : : 1 u
B 'fen%m;l?m:}n oil, menthol in mint oil, pinene 10 :
L e NE
4  °?!terpenes (Chap. 42).

eI
Common Uses AL
{;mﬂF'””nd Viscosity (SUS)?
@Pies :
MPMF , Motor vehicle fuel :
Gag[]lme | 50
Charcoal lighter fluid )
\aphtha | 29
Heating fuel i
KEfUSEﬂE : ; 55
peﬂ’fiﬂe Paint thinner :
fur . - :
e spifits Paint and varnish \ |
e ceal Ol Furniture polish; |
W el ol Heating ol
m{]‘ﬁ[’S
.'AmB ene Solvent, reager: |
; gasoline addit |
roluene Smiuent, k-' paint sol |
fene solvent, paint o1 |
thinner, reagent |
|
yalogenated . |
\lethylene chloride Solvent, paint 7
stripper, propellant
Carbon Smhgnt, propellant, 30
tetrachloride refrigerant
Trichloroethylene Degreaser, spot remover 27
Tetrachloroethylene Dry cleaning solvent, 28
chemical intermediate
{M

\Diect values for kinematic viscosity in Saybolt universal seconds (SUS) were not available
fi e following compounds: naphtha, xylene, methylene chloride, carbon tetrachloride,
ahloroethylene, perchloroethylene, and toluene. SUS was calculated by converting from
selable measurements in centipoise viscosity and/or centistokes viscosity using the follow-
7 conversions: the value in centistokes IS estimated by dividing centipoise by density at
B°F (20°0); SUS is approximated from centistokes using y = 3.2533x + 26.08 (R = D.QQQ&}.
Cenipoise viscosity for naphtha was estimated from the value for butylbenzene. Centipoise

sty for xylene is the average of o-, m-, and p-xlylene.

iesent, Conversely, unsaturated compounds are those with hydrogens
Moved, in which double or triple bonds exist. |
Solvents are a heterogenous class of xenobiotics used to dissolve and
Oprovide a vehicle for delivery of other xenobiotics. The ITiDSl: -.::ﬂm~
m“f' dustrial solvent is water. The common solvents most familiar to
mnmlngim are organic solvents (containing one ot more carbon af;cfm),
Mmost of these are hydrocarbons. Most are liquids in the conditions
o which they are used. Specifically named solvents (Stoddard
ﬁmvemi white naphtha, ligroin) represent mMXtures ﬂf hydrocarbons
;Ha ting from a common petroleum distillation fraction. :
omatic hydrocarbons are divided into the benzene group (on
[[:“ug), Maphthglene group (two rings) and the anthracene gmyp h(tl;ri
o). P olycyclic aromatic hydracarbﬂns (PﬂlYnu‘;leaI L Gmi‘_ucm? ajli -
mmﬁ) baye multiple, fused benzene-like rings: Al G‘tn:} 1211 sfbsti-
e f;ﬂdﬂ may also be heterocyclic (where oXygen ”;1 Ic:;ecjﬁ ik
-‘;‘.i.th..reafrb““ in the ring). Structurally, all of these
D tive electron clouds above and below the ring.

"rE - ; '
Elilu e lerpenes are the pnnapal compoO

Ry
Tt iy

it K lli- . : s or . . of.
- imgy, Ved essential oils, often Pmmdmg colc > 1

rPEl’ItinE; an

Tttt ¥
1 3}

r::af }E;fiirfsr?ﬁes of hydrocarbons vary by the number of
By 1 e tE y Tﬂnllecular structure. Unsubstituted, aliphatic
el matl;fi'ﬂtﬂln up to 4 carbons are gaseous at room
S carbon m-:::nle:::ules are liquids, and longer-chain

: _ES tend to be tars or solids. Branching of chains tends to
destabilize intermolecular forces, so that less energy is required to
separate the molecules. The result is that, for a given molecular size,

highly branche ‘ .
ghly nched molecules have lower boiling points and tend to be
more volatile,'"

{}Ins-mlinf: Is a mixture of alkanes, alkenes, naphthenes, and aro-
m atic hydrocarbons, predominantly 5 to 10 carbon molecules in size.
Gasoline is separated from crude oil in a common distillation fraction.
i'!uwm-a:m most commercially available gasolines are actually blends of
up to eight component fractions from refinery processors. More than
1500 individual xenobiotics may be present in commercial grades, but
r.nnﬁt analytical methods are only able to isolate 150 to 180 compounds
from gasolines. Notably, n-hexane is present at up to 6%, and benzene
is present between 1% and 6%, depending on the grade and the place
of origin of the product. A number of additives may go into the
final formulation: alkyl leads, ethylene dichloride, and ethylene dibro-
mide in leaded gasoline, and oxygenates such as methyl #-butyl ether
(MTBE), as well as methanol and ethanol."™

Organic halides contain one or more halogen atoms (fluorine,
chlorine, bromine, iodine) usually substituted for a hydrogen atom in
the parent structure. Examples include chloroform, trichloroethylene,
and the freons.

Oxygenated hydrocarbons demonstrate toxicity specific to the oxi-
dation state of the carbon, as well as to the atoms adjacent to it (the “R”
groups). The alcohols are widely used as solvents in industry and in
household products. Their toxicity is discussed in Chaps. 77 and 107.
Ethers contain an oxygen bound on either side by a carbon atom. Acute
toxicity from ethers tends to mirror that of the corresponding alcohols.
Aldehydes and ketones contain a single carbon-oxygen double bond
(C=0), the former at a terminal carbon, the latter somewhere in the
middle. Organic acids, esters, amides, and acyl halides represent more
oxidized states of carbon; human toxicity is agent-specific.

Phenols consist of benzene rings with an attached hydroxyl (alcohol)
group. The parent compound, phenol, has only one hydroxyl group
attached to benzene. The toxicity of phenol can be dramatically altered
by addition of other functional groups to the benzene ring (Chap. 102).
Cresols, catechols, and salicylate are examples of substituted phenols.

A variety of amines, amides, nitroso and nitro c-:?mpnund.s, as wiluas
phosphates, sulfites, and sulfates are used commercially and mdustl:I Y-
The addition of these functional groups to hydrocarbons dramatically

alters the toxicity of the compound.

PHARMACOLOGY

Inhalation of hydrocarbon vapor depresses CONSCIOUSNESS. Am;:
central nervous (CNS) toxicity from nccugatltnnajl ﬂvere?cng;}aslu;e c;l 1:3 5
_eational abuse parallels the effect of adm1mstermg an i 2 te i i
anesthetic.'* The concentration of volatile anesthet{ci im Palvmlar
loss of nociception in 50% of patients defines the fnmlﬁal e
tration (MAC) required to induce ‘anesthesm. haled solven
Sete ilarly produces unconsciousness 1n 50% of subjects when the
rtial m:esjlz-repin the lung reaches its median effective dose (ED_).
B 1EDP of occupational parlance is effectively t_he:. same as the mc
EE:CI in 5;111E:sthfﬂts-h:l]u:»g}r parlance (see Chap. 6?:_)..\&171;'1_1_3113, all __patl_ents

will be anesthetized when the partial pressure is. raised 30% above

he MAC (MAC X 1.3), and death, if ventilation is not supported,
the AC X 1.2 Akl

. _ally occurs when the concentration reaChES e 32 _fgur‘_-lt:_t::‘lg.s e
M ;E ﬁ?YDnse-résPGnse curves suggest that essentially no individual
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below the MAC-

d dose 30% :
nhale y accur with

: i
nconscious by an :
ered u d motor function ma

11 be rend i
will t of cognitive an

However, impairmen

much lower exposures.
Occupational exposure

aliphatic, or chlorinated hyd

and chronic CNS effects than exposure o Wa byt
such as alcohols, ketones, and esters.” The property ol anl 2% ¢

. e ep-
thetic that correlates most closely with its DL Exnt]]:ilifllp[:'{:};;gd
vion is it lipid solubility. The Meyer-Overton 1_”’PF’ L

implies that an anesthetic dissolves int
more than 100 years 280, Tk ing inhibition of neuronal
critical lipid compartment of the CNS, causing inhl i)
transmission. In this construct, t]:}:e target lsftﬁr;ucture or g
. < ic the neuronal lipid membrane itsell. ' g
thi:;:i;h h}rdmcarbnnl?s and other volatile anesthenf: EE?“?Z?:??
(Chap. 67) exhibit pharmacodynamic properties suggestive of  recep
: : (TG 2 curves exhibit a
tor-ligand interaction. The sigmoidal dose-response ( %
near-linear midrange with a plateau effect at higher inhaled concel
trations. Different xenobiotics produce curves whose linear segments
parallel one another, implying that each xenobiotic produces the
same physiologic effect at a particular concentration related to that
xenobiotic’s potency.'”! Thus, it has long been tempting to find t}}E
single, intangible “receptor” responsible for general anesthesia, and in
doing so, to improve upon the Meyer-Overton hypothesis.
Unfortunately, a single mechanism remains elusive. Halothane,
isoflurane, sevoflurane, enflurane, and desflurane inhibit fast sodium
channels.!” Toluene, trichloroethylene, perchloroethylene, and others
inhibit neuronal calcium currents."*'* The halogenated hydrocar-
bons increase the outward potassium rectifying current.'”” Specitic
ligand-receptor interactions occur, such as the inhibition of recep-
tor function at nicotinic,'® and at the glutamate receptors,* as well
as enhancement of type-A y-aminobutyric acid (GABA,) and glycine
receptor currents.'’® Independent of other mechanisms, halogenated
hydrocarbons appear to decrease exocytosis of neuronal synaptic vesi-
cles.® This growing body of research suggests that the Meyer-Overton
hypothesis is too simplistic to explain the differences in pharmacologic
profiles observed with this wide class of xenobiotics.

- The effect of hydrocarbons on cardiac conduction remains an active
arena of toxicologic research. Nearly all classes of h}rdmcﬁrbnns, to
varwng' degreizs, augment the dysrhythmogenic potential by “sensitizing”
the myocardium. Sensitization occurs with both xenobiotic and class
specificity. Ethylene and aliphatic ethers are very poor sensitizers
Aromatic, and even more so the halogenated hydrocarbons, .

such as aromatic;

. :d_soluble solvents,
to lipid-so cause acute

ilcely to
rocarbons, are more likely
ter-soluble hydrncarbnns
anes-

are often

_potent sensitizers.”

- Cardiac sensitization is incompletely understood.** Halothane and

isoflurane inactivate sodj
u 141
m channels,"! whereas chloroform and

valtage~gated channels, 133

nduction velocity through
Dephosphorylation of connexin-43 resuj%ts

e ' P j
ge that HICICases gap junctional resistance

Sensitization may be mediated by slowed co
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the potentiai for redistribution, A S
chemical species is the ratio of E‘Jncent;tl.ﬁm e
different media at equilibrium. The ) dtiong
tissue-to-blood coefficients directly relyte t E
distribution of hydrocarbons. The tiSSUE,tD the
i commonly determined by dividine 0-b]

Ml e Bl g the i
the blood-to-air coefficient.120 ;1 106

i 1 7 encountereg
ficients for commonly encountered hydrocy

tlﬁ{, t
pUIm{j I'I;a]x:[“tt*-

00 Part:.. U'[I*.--I?
Sle-gg..+ ey &
) | ﬂ‘ﬂirc Lﬁh
< listg ¢ VY

E .\'..:I
I'h:]n& W i}E'”’nlir}.h

is limited, rat data is presented in the table, 1, ergp
often correlate.'” §lse hUm: htﬁ’*itf
Inhalation is a majo o Sini Tland,,.:x
carbons. The absorbe: s determin : hDr Moy Vol
duration of exposure, ventilation, Hnj’ the gy Ew[ |
tion coefficient. Mos! arbons cross th o bl‘“ﬂd-r_.
sive diffusion. The ¢ orce for this is ‘ihﬂl‘-’f:mm hrgy,
concentration betwee veolus and the i;h;;. Ed il:ffﬂ':l'lieh
are highly soluble in | ind tissues are rea(t:}l'll H}-dmca;-t_h.
inhalation, and blood entrations rige rapid| t ; absﬂrlﬁ-t.ifé.
exposure. Aromatic hycrocarbons are generally Leﬁllwng'*--‘-;.
inhalation, absorption of aliphatic hydrocarbop ; ﬂlhamlzr;d;i-_
weight: aliphatic hydrocarbons with between 5 o, lzl‘les, by |
ily absorbed, through inhalation, whereas those w-lf}?rtr];n.ia:-;.._
OTe (&

carbons are less readily absorbed.?
Absorption of aliphatic hydrocarbons through the gi,..
inversely related to molecular weight, ranging from Cﬂﬂ%‘&-!]l[al:-t.'_';;
tion at lower molecular weights, to approximately 60% fmpgf . '
carbons, 5% for C-28 hydrocarbons, and essentially g ah:g:.f__'-
aliphatic hydrocarbons with more than 32 carbops’ am'aﬁ:;
of aromatic hydrocarbons with between 5 and 9 carbgps ra

80% to 97%. Oral absorption data for aromatic hydrocarbos
more than 9 carbons are sparse.

While the skin is a common area of contact with solvents, i
hydrocarbons the dose received from dermal exposure is asnd
tion of the dose received through other routes, such as ik
The skin is comprised of both hydrophilic (proteinaceous o=
cells) and lipophilic (cell membranes) regions. While many =
carbons can remove lipids from the stratum corneum, pem="
is not simply the result of lipid removal; permeability 20 &=
with hydration of the skin. When xenobiotics have ner et
the water-to-lipid partition coefficient, their rate of skin ﬂh‘*#
is increased. Solvents that contain both hydrophobi and hﬁ;
moieties (eg, glycol ethers, dimethylformamide, dimﬁth:jjﬁ::
are particularly well absorbed dermally.* Other facted mdere;:r
to the partition coefficient and permeability constant [hf;; pies?
penetration across the skin, include the thickness of t!‘fs .E{}Fif
difference in concentration of the solvent on either side i
lium, the diffusion constant, and skin integrity fie, 208
or abraded).

The dose received via skin absorption will also depi‘ Thowdt ™,
area of the skin exposed and the duration of l:ﬂicﬂt;jnlr:ml B
volatile compounds may have a short duration © SEnntaﬂ '-"H!}hﬁ'ﬂ
of evaporation, skin absorption can also occul i e s

gsﬁd 0
carbon vapor. In studies with human yolunteers &XF

: dose |
centrations of hydrocarbon vapors, the derma sure 68" i

: 0
f]*]%-2% of the inhalation dose. With mass.wﬂ exﬁgmﬁc&ﬂtw ¢
IMmmer Si{}n), dEI’I’ﬂ&l H.bSE}I'Ptiﬂﬂ may Cﬂﬂtﬂbut& S It .dESCn
d
carbon tetrachloride,’s tEtraCthrUEth}fIEHE:'53 an Pt ;
E.l'tlnen’ ; rﬁgSUgj

Once absorbed into the central C“nép 2d 0 the!
a5

ioni : oxicty (|
Significant dermal absorption with resultant enol” I i
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Chapter 106 Hydrocarbons

ol : 3 Elimination

Relevant Metabolites

:_ | |~!"||.'|-'| [][] ”_“”

Mot absorbed

in/tar .
Pﬂ[ﬂﬁ }{ metabmh; e
mﬂli{'.S
v 8.19 o |
EEHIEHE 90 h
Toluene 18.0° ‘ | 15-77 h
ﬂ-}{yIEﬂE 349 1874 A0)- 60 |‘I\']i|_'| 20_5[] h
| Halugenated |
Methylene chloride 8.3 120 Apparent t, - 40 min
of COHb 13 h
Cabon tetrachloride 275 359 84-91 min® 91-496
min?
richloroethylene 8.11 554 3h 20 h
11,1- Trichloroethane  2.53 263 44 min 53 h
10.3 1638° 160 min 33 h

Tetrachloroethylene

\Fifblood partition coefficient IS abtained by

fficients greater than 1 (eg, for

in fissues that have tissue/blood coe |
is 60). Table 106-2 lists

oluene, the fat-to-blood partition coefficient

he distribution half-lives of selected hydmcarbnns.

Hydrocarbons can be eliminated from the body unchanged, for
eample, through expired air, or can be metabolized to more polar com-
or bile. Table 106-2 lists the

wunds, which are then excreted in urine S
bood elimination half-lives (for first-order elimination processes) an
h}fdmf:arbnns are metabo-

metzbolites of selected hydrocarbons. Some hlo-

ide, n-hexane, methyl-#-butyl ketone). The specific toxicities of these
Tetabolites are discussed under Special Cases later in the chapter:

'EATHOPHYSIOI.OGY AND
(INICAL FINDINGS

4 RESPIRA
TORY P ith Pulmﬂnar}f toxicity after

EE\'E[;,] f
actors are classically associa o
: : ties O
Tmcﬂbﬂﬂ ingestion. These include spemfic physmajh Prz:;;ence
:mf]biﬂﬁﬁﬂ ingested, the volume iﬂgesjtf"d* and, (¢ nd
m]a:{nmng- Physical properties of viscus@, o
;}:W 4r€ primary determinants O on poten tk;e ability of @
: t;mzc (or absolute) viscosity is the '+ 2 theometer and is
tﬂ?i | IEs+i3t flow. This property is meas iy, engineers
Y 8lven in units of pascal-secnnds.

measure

ured wi
More freque

| 0%~20% exhaled: liver
metabolism by CYP 2E1

12% exhaled; liver
metabolism to phenol

and metabolism
Liver CYP 2E1 oxidation

920/ exhaled unchanged.
Low doses metabolized;

Liver CYP 2E1—epoxide

dividing the fat/air coefficient by the blood/air coefficien

2-Hexanol 2 5-hexanedione,
yvvalerolactone

Phenol, catechol, hydrogquinone,
and conjugates

80% metabolized to benzyl alcohol;
70% renally excreted as hippuric acid

Toluic acid, methyl hippuric acid

tensive liver extraction

(a) CYP 2E1 to CO and CO,
(b) Glutathione transferase to CO,,
formaldehyde, formic acid

high doses exhaled.

Two liver metabolic pathways
Liver CYP 2E1, some

Trichloromethyl radical,
trichloromethyl peroxy
radical, phosgene

Chloral hydrate, trichloroethanol,
trichloroacetic acid

lung exhalation
(dose-dependent)

intermediate: trichloroethanol
is glucuronidated and excreted

91% exhaled; liver CYP 2E1
80% exhaled; liver CYP 2E1

Trichloroacetic acid, trichloroethanol
Trichloroacetic acid, trichloroethanol

t as determined in rat models, All coefficients are determined at 98.6°F (37°C).

measured in square millimeters per

second, or centistokes. Dynamic viscosity is converted to kinematic vis-

cosity by dividing the dynamic viscosity by the fluid’s density. An older
system for measuring viscosity was initially popularized by the petro-
leum industry and expresses kinematic viscosity in units of Saybolt

Universal seconds (SUS). Unfortunately, many policy statements
were developed in an era when SUS units were popular, SO mary still
describe viscosity in SUS units. Various look-up tables and calculators
are available to convert kinematic viscosity to SUS units. T:ablt? 106-1
shows kinematic viscosity of common hydrocarbons, measured in SUS.
A unit conversion approximation is given in the table’s footnote.
Hydmcarbﬂns with low viscosities (less thanl ﬂﬂ‘SU‘S; eg: turpenznf,
gasoline, naphtha) have a higher tendency for aa?pm}tmn in animal models.
The US Consumer Products Safety Commission issued a rule requiring

child-resistant packaging for products that contain 10% or m:::e hydro-
carbon by weight and that have a viscosity less than 100 SUS.
Surface tension 1s 2 cohesive force genera

ted by attraction (ie, Van der
Waals forces) between molecules.''® Th}is influences adherche ?f 1 11:;,1
uid along a surface (“its ability to creep’)- The lower the sui z;erizi or
the less well the liquid will creep and the higher the aspirati

ity | liquid to become 2 ga
Volatility is the tendency for a Iqui€ -
withﬂl'igh i:nlatility tend to vaporize displace oxygen, anl

lead to transient hypoxia.
It is not clear which physical

ing toxicity: Early reports con

work with kinematic viscosity,

property is most im
flicted in attemptin

s. Hydrocarbons
d potentially

portant in predict-
g to relate risk of
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ations, compare
k of central ner

multicenter s .
st 409 could provi

dly ingeste
ry complic

than 10 mL. Ris
with 24% using the same

5394 incidence of pulmonary toxicity .WhE“ mmitir'*jig_.rr, ]-:::ccu]-rc:

-1 3704 when there was no !115[13-1*}' twf ximnl‘u 5,
Earﬁlgri;: jmy help modity the index of suspicion IL‘F;:I; b
pzlf:nmmr}r toxicity, none ot 3 ],h{:;ni]ﬁ ;;i};;) o
Severe hydrocarbon pneumonitis may occur g

risk” hydrncarbﬂns.*-" Patients may develop severe It e
] ] : - es 5
low-volume (less than 5 mL) ingestions, as well as after Ing

: e 9
no history of coughing, gagging, or vomiting.
It is widely held that aspiration 1s

ingested simple hydrocarbons. sklad
injgur}r, however, is not fully understood. Intratracheal instilla

tion of 0.2 mL/kg of kerosene causes physiologic abnﬂrme{htms 13
lung mechanics (decreased compliance and total lung capacity) an

pathologic changes such as interstitial inflammation, pﬂlymn‘rphﬂnu—
clear exudates, intraalveolar edema and hemorrhage, hyperemia, bron-
chial and bronchiolar necrosis, and vascular thrombosis."*"'** These
changes most likely reflect both direct toxicity to pulmonary tissue and

disruption of the lipid surfactant layer.'”
Most patients who go on to develop pulmonary toxicity after

hydrocarbon ingestion will have an episode of coughing, gagging, or
choking. This usually occurs within 30 minutes after ingestion and is
presumptive evidence of aspiration. The majority of patients who have
respiratory signs and symptoms beyond the initial history of gagging,
choking, and coughing develop radiographic pneumonitis.” Absence of
tachypnea on initial evaluation has 80% negative predictive value for
pneumonitis.'® Pulmonary toxicity may manifest as crackles, rhonchi,
bronchospasm, tachypnea, hypoxemia, hemoptysis, acute lung injury
f{hen;nrrh.agic or nm}-hemurrhagic), or respiratory distress.'*® Cyanosis
f;v; c;lil ;IIE aaipllflnmfnate]y 2% to 3% of [:faztxents.” This may result
m si phyxiant effects from volatilized hydrocarbons, from
VEI{tE]&UDHTpEI'ﬁISiﬂH mismatch, or, rarely, from methemoglobinemia
éiﬂdlﬂ;nges ;&gﬁﬁgf:;e,ﬂnr nitrite-containing hydrocarbons). Clinical

o ver the first several days but tvni 11
within a week. Death is rare (] 9 iy ool
re (less than 2%), and typically occurs after

ry insult marked by hypoxia, ventilation-

W
tion. Of these,

Patients who reporte
of developing pulmona

who ingested less
was 41%, compared

these parameters

as late as 24 hoyrg 45 +indings can develop as ear]
raph@_PErfﬁrﬁied ﬂn_mejiztjpﬂﬁm:g (Fig. 106—1)_%51,121?
1 predicting infltrateg i oy 7O initial presentatio, are

to the

addressed both
OKP) study

f hydrocarbon inges-
nt ingested.

[ had a 52% chance
d with 39% of those
vous complications
criterion. There was &
d, com-
122 While this
ling ps::-ﬁsih]e
ive.
“low-

e lung injury after
with

the main route of injury from
The mechanism of pulmonary

Specific radiologic findings inc]yq. Perih;
cular markings, bibasilar infiltrateg, andr]h]lar o
Right-sided involvement occurs ip 75% of nﬁumﬁnilt
ment in approximately 50%. UPPE‘FID]; Casedian,s

- = 3 an
l r - E 11—11" d b
pleural effusions develop in 39 of ca¢ le"ﬂmﬁ.n ll

within 24 hours.” Pneumuthnrﬂ.‘m Pn;:S’ Wi U“;hlslunx;:‘
matoceles occur uncommonly, 1117.79 Initiqum,EdiaStinthlrd qr
may reveal two liquid densities in the th‘n radlﬁgraph;m‘ ar*“
bubble” sign. This represents an air—fluig lach, Moy f i]_;;k
a hydrocarbon-water interface, a5 the o mmcﬁrb[]:s t|~,:t
gastric fluids (primarily water) an( Tna}rahq?l’farhnn N f'rh-;,!_:_
t}‘l-’;ﬂ Ur WALCL: 4 AC Spi‘fiﬁt :Tn'h::'j-;
Radiographic resoluti 0t corg arl;]}_i&;
ment, but rather lags | Sevi Elitf: Wit e
few reports of long-1 i3 nn( ays tq ‘r*»'eef.dl.i""i
bon pneumonitis.” e rﬂ‘ipir;T[m T “]r? ﬁ
described in individ rocarbgy, Ory tragy in|‘,.'.:.}“
ies addressing this Hichilaies P"Eum‘-'nimk.:"
pneumatoceles may o ronchiectass , Delayeg "ﬁlrr;_
are reported but appc HNcommon .12 d Ulmgy,
patients examined 8-14 after hydrocarpor,  ONe stugy o
tis had asymptomatic minor pulmonary fUnctm-mduE'&d &,
abnormalities were consistent with smali—airwavnnsznnrm*’:-..-
¢ U Uctign .

of elastic recoil. The authors hypothesized that th;
- . . ].S B
disposed to chronic obstructive pulmonary disease f'm“F"rr.-a-_ B

B CARDIAC

The most concerning cardiac effect from hydrocar
is precipitation of a dysrhythmia by myocardial ae; e
Pharmacology previously). These events are dESCl’ib{;d :Ht]f[f A
of hydrocarbons, but halogenated compounds are m[:st f;h‘
implicated, followed by aromatic compounds,>1% )i EGH
rhythmias occur after exposure to high cancentratinnsg;?i
inhalants or inhaled anesthetics. Atrial fibrillation, ventrir:ula;:
cardia, junctional rhythm, ventricular fibrillation, and cardiac ar%
reported.'*!!112¢ This is termed the “sudden sniffing death i
Myocardial depression occurs by an unclear mechanism, Prolase
of the QT interval raises concern for torsades de pointes.*** b
Any route of exposure to hydrocarbons may result in cardioae
Classically, sudden death follows an episode of sudden et
Tachydysrhythmias, cardiomegaly, and myocardial infarct®
rarely reported after ingestion of hydrocarbons./*** A refiog
followup cohort of exposed methylene chloride workers d=

evidence of excess long-term cardiac disease.'’

B CENTRAL NERVOUS SYSTEM
Traﬂﬁient CNS excitation may occur after acute hydrocar®®” u‘:
tion or ingestion.** More commonly, CNS depression ﬂrﬂdmﬁ-
Occurs.™ In cases of aspiration, hypoxemia from P e
may contribute to the CNS depression.”"” Coma +an 5 !
I€ported in 1%-39% of cases. 114125179 Chronic occupation Sq][iﬂﬁ

v ‘ X aTlri'D]. b
U:[Eltlle subﬁtance use ma}f I'E‘.'Hd to a ChI'ElI'll{: neurﬂhﬁh “ fﬁ‘?j

: o
the painter’s syndrome, most notably described ﬂf.te.r mlz::ﬂrthﬁ& *;_
"Ur€. The clinical features include ataxia, spasti:lt}h i Smﬁ-ﬁ?ﬁ
f;nil}enﬁa, consistent with Ieukuencephalnpathy. 1:1-11 8 {diﬂﬁd
% ;. fains of chronic toluene abusers show atrqph}’ere dissﬂi"'fd :' k&

'€ matter, a though the lipid-based myelin W

Micr : : ; ern 01
~+10Scopic €Xamination shows a consistent Patt g

6 Al
ﬂ =
Ef ‘3&;1 drocyte loss with relative preservation
i Poisoning reveal norepinephrin€

I'ld dﬂpam:ihg iﬂl
. | n
The Severity and reversibility of this syndmme depen

faxons: = gdﬂﬁ:;
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induced dementia are
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Ilﬁd.;d;i;““ of toluene exposure.

Bificans heurologic signs, whe

O Neurologic impairment

d lll.eu;F after 24 years of ongoing exposur
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Int; * White matter dementia.***
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Chapter 106 Hydrocarbons

FIGURE 106-1. Three sequential radiographs of a young girl with severe hydro-
carbon aspiration pneumonitis. (A) Initial: Patchy densities appear in basilar
areas of both lung fields with increased interstitial markings and peribronchial
thickening. (B) Day 2: More extensive diffuse alveolar infiltrates are apparent.
(C) Day 6: Dense consolidation and atelectasis are evident in the right lower lobe.
(Images contributed by Nancy Ceneser, MD, Professor of Radiology, New York

University.)

d vision, and a broad-based, staggering gait.
An abnormal brainstem auditory-evoked response appears to be a
sensitive indicator of toluene-induced CNS damage. The electroen-
cephalogram can show mild, diffuse slowing. Computed Fumﬂgraphy
in severe cases ShOWS mild-to-moderate cerebellar and cortical atrophy.
MRI findings are consistent with white matter disease. J;Must cases show
significant clinical improvement after 6 months of a_bsuﬂem?e, although
with moderate to severe abuse, improvement may be incomplete.

Chronic toluene misuse 1s addicting and can produce withdrawal."**
In the occupational setting, €xp

osures are rarely as ext_e_r:’:is_ifé_:g_s
those that occur with volatile substance misuse. Given the s1gn_{ﬁca11ﬂ}r
lesser exposures, the findings among

workers overexposed to solvent
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mits are often suhclimcal,
are cases

centra-

rmissible exposure ]‘1 ofens:
ly through Jeurobehavioral testing. £ -
overexposed to solvent con o
n. Repeated, symptomat!
ntial to Jead to

ith solvent

concentrations above pe

imarl
and detected prim e
however, a worker may be acutLl}d et
tions that can produce acute CNS dep

' ' ote
«posures over long periods of time have the p¢ >
vere: . o
: | l:il: encephalopathy, 15 evident from the experie
a chrot

abusers.”

@ PERIPHERAL NERVOUS SYSTEM g
scribed following ﬂ{:cl.lpﬂln.}lm| L};}:h};
sure to n-hexane or methyl-n-butyl ketone []_*quinlil{).”’hl hl;gzﬁf i
results from a common metabolic i1{1.l'¢:rmcdmtﬂ;piﬂ;:'];il iy
ism by which this Interme jate causes | bl
E]rzﬁz;;:relafeg to decreased plmsphnrylatiﬂn of neurugli{gzﬂczis
teins, with disruption of the axonal cytoskeleton (se¢ SP e
below). Methyl ethyl ketone (MEK) may exacerbate 1'];15 ]}Eﬂne %
ity, probably by interfering with metabolic pathwaysv 0 1 Fd
MnBK#% Other organic solvents, such as carbon disullidé, L
ide. and ethylene oxide, may cause a similar peripheral axonopa };;d
Cranial and peripheral neuropathies are reported after .acutE ;CE
chronic exposure to trichloroethylene (TEE) R pathologically,

appears to induce a myelinopathy.**
Trichloroethylene is also associated wit

Trigeminal nerve damage was documente ;
lowing 15 minutes of TCE inhalation.”” Some evidence suggests that

decomposition products or impurities in TCE may be responsible for

cranial neuropathy.*"*
Axonopathy from MnBK or n-hexane !
. the distal extremities and progresses proximally (a classic, dying-

back” neuropathy) (see Chap. 18). Exposure to one of these hydrocar-

bons should be considered in the differential diagnosis of the patient

with Guillain-Barré syndrome (GBS) although sensory findings are

present with MnBK and absent in GBS.!?”* The longest axons appear to
be affected initially, so that the patient manifests a “length-dependent
polyneuropathy.” With discontinuation of exposure many of the effects
reverse over weeks to months.®#21217 Alternatively, the phenomenon
of “coasting” may occur, in which neuropathy progresses for a time
(weeks to months) after discontinuation of the toxic insult."*” A revers-
ible peripheral neuropathy occurred in 40% of chronic toluene abusers
and was characterized by severe motor weakness without sensory defi-
cits or areflexia.'* It is unclear whether the toluene in this series may
have been contaminated by n-hexane or MnBK.%!*

peripheral neuropathy 18 well de

31,45,92

exposure typically begins

™ GASTROINTESTINAL

Hydrocarbons irritate gastrointestinal mucous membranes. Nausea
fmd vomiting are common after ingestion. As discussed earlier, vomit-
Ing may increase risk of pulmonary toxicity.">!"13! Hematemesis was

re ' ‘
pmjted in 5% of cases in one study."? Gastrointestinal ulcerations ar
seen in animal studies,® :

B HEPATIC

The chlorinated hydr
e e Otiuated iy ocarbons (Table 106-1) and thei :
hepatotoxic. In most cases, activation occurs via a g i e

form a reactive intermed: phase I reacti
oo @ reactive intermediate (Chap. 12). In the case of carbon t':e*I:rla‘::;I}l]lmI
O-

e i;tedsrmgflfa?e is the' trichloromethyl radical. This radical for
Sovaent bonds WIth hepatic macromolecules, and may initiate hmcsl

peroxidation.? Carbon te

e Carbon tetrachloride causes centrilobular necrosis aft
El?ﬁpl;nals Ebﬂl’ﬂl mgemﬂn, or dermal exposure, 0! Hepatotoxi S &l

| el ﬂifﬂﬂk!fdfﬂr common hydrocarbons ag follows: ca?;i

- 5 ,___greatgr than benzene, trichloroethylene is greater than

entane.'”’ Vinyl chloride is a liye, s
ar

e Ci
tetrachloroethy le:m?, and l"l’Ltfiihlurgethnﬁgerh .
hepatotoXic than vinyl chloride 101154 ; aNe 31, & tﬁc'ﬂ'lr

s e " e oy
tion of petroleum distillates.” Hepagic inp'?:mﬂ:{!cit}’ r;?dﬂr""i!ilr'
ferase elevation and hep'ﬂm"ltﬂgahr . Wury, . 'lfe;ﬂ AL

i ' {?

1."' TR
overexposures (see Special Cases later in

@ RENAL

Hﬂ]ngenated hydrocarbons such as chior
OIOr

cthylﬂnc dichloride, tetra: j-s.,.i-;:t."[h;nm‘ 1,14 T Etrl;.tIn~

are nephrotoxic. Acu! | failure g i
. : C -ld ':-115[ ! q"~li'|l|-~ UN
1n Some paini U valass e 3
{:--:-:ur1 o [1 ._ | .~{Jl;lt]lﬂ-ﬁllh5tancf al b /
Causes q renal tubill: G Hﬁrndrﬁm {i:lut- t.hul;".\'[\l Fj n_.HE)
chapter). Hlunal}] Y ""“]”'“tﬂxiciw a]"':"ﬂ“lu'?rr; e iyane
E}:pDSUFES, and find 1Y anima] ¢ Lok ':“ﬂffrur.i W gO11]
¢ Htud]l{_‘i : g ..H'I L
Conflic 3 5y
IC|. L'th\“ﬂg'h‘
. have occt
HEMATOLC- ;'.d quton
lysis has been callv re halatio™
Hemolysis has beel cally reported tg e s
- . L 7 o
ingesticuml“'-"“‘ One retrospective study of 12 pat: 1 after g rotoX!”
e i 1 | , patients gh,.., oinning
three individuals and disseminated intravascyja, Co |Lw""‘—.-- beb \ppea
Although one patient required transfusion hemnlng%”". '?”:nfa :
& 2 15 s T1ews.1
does not require red blood cell transfusion (alsg see ]5-%"' : tlr[;pcm::
3 3 . ; 15"»‘!,“,
zene’s effects on bone marrow, under Benzene later i, e role struc
st pre
ﬁﬂx'Eﬂ'Ear
® IMMUNOLOGIC e
: : : ducin 2
Hydrocarbons dISFLII'b the integrity of membrane lipig p.. cing
ing swelling and increased permeability to protons U ME]
This alters the structural and functional integrity of the "L -
Changes in the lipid composition of the membrane occyr _ h—iethylfa:
brane lipopolysaccharides and proteins are disturbed™ . well as 11
toxicity may directly destroy capillary endothelium” Adii halogen:
there appears to be derangement of basement membranzs, ai= mha}it;[
postulated to underlie both alveolar and glomerular toxicyufs: Lh.i zr; :
: . mide) 4
carbons.'* Immune mechanisms may account for basementme= T
dysfunction in chronic exposures. Hydrocarbon exposure s &&= Wit
as one possible cause of the Goodpasture syndrome (mee:
function causing both pulmonary damage and glumenﬂauflgfi m CA
though the association is not widely accepted. Measurable G2
immune function occur after hydrocarbon exposure,” Dut0EE E,srbgn
edge of any clinical implication is deficient. e
hEI.S de
M ific irritation 5 Ch
ost hydrocarbon solvents cause nonspec i l8
mucous membranes. Repeated, prolonged cnntac: Lbe sl
| b, 0
the skin. The mechanism of dermal injury EiFIP'i‘ﬁ;iiwﬂ{t_rEr ut?
lipid layer of the stratum corneum. Up tﬂj%_ﬂ o ML
eczematous lesions from dermal contact. Lu:l atall @"1"‘“;': C
. o in conta
contain sensitizers that can rarely result 10 con g "w:--"-
F : i rE 2 ¢
Contact dermatitis and blistering may Prn%w fon® E'ﬂ;;

] HI : ol
full-thickness burns.®® Severity 1s proportiond rﬂlﬂﬂgﬁd E"Ff #
Hydrocarbons are irritating to skin. AEU[Z’ Fm;ﬂ damdf®

. £ : g |
cause dermatitis and even full-thlﬁknessl n cause ol fﬂutpﬁﬁl
: cd TN
dermal exposure to kerosene or diesel fue cociated yil E{{hﬁf
. : : 1e 48
A specific skin lesion called chloracn¢ 1}51 -ahl v Speciﬁﬂ“‘tﬂr | FiGy
: : ith hi f :
chlorinated aromatic hydrocarbons with hig dan‘“[ﬂé by
(eg, dioxins, pulychlﬂmbiphen}'ls)- < Tocally mﬂc,lﬂfm 2"
Soft-tissue injection of h}rdmcarbun islo fascl &

sis. Secondary cellulitis, abscess formation;
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R0CARBONS WITH SPECIFIC AND

I QUE TOXICITY

. - HEXANE

¢ a six-carbon simple alip

..; | B e -
carbon. Itisa constitu-

exane ! . _
: brake-cleaning fluids, rulbr coment

t of sOME ~€ | » glues, spray paints
zgatingsa and SI_IICDH?S' Foutbi’ml;‘f ine-related nfrx.xxw;ﬂ}:}:{iu;;itls}:
have ﬂf:currﬂfﬂ in Prrimtllng l?i‘nj[_:h " Bops, furniture factories,
and qutomotive repair s mph;i U” ':*I it X osure occurs primarily by
inhﬂlﬂtm“’ Bﬂth H'hexaﬂﬁ‘ .ﬂﬂ“ I\“.Il'l BEK : | _-H i]—]i]](}“.rn Pt‘-l‘i]ilhﬂ'ral I‘IELI“-
xS that .;:ar.ise a c.lassu: d}r:ng‘- !_m,._l?.;' peripheral polyneuropathy,
bebm'llﬂi“g in a stocking-glove distribution 2% Neurotoxicity does

1ot appear o be directly -:.aus.;ed by the parent compounds, but results
rom @ common mEtB,bl:Jl.lC 11'1t€l‘?“1'1l’-‘i‘diEl’LE—-—Eﬁ—hE}';.ﬂnEdiDnE. Toxicity
appears related to .the ability of this intermediate to form a ringed pyr-
ole structure; which causes decreased phosphorylation of neurofila-
nent proteins, disrupting the axonal cytoskeleton.*® Similar five- and
ven-carbon species do not induce similar neurotoxicity, except those
fhat are direct precursor intermediates in the metabolic pathway pro-
ducing ).5-hexanedione®®™™ (see Fig. 106-2).

g METHYLENE CHLORIDE

Methylene chloride is commonly encountered in paint removers, as
wellasin cleaners and degreasers and in aerosol propellants. Like other
halogenated hydrocarbons, it can rapidly induce general anesthesia by
inhalation or ingestion. Unlike other hydrocarbon agents, methylene
dloride and similar one carbon halomethanes (eg, methylene dibro-
mide) are metabolized by liver P450 2El mixed-function oxidase to
abon monoxide. Significant, delayed, and prolonged carboxyhemo-

dobinemia can occur (Table 106-2 and Chap- [ 25): 78

§ CARBON TETRACHLORIDE

bee used a5 an industrial solvent and reagent. Its use 1 the United States

ba5 declined dramatically since recognition of its toxicity caused the

CHyCH,CH,CH,CH,CHa
n-Hexane
oF l ol i
CHyCHCH,CH,CH,CHy — CHSCE Heianediﬂl
2-Hexanol 2
J’A 0 ,U O
ﬁ' J y:cH
HCH,CHaV Y3
CHBCCHEC'lzc:HgCHS B S CH;E-HEXEHEC"””E
(Me 2-Hexanone ’
e Y P-butyl ketone) hexane and methy!
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Environ
nvironmental Protecti
tection Agency - ict i :
AU L o geus (EPF}) to restrict its commercial use.?
skin and mucous rhnn:Ef l:: mmes;jmdu'jmg RS R i
- mbranes and is ic irri :
As with other haloge [‘ ' and is a potent gastric irritant when ingested.
Monitis, and syst ITU]ahu 'ydrocarbons, aspiration can result in pneu-
5, and systemic i r tesult ; :
9l Y IC absorption may result in ventricular dysrhythmias.
re unique to CCl, exposures are | f
Both occur mq : sures are hepatotoxicity and nephrotoxicity.
e C T moatitiv
exposures),H76:153 .L.””‘.”."”‘“'f' with repetitive exposure (eg, occupational
. bt Loxicity follows phase-I dehalogenation of the parent
compound, which produces free radicals, causes lipid idati
R % _ als, causes lipid peroxidation and
; - }1. uction of protein adducts.* Localization of specific phase-I
epatic enzymes i s centr - : : |
_L“F 30 y in thfh centrilobular area of the liver results in region-
*I zed (zone 3) centrilobular injury after CCl, exposure (Chap. 26)
lepatotoxicity is typically manifested as reversible aminotransferase
concentration elevations with or without hepatomegaly. Cirrhosis is
I-.{.. x E - : : s ; g
ported in l“'mth animal models and in humans with prolonged over-
exposures. Nephrotoxicity is less-well studied but may result from a
similar mechanism. The proximal convoluted tubule and the loop of
Henle appear to be specifically targeted.”” Carbon tetrachloride is 2

suspected human carcinogen.’

M TRICHLOROETHYLENE

Trichloroethylene is a commonly used industrial solvent, cleanser,
and degreaser. TCE was used for years as a general anesthetic agent,
and hundreds of disposal sites in the United States. remain sources of
ongoing human exposure. lts useas a general anesthetic was abandoned
because of acute cardiotoxicity. TCE is also hepatotoxic, neurotoxic,
and nephrotoxic in humans and animals. A recent report links TCE
exposure to the development of neurodegenerative diseases, such as
Parkinsonism.** This study has not been repeated or further validated.
An interagency group convened by the National Research Council
recently assessed health risks associated with TCE. This group noted
that compelling recent information implicates TCE as a human car-
cinogen. The final report calls upon federal agencies to finalize risk
1ssessments so that informed risk management decisions about TCE

can be made expeditiously."’

B BENZENE

Benzene is hematotoxic and associated with acute hemolysis, or the

delayed development of aplastic anemia and acute myelogenous

leukemia.>*781912 Other aromatic hydrocarbons that are reported to
ed with

cause similar hematologic effects most likely are contaminat
benzene. An excess risk of hematologic toxicity has not been demon-
strated in groups with long-term exposure to toluene, ?:ylene,. or utl'{er
aromatic h}rdrncarbnns.'“*‘m*”ﬂ'm“*m Other hematologic malignancies

also may be linked to benzene, including chronic myelocytic leukemia,

myelodysplastic syndromes, and 1}’11‘191‘1011’13..155 C}h‘rur::;:rsnmal cha?ﬁiz
are believed to provide 2 marker for carcinogenicity. Because 0
ene-based solvents have been unilaterally

; ic risk, t benz o
acnoganiaifie JUE ¢. and OSHA has limited the permissible

removed from the US marke
worker exposure level to 1 ppm.”

B TOLUENE

: e
Toluene has ~ssentially replaced benzene as the: pn;nﬂadr};tzﬂi Eaum

t in many commercial products. Man‘y oil p?un_ts R s
L ily toluene as solvent. As such, it1s readily a‘;allab ¢ G e y
Pﬂmacrl ;-; aﬂn inhalant. The CNS sequelae of chronic solvent ;lnhal_a_tmn.
abujliﬂst frequeni:ljr related to chronic toluene expnsure.th : rﬂ@blas
are(jhrunic ioluene abuse can also Caag & imdrﬁie 19; SRS
transient disi:al renal tubular acidosis (RTA) 28 ough INEMECESE

idosi in great part from
ism iS incompletely inderstood, the acidosts results in great p |
nis |




part C The Clinical Basis of

106-2).2°8 Renal potas-

: inpuric acid (Table .+ B0
:hary excretion of hipp : ic hypokalemia.
e lli;ssrLaY be severe and can result in symptomatic hypok
sium

. i = "- ka]Elﬂiﬂ}

ical findings ared hyperchloremic metabolic acidosis, hypo R

inical fi ‘ ‘ S
C]:c!m iduria. Typically an 1ssociated transient azotemia OCCULS, ¢

and aciduria.

lﬂI-I L ]

* -ough
etabolism of toluene to benzyl alcohol thro '51
ate explanatiol

o benzoic acid may be an adequate explanal

acid-base disturbances.

a proximal RTA,
| resulting from the m
i alcohol dehydrogenase |
| for the serum and urine

® PINE OIL AND TERPENES

e ingredient in many household cleaning pmduct:’f-
{ e d hydrocarbons comprised of tEl’PE;:Ef;;
i i' ; camphenes, and pinenes. The maj i IEEHESLI;i:Fed
L are found in plants and flowers. Wood distillates are pro UC_’ES il
‘ from pine trees and include pine oil and turpennfle: Patients b
ingest pine oil often emit a strong pine odor. Woufi dlsii.llatES are r B
ily absorbed from the gastrointestinal tract and ingestion may ca
CNS and pulmonary toxicity without aspiration.

The clinical features of pine oil ingestion can include CNS depres-
sion, respiratory failure, and gastrointestinal dysfunction Ell'l(?l are
rarely fatal.*!7! Aspiration pneumonitis remains the primary c!mlcal
concern. Acute toxicity is similar to that of petroleum distillate inges-
tion, and management is similar. Rare reported complications of wn(:td
distillate ingestion include turpentine-associated thrombocytopenic
purpura, acute renal failure, and hemorrhagic cystitis.”*!*’
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B TAR AND ASPHALT INJURY

Tar and asphalt injuries are common occupational hazards among
construction workers. Asphalt workers are at risk for toxic gas expo-
sure of hydrogen sulfide, carbon monoxide, propane, methane, and
volatilized hydrocarbons.” In addition, cutaneous exposure to these
hot hydrocarbon mixtures can cause severe burns. The material quickly
hardens and is very difficult to remove. However immediate cooling
with cold water is important to limit further thermal injury. Complete
removal is essential to ensure proper burn management and to limit
infectious complications. Attempts to mechanically remove hardened
tar or asphalt often cause further damage. Dissolving the material with
mineral oil, petroleum jelly, or antibacterial ointments are met with
variable success. Surface-active agents combined with an ointment
(De-Solv-it, Tween-80, Polysorbate 80) are more effective 14715

DIAGNOSTIC TESTING

Laf:a‘nra_tn;’y and ancillary testing for hydrocarbon toxicity should be
guided by available information regarding the specific xenobiotic, th
route n_rf' exposure, and the best attempt at quantifying the ex n; E‘
@hﬁalatﬁmn or ingestion of hydrocarbons associated with u]xfm e
asp;rahnfl-ls most likely to result in pulmonary toxici ”I;'h .
Pujse oximetry and arterial blood gas testing i e
i ?ﬂéﬂi lﬁl:ﬂdmlcaliy indicated. E:'.arl}r radiography is indicated
.fﬁrm"e&'immedjat 1 SEEEIE}’ Symptomatic; however, radiographs per-
Bl o ) ocerbon ingestion demonstrate 3 Loy
T © 1or Hie occurrence of aspiration pneumonitis. I th
Asymplomatic patient, early Fﬂd_lﬂg_l‘aph}_r is not cost-effective. Patientz

Asgas Wit e TR R iy
B observed fore honrs after an tasec
. A e i % gt ke byl A q ; - ¥ L =
& lllfﬁrgﬁﬁ‘ ﬁ*ndi”ur : ?lfteran Ingestion, who demonstrate no abnormal
7 1nainss, have adequate oxygenation, are not tachﬁneic
I 3

- normal chest radiograph after the

‘ Wa_,% Y T 6-hour observat;
P e e T8 S the 6-hour observation
fonaises 0 e wuh very low risk of subsequent

Medical Toxicology

The choice of specific diagn ;. la
temn toxicity or function ffall{:uwing i Dljamrﬂﬂstg
on the type, dose, and route of &:-:Lm?ure g :iulhx
the patient’s clinical condition_ Usefy] ulljr:&l ang mcﬁrh;r_’“f-'
oximetry and an electrocardiogray, [Fé iy st
serum or urine electrolytes, arteriq] bi;n G).lie L, Mgy .
and creatine phosphokinase. 1f 3 1 0d
toxicities (eg, benzene/bone Marrow, . Decip ™
n-hexane/peripheral nervous System) 1{:?{%“ lrﬁ:]::].'i‘:.
get organ system function i i'““mtu{ d uating ang rlhfrrs-;';'
Specific diagnostic testing |
(1) bioassays for the
breath, or urine, or (2
bon are seldom necessary for diaor V- Bioagg o
poisoning in the en setting an - EEHWJI'[.;I[;I“'.-.'
Exceptions might esting to assist ; ﬂr_t‘:Lg; iy
testing for carbon 1 de; n dif
hepatic and renal tox
paint stripper with c!

vdrocad g

txl'.'_'rE ; 11

LiE E . rl'i.

~ 111 a4 Comatgge Patien Uy
I sl

':"d"1"”7":’hemﬂglubin p. e
)diny, testing for Worke “eemp,

poses (eg, testing for urinary trichloroethan| anzl E[?”,'P::___
in a worker c:v;puf-:.arfi (o i'.r':phlm‘ucth}'lente With y trl]':”l":n _ d
dizziness), or for forensic purposes (eg, sudder d::ﬂafr:j *‘hl:;ulh
When deciding whether to obtain a bioassay f;;,rat ]:nai-_,;-. chr
clinician should determine the following: (1) what i-ai!v:ldh; bat eal
tive biologic sample (blood, urine, breath) and how Sﬁﬂur* a0
handled, and stored? (2) What are the kinetics of the hﬂd | famm
the timing of exposure, and how should the results be mtr;" | Seve
of these kinetics? (3) What ranges of concentratigns arehl;f::i‘ decon
toxicity? Most hydrocarbon bioassays are performed by m:, incon
cialized clinical laboratories. The analytic toxicologist can bﬁ % who v
clinician in determining the appropriate choice and timin mm-[f,]
Table 106-2 provides useful information on the Elimin&tll?m;.; AVTI;
selected hydrocarbons and on their common metabolits, gasin :
Chronic overexposures to hydrocarbons, as occur i usefu
substance use, can result in persistent damage to the cenirl = co-in;

system. Damage can be detected and quantified using peme= who

(i

ing methods such as magnetic resonance imaging (MRI) orp= are u
emission tomography (PET). Major MRI findings in paesi® gastr
chronic toluene abuse include atrophy, white matter T2 b= lavag
sity, and T2 hypointensity involving the basal ganglia and thazzt bore
Neurobehavioral testing can be used to detect subtle centrd % Eh*ﬁ
system effects following chronic occupational overexpesie s
diSp(

be JL

MANAGEMENT e o
1 pror

' i toth
Identification of the specific type, route, and amoun B
exposure is rarely essential to achieve effe

Decontamination is one of the cardinal principlfﬁ GEEEFLE !
priority that is second only to stabilization © the ﬂ{,naﬁdjﬁf Eﬂiﬂ
status. Safe decontamination can avoid furth E{Ezﬂcﬁe. pk® Pnﬁé
secondary casualties in those attempting t0 me ipmed! ”Td.m-; ingd
rescuers with appropriate personal profecttic E?\r el ﬂlﬁ*ﬂ;? )
protocols is paramount, especially in Snuatu?ﬂﬁ e Pﬂﬁgnt {;"‘*F Pne
lost consciousness. The principle of femﬂﬂﬂ% the gxpﬂs”ﬂ[ﬂg:ﬁ" SXF
exposure (eg, vapor or gaseous hydrocar bﬂn)l ﬂmiﬂg)' wh“'apﬁi-"' ASp
patient (eg, hydrocarbon liquid on skin Of Ce sipmelt pe Elj]
the rescuer, implies that personal protecti¥® & ﬁﬁd | }T]

at each level of the healthcare delivery 5‘)’“&“;'3{&1 y diﬁ@rdﬁ, [ﬁ; &
Exposed clothing should be removed a0 i gwﬁ;ly ; e
absorption or inhalation of h}’dmcarbli}:‘;ﬂmm a0

d“thing can worsen s}rstemic toxicity.




6=3; Orogastric Lavage for Hydrocarbon

10
T#BLE Ingestion

: nnaindicatiuns
geeurence of spontaneous vomiting

Pﬂ’mpmrﬂatic initally and at initial medical evaluatiop

ith iInherent mic tovicing (c
bons W ent systemic toxicity (CH AMP)

Ha’rd[DfaT
C: camphor
H: nalogenated hydrocarbons

A: aromatic hydrocarbons
\l hydrocarbons containing metals
p- hydrocarbons containing pesti ¢

5]1ﬂl|ld have a high pfiﬂriiy-in m1a?;.a;jn_‘ ;]_'}.L'].i'ﬂt:é'l,l'hﬂﬂ exposures, particu-
]ﬂ;[}rthﬂﬁﬂ exposures llnv-:r v11+1g h.lgiﬂ‘f toxic hydrocarbons (Table 106-3)
Water alone may be' mE_ffectw.e in decontamin ating most h}*dmcarbons,
put early demntammat.mn with soap and water may be adequate. The
cregiver should remain aware that certain hydrocarbons are highly
jummable and pose 2 fire risk to hospital staff (see Chap. 130).

geveral studies have attempted to evaluate the role of gastric
Jecontamination after hydrocarbon ingestion. Results were largely
qconclusive and the level of evidence, poor. In the subset of patients
who were randomized to receive gastric lavage, 44% had pulmonary
complications, compared with 47% of those who were not lavaged.
Ayailable studies do not offer a conclusive answer to the question of
gastric emptying after hydrocarbon ingestion.'*

In the absence of a contraindication, gastric emptying is potentially
weful only when the hydrocarbon has inherent severe toxicity or is
w-ingested with a more potent wenobiotic (Table 106-3). Patients
who have no symptoms at home or upon initial medical evaluation
are unlikely to need gastric emptying.®’® For patients who do ??ﬂ?;gn
sastric emptying, gastric lavage 1s likely the superior method.®"%* 1f
lavage is performed, a small nasogastric tube (18-French, not 2 large-
bore tube) should be employed. If no gag reflex1s present, an endotra-
cheal tube should be placed prior to lavage (Chap- 7). ah B

Activated charcoal (AC) has limited ability to decrease gastrm:zltes ; d
nal absorption of hydrocarbons and may distend the stomachfjlc an
dispose patients to vomiting and aspiratiﬂn.gﬂ'm’lﬁg ’I:he usle g b
be Justified in patients with mixed overdoses, but its role i If d
hyd . . . _:ted. The use of cathartics an

jdrocarbon ingestions appears very HmHee: & = = i mited impor-
Pomotility agents for hydrocarbon ingestions 1S also of I

lance in current management.

The use of olive oil or mineral
Tanagement for hydrocarbon ingestion
@rbon ojls havye very high yiscosities
%y show no benefit in animal models;
Pleimonitis and lipoid pneumﬂnia themselves, @
Mdicate 3

Antibiotics are frequently administere :
Meumonitis to treat possible bacterial superin

L 5 5 1-
*¥rimental models, superinfection occurs :us
C

- ted as
il was reviously sugge®
2 S 15,5!,17'15:: Almgugh these hYer‘

and low aspit
102 can caus

4 in the setting
fection.
apidlY as
aureus

«4h°“r3 after insult.”’ . 1ea pigs:
djdbespﬂﬂﬂns, animal models, including gmnhylactic an
o demonstrate any efficacy of PP

~tion potential

of hydrﬂcarbﬂﬂ

36,71,88:1 12,122,163 I n

Chapter 106 Hydrocarbons

One stud
y showed that o
% at administere ibioti
flora to Predominantly Gr- ,d antibiotic altered bacterial lun
asits y Gram-negative : 5
positive lung cyl i organisms, compared t
HELD 5 cultures in the controls* Thes g o Gram-
s OF prophylactic antibiotics so that cli F‘S]tud1les led to decreased
.L ated thempy for most clinicians.* T .mu,a evidence of infection
without limitations. Abnormal |* s.” This approach, however, is not
and abnormal radiographic f; 11‘1115 auscultation, fever, leukocytosis.
both bacterial hnuumnl}:i'l ”‘.m]m?5 are the initial manifestations of
d el . .y
lemperatures are re 1d hydrocarbon pneumonitis. Abnormal
B 5 are reported to occur in 50%-90% of pati _
1ydrocarbon toxicity,'*.112114 An elevated ; Aiolapatientsayit
noted, with the temper: evated temperature is often initially
7 emperature reaching maximu
decllAirig oved SEvezal tdata i m at 8-12 hours, then
' al days.™" Leukocytosis i
- cytosis is frequently reported
present in up to 60% of patients : i sk
| g Lnan: patients who aspirate hydrocarbons.''%!14125
ki :’J I[C a 1‘1111;15&3[1{:1] may be justified in severely poisoned patients
ally, spu . : Aot et , S
{:.ﬁ-en}r] l} L:lm cultures should direct antibiotic use. These, however, are
; 11 elayed and are not useful in critically ill patients. Most authori-
- do n‘f;t recommend prophylactic antibiotics. Most recommend close
; servation of temperature and blood leukocyte count, as delayed eleva-
l.ﬂn (24 hﬂulrs after prEf;entatmn) of temperature and/or leukocytes may
SLanal bacterial superinfection. No human studies are available to support
either approach, and this issue remains controversial.
| Corticosteroids, like antibiotics, have been prophylactically admin-
istered in the setting of hydrocarbon pulmonary toxicity.” The
rationale for their use is prevention and limitation of the inflammatory
response in the lungs after hydrocarbon injury. Animal models do not
show any benefit of corticosteroid administration.?*'* In one study,
corticosteroids increased the risk for bacterial superinfection with or
without concomitant antibiotics.** Furthermore, two controlled human
trials failed to show a benefit from corticosteroid administration.®*’
It is clear that corticosteroid use does not improve the acute course
of hydrocarbon pulmonary toxicity, although some authors suggest
improved outcome with delayed corticosteroid therapy there is little
supporting evidence/2* Coupled with the possible increased risk of
bacterial superinfection, corticosteroid administration in this setting 1s

not recommended.
Patients with severe hydrocarbon

management. Respiratory distress requ
in this setting may be associated with a large ventilation—perfusion
mismatch. The use of positive end-expiratory pressure (PEEP) in this
setting is often beneficial. However, very high levels of PEEP may be
required with subsequent increased risk of barutrauma'.”‘*‘“ High-
frequency et ventilation (HEJV), using very high respiratory rates
(220-260) with small tidal volumes, has helped to decrease the m?ed
for PEEP.? Patients who continue to have severe ventilation—perfusion
i EP and HFJV have benefitted from extracorporeal

membrane oxygenation (ECMO). 7% ECMO appears to be a ;j:;l
option in severe pulmonary toxicity after other tre?tfnen;sl tl;:zgh thls
Cyanosis 1 uncommon after hydrocarbon toﬂe:ﬂ{}r].j e o
is most often caused by severe hypoxia, methem?g obine G
The potential IOT

] '35.9
: osure 18 rEpﬂﬂEd- :
ated with hydrocarbon €Xp tients who remain

methemoglobinemia should be inﬂ;es:g%{zdmm?ggﬂ has
_ . srafl of arterl :
cyanotic following normalization ity raises .dditional con-

HY‘P{}tEﬂSiDn in severe h}rdrﬂcarlf’m:];i]ﬂﬂng s often campmmise
; jon 11
cerns. The eti0lo8Y ofbypateshit Hydrocarbons do

' PEEP.
i ause of high levels of .
of G Dut%i;tezirect cardiovascular effects, and decreasing the

not have sign’ . s The use of B-adrenergic agonists
- d amlc'S! E ; 2 .

PEEP may improv® hes Yn*n _ jsoproterenol and nnreP"_‘Eth:E

SUChas OB ble, as certain h}rdmcarbuns predispose O

toxicity pose unique problems for
iring mechanical ventilation
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hydrocarbons in our soci
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toluene,
result from speciﬂﬂ

i p

: ne
on resuscitation algorithms recgm_mﬁl’ld]*:pﬂizhg;z
conceriias .cgml.ﬂt eat this rhythm. If it is ascertained tha rbon
admi”is:tratmn " rfrc}m myocardial sensitization by a h?dm?ae has
rhlﬁhTlia:;li]ﬂl?“:;jines should be avoided. In this setting, lidocain
solvent, :

. . 103
IC ¢ 115LS.
ave [B-adrenergic antagol
sfully, as have b
been used success

ere
. 1 i 4 rat model of sev
R T BO) was studied in a ra fit
srbaric OXygen (H A s ome bene
keizfx:e induced pneumnnitis.'-"‘ HBO at 4dA1 PIL &hm;'zfns pel.mrl‘ned‘
7 : | 7 ies have De€
in 24-hour survival rates. No followup stu yEbelt

' iSO r, ma
patients with carbon tetrachloride pcumn.mg, h:::weg:;‘ o piich
f:t fro;n hyperbaric oxygen (see Antidotes in Depth A3/
efi

roen). 217
01{1}: th:::- past, hospital admission was ot
patients who had ingested hydrocarbons, beFausefn CD'cit
sible delayed symptom onset and progression 0 tﬂ:ilﬂm};tic
reports documented patients with rela?wel},r aslymp cﬂm e
tations who rapidly decompensated with respiratory ¢ Sﬂﬂn o
However, progressive symptoms after hydrocarbon Ingai
rare®% In a retrospective study of 950 patients, only I-‘-{li (1. Do
progression of pulmonary toxicity.® Of these 14, seven had per

of symptoms for less than 24 hours. Eight hundred patie_nts wire
initial evaluation with normal chest radiographs,

fter 6-8 hours of observation, and had a

normal repeat radiograph. No patient in this gmup.ﬂt.' 800 had progres-
sive symptoms, and all were discharged withuut‘::lmlr:al determratlsn.
Seventy-one of the 950 patients had initial respiratory S}*mptﬂﬂ‘l}" ut
were asymptomatic at initial medical evaluation. Of the 71 pat%ents,
36 had radiographic evidence of pneumonitis. Among these 36 .panentjs,
2 (6%) developed progression of pulmonary symptoms during their
6-hour observation period. Of the 35 who had a normal radiograph,
2 (6%) developed pulmonary symptoms and radiographic pneumoni-
tis during the 6-hour observation period. The four patients who were
hospitalized for progression of symptoms became asymptomatic over
the next 24 hours and had no complications.

A separate poison center-based study evaluated 120 asymptomatic
patients for an 18-hour telephone followup period.” Sixty-two patients
had initial pulmonary symptoms that quickly resolved. One of the
62 patients (1.6%) developed progressive pulmonary toxicity. This
patient was hospitalized and had resolution of symptoms within 24 hours
without complications.

A number of investigators have suggested protocols for determining
which patients can be safely discharged.”**** None of these protocols has
been prospectively validated. However, rational guidelines for hospital-
ization can be recommended. Those patients who have clinical evidence

of tﬂj‘-ﬁﬂ:t}',- and most individuals with intentional ingestions, should be
hospitalized. Patients who do not have any initial symptoms,
chest radiographs obtained at least 6 hours after ingestion,
not develop symptoms during the 6-hour observation period

discharged. Care should be individualized for patients wh

: 0 are asymp-
tomatic but who have radiographic evidence of hydrocarbon pneunznrﬂ-

tis, and for patients who have initial respiratory symptoms but quickly

become asymptomatic during medical evaluation. Reliabje patients may

be considered for possible discharge with next-day followup

such as hyp

or
routinely recommended f
cern over pos-
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