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‘ABSTRACT. The toxicologic patholegy of petroleum and oilfield-related chemicals is reviewed, and a field gul

for toxicopathologic evaluation.of cattle is given.

used in the exploration, production and transportation
" of petroleum from different Fields will alter the. type
tants are present, cattle are-continually exposed and make excellent sentinel animals.

er, gastrolatestinal tr:

tal” suifur can produce pulmonary pathology.
and resplratory tract.

Cattle will woluntarily fngest petroleum and chemlca
of crude petraleum. Varlability in chemical compostti
and severity of leslons observed.

When airbarne pol |
The !ung,.kldney, H

act, heart qgg_brgjp_Qrg”;giggﬁ_orgpng‘for'ﬁe;gqlggmmhxggpqarbons. Exposure to eleme
Sulfur-containing gases are irritating to the mucosa of the &
Arsenic and lead.cause lesions In the gastrointestinal tract, brain, liver and kidne

Glycols.are hepato-, nephro- and neurotoxic, and.oral exposure to diethylene glycol produces corneal lesian

Invert drilling fluids are Fetotoxic.
nervous systems. Toxicopathy

species.
EXPOSURE

Exposure to intoxicating substances in oil
and gas operations occurs under a variety aof
circumstances. Specifies of exposuyre condi-
tions’ and e¢linical findings are discussed
elsewhere.-(1), - but. cattle will -voluntarily
ingest various forms of .petroleum and chemi—
cals related to exploraticon, production and
processing of crude petroleum (1,2). Exposure
alsp occurs when feedstuffs, “water and air
ire polluted from envirommental incidents,
SJour crude petroleum contains various sulfur
compounds (3). Blemeutal sulfur and sulfur—
containing gases are by-products of scrubbing
sulfur-containing gases from sour petroleum;
this process is also known as "sweetening". .
Cattle can be ezposed. to elemental  sulfur
and’ various suliur compounds related to sour
petroleum activities (3-6). Heavy metnls are
used in oilfield operations (7), and-exposure -
of cattle occurs during access to driliing
wastes and wellhead equipment. Pathology is

" one’of the' Strategic tools used to link pe-

troleum exposu¥es to clini¢dl effects in cat—
tie.. .

PETROLEUM HYDROCARBONS

Toxicopathy in the Lung !

In acute petroleum poisoning in catfle, es—
pecinlly ‘with petroleum heving a high content
of volatile fractions, the lung is the target
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Nanpesticide organophosphate esters target the peripheral and centr
is a strategic tool in the diagnosis of intoxications occurring in cattle aft
L-B%posHre to ollfield chemicals, Cattle_ are sensitive to oflfield potlutants._and are a usafu!“blnmoniﬁorl

organ (8-10). Chemical (inhalation) pneumor
occurs when droplets of o0il are inhaled. Fc
lowing oral ingestion, another cause of che
ical pneumonia is aspiration of petroleum f
drocarbons occurring during .emesis -and/
eructation. Disruption. of protective reflex
by the effects of hydrocarbons on the centr
nervous system - of cattle may coantribute
aspiration (1). Cattle cen also inhale vol
tile hydrocarboms during eructation byt
eructation-inhalation reflex.

‘Lung lesions have. been reported. followi
voluntary ingestion of  petroleum . by cattl
Serosal petechiase, and ecchymoses were o
served -in the lungs of cattle poisoned wi
tractor vapbrizing oil (11). Chemical pne
fonin was reported in cattle demd of dies
fuel poisoning (12)}. Pneumonia and pulmona
abscesses containing Gfam-negative organis

-were found in cattle -that died from drinki

witer contaminated with aviation turbine e
gipe fuel (13). Cattle that drank aviati
turbine engine fuel 'were necropsied 124 da.
later. The lungs from 'most of the cattle we;
considered - abnormal because  of enlargeme
and the presence of grayish-blue pulmona
tissue wiith an sbonormally firm consistenc!
However, histopathologic abnormalities. we.
not observed.. Infectious pnéumonia often d
velops rapidly - after-cHemical :injury to ti
lung. Cattie that survive chemical pneumon:
for 6 weeks .or longer usually  have -marke
lose of weight and chronic+~ill: health,; ple:
ral adhesjons and lung-abstesses (8;9). o
‘The characteristic lesions*of ‘oil-induct
chemical .pneumonia have heen described (147
The pathogenesis and lesions can vary -wit
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‘ bacterial infection. 3
“veptral lobes of the lungs are affected first

-monic process,

Cids,

- also
-the alveoli,

Hecrotic

N goned with 0il has pot been reported.

the cytotoxicity of the o0il and concurrent
Generally, the eranio-

and may be observed toc have oil-discoloration.
Visible o0il can be present in the lungs. 1In
kerosene poisoning, ulceration of the ventral
aspect of the trachea can occur, and the ul-
cers may be covered with a pseudomembrane (8,
8). Areas of the lung can be consd¥lidated and
discolored dark purple, reddened or mottled
tan-gray. Consolidated areas can have a nod-
ular appearance.  Fibrinous pleural adhesions
and serofibrinous pleural transudates may oc-
cur. Depending on the duration of the pneu-
abscessation can also be ob-
served (8,9). \&' ' -
Histopathologic lesions from petroleum tox-
icosis are predominantly proliferative. Mac-
rophages with foamy cytoplasm are found_ in

Pathagenic studies of oil toxicosis identi-
fipd foamy macrophages in the Iymphaties ad-
jaceént te blood vessels arcund bronchi. Fi-
brosis and proliferative type II .macrophages
are prominent features. Foamy-appearing mac-
ropliages may be incorporated into the alveo-
lar septa by fibroblastic proliferation. Lip-
as detected by bistochemistry and spe-
cial stains, -are both intracellular and ex-
tracellular.
in the alveoli. An acute necrotizing fibri-
nous bronchopreumonis may be observed in the
early stages of chemical pneumonia -resulting
Irom oll. Neutrophils, lymphocytes and plasma
cells generally "surrcund-the necrotic areas.
Fibrinous exudate, -ioflammatory cells and.a-
morphous eosinophilic and oily maﬁe;ial can
£ill alveolar spaces. Empty spaces in tissues
suggest that lipoidal liquids have been .ub-
sorbed. Plant material from aspirated inpesta
may" be dep051ted in alvepli. TFibtin, hemor-

‘date cas beé Dbserved on pleural surfaceés. ExXS

tensive coagulative necrosis and suppuration
may 'be found along with pulmonary -consolida-
tion. Pathogenic and saprophytic bacteria
may -be -present in necrotic areas - and

N

.01l generally can be identified -

Pulmonary les10ns in experimental studleSf

have been described (10). When cattle were
given 20 to 60 ml of crude . o0il/kg of body
welght and emesis occurred, the cattle aspi-
rated oil.

lung field in 1 zniwel) and visible 0il in
the cranioventrnl Jlabes. Pathologic changes
incladed pulmonary consolidation and’fibrino-
.pneumonia,. pleuritis, . emphysema,
atelecta51s, maltifocal 1nterst1t1al puneumo—
nia, proliferative alveolitis, bronchopneumo—
nia and alveolitis. TIn animals that survived
hyperplasia of type 1I pneumocytes was
observed Aand the alveoli were filled w1th

jlarge foamy alveolar macruphages

) Llpld emholi oaceur in the lungs of ‘some
animal species’ as a result of oil being ab-
sorhed from. the gastrointestinal tract. Em—
"boli’ of .0il ¢an block small blood vessels in
‘the luugs and brein. Embolism in cattle poi-

Pulmonary- lesions. were observed'“iﬂ'EEEép

_ The results were an extensive:
black discoloration in the lungs (80% of the

i

S——xzand ~often " fill-Tthe pulmonary ~miveolir=—(I49. -

- Histopathologic
- submucosal

“ventral lobes.

‘trointestinal -serosae of sheep (15).

_Tox1copathy in the Kidney

after a 1-d exposure to water contaminated

with natural gas condensate (15). Lesions at
necropsy inecluded bilateral consolidation of
the lungs and tan to gray mottling of the
The histopathologic dizgnosis
was necrotizing broichopneumonia. Extensive
areas of coagulative necrosis bordered by
a2 dense zone of neutrophils and lesser num-
bers of lymphocytes, plasma cells and macro-—
phiges were observed. The alvenli contained.
o fibrinous exudate and amorphous eosinophil-
ic material. Plant material indicative of
emesis and regurgitation-aspiration. was ob-
served in the-Jlungs. Pleural surfaces were
covered with fibrin; subpleural hemorrhages
and monocular cells were observed. Pathogenic
bacteria were isolated from some of the sheep
lungs. .

Toxicopathy in the Gastrointestinal Tract

The gastrointestinal tract has initisl con-
tact with petroleum when oral exposure occurs.
Crude oil dis dirritating f0 .the -Antestinal
tract of cattle (16). Ulcers of the esophapds
due to ingestion of kerovsene have been report.
ed (8,9). Pyloric ulcers were observed in the
abomasum of czttle dosed with a sweet crude
0il (10). -In the same study, rectal lesions
were described as mild conpgestion to mild hem-

-orrhage with focal areas of inflammation,

Mesenteric lymph nodes were discolored by

“0il. Petroleum can be observed in ingesta and

its odeor is detectable ip ruminal and intes-
tinal contents.

Ingestion of water contamined with natural
gas condensate caused reddening of the gas-
Hemor-
rhege  was present in the intestinal lumen.
observations were mucosal-
congestign - and mucosal-serosal

hemorrhage. - An _inflammatory response was

~observed-in all anatomic Segments of the gas-

Superficial erosions,
mild acute cryptitis, and neutraphilic 1ym—
phyoeytic exudntes were present. Mulitifocal
necrosls of enterocytes was reported.

trointestinal tract:

Toxicopathy in the .Liver

Petroleuni hydrocarbons are hepatotoxic in
calttle and sheep. Fatty liver was ohserved
in - cattle .that ingested tractor vaporlzlng
oil (11). An abnormal-appearing liver in a
helfer was attributed to drinking gasoline 15
mo previously (17). Fatty degenerative chang—
eg aod foecal areas of hepatitis wereé. observed
in cattle following ingestion of water con-

_taminated with aviantion turbine engine fuel

(13)..5weet crude o0il was hepstotoxic in cat-
tle. Gross changes were swelling of the liv-
er, Inereased liver wejights, increased fria-
bility. and centrilobular congestion (10).
Hepatocytes contained numerous vacuoles that
were interpreted as having contained oil.

Hepatic changes .in sheep poisoned by natural

gas condensete were fatty degeneration -and
periportal infiltration of lymphocytes—plas-
macytes. . Biliary hyperplasia and perlportal
fibrosis were descrlbed (15). - .

‘Kidneys can also he target organs of petro—
leum hydrocarbon toXicosis. Renal lesions oc-
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.cur- in cattle exposed to a variety of pet‘ro—j_ serum and. bleod glucose were not con51stent1y

/leum. products. Tractor vaporizing oil was increased after exposure to sweet crude oil.
nephrotoxic in cattle (il). Tubular nephrosis, Exposure consistently decreased serum calcium
thrombi in wrensl ' vessels and dinterstitial and potassium and consistently increased hil-
nephritis were observed in cattle following :Lrubln (10).
ingestion of water contaminated with turbojef

-aviation fuel (13). Renal lesions were not . Rowe found that hematologic parameters, es-
seen 1in surviving animals slaughtered 124 4 pecially leukocyte counts, were elevated dur-

- later. Oral exposure to an unweat¥ered light ing the development of ecrude oil-induced

- erude 0il induced renal lesions in cattle chemical pneumoniz (8,9). Leukeecytic differ- .

- : (10). These lesians were shrunken or collapsed .entiml counts suggested an acute infection. 4
: glomeruli (2-5 in a 4x field), mild foeal ne- single dose of  sour crude vil caused a com-
crosis of epithelial cells in colleeting ducts stant. decline in-plasma glucose. A transient

and inflammatory cells in the remal cortex. decline in plasma glucose was observed in

In sheep that drank natural gas condensate, - calves given sweet crude oil or kerokene. Two

. - tubular epithelial necrogis was observed (15). days after they were dosed with sweet and

B Granular eosinophilic casts (negative for he- sour crude o0ils, calves had increased serum
© moglobin) s&nd protein droplets filled Bowman's a~globulin. Calves dosed with sweet crude oil

spaces and-many reanal tubules. - Inflammatory had the most pronouned increase in serum a-

cells were around the tubular casts .

globulin. Calves dosed with kerosene and sour

‘erude oil-had -inereased a-globulin by -days 10

Toxlcopa.thy in the Nervous System T T -7 mnd’ 22, respectively. These observations Sug-
' gast that acute phase reactive proteins may

thgasneedrvgﬁsci;r;j;il isslg;féertehf &?y;;ﬂ:g%gu:f also be increased. Calves treated with sweet

especially petroleum high in volatile frac— or. sour crude oils or kerosene had decreased

tions (1,10,18). Lesions were in. the brains serum y- globullns

off sheep poisoned by. natural gas condensnte

{159~ - Mild--perivascular. hemorrhage was. JAn_the

pia mater and white. matter of the cerebellum

. and cerebrum. . Increased separation -between .

the pia and arachnoid membranes was prominent,

DRILLING YLUIDS

Drllling flulds are used ino drilling oil
and gas- - wells. -The fluids are pumped down
- the drill stem and return to the surface in
:Egrfffgm l“‘;aﬁmobserved in the stromaA Of the the space between the bore hole and the drill

s r.oid b . . stem, -carrying the cuttings to the surfpce. .
R Driiling fluids are formulated to stabilize
Toxicopathy in the Heart . . formations, lubricate the drill stem, scavenge’
sulfides - and provide hydrostatic pressure.

o The -chemical composition. of drilling fluids
petrolenm: have: not been reported;  however, can be variable. For example, potassium salts

such lesions were described in sheep exposed 5
re used to incresse the deusrt of drillin
to petroleum condensate (15).,,Gross patholog- fluids, a "variety of chemicals ermay be addeg

. dic lesions were epicardial hemorzhages, sero- £
“sanguineocus pericardial f£luid, pale appearing - to ad;yus PH and viscosity, and the fluid may

Lesions in -the hearts of cattle polsoned by

consist  qf etroleum hydrocarbons.. Iavert
myocardium -and -erythema of the -endocardium. drilling. fluﬁd is a m:L{cture of diesel oil
Histopathologic. observations were segmental and surfactant. ©Oil well sumps contain the

myocardial necrosis and calcifiestion. - Myo-
fibrils had lost their cross strlatlons and _
had a beaded appearance. Multifocal areas of Ultrastructural pathology has been described
the myocardium were comgested and: infiltrated - in a calf exposed in utero to invert drilling
with lymphocytes, macropbages and oceasional . ry.jac (21). Rediuplication of the smooth en-
neutrophils. : ' " doplasmic reticulum was observed in the liver,
and .the endopliasmic reticulum of the rerml

drill :cuttings and residual drill_iug fluid.

Toxicopathy in the Mammary Gland

- tubular cells was-swollen.  Mitochoundriaz in
Irritation of the mammary gland related “to the liver and kidney were swollen, polymor-

- ingestion of hydrocarbons has been reported phlc and predominantly parabalic in shape,
(20). -
SIEFUIFAND SUIII’UITCUNT.&“IMNG“— GABES
Clinical Pathology -

‘ ' Elemental Sulfur = -~ ' - .
Changés in cllnlcopathologlc parameters can B
be used to aid the diaghHosis of petroleum Cattle exposed to sulfur dust and fumes

. toxicosis in cattle. One week after exposure - from an open-pit mine-source in Poland were
‘to turbojet aviation fuel, clinicopzathologic poisoned by eleme’ntal sulfur (22).. Since ele-
changes in the sera of cattle congisted of mental sulfur from "sweetening" sour” petrole-
‘glevated aspartate aminotransferase activity " um is released into the ambient environment
and inereased concentrations of Jponesterified (6), the Polish oObeervations may have appli-
“fatty  acids and - blood urea mitroges (13). . cation to- sulfur. polluticn. from the oil aopd
"Lenkocytes were  incressed. The agetivity "of gas industry. Pathologlc findings in exposed
Y-glutamyl transpeptidase was increased and cattle consisted of gray-yellow tinged mucus
the increased activity per51sted for 6 w. .Io in the respiratory tract, d4inflammation aof
acute studies in cattle, sweet crude 0il‘did _ . the . trachea,..attenuation (decreased height)
not significantly alter hematologic - parame— . of brohchlal epithelial liping cells almost
ters. There was a correlation- hetween the ‘to the polnt of sguamous metaplasia, and in-
severity of elinical signs and an increase’in “terstitial® inflammation. The lesions were
- plasma flbrlnngeﬂ Hepatocellular enzymes 'in . worse in cattle with higher exposures.

B | Vet Human_-T-oxicu‘l-w 38 {1} February 1996
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- mixtures under envirommental conditions,
also poisoned cattle.

. sions in
- in the.trachea,

"black and covered with mucus.

" from oilfield sources.

Sulfur-containing -gases, generally complex
Sulfur dioxide caused
histopathologic evidence of severe irritation
of the respiratory iract and eyes (23).  Ma-
nure gas' poisoning {biogas with'high cancen—
trations of hydrogen sulfide) produced con-
gestion and edema of the lungs, gestroenter-
itis and peritoneal effusions (233,

Detailed reports on the pathology of hydro-
gen sulfide (H 8) and sour gas in cattle do
not - appear in. the scientific literature.
Calves continually &xposed to H,S 'by inhala~-
tion developed respiratory irritation, epi-
staxis, and corneal opaq}ty {24, 25}. The in-
teractive effects between : S and ammonia
were glven ‘as synerglstlc ’ o

Chrxgmate

Cattle
pilfield

have been poisoned by chromates from
sources (26). Grossly visible le-
an 8-mo-old calf were icterus, froth
excessive pleural fluid, and
Intestinal contents were
. Edema and hem-
orrhage were observed in the meséntery and o-
mentum. Hepatomegaly, yellowing of.the liver,
and edema of the gall bladder were observed.
The kidneys were pale. Histopathologie Iind~
ings Were diffuse hepatocellilar swelling,
vacuolation of hepatocytes, inspissation of
bile and moderate- piliary hyperplasid.l -In
the kiduoy, hemoglobinuric vacuolation was
observed in the cortieal tibilar eplthellum
Subepicardial hemorrhages and pulmonary pro-
teinacecus exudate were observed. The chromi-
um concentration in the liver was 14.8 ppm.

seraosal petechiae.

Arsenic and Lead

Cattle can be poisoned by arsenic and lead
In some areas, arsenic
is used as a_ rust inhibitor "and herbicide.
Lead is used in paints, pipe dope, sealant
and waterproof greases (7,27)}. . Cattle will
ingest substances coantaining arsenic and lead -
(7). The gastrointestinal tract and nervous
system are targets for inorganic arsenic and
1ead -

Inorgnnlo arsenic affects the gastrolntes—
tina) tract, liver and Kidney of cattle. Ar-

.senic alters and iahibits mitochondrial en-

.shreds of mucosa and oIICUS .

zyme pathways and thereby impairs tissuve res-
piration: Death can occur- in-less than 24 H
following ingestion. A lag of 24 to 48 b can
occur between ingestion and onset of c¢linical
signs (28). Although marked signs of gastro-
intestinal distress may be observed, lesions
at necropsy -in’ these tissues may be sparse
(29). -Vascular injury is common in arsenic
poisoning. Hyperemia of the mucous. memhrnnes
can oceur and petechiae mzy be observed on
serous membranes. Arsenic causes hyperemisa,
edema,
sal mucosa. The gastric rugae and plicae: ‘may
be edematous: (30).

may be -a watery fluid, anrd contain blgod,

have-

A-I_EEI'WY METALS A —coe e me o o

and superficial erosions of the aboma-

Intermuoosal_and

hemopoietic system of cattle (30).

submucosal- hemorrhages oceur, and these c&n

progress to massive erosions of the mucous
membrane. Hemorrhagic typhlocolitis can also -

occur.

The liver, kidney, brain, heart and concop—,
tus are also affected in -arsenic poisoning
(289). Congestion and swelling of the ‘liver
with mieroscopic Iesions of fatty degenersa—
tion and hepatooellular necrosis occur.
edema and necrosis of renal tubular cells are
cbserved. Marked subendocardial subserosel
hemorrhages are seen. Brain lesions generally
develop later .than those in the viscera aad
are probsbly due to necrosis of cerebral ves—
sels. The lesions are cerebral edema, pete-
chiation and hemorrhage. Abortions and still-
births can ocour. This effect is also assoc1~
ated with vascular damage.

kidney and
Cattle are
sensitive te lead, and clinical signs of poi-
soning can occur after exposure to 2 .mg . of
elemental lead/kg beody weight for 28 duys

Lead affects the brain, liver,

(32).

'p01son1ng in cattle.

" lirl cells and astrocytes occurs.

An excellent description of the toxlcop&thy'
of lead 'in cattle has been written (33). Mdc—
roscopic changes may  or .may not be present’
and, when present, vary:in severity. Conges~ .
tlon of meningeal and cerebral blood vessels
and cerebral edema may be present. Cerebral
gyri may be flattened or depressed, and the
color of the gyri may be pale to yellowish.
On the cut surface, malacia varies from small
foci to large cavitations. Cortical lesions
are most visible at the tips of the gyri. Le-
sions in the occipltal lobes develop .first.
The lnsula may also be affected,

Hisﬁop&thologic chquges vary with the dura-
tion of eclinical illmess (29,33). Swelling of
endothelial cells and astrocytes are found in
the cerehral cortex end cytonecrosis of as-
trocytes can occur. Proliferation of endothe-
This change
is especially prevalent in the first-to the
third layers of the-cerebral cortex. Spongi-
form change and necrosis are .the result of
cerebral swelling and- are- seen in gyri -and
sulci. Swelling of glial ecelis can be followed
by proliferation. The leptomeninges -can be
infiltrated with eosinophils. In the patho-
gene51s 0of lead poisoning,. leslons can devel-

op in - the thalamus,  hypothalamus, medulla
oblongata, other parts of the brein, and spi-
nel cord. Subtle hlstopathologlc alterations

can be coufused w1ﬁh postmortem autolysls

There are some cellular ‘bipmarkers . of lead
In chronic lead poison-
ing, acid-fast intranuclear inclusions maoy be
obgserved in renal tubular cells and in hepat-
gcytes. . Basophilic stippling of red blood

" cells -as a result of the anemia dune. to lead

The intestinal contents .

Vat ‘Human Toxicot 38. (1) February 1995

polsoning is most proncunced when sodium.EDTA
is used as an anticoagulant, the ‘blood .smears
are air dried, and they are then stained with
Wright- —Leishman stain . (33,34). Basophilic
stippling is pot pathognomonlc for lead p01~
sonlng in cattle since . it can also occur. -in
apemia due to other causes (35) L
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‘Glycols .

ljrying agents and antifreezes are toxic-to ;. Lacation Tissue Quaptity Fixative
cattle (36). In cattle, diethylene glycol R , ..
affects the eyes, liver, kidneys and nervous Head and ok Bo - Al Formalio
system. Gross pathologic changes after dosing Cervical spinal cord | All Formatin
with 1.5 ml diethylene glycol/kg Fr?,"re cloud- . Gassecdan gnglion- | One Formalin
ing of the corneas, swollen friable liver trigeminal erve -
with prominent lobular pattern, enlarged fri- — ) —_—
-able kidneys, and .massive perirenal edema. Fimuitary Al e
Histopathologic findings were centrilobular Thyroid Al 7 Formalin |
hydropic degeneratxon of 'hepatocytes, pro- - . "
teinaceous casts in renal tubules, and maTked Tangue RS ke
hydropic swelling of the»renal tubular epi- ) Sallvary giend RS Farmalin
thelium. - The unigue lesidn observed in nerve - (Ei’)"’“d ”g:lm
tissue was diffuse pganglioneuronal atrophy £ - -
and perineuronal amphicytic hypertrophy of Tousil " One Formalia
the Gasserlan ganglion . Lymph nods Qne Formalin

- I R s i >

Ethylene glycol is a commonly used "apti- retrapharyngeal)
freepe and is poisonous to cattle (1,37). Al- . L
cohol dehydrogenase metabolizes ethylene gly— Eyr’. g::f;mv:) Bouie's
col to glycoaldehyde and then through inter-’ ‘ - -
mediates to oxalic mcid. The toxicopathy.is , Thomax Esapliagus RS Formalin
primarily produced by -the ethyleme glycol Thymus RS Formalin

- o __ metabolites. Oxalate crystals can be-found "
in the liver and braia &dnd’ if the Femegl tiu="""" RIS Traches & — . Fo
bules, where they &Cause nephresis. . Renal Lungs S {exch Jobe) Formalin
tubular lesjoas range from hydropic degenera— Hoart RS(mn‘mpmm Formalin
tion to cellular necrosis. T . : venticley

. Toms . . . ) L Ao RS Formalin

The toxicopathy of ion poisoning im catile I(LY;&L‘:“' RS Formatin
can be varisble depending upon the species  meditstinal) '
present {(28,38-40). Ingestion of concentrated " -
sodium - ions produces marked congestion of f::;;f‘]m“’ - k3 Fornalia
the .omasal and abomasal mucosa. Intestipel
contents are fluid, and hemorrhages may cause Abdomen Rumen - RS Formalin
dark discolorations. = Edema .0f the skeletal - Reticulum s Formalin
muscles and hydropericardium occurs., Edema - -
of the brain-is-also-seeny-nnd-an-eosinephil-, - Otnasusm RS Formalin
ie infiltration of thé Virchow-Robin spaces Abomasm RS Fommalin
may or may not be observed io cattle. Lesiong .
not unlike policencephalomalacia can ‘be pres- Duodenum RS Foamlin
ent. . . " Spleen RS Formalin

Potassium ions from drilling fluids can- e Fancreas RS Formalia
fatal when ingested by cattle (1). Oral-ex- Jejunum - RS Formatin
posure to potassium salts can result in pera- B Henar RS - Formalin
cute intoxication,. Few anatomic pathologlc -
findings occur in cattle dying of this potag- Cecum RS Formalin
sium iptoxication. Analytic toxicclogic re- Coton RS Formulin

- sults are elevated potassium in ruminal con- -~ - -
tents, serum and possibly in other body flu- Lives RS Formilin
ids. o Lymph rode ane cach Formalis

-~ {mesent=ric, renal,
Phosphate Esters : ) bepatic)

The toxicopathy of the nonpestlcide phms— - Gall bladder - RS Fonmalia
phrte esters has been discussed in =another . Yidney . " RS Formatin
report (41). The primary compouads that pro- . S
duce delayed neuropathy in cattle are chemi- Adrenals RS Formalin
cal mixtures given the trivial name of triafyl * Pelvis _+ Ovary Farmalin
phosphates (41-45). Specific gross- visible Vtezus (Fews) RS¢ Formalin
lesions are unot observed during necropsy. — - -
However, drritation and hemorrhages in® the Urinary bladder RS Farmatin
1ntest1nes have been associated w1th trla.ryl Bo“cmw(wmg RS Farmalin
ph:::sphate poisonlng (45} . of iliwm) - :

H:Lstopathologlc lesions are in the perlph— o 0P Seisi serve s Formafin

OILFYELD CHEMICALS )

Tabls 1.

A puide for ussue collecdon in canle su.cps:u:d of being intoxicated hy

aflfield pollutica,

" +10% Beotral bafiEred formatin

. ¥ Represeotative sunpls ) ’
" " The fomms sheuld also be given a detailed pathologic examination

.eral nerves, spinal cord -and brain . (42-45
. The hlstopathulogy varies w:Lt.h the tlme cou

(1) Febriary1396




-aryl phosphates.
degeneration are prominent features of the

.alcohols.

Swelling of axons aznd myelin
axcnopathy. -

" Swelling of the axonal cylinder (20x), with
a transition from basophilie-to-acidophilic
staining properties, were observed in the
gpinal cord of cattle inadvertently or exper-

imentally exposed to triaryl phosphwtes, As-
cending from lumbar to cervical, the lesions
changed in pattern and severity. Histopatho-

logic evidence of axenal degeneration was rot
seen in the L& vertebral region, but a few
swollen axons were observed at L2 and Ti2. 4
marked increase in degenerated axons appeared
at TS5 and at C7. At C3, th.e lesions were more
gsevere near the tips of the dorsal and vemtral
horns. Axonal degeneration was not observed
in the brain. Bilateral demyelination and de-
geperation of the ascending tracts in the

———cgrvical-regions -of the- spinal .cord.were-also .-
seen.

Carbdn Disulfide and Hexacarbon Axonopathy

Other ocilfield related compounds thet can

induce axonopathy ‘are carbon disulfide and
hexacarbons (1). It can be assumed thdt cai-

tle. are. equally sensitive to hexacarbons and

carbon disulfide-induced axonopathy as they
are to nonpesticide organophosphate esters.

‘COLLECTION OF SPECIMENS
IDR HISTOPATHOLDGY

Durlng the necropsy ef cattle wbere o;lfleld
pollution is the suspected czuse of death,
attention to detnils is absolutely necessary.
Heducing the interval between death and ne-
cropsy increases the semsitivity of histo-
pathology by limiting postmortem autolysis.
All organ systems should he examined during
the necropsy procedure.
tissues representing major organs,
the brain, should be preserved in appropriate
Tixative(s):
be recorded during and immediately following
the process.. Tigsues can generally be fixed
in 10% buffered “formalin.
firm fixation {testicle, eye ball) should be
fixed in Bouin's selution. A log should. be
kept of all specimens and samples collected.
A guide for specimen and sample colliecijon is
given (Tables 1,2). - So that there will be a
minimum of errors znd-deleticns, consultation

.with specirlists in toxicology and pathology

should be done hefore

necropsy procedures
commence . :

CONCLUSIONS
is a strategic tool in linking
exposures to effects in cattle. The target
organ{s)} -vary with the lutoxlc&tlng sub-
stance. The respiratory tract is affected by
volatile hydrocarbons, elemental sulfur, sul-
fur compounds and other inhalable’substances.
The gastrointestinanl tract may be drritated
by petroleum hydrocerbons, heavy metals and
Liver pathology can be induced by
petroleum hydrocarbons, glycols

Pathology

posure to petroleum hydrocarbons, glycols and
heavy metals. Clinicopathologic profiles: are

used-todetect renal-and-hepatic toxicity and .

Abnormal tissues and
_1nclud1ng;

Details of the necropsy must,

. Tissues requiring’

and ‘heavy.
metals, Henal pathology -also occurs after ex— - .

Table 2. Guide for eollection of body fhids from cattle suspected of being poisoned with
oilfigld paljutinn, and the collection of environmenial samples.

Smplé Tj‘pl‘:‘ DPescription Quantity Preservative
Bady fluid Rumen contents 500 ml* " Frozen®
Foreign substances As much as Frozen
in the reticulum. pessible
Gastraintestinal 500 ml Frozen
conlents
Whole blood® -30 mi Refrigeration
Seruin 20 mi Refrigemion or
freezing
Urine 100 ml Frozen
Bil= 100 mi Frazen
C:rchmspinnl‘ fluid | 100 ml Frozen
Tissue Liver ‘ 500 g Frozen -
Limg 500 g Frozen
‘Kidney 500 g Frozen
Brain One sagital section | Frozea
Eyeball One Refrigeration
Environmestat - Sump {sludge pit) | Cae liter Refriperation
. sampies . :
Wnt:r(wcl[ dugoul, D;u:‘ liter* Reftigeration
stream)® '
Contaminated 500 g Frozen
fomge - '
Spilled substance{s) | One liter’ Frozen

* Enstre that the container does not contaminate the 5p:cxmcu or sample

v

 The inticoagulant will vary with a.nniym:a] taxicologic lesting r:quu-cd
4 Wn!:r samplcs may rcqm:e special preservatives

t0 nsSess effects ‘on “the immune system.

Car-

diac Iunction miy be altered. by potassium

jons.

by sodium and pota551um ions,
ene glycol and alcohols.

- The central mervous system is affected
and by diethyl-

_Tlmeliness and at-
tention to detzil are essential in coaducting
meaningful pathologic examinations of cattle.

ACKNOWLEDGEMENT

This paper is part-of a large llterature review fund-

sfon, Calgary Alberta.

In ed!t!ng this manuscrlpt Is recognized.

1. Cappor;k RH, Mostrom Hé, khan AA eb 3Y:
: pollutants in cakttle: A review,

2. Coppock RW, Florence LZ, Miller 6 et als

gy of crud:: oil fngestion by cattle.

1992,

3. Coppock RW, Lillie LE, Back BE et al:

Investigation into Livestock Health Complaints Subsequent to

REFERENCES

-ad in‘part by 2 grant from the Albarta Cattie Commis-
The'assistance of Ms MM Schuier

Toxienlogy of oil field

Vet Human Toxicol 37: 5E3-576.

Study on the etholo-
?ux{cu1ugfst 12: 336,

A chart on' the Field

the Dreummond 6-30 Sour Gas Well 8lowoub: September 24-2Z8, 1984,
Atberta Eovironmental Centre Pub11cnt1ﬂn AECVBE-R3, Vngr=v111u.

238 PP»

B, Round JO:
forming emissiens.

RELEN

Clinical syndrumes in Tivestock as.am:iated mth acid

in Coppock -AW et al .eds:

Effects of’ Acid

Forming,Emissions in Livestock: Proceedings of an Internatianzl
. Alberta Enwrunment:al Centre Puhlication AELVSZ" .
©PZ, chrcvﬂ!e‘ 80-92, 1992.° -

Problems in nﬁlnl.enancn nf hr:rd health assa:iatad :

Workshop.

‘5, Kostuch H:

with acid forming emissions:

In Coppack W et al eds:

Effects

a1’




in Livestock: Proceedings of an In-
Center Publiga~

of Acid Forming Emissions
ternztional Workshop. Alberta Environmental
-tion AECVS2-P?, Vegreville: 73-79, 1992,

6. McGlynn D: Preducers observations of the lengterm effects nf
acid forming emissicns in livestack. In Coppock RW et al eds
Effects of Acid Forming Enissions in Livestock: Proceedings uf
an Intermational Workshop. Alberta Env{runman!.al Centre Publi-
cation AECYIZ-P2, Vegreville: 6072, 1892,

7. FEdwards W&, Coppock RW, Zinn L].. -Joxicesis related to the pe-
troleun {ndustry. Vet Human Toxicol 27: 328-337, 1975

8. Rowe LD: The Toxicity of Twa Crude 0i1s and Kerosens to Cai.:ﬂe.
Mi Thesis.  Texas A4H University, College Station: -55, 1572,

9. Rowe LB, Dollahite JW, Camp Bd: Toxicity of two crude oils and
of kerpsene to cattle. J Arn Vet Hed Assoc 16%: 61-86, 1973.

42

Bystrom JH: Study of the Acute Toxicity of !ngested Crude Pe-
troleum Of1 ko Cattle, M5¢” Thesis. University .of Saskatchewan,
-Saskatoan: 1-279, 1969.

11. Parker WH, Williamsan TF: Pacaffin paisoning in cattle. Vet
Rec 63: #30-437, 1951. - -

12. Gihson EA, Linzel] JL: Biese]l oil poisoning in cattle. Vet Rec
£0: &0-&1, 1944, :

13. Barber OLR, Cousin DAH, Seawrighkt Di An episode of Kkerosene
poisoning in dairy heifers. Vet Rec ¥20: GE2-463, 1987. .

i ingearth t: The respiratory system. In Jubh KVF et al eds:
Fsthology of Domestic Anfmals, 3rd ed. Vol 2. Academic Press,
Taronto: §13-536, 1585, '

15, Adrer R, Boermans JE, Moulton JE et al:. Toxicosis in‘shecp
fclluwxng ingestion of natural gas cendensate., Vet Path 29:

) 1i-20, 1393, ,

16. Bumstead WA:  Unusual case uF crude oil puiscnlng af cattle.

’ North Am Vet 30: 712, 1945. .

7. Albort TF, Ramey DB: . Anomasal., displacement. associated with. inz . L.

. gestion of gasoline. J Am Ver; Hed Adsoc 1%5' E0-461, 1964,

18. HMonlux AW, Schoeppel R, Fearson CC ot al: -The effect of ail

- field ‘peliutants an vegetatmn and farm animals. Am J Vet Res
158: 1379-1390, 1371, ’

19. Gibzon EA, Linzell JL: Diesel oil poisnning in aattl«:. . \.’et:
Rec Gl: 60-6%, 1948, ’ .

20. Mostrom WS, Khans AA, Fritz DL et al: Alterations in xennbmttc
metahohzmg entymezs and tissues ultrastruckure in a calf with
exposure to oflfield chemicats. Toxicolegist 13: 267, 1993,

21. Japowski TM, Chmiclowiec J: - Sulfurcza.bydla. Hed Wetar 37:
265-268, 1981, - .

22. Blood DC, Radestits OM: Veterinary Hedicine. Saitliere Tin-
daii, ToruﬂLn' 1239-1275, 1989,

23. Mordstrom GA: A Study of Calf Response Lo Ammonia and Hydrugcn
Suifide Gases. HSc Thesis, University of Atberta, Edmonton,
1975. .

24, Beauchamp R0, Bus JS, Popp JA et al: A critical review of the-
literature an hydrogen sulfide tox{:ﬂ:y. CRC Crit Rev Toxigal .
13: 25-97, 1984, X .

25. Reagor JC, McDonald B: Chromate poisoning in i:att]e:_ A case

"4,

u5,

repart, Southwest Vet 33: 106-11, 1980,
fdwards WC, Wiedemann B: Lead poisoning in the hovine animal.
favine Fractutmn 15: 150-151, 1980,

Blood DC, Radostits OM: Veberinary Nedicine.
dall, Toroato: 1250-125%, 1983,

~Sullivan ND: The nervous system. In Jubb KUF et al eds: Path-
* ology of Doemestic Animals, 3rd ed. Vol 1. Academic Press, Te-
ronto: 201-338, 1985, :

. Barker X, wvan Drenme!, AA:
KVF et &l eds: Pathaology of Domestic Animals,
Academic Press, Toronto: 1-237, 1885,

Osweiler (B, Van Gelder GA, Buck WB: Epidemialogy of Tead poi-
saping in animals. In Oehme FW ed: Toxicology of Heavy Metais
tn the Environment, Part 1. Harcel Dekker, New York: 143-17%,
T 1976, oo

Coppocik RW, Wegﬁcr WC, Reynolds JO et al: Evaluatidn of edetate
and thiamine for treatment of experimentally induced environ-
mental lead poisoning in cattle. Am J Vet Res 5Z: 1860-1865,
1991, . .

Christian RG, Tryphonas L:
sians and hemamlogf_c changes. _

Bailliere Tin-

* ¢
The alimentary system. [n Jubb
ird ad. Vol 2.

30.
EL

Lead poisoning 1o cattles: Brain Ja-
Am J Vet Res 32: 203-Z1&, 1971,

George J¥, Duncan JR: Effect of samplie preparation on basaphil-
.ic stlpphng in bovine blood smears. Vet Clin Path 10: 37-
40, 1981,

Jain NC: Schalm's Veterinary Hemateleoy, rth ed.
biger, i’hi]dde]phm’ 176-207, 1986.

Fritz DL, Coppock RW: Toxicopat.h_y of diethylene glycol in eat-
tle. Tux!:ningist 12: 119, 18992,

- Maxie MG: The urinary system. In.Juhb KVF et al eds: Fatholegy
of Dopestic Animals, 3Ird ed. Vol 2. Academic F‘ress, Torantus:
343-411, 19685,

“Blood DC, Radestits OH: Vctennary Hedlclnc Bailliere Tindall,
Tarento: 1305, 1989.

Breazile JE, Coppock RW: A study of the pathogenesis of salt
{MaCl} in cattle. &0th Annu Conf Res Work Anim Dis, Chicago:
27, 1979, .

Scott W: Salt polsoning in cattlie. Vet J BO: $9-25, 1924,

MgCoy CP, Edwards WC: Sodlum fon poisoning ir livestock from
0ilfield wastes. Hovine Pract 15: 152-154, 1980.

Cappock RW, Mostrom MS, Khan AA ef al: A review of nonpesticide
‘ester-~indueed neurotoaicity in cattle, Vet Human Toxicel 37:
576579,

iea and Fe-

w
N

9.
40.

41.

phosphata toaieity. Am J Vet Res 30: 1461-1464%, 1965.

‘Nichoisen 55: Bovine posterior paralysis due to organophos-
phate.paisoning. J Am Vet Med Assoe 165: 280-181, 14974,

Beck BE, Wood D, Wheahaw Gi:
cakttle. Vet Pathol 14: 128-137,

Julian RY, Ca¥t DE, Butler D:
phosphate poisenéng in cattie.
- 18: 4D7-418, 1976.

Triaryl phosphate poisening in
3977,

Diagnosis of triarthocresyl
Proc Am Assac Vet Laborat Diagn

"HODIFIER MAYHEM

In 2 guest piece appearing in the Ontaric.Globe & ™
Mail, publirc velations manager Robertsen Cochrane re-
minds us of "The Joy of .Dangling Absurdities." He
gays he enjoys collecting misplaced modifiers and
shares these examples taken from various publications:

of Natural Resources has even begun allowing novice.
Trappers to Iearn to trap in the comfort of thelr ewn
living rooms. -

- A pest control company advertised this: "The elec—
tronic stale emits vibrations and "sounds that are in-
tensely annoying te rodents up te 10 feet in dlame—
ter.'" (Better not antagenize them')

— From the National Geographic publications cata-
logue: "Bird-watching chart/map...poster of tvips for
atrracting birds with migration map on back 51de.
{bDoes that interfere with Flying?) | i

~ A Hontredl newspaper said a woman "had moved into
an apartment where she was killed a Eew weeks before
her death.”

— "A Texas television newscaster said, “For the sec-
ond ‘time in two weeks, a Galena Park woman has: been
murdarad. " (Slow learmer...) i

— Cachrane s favorite, however, 1s "When stewed, 1

- like prunes.'

.~ "o help reduce the beaver colonies, the Departmen;‘

Vet Human. Toxicol 88 (i) February 1996

HOW TO SUCCEED IN BUSINESS

You've. heard it béfere, and you'il hear it again:
Start networking. Join a majer orgam.zatlun and, if
available, a local chapter.

berermine your definiticn of success. Is it WDI’i.’.lﬂ[,
70 hours z waek and pockecing a six—figure salary?

“Is.it earnlng §40,000 a year and having enongh time

to: play golf during the week? Is it working part—time
and spending afternocons with the kids?

Save money, at least 6 months' worth of expenses.
Because of the recession; many independents are 5quir-
reling away up to a year s worth of expenses.

If you're up to relocating, choose an area with a
larpge concentration of corporations dr assoclations
(Washington, Wew York, Chicago, major state capitals).

“The competition might be keen, but there are usually

plenty of opportunities.

Build a client base by tapping into collensgues and
former employers, and, if worse comes .ta worse, by
cold-calling.

Read year—end roundups in newspapers :.md business

.wapazines. These artlcleswill help you identify bull-
- ish compadies and. industries that are lllcely to offer |

opportunities. = .
“Get -help with mar&etlng and prnmotlonal materials..
#alf the battle is lecting the world know you exist.

" Dallahite JW, Pierce KR: Meuralogic disturbances due to triaryl.
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