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Summary
A swine producer reported severe chemical
skin burns and high death losses when a
group of finisher pigs was exposed to a
combination of hydrated lime and sodium
bicarbonate. Hydrated lime, an alkalinizing
agent commonly used in industry and agri-
culture, is derived from limestone. We re-
port clinical and experimental evidence
that sodium bicarbonate can intensify the
caustic effects of this form of lime.
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Lime is a generic term referring to
several compounds derived from
limestone, which is a sedimentary

rock or fossil consisting primarily of cal-
cium carbonate or a combination of cal-
cium carbonate and magnesium carbonate.
Heat treatment of limestone releases car-
bon dioxide leaving calcium oxide, also
known as quicklime. When mixed with
water, quicklime forms calcium hydroxide,
commonly known as hydrated or slaked
lime.

Limestone, quicklime, and hydrated lime
are widely used in industry and agriculture
as alkalinizing agents.1 The beneficial ef-
fects of lime are well recognized. It reduces
moisture and odors in animal facilities,2

and when applied to poultry litter2 or saw-
dust bedding for dairy cows,3 hydrated
lime raises the pH, discouraging bacterial
proliferation.

The caustic nature of lime and lime prod-
ucts is also well recognized. The pH of a

saturated solution of limestone and water
ranges between 8 and 9, depending on the
solubility of the particular preparation.
Quicklime rapidly hydrates in water, form-
ing a solution of calcium hydroxide which
may vary in pH from 11 to 13, depending
on concentration and temperature.1

Alkaline compounds cause liquefaction
necrosis of tissues, producing extensive,
penetrating damage in a rapidly progressive
manner. Saponification of fats and solubili-
zation of proteins allow deep penetration
into tissues. The extent of injury depends
on the specific tissue exposed, pH, and
contact time. Although esophageal injury
may occur at pH 11.8,4 a higher pH is
probably required to injure intact skin.
Hydration of quicklime (calcium oxide) is
an exothermic reaction,5 giving this com-
pound the potential for causing both ther-
mal and caustic burns.

Alkali burns have been reported in a hu-
man exposed to calcium hydroxide in wet
cement,6 and another who fell into a caus-
tic lime pit.7 The risk of corneal or con-
junctival damage makes ocular exposure to
alkali of special concern in human medi-
cine.8 Reports of alkali burns in animals
are rare, although a case involving swine
was reported from the Netherlands.9

Case description
A farrow-to-finish swine producer reported
that 140 of 220 pigs housed in a finishing
barn had died during a 2-day period. The
producer had moved 220 mixed-breed bar-
rows and gilts, ranging in weight from 70–
90 kg (154–198 lb), onto empty confine-
ment floors of an open-front, naturally
ventilated building with a solid concrete

floor. Six pens, each measuring 4.3 m ×
21.3 m (14' × 70') had been scraped clean
of manure. On the advice of a feed sales-
man, 22.7 kg (50 lb) of hydrated lime
(Ca(OH)2 ) was spread in each pen imme-
diately before the pigs were allowed access.
Within 5 hours, the pigs seemed uncom-
fortable and five had died. As the pigs had
rolled in the hydrated lime and had it on
their skin, the producer washed them with
water and a commercial laundry detergent.
He contacted the feed salesman, who sug-
gested that the wrong type of lime had
been used, and advised the producer to
neutralize the lime by applying sodium
bicarbonate (NaHCO3 ) to the skin of the
pigs. By the following morning, 140 of the
220 pigs had died.

The next day, two mixed-breed barrows
weighing approximately 90 kg (198 lb)
were presented to the University of Mis-
souri Veterinary Teaching Hospital, as rep-
resentative of the herd problem. Both pigs
had painful, necrotic skin lesions on the
ventral aspect of the abdomen and thorax,
the caudal and plantar aspects of the rear
legs, and the face and the ears (Figures 1
and 2). One pig was euthanized and
necropsied immediately. A complete blood
count and a serum chemistry profile on the
remaining pig revealed no abnormalities.

Gross necropsy on the first pig revealed
extensive epidermal necrosis, and mild to
moderate subcutaneous edema associated
with some skin lesions. Mild nasal turbi-
nate atrophy was observed, and there were
slightly depressed and reddened lobules in
the cranial lung lobes. The stomach mu-
cosa was slightly hyperemic. No other gross
lesions were apparent.

Histopathologic findings included full-
thickness epidermal necrosis and superficial
dermal necrosis. Underlying the necrotic
dermis was a mixture of polymorpho-
nuclear and mononuclear inflammatory
cells, including multifocal aggregates of
eosinophils. Scattered hemorrhages were
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observed in the deeper dermis. Mild, mul-
tifocal peribronchiolar lymphoid hyperpla-
sia was observed in the lungs.

Skin lesions of the hospitalized pig were
cleansed with dilute povidone iodine solu-
tion and treated with silver sulfadiazine
ointment. The pig had a stiff gait and was
reluctant to move, but attitude and appe-
tite remained normal. The gait and skin
lesions gradually improved, and the pig was
discharged from the hospital on the ninth
day after admission. Unfortunately, the 78
other surviving pigs were lost to follow-up.

Because deaths and abnormal behavior had
been observed after the pigs had contacted
the hydrated lime, but before sodium bi-
carbonate was applied, we questioned
which compound caused the dermal necro-
sis. An experiment was designed to evaluate
the caustic potential of various forms of
lime individually and in combination with
sodium bicarbonate.

Experimental study design
Materials and methods
Two mixed-breed white pigs weighing ap-
proximately 30 kg (66 lb) were obtained
from a university research herd. Pigs were
handled in accordance with the “Guide for
the Care and Use of Laboratory Animals,”
NIH publication 86–23, 1985, and under
the supervision of the University of Mis-
souri Animal Care and Use Committee.
These pigs were normal by physical exami-
nation and observation for each of 6 days
prior to initiating the experiment.

Three powdered lime preparations were
evaluated for caustic potential according to
a modified Draize test.10 The test prepara-
tions were

• calcium hydroxide (hydrated lime),
• calcium oxide (quicklime), and
• a mixture of equal parts by dry weight

of calcium hydroxide and sodium
bicarbonate.

One gram of each of the powdered prepa-
rations was applied to an area of moistened
skin (1 sq in) on the right lateral trunk of
each pig. The powdered preparations were
secured to the skin by covering with a non-
adhering dressing and an elastic bandage
around the trunk. Pigs were monitored
visually for signs of discomfort, and the
bandages were removed after 6 hours.
The test sites were examined for signs of
irritation, then washed with a commercial

laundry detergent and water and allowed to
dry. Thirty minutes later, sodium bicarbon-
ate was applied to the site previously cov-
ered with calcium hydroxide. This site was
re-bandaged as previously described, and
the pigs were monitored for signs of dis-
comfort. The bandages were removed after
3 hours and the sites were examined for
signs of irritation.

Seven days after the first experiment, a sec-
ond experiment was performed to evaluate
each compound applied as an aqueous
paste. One gram of each test compound
was mixed with 2 mL of water to make a
paste, which was applied to the left side of
each pig as previously described. Test sites
were observed and examined as in first ex-
periment. The calcium hydroxide test site
on each pig was cleaned and an aqueous
paste of sodium bicarbonate was applied.
This site was bandaged and examined
after 3 hours as described for the first
experiment.

Results
In the first experiment, neither pig devel-
oped any detectable dermal reaction to any
of the three test materials applied as dry
powder, nor were any signs of discomfort
observed. No detectable dermal reaction
was observed at the site where the sodium
bicarbonate had been applied after the cal-
cium hydroxide.

In the second experiment, both pigs
showed signs of mild discomfort as evi-
denced by rubbing their left sides against
the pens. They appeared otherwise normal.
When the bandages were first removed,
both pigs showed a severe dermal reaction
at the site of the calcium hydroxide and
sodium bicarbonate combination paste. In
each case, there was a dark necrotic eschar
4–5 cm in diameter, with mild peripheral
erythema. One pig developed an area of
erythema without necrosis, approximately
1 cm in diameter, at the site where calcium
oxide paste had been applied.

Discussion
In this case, the lime preparation spread on
the pens was labeled calcium hydroxide.
The owner of the pigs reported abnormal
behavior and deaths presumed to be caused
by caustic effects of the lime. However, in
our experiments, we could not demonstrate
caustic effects from calcium hydroxide
alone. We do not have a completely satis-
factory explanation for the abnormal be-
havior and deaths of the first five pigs. Per-
haps a wider distribution of lime over the
pigs’ bodies and a longer exposure time
might have created some discomfort; how-
ever, we do not believe that exposure to the
hydrated lime alone caused the dermal in-
jury and high death losses seen in this case.

When sodium bicarbonate was applied to

Figure 1: Scalded leg on affected
pig

Figure 2: Scalded ventrum on
affected pig
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the skin of the pigs in an effort to neutral-
ize the effects of the lime, it produced the
opposite effect. Calcium hydroxide
(Ca(OH)2) and sodium bicarbonate
(NaHCO3), both weak alkalis, combine to
form sodium hydroxide (NaOH), a strong
alkali known as lye. This chemical reaction
is represented by the following equation:

Ca(OH)2 + NaHCO3 —> NaOH + CaCO3 + H2O

We believe the sodium hydroxide was re-
sponsible for the injury and death of most
of the pigs. This hypothesis is supported by
our experimental observations. The paste
made of hydrated lime and sodium bicar-
bonate caused lesions comparable to those
observed in the field case. We believe that
the lesions observed in the nasal cavity,
lungs, and stomach of the field case were
incidental and unrelated to the primary
cause of death, that is, caustic alkali burns.

We included quicklime (calcium oxide) in
the patch testing in case the lime used on
the farm had actually been quicklime, al-
though it was labeled “hydrated lime.” One
pig showed some reaction to the quicklime
and water patch, possibly because of the
exothermic reaction of quicklime and wa-
ter, but this reaction was mild compared to
the one at the hydrated lime-sodium bicar-
bonate site.

When caustic alkalis such as sodium
hydroxide contact tissues, the hydroxide
anion saponifies fatty acids in cell mem-
branes, destroying membrane integrity, and
also causes swelling and shortening of col-
lagen. Focal softening and liquefaction of
the tissue ensue, a condition referred to as
liquefactive necrosis. In severe burns, the
release of inflammatory mediators may
cause hemodynamic disturbances,
including circulatory shock and ischemic-
reperfusion injury. Death may occur due to
circulatory failure or multiple organ fail-
ure.11 Multiple organ failure is believed to

be the most common cause of death in
burn patients even in the absence of un-
controlled infection.12 In these pigs, death
was probably caused by shock syndrome
and multiple organ failure after more than
50% of their skin surface was severely
burned by caustic chemicals.

In this case, lime was used in the relative
absence of organic matter or bedding,
contrary to uses suggested in the literature.
Organic matter could be expected to
buffer some of the alkalizing effects of
lime. Although we do not believe that the
lime alone was responsible for the injury to
these pigs, it might be prudent to exercise
caution when using lime in animal envi-
ronments without organic matter for
bedding.

The initial response of the producer in this
case was to wash the pigs with water and
laundry detergent. This response was ap-
propriate, as the cornerstone of treatment
for any chemical skin burn is copious lav-
age with water. Burns caused by strong al-
kalis may require continuous lavage for one
to two hours before tissue pH returns to
normal.13 Neutralization of a chemical
with a weak acid-base opposite is not rec-
ommended, because the search for the neu-
tralizing agent may delay immediate lavage,
and the neutralization reaction may be exo-
thermic, causing further damage.13 This
case illustrates a third reason for not at-
tempting neutralization treatment: the
wrong neutralizing agent may be chosen.

Implications
• Hydrated lime and sodium bicarbonate

are common agricultural and house-
hold chemicals. Each compound
individually is a mild alkali with
minimal or slight caustic potential.

• Hydrated lime and sodium bicarbonate
combine in water to form sodium
hydroxide, a strong alkali and caustic

agent capable of causing severe alkali
burns.

• Suspected chemical skin burns should
be treated with copious lavage with
water. Neutralization treatment is not
recommended.
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