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ABSTRACT

Background: Phosgene, CAS 75 — 44 — 5, is a highly toxic gas at ambient temperature and pressure. It is widely
used in manufacture of plastics, dyes, pharmaceuticals and pesticides. It can also be generated in advertently
during fire involving plastic and other chemicals and solvents containing chlorine. Inhalation is the main route of
exposure. Besides occupational exposure, phosgene is also of concern to emergency teams including early
responders. Lethal dose of phosgene in humans is approximately 500 ppm / min of exposure or exposure to 3 ppm
for 170 minis equally as fatal as exposure at 30 ppm for 17min.Exposure through inhalation to 3 — 4 ppm can
produce an immediate irritant reaction that typically lasts 3 — 30 minutes and includes lacrimation, conjunctiva
irritation, burning sensation in mouth and throat. Inhalation of high concentrations of phosgene may cause initially
symptoms of respiratory tract irritation, patients may feel temporarily fine but a day later may manifests difficulty
or shortness of breath, nausea and vomiting, and chocking may develop within 2 — 6. Skin contact can result in
lesions similar to those of burns and frost. Methodology: Liquid phosgene (69.6 mg) was injected into a 20 liter
static exposure chamber (Fig.1) to obtain phosgene concentration of 3.48 mg / liter. Based on conversion factor
and calculation method reported in literature (CHSR, 2006) this was found to account to 868 ppm. This was
checked by Gas Chromatography according to the method reported by (OSHA,1980). Animals: Male albino rats
(Ratus ratus) weighing 170 — 250 g, whole body exposed to a single lethal concentration of phosgene gas at 868
ppm for 2 min. The exposure chamber was then immediately recondition for 30 min, the animals were then
individually re-caged and kept under pre- exposure conditions. The animals were then sacrificed at different time
intervals within the observation period (2 — 8 h). The animals within the control group were treated similar way
but without exposure to phosgene gas. The lungs of all exposed and non - exposed animals were subjected to
visual and histopathological examinations. Lung section for histopathological studies were prepared following the
method described by Baker and Silverton (1976). The statistical analysis was carried out using one — way
classification analysis of unequal variance test (Duncan, 1955).
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INTRODUCTION

Carbonyl chloride (COCI,) — most commonly known as
phosgene is a colorless toxic gas at ambient temperature
and pressure. It boils at 7.5 ° C, odor threshold,0.4 — 1.5
ppm, and irritation threshold of 3 ppm. Phosgene — is
widely used in the manufacture of plastics, dyes,
pharmaceuticals and pesticides (Gutch et al., 2012). It is
synthetized through reaction between carbon monoxide
and chlorine in the presence of activated charcoal. It can
also be released during decomposition of chlorinated
hydrocarbons or plastics pyrolysis (Mehlman, 1987).
When liguid phosgene is released, it quickly turns into a
gas, and at low concentrations it has a pleasant odor of
newly mown hay or green corn, but its odor may not be
noticed by all. Therefore odor provides in sufficient
warning of phosgene gas. One of the most life
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threatening properties of phosgene is that; at an early
phase of exposure; it exerts only a mild irritant to the
eyes and upper respiratory airways; therefore, it may be
inhaled deeply into the lungs with little discomfort
(Jacobs, 1967, Currie et al, 1987, Lipsett et al, 1994).
Lethal dose of phosgene in humans is approximately 500
ppm for one min of exposure or 3 ppm for 170 min is
equally as fatal as exposure at 30 ppm for 17 min (Diller
and Zante,1982,Currie et al.,1987, IPCS, 1997, Vaish et
al., 2013), and LCTs, of phosgene gas in rats was
reported to be between 500 — 800 ppm (Currie et al.,
1987, IPCS, 1997) and, the 10 - min LDs, value was 80
ppm, and the 30 — and 60 min LCs, values were 20 and
12 ppm ( Zwart et al., 1990), and LD50 value of about
500 ppm for one min(Diller and Zante, 1982).
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Skin contact with liquid phosgene can result in lesions
similar to those from severe burns or frost (Sullivan and
Krieger, 1992). However, although persons exposed only
to phosgene gas do not pose substantial risks of
secondary contamination, but at an ambient temperature
below 8.2°C, can secondarily contaminate response
personnel through direct contact or off - gassing vapor
(ATSDR, 2014). An increased incidence of chronic
pneumonitis incidence and acute fibrinous pneumonia
have been observed in cases of exposure to extremely
high concentrations of phosgene . Fibrinous pneumonia
is an indication of sever lung injury, characterized by the
presence of intra — alveolar fibrinin, the form of fibrin
balls (Santos et al., 2019). Some studies in animal
models, show that at extremely high concentrations,
death may occur before the development of pulmonary
edema (Tobias, 1949). The primary findings in such
cases were attributed to the plugging of pulmonary
capillaries by haemolized red blood cells. It has also
been reported that emphysematous lesions which are
seen in animals may occur as a result of exposure to high
concentrations of phosgene gas (Clay and Rossing, 1964,
Ghio & Hatch, 1996). The present investigation was part
of expanded project aiming at the end (second part of the
study) to find out how a therapeutic protocol can be
linked to the concentration and  expected
histopathological effects of inhaled phosgene gas.

RESULTS AND DISCUSSION

In the past, phosgene gas was classified as a chemical
warfare agent due to its high toxicity, but in modern era
it is widely used in chemical industries. The toxic effect
of phosgene depends on how much phosgene is taken in
and for how long. Its warning properties are slight, and
there is no specific therapy for exposure except
supportive treatments. Therefore, occupational exposure
of phosgene is of great health concern. Cases of exposure
have been reported whereby acute lung damages have
been documented (Polednak, 1980, Lim et al., 1996,
Vaish et al., 2013, Harrison et al., 2014). The lower
respiratory system, namely the lungs are the main and
most affected organs. Thus, exposure to even low
phosgene concentration of (2 ppm for 90 min) by
inhalation, and concentration lower than this may
produce produces chronic pneumonitis (Gross et al.,
1965). Studies in animals have shown that in cases of
chronic exposure to phosgene gas, chronic pneumonitis
and acute fibrotic pneumonia have been observed (Sittig,
1985). Acute exposure to high concentrations induces
severe  pathophysiological and pathophysiological
changes in the lower respiratory system. It has been
reported that at least 5 ppm for 10 min exposure was
necessary for the production of alveolar edema in rats
(Diller et al 1985). The median lethal concentration
(LDsp) for phosgene in humans was found to be in the
range of 500 — 800 ppm (Currie et al., 1987). In
controversy to most animal studies where facial exposure
method was employed, this study was designed to use
whole body exposure for only 2 min which is more
realistic t o the possible I accidental exposure accidental
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exposure to high doses of phosgene. Moreover, facial
exposure for long time creates discomfort for the
animals, causing lacrimation, eyes (conjunctiva), and
irritation of airways and throat. Besides, prolong
exposure duration, especially in static whole body
exposure, may affect the humidity resulting from animals
breathing and sweating, and from released faces and
urine. This study was designed to investigate acute visual
and histopathology changes in lungs of male rats
exposed to a single lethal phosgene concentration at 868
ppm level for 2 min using static exposure chamber
(Figure — 1). Mortality occurred within 2 — 6 hours. As
an early sign of exposure, acidosis was clear as indicated
by difficulty of breathing, significant increase in
breathing rate, accompanied by unique voice; wheezing
as an indication begging of lung edema. Such
observation has also been reported by (Diller et al.,
1985). The visual examination of the lungs of the
exposed animal showed severe congestion, an increase in
the size, weight, and rigidity (Table — 1).Such increase in
the weight and size of the lungs of exposed animals may
be due to the accumulation of fluid in the lung cells of
exposed animals. This may be due to direct contact of
phosgene gas with pulmonary alveoli affecting blood —
gas barrier of alveoli leading to alteration in their semi-
permeability nature resulting in accumulation of liquid
inside the alveoli leading to non — cardiogenic edema.
Similar conclusion has been reported by other
researchers (Coman et al., 1977, Frosolono and
Pawlowski, 1977, Hobson et al., 2019)). The hardness of
the lung (as we not intra — alveolar fibrin in the form of "
fibrin balls" within the alveolar spaces, with a patchy
distribution as an indication of acute lung injury. The
results presented in (Table.l) show significant
differences as percentage ratio and standard error
between the dry and wet of lungs of control and exposed
animals. Such differences may be due to accumulation of
fluids in the lungs (cellular infiltration) as shown in (Fig.
2). The color of these fluids was found to depend on the
severity of the congestion, and was mostly red in color
due to the presence of Erythrocytes (RBCs). The
examination of histopathological sections of lungs of
exposed animals revealed severe congestion of the
arteriolar and venous alveolar membrane walls and the
presence of RBCs in inside the lumen. In addition,
remarkable congestion was also observed in in the
bronchus arteries. Some blood vessels were bleeding and
edematous. A widening in the interstitial pulmonary
spaces was formed due to the presence of edema.
Emphysema of the alveoli and blood vessels congestion
are shown in (Fig. 3). Sever congestion of alveoli blood
vessels and accumulation of proteinaceous fluid inside
the alveoli, while, other main lesions were full of
pulmonary  vacuoles containing the acidophilus
proteinacious fluids (Fig. 4). Similar findings were
reported in mice (Frosolono and Pawlowski, 1977, Duiho
et al., 2002). Stained — sections of pulmonary alveoli
showed regions of different thickness which means the
presence of thrombosis inside the alveolar blood vessels
surround by edema can be seen in (Fig.5). Based on the
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results of this study, it may be concluded that the main
cause mortality of phosgene exposure is the induced of
the non — cardiogenic lung edema which may be related
to the direct contact of phosgene with pulmonary alveoli
which acts in turn upon the blood — air barrier increasing
the degree of permeability of this barrier. This has been
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confirmed in this study by finding diffusion of some
large molecules such as albumen through blood air
barrier which is normally semi — permeable. This was
further confirming when inside the alveoli reacted with
hematotoxylin - eosin stain.as indicated by light pink
color. Such alteration in the nature of this barrier causes.

Table 1: The percentage ratio of the dry weight to wet weight of lungs of exposed and group of rats.

Type of treatment

Mean + standard error (SE)*

Control group

77.57 £ 0.61

Exposed group

87.05 +0.57

*The results are average lungs from 12 animals. The differences seem to be significant on level < 0.05.
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Figure 1: Schematic Diagram o Static Exposure System.

Figure 2: Cellular infiltration of Lung cells of rats exposed to acute high concentration of phosgene gas.
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Figure 3: Emphysema of the alveoli and congestion of blood vessels of lungs of rats exposed to acute lethal

concentration of phosgene gas.

Figure 4: Severe congestion of alveolar blood vessels and accumulation of the proteinaceous fluid inside the
alveoli of lung cells of rats expose to a lethal concentration of phosgene gas within 2 minutes.

CONCLUSION

In this study we focused of the pulmonary injury
associated with the acute inhalation exposure to
phosgene gas. The results suggest that the lungs are the
main target of phosgene gas. An acute inhalation
exposure to a lethal concentration of phosgene at a dose
level of 868 ppm for 2 minutes can induce 100 %
lethality, mainly due to alteration in the semi -
permeability nature of blood — air barrier of alveoli
leading to non— cardiogenic edema as the main cause of
mortality.
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