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Abstract: Introduction: On March 6th,2020, chlorine gas leak was reported at Engro Polymer & Chemicals Plant in Karachi
City, Pakistan. This study aimed to evaluate the clinical features and outcomes of patients who presented to
emergency department (ED) following this event. Methods: This retrospective cross-sectional study, evaluated
the clinical features and outcomes (length of hospital stay, complications, and mechanical ventilation require-
ment) of patients presenting to ED of Aga Khan University Hospital, Karachi, Pakistan, with history of chlorine
gas exposure at the Engro Plant from 6th March to 14th March 2020. Results: 38 patients with mean age of 33.1
+ 8.1 years presented to ED with history of chlorine gas exposure (100% male). 4 (10.5%) cases had comorbid
diseases. Most common presenting symptom was dyspnea, observed in 33 (86.8%) cases, followed by cough,
seen in 27 (71.1%) subjects. 13.2% (5/38) patients had infiltration on chest x-ray and 33 (86.8 %) required hos-
pitalization. 6 (15.8%) patients had repeat presentation requiring hospitalization or ED visit. 18 (47.4%) were
managed with high flow oxygen therapy, 9 (23.7%) required non-invasive ventilation and one patient was intu-
bated due to development of pneumo-mediastinum. Mean length of stay was 1.55 + 1.58 days and no patients
died. Presence of tachycardia was the only finding significantly associated with need for oxygen (p = 0.033) and
non-invasive ventilation (p = 0.012). Conclusion: The majority of patients presenting with acute chlorine gas
exposure showed good clinical outcomes and rapid recovery, however, a high index of suspicion and vigilance
should be maintained for complications such as pneumomediastinum and acute respiratory distress syndrome
in these patients.
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1. Introduction at concentrations greater than 50 ppm. Death results within

. X . . . few to 30 minutes in exposures with 400 ppm and over 1000
Chlorine gas, a simple halogen irritant, is available world- . .
. i . . K ppm concentrations, respectively(2). Exposure can result
wide as a household and industrial chemical. Through oxi- i . ) . .
from multiple sources, which include industrial accidents,

inappropriate use of household cleaning agents, swimming
pool chlorination accidents, burning of solid chlorine prod-

dation and free radical formation (1) halogen pulmonary ir-
ritants (HPIs) cause respiratory mucosal damages, and con-

comitant ophthalmological and dermatological manifesta-
p & & ucts, and deliberate release as a chemical weapon such as in

World War One and Syrian Conflict(3). Health effects of chlo-
rine gas inhalation vary based on age, comorbid conditions,

tions(2). Manifestations are dose-dependent, with mucosal
membrane irritation occurring at concentrations less than 15
m, milder respiratory clinical features at concentrations . .
ppm, P y . exposure duration, and various other factors(3, 4). Inhala-
more than 30 ppm, and pneumonitis and pulmonary edema . . . L.
tional injury results in acute short-term clinical features and

long-term changes in lung function, which manifest as reac-

tive airway dysfunction(5, 6). Industrial accidents resulting
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P 8 6th, 2020, chlorine gas leak was reported at Engro Polymer &

Chemicals Plant in Karachi City, Pakistan(13). Over one hun-
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dred workers were reported to have been exposed and were
taken to different health care facilities in Karachi; some were
brought to Aga Khan University Hospital for further manage-
ment. This study aimed to evaluate clinical features and out-
comes of patients who were accidentally exposed to chlorine
gas in the industrial accident.

2. Methods
2.1. Study design and setting

This study is a retrospective cross-sectional study conducted
in Aga Khan University Hospital, Karachi, Pakistan, from
March - April 2020. Ethical approval was taken from Insti-
tutional Ethics Review Committee Aga Khan University Hos-
pital (ERC:2020-4918-10961).

2.2. Participants

All patients with history of chlorine gas exposure at the Engro
Plant from 6th March to 14th March 2020 presenting to Emer-
gency department and those hospitalized in Aga Khan Uni-
versity Hospital, Karachi, Pakistan were included in the study.
Patients were enrolled based on consecutive non-probability
sampling. Patients with incomplete records were excluded.
Diagnosis of chlorine poisoning was made based on expo-
sure history, clinical presentation, and laboratory and radio-
logical findings.

2.3. Data collection

Data collection was done using a pre-designed proforma.
Data was collected on demographic profile, co-morbid con-
ditions, presenting clinical features and other symptoms, ex-
amination findings, oxygen requirement, laboratory finding,
imaging findings, and management. Retrospective review
of files and electronic health records was done. Patients
who had not undergone chest x-rays or arterial blood gas
tests were categorized in missing data. Length of hospital
stay, complications, and mechanical ventilation requirement
were considered as outcomes.

2.4. Statistical analysis

Data analysis was done in SPSS Version 23. Categorical data
were reported with frequencies and percentages. Continu-
ous data were reported as mean and standard deviation. Nor-
mality tests were done to assess normality and parametric or
nonparametric tests were used accordingly. Fischer’s exact
and chi-square tests were done to compare categorical data,
and student t-test was done to compare quantitative data. A
p-value < 0.05 was considered significant.

gt B Clinical and laboratory findings of studied cases

Variables Values
Symptoms

Dyspnea 33 (86.8)
Cough 27 (71.0)
Cough and dyspnea 25 (65.7)
Chest pain 17 (44.7)
Headache 5(13.2)
Sore throat 4 (10.5)
Nausea 4(10.5)
Vomiting 2(5.3)
Physical examination

Tachycardia 19 (50.0)
Tachypnea 29 (76.3)
Expiratory wheeze 4 (10.5)
Bilateral lung crepitation 7(18.4)
Arterial Blood gas (n=13)

Mean pH 7.35+0.14
Median Po2 mmHg (IQR) 64 (55.5-94.0)

Median PCo2 mmHg (IQR)

41.5 (38.9 - 46.75)

Laboratory parameters (n=32)

Hemoglobin(g/dl) 14.65+ 0.99
White cell count(x107) 13.89+ 4.64
Neutrophils (%) 79.43 £12.01
Neutrophilia 17 (44.7)
Lactate(n=13) 2.18+1.27
Sodium(mmol/1) 139.28 +2.27
Potassium(mmol/]) 4.00 +£0.38
Bicarbonate(mmol/l) 25.15+2.74
Chloride(mmol/1) 104.56 + 1.74
Troponin(ng/ml) 0.0072 + 0.0036

Data are presented as mean + standard deviation or
frequency (%). Complete baseline laboratory data were
available for 32 patients who were shifted to emergency room
long stay area; whereas this was missing in other patients as
they were observed clinically and discharged from short stay
area.

3. Results

38 patients with the mean age of 33.1 + 8.1 (range: 21 - 55)
years presented to emergency department with history of
chlorine gas exposure during the defined study period (100%
male). 4 (10.5%) patients had comorbid conditions (3 hyper-
tensions, 2 diabetes mellitus, and 1 ischemic heart disease).
Table 1 summarizes the clinical and laboratory findings of
studied cases. Most common presenting symptom was dys-
pnea, observed in 33 (86.8%) cases, followed by cough, seen
in 27 (71.1%). Among the unusual presenting features, pre-
syncope/syncope was reported by three patients and loose
stools were reported by one patient.

Chest x-rays were done in 32 (84.2%) patients; among
these patients 5/32 patients (15.6%) had abnormalities (pul-
monary edema in 2 patients, pneumomediastinum and sub-
cutaneous emphysema in one patient, bilateral inhomoge-
neous consolidations in one patient and infiltrates in right
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e P Management and outcomes of studied patients

Variables Values
Length of stay (days)

Mean + SD 1.55+1.58
<1* 29 (76.3)
2 6(15.8)
>4 3(7.9)
Disposition

Ward 24 (63.2)
Emergency department 7(18.4)
Special care unit 6 (15.8)
Intensive care unit 1(2.6)
Management

Salbutamol nebulization 32 (84.2)
Ipratropium nebulization 34 (89.5)
Systemic steroids 13 (34.2)
Sodium bicarbonate nebulization 2(5.3)
Beclomethasone nebulization 5(13.2)
Supplemental oxygen 18 (47.4)
Non-invasive ventilation 9 (23.7)
Mechanical ventilation 1(2.6)

Data are presented as mean + standard deviation (SD) or
frequency (%). *: 10 (26.3%) were hospitalized for < 6 hours.

infra-hilar region in one patient).

Table 2 shows the management and outcomes of the cases.
33(86%) patients required hospitalization and 6 (15.8%) pa-
tients had repeat presentations requiring hospitalization or
emergency department visit. 18 (47.4%) were managed with
high flow oxygen therapy, 9 (23.7%) required non-invasive
ventilation, and one patient was intubated due to devel-
opment of pneumomediastinum on repeat presentation to
emergency department. Mean length of stay was 1.55 + 1.58
days and no patients died. Tachycardia was the only finding
significantly associated with need for oxygen supplement (p
=0.033) and non-invasive ventilation (NIV) requirement (p =
0.012; table 3).

4, Discussion

This study describes the presenting features, outcomes,
management, and complications observed in patients af-
ter an industrial disaster resulting in accidental exposure to
chlorine. The proportion of presenting affected population
was significantly lower than that observed in other larger-
scale disasters due to smaller scale and nature of the inci-
dent. However, the findings of this study can predict what
challenges and patient outcomes can occur in case of any
event causing exposure on a larger scale in a metropolitan
city such as Karachi in a lower-middle income country. Al-
though many case studies have been published on acciden-
tal chlorine exposure due to swimming pool accidents and
household exposure, there are few studies on large scale in-
dustrial exposure.
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All patients in our study were males and adults. This ac-
counts for the relatively better outcomes in our study since
children are reported to be more severely affected by chlo-
rine exposure(14). This was observed in various studies as
children had a higher hospitalization rate and longer hospi-
tal stay(14).

The presenting features and symptoms of the patients were
similar to those observed in other observational studies.
Cough and dyspnea were the most common symptoms ob-
served in our study. Sever et al.(11) in Turkey reported sim-
ilar outcomes and clinical features in 39 patients presenting
to emergency department after accidental chlorine gas expo-
sure. Cough and dyspnea were seen in 64.1% and 30.8% of
the patients, respectively. Sever et al.(11) also reported these
as the most common symptoms. In a systematic review of
over 37 incidents of accidental chlorine exposure in civilians
(n=1566), cough and dyspnea were also the most common
presenting features, observed in 29% and 22% patients, re-
spectively(2). In contrast, Kim et al. reported headache as the
most common symptom observed in patients exposed(14)
and eye irritation with sneezing was common in patients in a
study by Ammoura et al. in Jordan(7). Physical signs showed
significant correlation with outcomes in a study by Khilji et
al. from Oman(9). However, tachycardia was the only find-
ing significantly associated with oxygen or NIV requirement
in our study.

30.8% were asymptomatic and physical examination was un-
remarkable in the majority (64.1%) of patients and the most
common physical examination finding was tachypnea in a
study on evaluation of 39 cases of chlorine exposure by Sever
et al. in Turkey(11). However, the majority of patients had
an abnormal physical examination in our study; tachypnea
was the most common physical sign, found in 29 (76.3%) pa-
tients. All 71 patients (100%) had presented with respiratory
complains after the train derailment incident in Graniteville,
California(12). On physical exam wheeze (46%) and crackles
(29%) were the most common findings; tachypnea was ob-
served in 46%(12). Giilolu et al. (8)from Turkey also reported
10.4% asymptomatic subjects and normal physical examina-
tion in the majority (71.6%) of patients.

Only one patient (2.6%) had abnormal x-ray in the study by
Sever et al.(11); in contrast to 15.6% patients having abnor-
mal chest x-ray findings in our study. Non-invasive ventila-
tion was required in 9 (27.3%) patients in our study, in com-
parison, no patient in their study required non-invasive or
invasive mechanical ventilation. Chest x-rays were done in
71.7% (76/106) and x-rays were pathological in only 6 (5.7%).
In contrast, 40/71 (57%) of the hospitalized patients devel-
oped abnormal findings after the Graniteville train derail-
ment incident(12), most of these x-ray changes occurred on
the first day of exposure and infiltrates were frequent find-
ings. The role of chest-x-ray in management after chlo-
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DR Association between some clinical features and need for oxygen supplementation and non-invasive ventilation (NIV)

Variable Total (n) Oxygen P NIV P
Age (years)

=40 6 4 (66.7) 3 (50.0)

<40 32 15 (46.9) 0-33 6 (18.0) 0.13
Chest x-ray abnormality

Yes 5 5 (100.0) 4 (80.0)

No 27 14 (51.9) 0.049 5(18.5) 0.013
Tachypnea

Yes 29 16 (55.2) 9 (31.0)

No 9 3(33.3) 022 0 0.061
Tachycardia

Yes 19 13 (68.4) 8 (42.1)

No 19 6 (31.6) 0033 1(5.3) 0019

Data presented as mean + standard deviation (SD) or number (%). WBC: White blood cell; CT: computed tomography scan;
ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; CPK: Creatine Phosphokinase; LDH: Lactate dehydrogenase;
BUN: Blood urea nitrogen; COPD: Chronic obstructive pulmonary disease.

rine exposure is controversial; most recommend it in cases
of pulmonary edema or acute respiratory distress syndrome
(ARDS), however, others recommend a baseline chest x-ray
in all patients with exposure to assess radiological progres-
sion(3).

Kim et al.(14) did not report any laboratory abnormalities
among the 209 non-hospitalized patients after chlorine ex-
posure. Arterial Blood Gas (ABG) assessments were done
in only 55 (77%) cases in a study by Van Sickle (12). Mean
pH was 7.32, which was similar t07.35 reported in our study.
25 (45%) patients had respiratory acidosis in their study as
compared to 30% in our study and 18 (10%) had hypox-
emia in their study as compared to 69.2% of our patients in
whom ABGs were assessed. Similarly, ABG assessments were
not done in 85/106 (80.2%) patients in a study by Giilolu et
al.(8) Among those with ABG assessments,results were within
normal ranges in 13/21 (61.9%), 4/21 (19.04%) had hypoxia,
3/21 (14.2%) patients had hypercarbia and one patient had
hypocarbia and respiratory alkalosis.

In a systematic review of 36 studies(2), overall death rate in
1566 individuals was 0.6%, all of the 9 patients who had died
in that systematic review belonged to the study on Gran-
iteville train derailment incident(12).There were four cases of
spontaneous pneumomediastinum (0.3%)(2). Our study had
one case of pneumomediastinum, and no patient died. Al-
though this study did not assess lung function tests, chlorine
gas exposure can result in long-term sequela due to reduc-
tion in lung function and this was reported in various stud-
ies(10, 15, 16).

Masoumi et al. from neighboring Iran reported significant
problems, which were encountered after chlorine gas leakage
in Dezful, Iran(10). Prevention of these events requires envi-
ronmental regulations, chlorine safety-related guidelines im-
plementation and pilot safety studies in industrial installa-

tions. Emergency response systems in hospitals for rapid
implementation during these disasters can ensure effective
management.

5. Limitation

Limitations of our study include being single-centered and
retrospective study design. Exact number of exposed peo-
ple is not known and patients presented to various tertiary
care hospitals in Karachi after the incident; therefore, out-
comes of those patients are not known. Distance from leak-
age site; exposure duration, and concentration of chlorine
was not documented properly. Long-term follow up of pa-
tients was not done to assess for persistence of symptoms.
Moreover, lung functions test during admission and post-
admission were not done to assess bronchial hyperactivity.
Our center is a large tertiary care private hospital; therefore,
the results of the study cannot be generalized to other centers
in the country.

6. Conclusion

The majority of patients presenting with acute chlorine gas
exposure showed good clinical outcomes and rapid recovery;
however, a high index of suspicion and vigilance should be
maintained for complications such as pneumomediastinum
and acute respiratory distress syndrome in these patients.
Prevention of these events requires environmental regu-
lations, chlorine safety-related guidelines implementation,
and pilot safety studies in industrial installations. Moreover,
in case of these incidents the duration of exposure, proximity,
and concentration of the toxin should be documented.
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