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Histopathological Study of Short and
Long-Term Pulmonary Effects of

Nebulized Sodium Bicarbonate Treatment
in Chlorine Gas Exposured Rats

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  So di um hypoch lo ri te (known as ble ach) and hydroch lo ric acid are tra di ti o nally
used as cle a ning ma te ri als. Mix tu re of the se two li qu ids yi elds chlo ri ne gas. Chlo ri ne gas ex po su re is
a fre qu ent re a son for emer gency con sul ta ti ons. The re is no ac cep ted spe ci fic tre at ment for re duc ti on
of the pul mo nary in jury. In our study, we ha ve in ves ti ga ted his to pat ho lo gi cally the ef fect of ne bu li -
zed so di um bi car bo na te, the use of which is al so con tro ver si al in the li te ra tu re, in the tre at ment of pul-
mo nary in jury ca u sed by chlo ri ne gas in ha la ti on. MMaatteerriiaall  aanndd  MMeett  hhooddss::  Forty-eight rats we re used.
Rats we re ran domly dis tri bu ted in to five gro ups. Rats in Gro up 1 (n= 8) we re kept un tre a ted thro ug -
ho ut the study. Rats in Gro up 2 (n= 8), Gro up 3 (n= 8), Gro up 4 (n= 12), and Gro up 5 (n= 12) we re ex-
po sed to 155 ppm chlo ri ne gas in ha la ti on for five mi nu tes. Rats in Gro up 3 and 5 we re ad di ti o nally
gi ven ne bu li zed so di um bi car bo na te fol lo wing chlo ri ne gas in ha la ti on. Rats in Gro up 2 and 3 we re sac-
ri fi ced 30 mi nu tes af ter the chlo ri ne in ha la ti on, and rats in Gro up 4 and 5 we re sac ri fi ced 45 days af -
ter the in ha la ti on for his to pat ho lo gi cal exa mi na ti ons. Pul mo nary in jury gra de was determined and the
re sults we re com pa red bet we en gro ups. Sta tis ti cal analy sis was performed using the SSPS 13.0 soft-
wa re. RRee  ssuullttss:: His to pat ho lo gi cal exa mi na ti on of the lungs of rats in Gro up 2 and 3 sho wed acu te in-
jury. The re was no in jury in Gro up 1. All of the rats in Gro up 2 had Gra de 1 in jury. In Gro up 3, 50%
of rats had Gra de 1 and 50% had Gra de 2 in juries. So me of the rats in Gro up 4 and Gro up 5 sho wed
si mi lar in ters ti ti al fib ro sis and al ve o lar emph yse ma to us al te ra ti ons. Gra de 3 in jury was not de ter mi -
ned in any gro ups. CCoonncc  lluu  ssii  oonn::  We conc lu ded that ne bu li zed so di um bi car bo na te in cre a ses the se ve -
rity of pul mo nary in jury in the short-term. It has no ef fects on the in jury in the long-term. 

KKeeyy  WWoorrddss::  In ha la ti on ex po su re; so di um bi car bo na te 

ÖÖZZEETT  AAmmaaçç::  Halk ara sın da ça ma şır su yu ve tuz ru hu ola rak bi li nen sod yum hi pok lo rit ve hid rok lo -
rik asit, ge le nek sel ola rak te miz lik ama cı ile kul la nı lır lar. Bu iki sı vı nın ka rış tı rıl ma sı so nu cu klor ga -
zı or ta ya çı kar. Klor ga zı ze hir len me le ri acil ser vi se sık baş vu ru ne den le rin den bi ri si dir. Bu has ta la rın
te da vi sin de ana yak la şım semp to ma tik ve des tek le yi ci te da vi dir. Or ta ya çı kan ak ci ğer ha sa rı nı azalt -
ma ya yö ne lik ka bul gör müş spe si fik bir te da vi yak la şı mı yok tur. Ça lış ma mız da, klor ga zı in ha las yo -
nu ile oluş tu ru lan ak ci ğer ha sa rı nın te da vi sin de, kul la nı mı li te ra tür de de tar tış ma lı olan, ne bü li ze
sod yum bi kar bo na tın et ki si ni his to pa to lo jik ola rak araş tır dık. GGeerreeçç  vvee  YYöönntteemmlleerr::  Top lam 48 adet
rat kul la nıl dı. Rat lar ran do mi ze ola rak beş gru ba ay rıl dı. Grup 1 (n= 8) rat la ra de ney sü re sin ce hiç -
bir şey ve ril me di. Grup 2 (n= 8), Grup 3 (n= 8), Grup 4 (n= 12), ve Grup 5 (n= 12)’te ki rat la ra beş da -
ki ka sü rey le 155 ppm klor ga zı in ha le et ti ril di. Grup 3 ve Grup 5’te ki rat la ra ek ola rak klor ga zı
in ha las yo nu son ra sı ne bü li ze sod yum bi kar bo nat ve ril di. Grup 2 ve Grup 3’te ki rat lar klor ga zı in ha -
las yo nun dan 30 da ki ka son ra, Grup 4 ve Grup 5’te ki rat lar in ha las yon dan 45 gün son ra his to pa to lo -
jik de ğer len di ril me için sak ri fi ye edil di ler. Pul mo ner ha sar skor la ma sı ya pıl dı ve so nuç lar grup lar
ara sın da kar şı laş tı rıl dı. SSPS 13.0 ya zı lım prog ra mı kul la nı la rak is ta tis tik sel ana liz ler ya pıl dı.  BBuull  gguu  --
llaarr::  Ak ci ğer le rin his to pa to lo jik de ğer len di ril me sin de Grup 2 ve Grup 3’te ki rat lar da akut za rar lan ma
gö rül dü. Grup 1’de hiç bir rat ta za rar lan ma yok tu. Grup 2’de ki rat la rın hepsin de Gra de 1 za rar lan ma
var dı. Grup 3’te ki rat la rın %50’sin de Gra de 1, %50’sin de de Gra de 2 za rar lan ma var dı. Grup 4 ve
Grup 5’te ben zer ola rak rat la rın ba zı la rın da in ters tis yel fib ro zis ve al ve o lar am fi ze ma töz de ği şik lik -
ler gö rül dü. Gra de 3 za rar lan ma hiç bir grup ta tes pit edil me di. SSoo  nnuuçç::  Ne bü li ze sod yum bi kar bo nat
er ken dö nem de ak ci ğer ha sa rı nı art tı rır. Geç dö nem de ise ha sar üze ri ne her han gi bir et ki si yok tur. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Solunumla maruz kalmak; sodyum bikarbonat
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nhalation of chlorine vapor arising from inap-
propriate mixture of bleach water (sodium
hypochlorite), one of the cleaning agent used

in the household, with other acidic products, can
result in chlorine gas exposure.1 The most common
non-professional exposure is the inappropriate
combination of the cleaning agents.2 Sodium
hypochlorite (NaOCl) and hydrochloric acid (HCl)
are effective and cheap solutions used for cleaning
of porcelain, marble and ceramic surfaces. Combi-
nation of NaOCl and HCl produces large amounts
of bubbles and chlorine gas.3 Chlorine gas is a pul-
monary irritant gas with intermediate water solu-
bility that causes acute injury in the lower and
upper respiratory tracts. This gas has a yellowish-
green color and a bitter odor. The density of this
gas is two times greater than that of air. In addi-
tion, it is non-combustible in room temperature
and at normal atmospheric pressure.4,5 The severity
of the toxicity depends on the solubility within tis-
sues and is dependent on dose, which is a function
of concentration, minute ventilation and duration
of exposure.5 The most important result of chlorine
gas exposure is that it produces irritant effects
when it comes into contact with important mu-
cosal membranes within the respiratory tract.6 HCl
and oxygen radicals O- are responsible for chlorine
gas toxicity.1-3

Decrease in ventilated air, non-allergic hyper-
sensitivity, mucosal inflammation in lymphocytes,
and epithelial basal membrane thickening have
been reported following the acute exposure to high
doses of chlorine gas.7

Some clinical studies mention that use of
nebulized sodium bicarbonate (NSB) in emer-
gency patients exposed to chlorine gas has bene-
ficial effects in treating the respiratory problems.
No clinical regression has been reported in pa-
tients given nebulized sodium bicarbonate.1,8,9

However, the use of nebulized sodium bicarbon-
ate is yet controversial.10 In chlorine gas exposure,
rapid sodium bicarbonate administration has been
suggested to neutralize the HCl arising from the
reaction of chlorine gas with the water in the mu-
cosal membranes of the respiratory tract. The
combination of sodium bicarbonate and HCl can

yield heat, causing additional damage in the res-
piratory tract. 

In this study, we aimed to investigate
histopathologically the effect of nebulized sodium
bicarbonate in pulmonary damage that was in-
duced by chlorine gas inhalation. 

MATERIAL AND METHODS
This experimental study has been carried out at the
Animal Laboratory, Pathology and Physiology De-
partments of the Faculty of Medicine, Gaziantep
University, following the approval of the Ethical
Committee (Date:14.05.2007; number: 2007/4).
The protocol was kept in accordance to the
Helsinki Declaration. Forty eight Male Wistar Al-
bino rats weighing 250-300 grams, raised in the
Animal Laboratory of the Faculty of Medicine,
Gaziantep University, were used in the study. 

PREPARATION OF SUBJECTS 

The animals were fed with the standard ration prior
to and during the study. The rats were randomly dis-
tributed into five groups. Group 1 (control group):
Eight rats were used. They were neither exposed to
chlorine gas, nor they were given nebulized sodium
bicarbonate. Tissue samples were obtained for com-
parison with the other groups. The rats in Group 2
(eight rats) were treated with 155 ppm chlorine gas
for 5 minutes; they were sacrificed 30 minutes after
the treatment for tissue sampling. The rats in Group
3 (eight rats) were treated with 155 ppm chlorine
gas for five minutes: They were then given nebu-
lized sodium bicarbonate for 30 minutes and sacri-
ficed for tissue sampling. The rats in Group 4 (12
rats) were treated with 155 ppm chlorine gas for five
minutes, and were then sacrificed after 45 days for
tissue sampling. The rats in Group 5 (12 rats) were
treated with 155 ppm chlorine gas for five minutes,
and were then given nebulized sodium bicarbonate
for 30 minutes and sacrificed 45 days after the treat-
ment for tissue sampling. 

EXPERIMENTAL DESIGN AND 
CHLORINE GAS PRODUCTION 

Two transparent plastic anesthesia chambers of cubic
shape and 25 x 25 cm size were placed one above the
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other. The rats were placed in the lower chamber
and a steel grid was placed between the chambers to
allow gas diffusion. A Petri dish was placed on the
steel grid. A plastic pipette was introduced into the
Petri dish through the hole on the side of the upper
chamber. 10 ml of sodium hypochlorite (Koruma, Is-
tanbul, Turkey) was poured onto the Petri dish using
a 50 ml injector. 10 ml hydrochloric acid (Koruma,
Istanbul, Turkey) was added to the plate through the
same way. An immediate reaction occurred from the
combination of these solutions and a gas appeared
which was supposed to be the chlorine gas. 

Chlorine gas production occurs following re-
actions below:2

a. Chlorine gas formation from HCl and HOCl 

HCl + HOCl ↔ Cl2 + H2O

b. Chlorine gas formation from HCl and NaOCl

HCl + NaOCl ↔ Cl2 + NaOH

c. HOCl and HCl formation from Cl2 gas 

Cl2 + H2O ↔ HCl + HOCl

d. HCl and {O-} formation as a result of the re-
action of chlorine gas with water in the respiratory
tract 

Cl2 + H2O ↔ 2HCl + {O-}    

e. HCl ve {O-} formation from HOCl

HOCl ↔ HCl + {O-}

This chlorine gas diffused to the lower chamber
due to the fact that it was heavier than air. Rats in
Group 2, Group 3, Group 4, and Group 5 were ex-
posed to chlorine gas inhalation. Rats in the Group 1
were also placed in the anesthesia chambers, but kept
unexposed to the gas inhalation. Thereafter, rats were
removed. Four rats were placed in the anesthesia
chamber each time. One liter of 20% NaOH (Merck,
Germany) was introduced in a glass container in the
lower chamber to measure the chlorine gas.

Protective masks, gloves and aprons were used
during the experiment.

MEASUREMENT OF THE CHLORINE GAS LEVEL 

The solution absorbing the chlorine gas was meas-
ured at the Quality Control Laboratory of the Fac-
ulty of Food Engineering. Chlorine gas was measured

under normal barometric pressure and room tem-
perature. Hydrogen chloride and potassium iodide
were added to the NaOH solution which had ab-
sorbed the chlorine gas. The quantity of chlorine gas
was measured by titration with 0.01 mol/L sodium
thiosulfate. The quantity of chlorine gas was deter-
mined as 155 ppm.4 This method is routinely used for
chlorine measurement in the laboratory tap water,
industrial tanks and swimming pools.

NEBULIZED SODIUM BICARBONATE ADMINISTRATION

Two ml of 8.4% NaHCO3 was mixed with 2 ml of
physiological saline, yielding 4 ml of 4.2%
NaHCO3. Rats in Group 3 and 5 were placed in the
transparent anesthesia chambers of 25 x 25 cm.
Nebulized sodium bicarbonate was administered to
the rats for 30 minutes through the hole on the side
of the anesthesia chamber, by means of a transpar-
ent pipe connected to the nebulizer (Mod. Air 3000
plus, Norditalia Elettromedicalis, Brescia-Italy).
Rats in Group 1, Group 2 and Group 4 were placed
in the same chamber, inhalating air instead of neb-
ulized sodium bicarbonate. 

HISTOPATHOLOGICAL EVALUATION

Rats were sacrificed and their chests were opened
following anesthesia induced with 120 mg/kg in-
traperitoneal thiopental administration. The lungs
and the hearts were removed completely. Routine
tissue fixation procedures were followed and all tis-
sues were blocked with paraffin and sections of 5-
8 microns were prepared. All tissues were stained
with hematoxylin-eosin (HE) and evaluated by
light microscopy. Staining was performed with the
HE stain. Stained preparations were evaluated
under the light microscope. 

The microscopic evaluations were made by the
same person who did not have any knowledge about
groups. Pulmonary injury scoring was done (Table
1) and the results were compared between groups.

The severity of pathological findings and in-
jury grade was determined according to Broccard
and his colleagues’ criteria.11

STATISTICAL ANALYSIS 

The Simplex Fisher’s Exact test in the SPSS 13 pro-
gram and the Chi-square test were used for the sta-
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tistical analyses between the groups. In the result of
the comparison between the groups, p values of <
0.05 were accepted as significant.

RESULTS
In this experimental study, we obtained the fol-
lowing findings from the histopathological exami-
nation of pulmonary tissues of the rats in Group 1,
Group 2, Group 3, Group 4 and Group 5.

No injury was found in the pulmonary tissues
of rats in Group 1 (Figure 1). Histopathological ex-
amination of the pulmonary tissues of the eight rats
(100%) in Group 2 showed mild congestion, inter-
stitial and alveolar edema, a mild injury associated
with interstitial neutrophil infiltration, in addition
to neutrophil and erythrocyte-filled alveoli (grade
1) (Figure 2). The difference between Group 1 and
Group 2 was statistically significant (p< 0.001).
Histopathological examination of the pulmonary
tissues of the rats in Group 3 showed that there was
a mild injury in four rats (50%), and a moderate in-
jury associated with moderate congestion, intersti-
tial edema and alveolar edema in four rats (50%)
(Figure 3). The difference between Group 1 and
Group 3 was statistically significant (p< 0.001). The
pulmonary injury in rats in Group 3 was more se-
rious, compared to Group 2. The difference in in-
flammation grade between Group 2 and Group 3
was statistically significant (p= 0.038). Histopatho-
logical classification of rats in Group 1, Group 2 and
Group 3 was demonstrated in the Table 2. In the
histopathological examination of the pulmonary
tissues of the rats in Group 4, we observed normal
pulmonary tissues in five rats (41.7%), mild inter-
stitial fibrosis and emphysematous alterations in

the lungs of four rats (33.3%) and moderate inter-
stitial fibrosis and emphysematous alterations in
three rats (25%) (Figure 4). In the histopathologi-
cal examination of the pulmonary tissues of the rats
in Group 5, we found normal pulmonary tissues in
six rats (50%), mild interstitial fibrosis and emphy-
sematous alterations in five rats (41.7%) and mod-
erate interstitial fibrosis and emphysematous
alterations in one rat (8.1%) (Figure 5, 6). There
was no significant difference in inflammation be-
tween Group 4 and Group 5 (p= 0.548). Histopatho-
logical classification of rats in Group 1, Group 4 and
Group 5 was presented in the Table 2.         

DISCUSSION

Chlorine gas is a pulmonary irritant gas with inter-
mediate water solubility that causes acute injury in
the lower and upper respiratory tracts.5 The mech-
anism of chlorine gas toxicity has been suggested
to be due to HCl and {O-} arising from the reaction
between chlorine gas and water on the moist sur-
face of the airways following the inhalation. These
two agents have been reported to be responsible for
the pulmonary injury.1-3 Today, as there is no spe-
cific treatment for the pulmonary injury caused by
chlorine gas exposure, the fundamental approach
is symptomatic treatment with moistened oxygen
and bronchodilators.5,10 In this study, we have in-
vestigated whether nebulized sodium bicarbonate
treatment prevents pulmonary injury caused by
chlorine gas. 

In our country, in emergency practice, the eti-
ology behind chlorine exposure cases is mixing the
bleach water and hydrochloric acid used in the
household cleaning. The number of patients pre-
senting to the emergency units for this reason is not

Grades Histopathological classification of short term pulmonary findings Histopathological classifications of long term pulmonary findings

Grade 0 No Injury No Injury

Grade 1 Mild injury; mild congestion, interstitial edema, few neutrophils and Mild injury; slight interstitial fibrosis and mild alveolar 

erythrocytes in the alveoli associated with interstitial neutrphil infiltration emphysematous alteration

Grade 2 Moderate injury; moderate congestion, interstitial edema and Moderate injury; moderate interstitial fibrosis and 

partial alveolar neutrophil infiltration moderate alveolar emphysematous alteration

Grade 3 Severe injury; marked congestion, interstitial edema and Severe injury; severe interstitial fibrosis and 

almost complete alveolar neutrophil infiltration alveolar emphysematous alteration

TABLE 1: Histopathological classification of short and long term pulmonary findings.11
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so few. However, due to the fact that university
faculty hospitals are not the primary healthcare
centers to which these patients generally present
to, we believe that most of these patients go un-
registered, as regular statistical data only come
from faculties, and scientific researches are only
carried out in these faculties. Nevertheless, there
are numerous case series in our country reported
by the medical faculties.3,9,12

There have been previous studies carried out
with various doses and duration on chlorine gas in
rats, sheep, porcine and dormice.4,13-15 We selected
rats as the experiment animals in our study, since
they met our conditions the best. Most of the re-
cently reported chlorine gas exposures include ex-
posures caused by the inhalation of toxic vapor
arising from mixing of hypochlorite-containing

household cleaning products with acid prod-
ucts.1,8,12,16 Therefore, we obtained the chlorine gas
by mixing bleach water and hydrochloric acid sold
in the market. Pulmonary injury caused by chlorine
gas inhalation depends on the dose and duration of
inhalation. We observed accelerated respiration in
all rats by the third minute, and immobility by the
fifth minute. In addition, we found that this immo-
bility continued until the end of the experiment in
the rats in Groups 2 and 3, and the motor activities
of rats in Groups 4 and 5 began to recover slowly by
the first hour. No deaths were observed in the ex-
perimental groups throughout the experiment. 

In the histopathological examination of the
pulmonary tissues of the rats in Group 2, we found
mild congestion, interstitial and alveolar edema,
and a mild injury associated with interstitial neu-

FI GU RE 3: Gra de 2 al ve o lar and in ters ti ti al ede ma and he morr ha ge in the in-
ters ti ti al area (Gro up 3) (HE, x200).

FIGURE 4: Grade 2 interstitial fibrosis (Group 4) (HE, x200).

FIGURE 1: Normal rat lung (Group 1) (HE, x200).
FIGURE 2: Grade 1 alveolar and interstitial edema (Group 2) (HE, x200).
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trophil infiltration, and alveolar neutrophil and
erythrocyte infiltration. The difference between
Group 1 and Group 2 was statistically significant.      

In the study of Yildirim et al. in which 1330
ppm of Cl2 gas was administered for 15 minutes, it
was reported that vascular congestion, diffuse
intra-alveolar edema, and acute alterations associ-
ated with interstitial and alveolar hemorrhages
were found in the pulmonary tissues of rats sacri-
ficed immediately after the inhalation.5 We found
similar alterations in Group 2 and Group 3. How-
ever, the findings in our experiment were milder,
as we gave chlorine gas at a lower dose and for a
shorter period. 

Batchinsky et al. carried out a study giving Cl2
gas of 120, 240-350 and 400-500 ppm concentra-
tions for 30 minutes to sheep under anesthesia and
followed up the subjects in the mechanical venti-
lator for 96 hours post- chlorine gas inhalation.15

During the follow-up, no deaths were seen in the

Group treated with 120 ppm chlorine gas, while
five out of 11 sheep had died in the group treated
with 240-350 ppm, and 10 out of 12 sheep died in
the group treated with 400-500 ppm chlorine gas.
In the microscopic examination of the pulmonary
tissues of the group treated with 120 ppm chlorine
gas, they found localized regional necrosis associ-
ated with capillary congestion, edema, fibrin de-
posits and acute inflammation in the bronchial
epithelium. They showed that higher doses caused
necrosis, fibrin accumulation and spread of inflam-
mation to all adjoining alveoli and that the lesions
invaded the entire lung. They also determined that
there was an increase in edema and necrosis in line
with the increase in the dose of chlorine gas. No
deaths were observed in our study throughout the
study in the rats given 155 ppm chlorine gas. Our
findings were consistent with the histopathology
of sheep given 120 ppm chlorine gas. 

Martin et al. found bronchial epithelium ero-
sion, patch injury in the alveoli, proteinous exu-
dates and inflammatory cells in the wall of the
alveoli in the histopathological examination of
mice pulmonary tissues 24 hours after the exposure

Groups Grades Total, N, %

0 1 2 3

Group 1

N 8 0 0 0 8

% 100 0 0 0 100

Group 2

N 0 8 0 0 8

% 0 100 0 0 100

Group 3

N 0 4 4 0 8

% 0 50 50 0 100

Group 4

N 5 4 3 0 12

% 41.7 33.3 25 0 100

Group 5

N 6 5 1 0 12

% 50 41.7 8.3 0 100

Total

N 19 21 8 0 48

% 39.6 43.7 16.7 0 100

TABLE 2: Results of histopathological examination of
lungs of rats in groups.

FI GU RE 5: Grade 1 interstitial fibrosis (Group 5) (HE, x200).

FIGURE 6: Grade 1 emphysema (Group 5) (HE, x100)
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to 800 ppm chlorine gas.17 They found
macrophages, granulocytes, epithelial cells and an
increase in the nitrate/nitrite levels in the alveolar
lavage liquid. They reported that chlorine gas
caused functional and pathological alterations in
the bronchioles in relation with oxidative stress. 

Demnati et al. exposed Sprague-Dawley rats to
1500 ppm chlorine gas for 5 minutes.8 They ob-
served epithelial necrosis and detachment, increase
in the smooth muscle volume, mucous cellular hy-
perplasia and epithelial regeneration, and reported
that most of these alterations recovered within 90
days. They reported a significant correlation be-
tween histopathological and functional alterations.

Gunnarsson et al. administered 140 ppm of
chlorine gas for 10 minutes to pigs under anesthe-
sia, connected them to the mechanic ventilator,
and observed them for six hours.6 Then, the ani-
mals were sacrificed for histopathological exami-
nation. They reported that severe pulmonary
dysfunction developed during this interval, in ad-
dition to dilatation in the small and intermediate
bronchioles, enlargement in the alveolar space,
edema in the alveolar septum, and desquamation
in the epithelial cilia at the mucosal surface and in-
flammatory cells in the desquamated cells. 

In the histopathological examination of pul-
monary tissue samples of the rats in Group 3, we
found mild injury in four rats, and moderate con-
gestion and moderate injury associated with inter-
stitial and alveolar edema in four rats. The
difference between Group 3 and Group 1 was sta-
tistically significant. The injury was more severe in
the rats in Group 3 when compared to Group 2.
These results showed that nebulized sodium bicar-
bonate increased the severity of pulmonary tissue
injury in the short-term.

There are a limited number of reports on the
use of nebulized sodium bicarbonate following
chlorine gas inhalation. Most of these reports are
case series, reporting that nebulized sodium bicar-
bonate has reduced the symptoms of the patients.
These reports include no recovery of the patients
with serious symptoms following the nebulized
sodium bicarbonate treatment, but only mention
recovery in patients with mild symptoms. We

found only one study about nebulized sodium bi-
carbonate use following experimental chlorine gas
treatment, in the form of a congress presentation.
In this study on sheep, one group was given 4%
nebulized sodium bicarbonate following chlorine
gas inhalation and another group was given nebu-
lized physiological serum. This study reports that
the PO2 values were higher and the PCO2 values
were lower in the treatment group, and that the
mortality rate was similar in the two groups after
the 24-hour observation period, and no difference
was found between the two groups in the
histopathological examination of lungs of the ani-
mals sacrificed after 24 hours.18 We did not carry
out blood gas analysis and respiratory function tests
in our current study. The injury in the nebulized
sodium bicarbonate group was higher in the pul-
monary histopathology, compared to the results of
our study. 

Aslan et al. administered short acting β2 ago-
nist and intravenous corticosteroid to all of the 
44 patients that developed RADS following expo-
sure to chlorine gas, arising from the combination
of NaOCl and HCl in inappropriate conditions.9

Additionally, half of the patients were given 4.2%
nebulized sodium bicarbonate. They tested the pul-
monary functions of all patients before and after
the treatment. They found that pre-treatment
FEV1 scores were similar in all patients; post-treat-
ment FEV1 scores were evidently higher, compared
to other patients in patients who were given neb-
ulized sodium bicarbonate in addition to standard
treatment. They reported that the use of nebulized
sodium bicarbonate was advantageous. Vinsel re-
ported that the symptoms of three patients with
cough, dyspnea and chest pain following chlorine
gas inhalation at the swimming pool recovered fol-
lowing the administration of 3.75% nebulized
sodium bicarbonate.10 Bosse reported that 86 pa-
tients with cough, dyspnea, wheezing, without pul-
monary edema and with respiratory insufficiency
not requiring mechanical ventilation following
chlorine gas inhalation were given 5% nebulized
sodium bicarbonate and that no deterioration in
the clinical status of the patients developed fol-
lowing nebulized sodium bicarbonate treatment.1
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Bosse reported that the use of nebulized sodium bi-
carbonate following Cl2 gas inhalation was safe and
advantageous. In America, 22 soldiers out of 72,
suffering from exposure caused by chloramine gas
arising from mixing of hypochlorite with ammonia
during barracks cleaning, were given nebulized
sodium bicarbonate of 3.75% concentration. No
significant difference was reported in the compar-
ison of the results with the soldiers not treated with
nebulized sodium bicarbonate.19 Ahmed et al. ad-
ministered nebulized sodium bicarbonate to five
patients with acute asthma attack in order to in-
vestigate whether the alkalinization of the sticky
acidic mucus in asthma patients would cause an im-
provement of symptoms.20 They reported that
PEFR scores of patients showed a rapid increase
following the nebulized sodium bicarbonate ad-
ministration and no deterioration in their symp-
toms was observed. They also stated that the
recovery was due to the recovery of bronchospasm,
rather than alkalinization of the mucus.

In the histopathological examinations, we
found complete recovery in the lungs of some of
the rats in Group 4 and Group 5, and alveolar em-
physematous alterations associated with mild and
moderate interstitial fibrosis in some of the rats.
The comparison of these two groups showed no
statistically significant difference. 

Yildirim et al. gave 1330 ppm chlorine gas for
15 minutes to the rats, observed them for 45 days
after the inhalation, and found thickening in the
alveoler septa of the lungs in all rats due to inter-
stitial fibrosis and basal membrane thickening.5 Ex-
posing rats to high doses of chlorine, Demnati et al
found that the acute findings recovered in the
histopathological investigation of pulmonary tis-
sues of rats after 90 days, however bronchial re-
sistance continued in six rats out of eight.8

Deschamps et al. reported a case, which presented
with the complaints of cough and wheezing two
days after inhalation of the gas arising from the
mixture of sodium hypochlorite and hydrochloric
acid.21 The patient had mild bronchial obstruction
and hyperactivity in the respiratory function test.
The symptoms were alleviated by bronchodilators,

but the patient suffered from asthma attacks two
months later. Although inhalational steroid was
begun, they reported that the asthma attacks of the
patient still continued after two years. They found
epithelial destruction, a mild inflammatory re-
sponse, and sub-epithelial connective tissue thick-
ening in the bronchial biopsy performed before the
steroid treatment. In our study, we found emphy-
sematous alterations and interstitial fibrosis in some
of the rats at the end of 45 days. In 1975, Schwartz
et al. found obstruction in the flow of air and a ven-
tilation trap from the respiratory function tests in
20 healthy individuals exposed to high doses of
chlorine gas.22 During approximately 12 years of
observation of these people, they found that the
ventilation trap had recovered, but the ventilation
obstruction persisted, and that there was a reduc-
tion in the residual volume. They reported that ex-
posure to high dose chlorine gas can result in
chronic pulmonary complications characterized
with low residual volume. Moore and Sherman
have reported a case with chronic asthma following
exposure to chlorine gas.23 Lemiere et al. reported
a case with RADS development following inhala-
tion of chlorine gas whose symptoms persisted for
5 months.24 In our study, we observed that there
was still interstitial fibrosis and emphysematous al-
terations after 45 days in some of the rats. 

Considering the results of these studies and
our study, chlorine gas inhalation can cause severe
problems and death due to severe pulmonary in-
jury. The tissue injury can occur over prolonged
periods and can lead to chronic pulmonary dis-
eases. The observation period of the patients suf-
fering from exposure to chlorine gas inhalations
should be kept long. After the treatment in the
emergency unit, these patients should be moni-
tored for the development of chronic pulmonary
diseases. 

In conclusion, we suggest that nebulized
sodium bicarbonate treatment following chlorine
gas inhalation increases the pulmonary injury in
the short term, and does not reduce the pulmonary
injury in the long-term. Therefore, we suggest that
the use of nebulized sodium carbonate is not ap-
propriate following chlorine gas inhalation.
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