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Abstract
Para-chloronitrobenzene (p-CNB), a hazardous and toxic substance, is widely used as an intermediary in chemical 
industries. p-CNB can cause methaemoglobinaemia due to electron-withdrawing properties of the nitro and chlo-
rine groups. We present a case of a 23-year-old man suffering from thermal burns and p-CNB poisoning. In this 
case, severe methaemoglobinaemia was caused by the absorption of p-CNB through the burn wounds. Despite ac-
tive treatment, such as the antidote of methylene blue, the patient’s methaemoglobinaemia progressed, with slowly 
increasing methaemoglobin (MetHb) level. This case highlights the complexity and difficulty of managing this type 
of injury. To our knowledge, this case can be the first case report describing methaemoglobinaemia induced by p-CNB 
in a patient with thermal burns.
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INTRODUCTION

Chloronitrobenzenes, which are widely used as in-
termediaries for chemical syntheses of drugs, her-
bicides, dyes and other products, have 3 isomers: 
ortho-  (o-CNB), meta-  (m-CNB), and para-chlo-
ronitrobenzene  (p-CNB)  [1]. Of these, p-CNB is 
the most toxic  one  [2]. It is a yellow crystalline com-
pound that is freely soluble in boiling alcohol, ether 
and in carbon disulphide, but is insoluble in water [3]. 

Para-chloronitrobenzene is also a hazardous material, 
which can cause methaemoglobinaemia in humans and 
animals due to electron-withdrawing properties of the 
nitro and chlorine groups  [1,4]. Severe methaemoglo-
binaemia can be a life-threatening condition  [5]. In 
addition, p-CNB is weakly mutagenic and carcinoge
nic [6,7]. However, few reports describe methaemoglo-
binaemia induced by p-CNB. To our knowledge, no case 
of thermal burns combined with p-CNB poisoning has 
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administration of 2 g of vitamin C every 8 h,  30 mg of cy
tochrome  C every 12  h, and 20  mg of dexamethasone 
every 12 h. Skin that surrounded the wounds was 3 times 
cleaned thoroughly with 75% alcohol. The wound surfaces 
were irrigated and scrubbed carefully with a  large quan-
tity of water, until there were no macroscopical contami-
nants or pungent odour. Then, the wounds were covered 
with 1% sulfadiazine silver cream and gauze; the dressing 
was changed every other day. Blood samples were taken 
periodically to evaluate the MetHb levels, hepatic and re-
nal function and SaO2.
Between the  2nd and 7th  day after admission, the pa-
tient’s situation fluctuated frequently, with intermit-
tent cyanosis and dyspnoea. The SpO2 monitored by 
pulse oximetry was very low  (Figure  1), but increased 
rapidly after infusion of 1  mg/kg of methylene blue. 
Subsequently, the patient’s dyspnoea was temporari
ly alleviated. When the SpO2 declined below  80%, ad-
ministration of 1 mg/kg of methylene blue was repeated 
intravenously. On days 3, 5, and 7, fresh red cell suspen-
sions (400  ml, 200  ml, and 600  ml, respectively) were 
transfused for support. During this period, the patient’s 
MetHb levels rose slowly (Figure 1).
On day  8, the patient developed sudden, severe dys-
pnoea, accompanied by chest tightness and evident 
cyanosis. His vital signs included: core temperature  – 
37.4°C, heart rate  – 92  beats/min, blood pressure  – 
149/94 mm Hg, respiratory frequency – 28 breaths/min, 
SaO2  – 96.7%, and SpO2  – 69%. The white blood 
cell (WBC) count was 26 300/mm3, the platelet count – 
88 000/mm3, and MetHb – 42.8%. After an intravenous 
injection of 2  mg/kg of methylene blue, the SpO2 in-
creased quickly to 91%. The chest X-ray was performed 
again to confirm no abnormalities. The patient’s burn 
wounds had dissolved eschar. After removing the es-
char and necrotic tissues, following the 2nd debride-
ment, the red wound basement was exposed with evi-
dent bleeding. On day 9 the MetHb level of the patient 

been reported recently. Therefore, it seemed important 
to describe this clinical case.

CASE DESCRIPTION

A 23-year-old male, weighing 61 kg, suffered from a scald 
by the heated liquid of p-CNB  (120°C), which resulted 
in the 2nd-degree burns to  20% of the total body sur-
face area  (TBSA), affecting his face, neck, right chest 
and right upper limb. After irrigating the area with water 
for ~ 15 min in the workshop, and 3 h post-burn he was 
taken to our Emergency Department (ED). When he ar-
rived at the ED, his blood pressure was 110/70 mm Hg, 
pulse – 87  beats/min, respiratory rate – 20  breaths/min, 
and oxygen saturation via pulse oximetry  (SpO2) on the 
room air  – 92%. But the value of  SpO2 declined rapidly 
to  84%. The patient was tired, had dyspnoea, and obvi-
ously, had cyanotic skin, lips and nail beds. The majority 
of burn wounds turned black red as the blisters exfoliated, 
although some other areas were contaminated with light 
yellow chemical particles.
Partial results of blood tests, including routine examina-
tions, arterial blood gas (ABG) analysis, and electrolytes 
are listed in Table 1. When drawing blood for the tests, the 
blood was chocolate brown and did not turn red on vigor-
ous shaking. Renal and liver function and serum electro-
lytes were normal. The percentage of MetHb in the blood 
was 11% (normal ~1%). Chest X-ray and electrocardio-
gram (ECG) were normal.
Based on the detailed history, clinical manifestations and 
laboratory results after admission, second-grade burns 
to 20% of the TBSA, and chemical poisoning were imme-
diately suspected. In addition to the routine critical care 
and oxygen support (first, via nasal cannula, and then via 
endotracheal intubation), our initial management consisted 
of the immediate intravenous administration of 120 mg of 
methylene blue (2  mg/kg) over 5  min, in order to main-
tain the patient’s SpO2 above 80%. Other actions included 
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was 12.6%, and declined gradually to the normal range 
until the 14th day post-burn.
The patient was treated with antibiotics, which were ad-
justed based on the results of bacterial cultures and drug 
sensitivity. After day 8, the patient’s symptoms improved 
gradually, and his wounds finished re-epithelization by 
day 29. In addition, the patient’s hepatic function declined 
slightly, with an increasing alanine transaminase, which 
peaked (516  U/l) on day  16 and returned to normal by 
day 31 through the protective liver treatment. On day 35, 
the patient was transferred to the rehabilitation depart-
ment for further treatment.

Table 1. Initial laboratory profiles when sent to the emergency department

Parameter Measure Reference range
Complete blood cell count

white blood cell count (×109/l) 14.80 4.00–10.00
hemoglobin (g/dl) 16.20 13.00–17.00
platelet count (×109/l) 188.00 150.00–350.00

Electrolytes (mmol/l)
Na 139.40 135.00–145.00
K 3.10 3.50–5.50
Ca 1.85 1.75–2.25
P 1.39 0.97–1.61

Chemical battery
aspartate transaminase (IU/l) 19.00 40.00
alanine transaminase (IU/l) 29.00 40.00
total bilirubin (mg/dl) 20.30 1.70–20.50
creatinine (μmol/dl) 110.00 44.00–133.00
glucose (mmol/l) 19.38 3.90–6.10
urea nitrogen (mmol/l) 6.70 3.20–7.10

Arterial blood gas analysis 
pH 7.37 7.35–7.45
partial pressure of carbon dioxide (mm Hg) 40.60 35.00–45.00
partial pressure of oxygen (mm Hg) 142.00 80.00–90.00
base excess –1.50 3.00–3.00
bicarbonate (mmEq/l) 23.80 23.00–29.00
oxygen saturation (%) 99.10 94.00–100.00

MetHb – methaemoglobin; SpO2 – oxygen saturation via pulse oximetry.

Fig. 1. The change trend of SpO2 and MetHb
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suspected, 2 mg/kg of methylene blue as a 1% solution 
was infused intravenously via a syringe pump. Methylene 
blue is the antidote of choice for acquired methaemoglo-
binaemia [15]. This increased the oxygen saturation via 
pulse oximetry above 80%. While waiting for the labora-
tory results, the wounds were debrided and washed with 
water and  75% alcohol to remove any macroscopical 
chemicals on and around the wounds, until there were 
no obvious contaminants or odour.
The patient’s SpO2 was low and fluctuated over a wide 
range, while the ABG analysis indicated that the SaO2 
was always in the normal range. Tejesh  et  al.  [16] have 
indicated that pulse oximetry readings are spurious and 
unreliable, and thus, suggested that patients with meth-
aemoglobinaemia should be monitored using ABG rather 
than the traditional pulse oximetry. However, traditional 
pulse oximetry seemed more reasonable in our patient. At 
present, co-oximetry at 4 wavelengths has been regarded 
as the most accurate method for determining the oxygen 
content of blood, and has been used for the non-invasive 
measurement of MetHb levels [13,17]. Additionally, pulse 
co-oximetry at 8 wavelengths can be also selected for the 
non-invasive measurement of MetHb [18]. In the case of 
our patient, an invasive method was necessary to diagnose 
methaemoglobinaemia due to the limitations of measure-
ment tools such as co-oximetry.
In the first week after admission, despite vigorous treat-
ment, the patient remained unstable with intermittent cya-
nosis and dyspnoea. The MetHb level increased gradually, 
and methylene blue had little effect. On day 8, the MetHb 
level peaked, and the patient showed signs and symptoms 
of severe hypoxia. This might have been related to the ex-
plosive absorption of p-CNB from the wounds surface. As 
known, p-CNB is very lipophilic and could stick to wound 
eschar, making itself difficult to wash out. With the grad-
ual dissolution of eschar, p-CNB in the dissolved eschar 
was absorbed into the blood stream. On day  8, massive 
eschar dissolved and released quantities of p-CNB, which 

DISCUSSION

Para-chloronitrobenzene, an important industrial chemi-
cal, can induce methaemoglobinaemia by converting oxy-
haemoglobin to MetHb [8]. Injuries caused by p-CNB are 
extremely rare. In 1977, Harrison described a patient with 
acute poisoning following ingestion of p-CNB, who devel-
oped severe toxic methaemoglobinaemia [9]. In 1985, Ta-
buchi et al. [10] reported that 11 longshoremen at Osaka 
South Port in Japan were poisoned with p-CNB after bags 
of the substance that were being loaded onto a ship acci-
dentally tore; the lungs and skin were considered the main 
pathways of p-CNB absorption. Our patient got burnt by 
hot liquid of p-CNB, and lost the intact skin barrier as 
a consequence of thermal injury. The p-CNB contamina
ted the wounds surface, and released a pungent odour. The 
broken skin barrier facilitated absorption of the poison, as 
documented in the literature [11]. Acute p-CNB poisoning 
presenting with methaemoglobinaemia is an uncommon 
medical emergency. 
According to the principals of treating chemical burns, 
there are 5 first aid measures: 1) removing the chemical 
agent, 2)  treating any systemic toxicity and side-effects 
of the agent, 3)  providing general support, 4)  consider-
ing specific agents if appropriate, and 5)  caring for the 
burns [12]. In the case of our patient with chemical burns, 
we emphasised respiratory support, removal of the chemi-
cal agent, administration of specific drugs to treat methae-
moglobinaemia, and protection of vital organs.
Signs of impaired oxygen delivery, such as hypoxia and 
cyanosis, are often the first indicators of abnormal hae-
moglobin  [13]. Methaemoglobinaemia should be sus-
pected when cyanosis persists despite oxygen therapy, 
a  low SpO2 with normal ABG oxygen saturation, and 
when “chocolate brown” blood fails to turn red on vig-
orous shaking  [14]. On admission, although the nasal 
cannula was replaced by endotracheal intubation to 
provide 100% oxygen, the patient’s signs and symptoms 
improved only little. Since methaemoglobinaemia was 
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were absorbed into the bloodstream and caused severe 
methaemoglobinaemia. 
Furthermore, the existence of p-CNB on the burn wounds 
could hinder normal healing of the 2nd-degree burns, 
which as a result took 29 days to heal completely. Because 
of the unstable situation of this patient after admission, 
more progressive surgical intervention had been put off. 
After the second debridement to remove the dissolved 
eschar and other necrotic tissues, the patient’s situation 
converted quickly. It now seems that an earlier and more 
thorough debridement or surgical excision would have 
been more effective and beneficial for this patient. Addi-
tionally, catabolism of p-CNB is complicated [19], and the 
effect of metabolites of p-CNB on methaemoglobinaemia 
is unknown.

CONCLUSIONS

In summary, this case report describes a successful mana
gement of a patient with thermal burns with methaemo-
globinaemia. In this case, severe methaemoglobinaemia 
was caused by the absorption of p-CNB through the burn 
wounds. Despite active treatment, including: respiratory 
support, immediate wound cleaning and intravenous infu-
sions of methylene blue, the patient’s methaemoglobinae-
mia progressed, with slowly increasing MetHb levels. All 
of these could be closely related to the characteristics of 
p-CNB. Since this type of chemical burn is rare, there was 
no reported experience to use as a reference. However, 
the integrated therapy might have been critical for the suc-
cessful treatment of this patient. Among these, early and 
thorough surgical intervention is highly recommended.
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