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Abstract
Ethylene phosphorodifluoridite (C2H4F4O2P2) (CAS No. 3965-00-2) is a colorless corrosive fuming liquid that is used as a stabilizer in the electrolyte 
of rechargeable batteries. There are no previous reports of toxic effects following exposure to this compound. A 28-year-old male complained of 
respiratory distress after accidental inhalation of ethylene phosphorodifluoridite for 30 min. The patient developed acute lung injury with non-
cardiogenic pulmonary edema and was treated with supportive management. The patient fully recovered and was discharged after 7 days without 
any significant sequelae. The patient’s symptoms were attributed to non-cardiogenic pulmonary edema caused by ethylene phosphorodifluoridite 
exposure. The case study showed that ethylene phosphorodifluoridite should be added to the list of chemicals that can cause acute lung injury. 
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BACKGROUND
Acute exposure to a  high concentration of a  toxic gas 
can cause inhalation injury to the  respiratory tract  [1]. 
For a given toxic gas, the concentration, water solubility, 
and duration of exposure determine the extent of respi-
ratory damage and other clinical effects [2]. Depending 
on the  type and the  amount of chemical inhaled, a  pa-
tient may experience symptoms that range from minor 
respiratory tract discomfort to injuries of the lung paren-
chyma cells that lead to pneumonitis, pulmonary edema, 

acute respiratory distress syndrome, and even death. 
Water-soluble gases dissolve in the upper airway and im-
mediately cause mucous membrane irritation, so an ex-
posed individual can act quickly to avoid additional expo-
sure. In contrast, gasses with less water solubility may not 
dissolve until they are well into the respiratory tract, often 
the lower airways, where they can cause severe bronchi-
olitis [3]. A respiratory system exposed to toxic chemicals 
may also act as a systemic toxin delivery system.
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Clinical information
The patient initially experienced dizziness, nausea, and 
general malaise, and then fainted. The other worker who 
was further away from the reactor, and was not exposed 
to ethylene phosphorodifluoridite found him collapsed on 
the floor. Approximately 1 h after the initial exposure, his 
vital signs were stable (blood pressure: 120/80  mm  Hg, 
heart rate: 80 bpm, respiratory rate: 16 breaths/min, tem-
perature: 37.0°C, O2 saturation (SpO2): 99% in room air). 
However, he gradually suffered from worsening dyspnea 
and an increased respiratory rate. An initial arterial blood 
gas analysis (ABGA) showed a pH of 7.42, a carbon diox-
ide pressure (PaCO2) of 37 mm Hg, a PaO2 of 72 mm Hg, 
a  bicarbonate (HCO3−) level of 24.7 mmol/l, and 93% 
oxygen saturation of arterial blood (SaO2) with 3 l/min 
of oxygen administered via a  nasal cannula. The  alveo-
lar-artery oxygen difference (AaDO2) was calculated as 
110 mm Hg, suggesting gas exchange problems. A reserve 
mask with 15 l/min O2 was needed to keep his SpO2 in 
the normal range before transfer to Ulsan University Hos-
pital, Ulsan, Republic of Korea.
Upon arrival at the  emergency department of Ulsan 
University Hospital (3.5  h after exposure), the  patient 
was still dyspneic and complained of chest tightness, al-
though his vital signs were stable. During inhalation of 
15 l/min O2 via a  reserve mask, ABGA indicated acute 
respiratory acidosis (pH 7.35, PaCO2 45  mm  Hg, PaO2 
159  mm  Hg, HCO3− 24.8 mmol/l, lactate 3.5 mmol/l, 
and SaO2 99%). The  AaDO2 was greatly aggravated 
(493 mm Hg). The results of a physical examination were 
unremarkable except for a  first-degree chemical burn 
limited to the  right forearm. The  laboratory findings 
showed elevated levels of D-dimer (4.74 µg/ml, refer-
ence range: 0.0–0.5 µg/ml), lactate (3.5 mmol/l, reference 
range: 0.5–2.5 mmol/l), procalcitonin (PCT) (3.14 ng/ml, 
reference range: 0.0–0.05 ng/ml), and LDH (258 IU/l, 
reference range: 106–230 IU/l), but normal levels of car-
boxyhemoglobin, methemoglobin, and C-reactive pro-

Ethylene phosphorodifluoridite (1,2-bis-difluorophos-
phanyloxy-ethane) (C2H4F4O2P2) (CAS No. 3965-00-2) is 
a colorless, corrosive fuming liquid that is water-soluble 
(3.9 g/100 ml water), and adopted as an electrolyte sta-
bilizer in rechargeable batteries. There are no previous 
reports of the toxic effects of ethylene phosphorodifluori-
dite inhalation. In this report, we describe a patient who 
developed acute lung injury after accidental inhalation of 
ethylene phosphorodifluoridite.

CASE REPORT
A 28-year-old male worker who was previously healthy 
and a  non-smoker, was transported to the  emergency 
center of a local general hospital approximately 1 h after 
accidental exposure to ethylene phosphorodifluoridite 
(1,2-bis-difluorophosphanyloxy-ethane), a stabilizer used 
in the electrolyte of rechargeable batteries, for 30 min.

Exposure scenario
He worked in a process in a chemical factory where a reac-
tor produced ethylene phosphorodifluoridite. The reaction 
in the reactor was as follows: 3 (1,2-bis-dichlorophosphi-
noyloxy-ethane) + 4 SbF3 → 3 (1,2-bis-difluorophosphany-
loxy-ethane; ethylene phosphorodifluoridite) + 4 SbCl3. 
He was accidentally exposed to ethylene phosphorodi-
fluoridite leaked from the reactor for approx. 30 min due 
to the mistake of valve operation by another worker in an 
operating room. He was working close to the reactor, and 
was most likely exposed to a high concentration of eth-
ylene phosphorodifluoridite because this material, with 
a boiling point of 89.6°C, was synthesized in the reactor 
at an operation temperature of 250°C. After the accident, 
the  safety manager confirmed that the  leaked gas was 
ethylene phosphorodifluoridite. However, the  quantita-
tive exposure assessment of ethylene phosphorodifluori-
dite was not performed. He was wearing a half-face air-
purifying respirator with cartridges providing protection 
against organic vapor.
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gested more prominent features of pulmonary edema 
than the upper lobes (Figure 2). The subpleural consoli-
dative nodules in both lower lobes in the chest CT could 
be interpreted as atelectasis. Two hours after arrival at 
the hospital, he was weaned from the reserve mask and 
a 6 l/min nasal cannula with a SpO2 of 98% was used.
The next day, his dyspnea and chest tightness worsened. 
During nasal inhalation of 3 l/min of oxygen, the  re-
sults of an ABGA (pH 7.339, PaCO2 46.6 mm Hg, PaO2 
73.8  mm  Hg, HCO3− 24.5 mmol/l, lactate 2.32 mmol/l, 
SaO2 94%, AaDO2 76  mm  Hg) suggested acute respira-
tory acidosis (Figure 1b). On day 3, the patient continued 
to have mild dyspnea, but his hypoxemia and laboratory 

tein (CRP). There were no other serological or laboratory 
abnormalities (coagulation, electrolyte, blood chemistry, 
cardiac markers, and brain natriuretic peptide levels) 
except for mild hypocalcemia (1.12 mmol/l, reference 
range: 1.14–1.32 mmol/l).
A chest X-ray showed ill-defined pulmonary nodules and 
increased opacities in both lungs (Figure 1a). A  chest 
computed tomography (CT) showed extensive ill-defined 
ground-glass opacities (GGOs) with smooth interlobu-
lar septal thickenings in both lungs (Figure 2). The GGO 
lesions had a  centrilobular distribution with subpleural 
sparing in both upper lobes, but the diffuse GGOs with 
interlobular septal thickenings in both lower lobes sug-

a) b) c) d)

Figure 1. Chest X-rays, showing ill-defined pulmonary nodules and increased opacities in both lungs, with rapid resolution during follow-up:  
a) 4 h after exposure, b) hospital day 2, c) hospital day 4, d) hospital day 7, May 2020, Ulsan University Hospital, Ulsan, Republic of Korea

a) b) c) d)

Figure 2. Chest computed tomography at 6 h after exposure, showing extensive centrilobular distributed ill-defined ground-glass opacities with smooth 
interlobular septal thickenings in the both lungs: a) aortic arch level, b) right main pulmonary artery level, c) heart base level, d) both lower lobe basal 
segment level (the smooth interlobular septal thickenings were more prominently distributed in the both lower lobes (c,d)), May 2020, Ulsan University 
Hospital, Ulsan, Republic of Korea
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lung injury following inhalation of phosphoric acid and 
of hydrogen fluoride, but no previously reported cases of 
exposure to ethylene phosphorodifluoridite in humans. 
This may explain why there are no occupational exposure 
limits or reports of toxicity of this chemical in Korea or 
other countries. Material safety data sheet provides toxi-
cological information such as severe skin corrosion/irri-
tation and serious eye damage/irritation in rabbits, and 
acute oral toxicity of LD50 in rat = 200 mg/kg (category 3) 
without information on inhalation or dermal toxicity. 
However, it does not provide any toxicological informa-
tion on respiratory or skin sensitization, germ cell mu-
tagenicity, carcinogenicity, reproductive toxicity, and 
specific target organ toxicity related to single or repeated 
exposure. Workplace exposure limits or any health effects 
in humans were not available. The  case study showed 
that ethylene phosphorodifluoridite should be added to 
the list of chemicals that can cause acute lung injury.
Inhalation of a  wide range of toxic substances can lead 
to acute lung injury, and inhalation of high concentra-
tions can cause acute inflammation resulting in damage 
to the respiratory system. Lung CT scans of patients who 
inhaled other highly soluble toxic gases tend to show 

findings showed marked improvement after oxygen in-
halation and on day 4, the patient complained of a sore 
throat. An inhalation injury to the  upper respiratory 
tract was suspected, and examination using a  laryngo-
scope indicated damage of the  mucus membranes and 
a mild edematous change of the larynx (Figure 1c and 3). 
On day 7, a chest X-ray and CT showed a complete reso-
lution of the previous ill-defined GGOs and interlobular 
septal thickening (Figures 1d). His respiratory condition 
continued to improve gradually, and he was discharged 
after 8 days without the need for any medication. Thus, 
acute lung injury following the  inhalation of ethylene 
phosphorodifluoridite was manifested as non-cardiogen-
ic pulmonary edema. His daily activities soon returned to 
normal and he has experienced no respiratory problems. 
At the follow-up of 8 months after discharge, he did not 
complain of any respiratory problems. The  patient pro-
vided permission for publication of his medical data.

DISCUSSION
Ethylene phosphorodifluoridite is a  compound consist-
ing of phosphorus and fluorine, making it highly toxic 
upon inhalation. There are previous case reports of acute 

a) b)

Figure 3. Fiberoptic laryngoscopy showing damage of the mucus membranes and mild edematous changes in the larynx: a) at normal inspiration, 
b) at phonation, May 2020, Ulsan University Hospital, Ulsan, Republic of Korea
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fluoride ion rather than the hydrogen ion. Diluted solu-
tions of hydrogen fluoride (<20%) can lead to delayed and 
severe injury [9], but concentrated solutions (>40%) can 
lead to rapid and pronounced injury, such as immediate 
pain and skin damage [9]. The patient had a first-degree 
chemical burn limited to the right forearm and mild hy-
pocalcemia soon after exposure to ethylene phosphoro-
difluoridite. Even though the authors did not administer 
prophylactic calcium gluconate, his calcium level soon 
returned to normal and the burn did not progress.
The solubility and physicochemical properties of ethyl-
ene phosphorodifluoridite were different from those of 
hydrogen fluoride. Thus, the present case can be differ-
entiated from hydrogen fluoride intoxication. In  addi-
tion, the authors noted an early and transient elevation of 
PCT, and this marker seemed proportional to the sever-
ity of tissue damage. Similarly, previous studies reported 
transient elevation of PCT in patients with burn-related 
severe inflammation without evidence of infection and in 
patients with uncomplicated trauma [10,11].
The patient also had no bacterial infections or other se-
quelae of acute lung injury. This finding is consistent with 
the initial blood test, which showed an elevated PCT but 
a normal CRP. The pathogenesis of inhalation injury from 
ethylene phosphorodifluoridite is not clear. However, 
the authors suggest that exposure to this compound leads 
to reversible acute lung injury with non-cardiogenic pul-
monary edema, and that this injury resolves spontane-
ously without serious complications. The standard treat-
ment for acute lung injury is typically supportive care. 
In  this patient, supportive care with oxygen inhalation 
and symptomatic treatment, including antitussives and 
pain relievers, were provided depending on the  symp-
toms. In addition, identification of the inhaled agent and 
of the duration and intensity of exposure are also impor-
tant in the treatment.
This case report has several toxicological implications. 
First, many new industrial chemicals with unknown 

extensive GGOs, but less soluble gases tend to show 
centrilobular lesions  [4]. The  authors hypothesized that 
the toxic effects of ethylene phosphorodifluoridite could 
have been due to phosphoric acid or hydrogen fluoride. 
Hence, authors managed the patient based on the  toxic 
effects of both chemicals.
Previous studies reported that accidental inhalation of 
either substance can lead to acute lung injury, from mild 
symptoms to severe disease such as pulmonary edema, 
bronchopneumonia, acute respiratory distress syn-
drome [5–7]. In addition, one study reported that inha-
lation of phosphorus pentafluoride caused lung injury, 
including pulmonary edema [8].
The chest CT findings of the patient showed diffuse GGOs 
with interlobular septal thickening, but they resolved rap-
idly and there were no residual lung lesions 1 week later. 
The  authors assume that the  CT findings were attribut-
able to non-cardiogenic permeability edema. Thus, lung 
injuries due to inhalation of phosphoric acid or hydrogen 
fluoride are similar to those in the patient. The unique CT 
findings of the  patient were similar to non-cardiogenic 
pulmonary edema induced by acute exposure to nitrogen 
dioxide [4]. The authors attributed the patient’s symptoms 
to non-cardiogenic pulmonary edema caused by ethylene 
phosphorodifluoridite exposure, by reasoning that:

 – the patient’s clinical course and radiologic findings 
suggested pulmonary edema,

 – the event happened following exposure to ethylene 
phosphorodifluoridite,

 – the other possible causes of pulmonary edema were 
excluded.

The patient had no specific laboratory results suggestive of 
severe hydrogen fluoride intoxication, which is character-
ized by progressive inflammation and a local tissue reac-
tion, and binding to intracellular calcium and magnesium, 
leading to systemic electrolyte disturbance. The ability of 
hydrogen fluoride to cause tissue necrosis and hypocal-
cemia is due to the toxicity of the highly electronegative 
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toxicity, such as ethylene phosphorodifluoridite, are 
produced and used at workplaces due to the rapid de-
velopment of the materials industry. Caution should be 
exercised to prevent acute lung injury due to inhalation 
of unknown chemical compounds that include phos-
phorus and fluorine. Second, it is important to consid-
er that inhaled toxic chemicals, such as ethylene phos-
phorodifluoridite, may lead to significant pulmonary 
disease even if the  initial symptoms are mild. There-
fore, patients should be monitored closely regardless of 
initial symptoms. A limitation of this case report is that 
the authors were unable to estimate the amount of eth-
ylene phosphorodifluoridite that the patient inhaled.

CONCLUSIONS
This case highlights the importance of safety when using 
ethylene phosphorodifluoridite, which was recently in-
troduced for use in rechargeable batteries due to the rapid 
development of the materials industry. Inhaled ethylene 
phosphorodifluoridite may cause acute lung injury with 
non-cardiogenic pulmonary edema. Supportive man-
agement with oxygen led to complete clinical recovery 
of the  patient described here. However, further studies 
should be performed to confirm the relationship between 
inhalation of ethylene phosphorodifluoridite and non-
cardiogenic pulmonary edema.
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