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Lambda-cyhalothrin is a new-generation pyrethroid II insecticide that is
neurotoxic. Most domestic and international reported cases are of oral
poisoning, whereas few cases of inhalation and skin absorption poisoning have
been reported. Here, we report the case of a 46-year-old man who was
poisoned via dermal absorption and inhalation due to the rupture and leakage
of the lambda-cyhalothrin pipeline. The patient developed a skin burning
sensation, eyeball pain, and upper-limb tremor after exposure. After admission,
the patient developed cough, sputum expectoration, chest tightness, and other
symptoms. Lung computerized tomography indicated double pneumonia and
the patient’s electroencephalogram result was abnormal; the patient’s condition
improved after treatment.
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1. Introduction

Lambda-cyhalothrin (C23H19CIF3NO3, CAS number: 91465-08-6) has a molecular

weight of 449.9 and a relative density (water = 1) of 1.3. According to the World Health

Organization classification, it is a Class II (moderately toxic) chemical (1). Inhalation can

cause symptoms such as burning sensation, cough, expectoration, and dyspnea. Skin and

eye contact causes redness and pain. Poisoning can cause tremors, convulsions, and other

neurological symptoms. Long-term repeated exposure can also cause chronic toxicity in

the immune, reproductive, skin, and other systems (2–5). In recent years, reports of

pyrethroid inhalation have focused on experimental or long-term exposure to pyrethroid

pollution in the atmosphere of study (6–9). Reports of poisoning from lambda-

cyhalothrin leaks are rare. Here, we report a case of lambda-cyhalothrin intoxication in a

lambda-cyhalothrin leak accident who presented with skin burns, upper limbs tremors,
Abbreviations

CT, computerized tomography; VGSCs, voltage-gated sodium channels; EEG, electroencephalogram.
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cough, phlegm, and tingling eyes. This study was approved by the

Ethics Committee of Qilu Hospital of Shandong University, and

informed consent was obtained from the patient.
FIGURE 2

Unprocessed lambda-cyhalothrin. This bag of raw materials weighs
approximately 25 kg and was the main cause of poisoning; it is mixed
with other ingredients in a jar.
2. Case presentation

A 46-year-old man was received at our emergency department

from a local hospital following pesticide exposure on July 5, 2022.

He was agitated by a severe tingling sensation in his eyeballs. After

the local doctor irrigated his eyes, he was transferred to our hospital

for “inadvertent exposure of the eyes and skin to pesticides for

approximately 5 h.” The patient had worked in a pesticide

production company for more than 10 years and was responsible

for the unprocessed pesticide feeding process (Figure 1).

Specifically, he handled approximately 25 kg of unprocessed

lambda-cyhalothrin (Figure 2) and other ingredients by

introducing them into the feeding port. On the morning of

July 5, 2022, the patient closed the discharging mouth after the

feeding port was blocked, causing the tank pressure to increase.

The circulation line burst, spraying out approximately 2 kg of

liquid lambda-cyhalothrin that drenched the eyes and skin of the

patient, who was not wearing any protective equipment, apart

from a normal dust mask. Before going to the local hospital

outpatient that day, he washed his eyes and the whole body

because his eyes were stinging and his entire skin was numb. On

the way to the hospital the same afternoon, he was fully

conscious, although still experiencing the stinging pain in his
FIGURE 1

Work site environment. (Part A) Is the tank, which built up pressure and the circu
to be blocked.
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eyes, numbness in his whole body, and tremor in both upper

limbs; he had no nausea, vomiting, dizziness, or headache.

Physical examination at admission revealed a temperature of

36.3°C, pulse of 73 beats/min, respiratory rate of 18 breaths/min,

and blood pressure of 147/93 mmHg. Laboratory test results are

shown in Table 1. The patient was conscious, energetic, had

bilateral bulbar conjunctival hyperemia, bilateral pupillary size of

3 mm, and a positive pupillary light reflex. There was no neck
lation line ruptured; (Part B) Part is the blower, which caused the feed port
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TABLE 1 Results of various laboratory tests after admission.

Detection time Day 1 Day 3 Day 7 Day 14 Reference
value

White blood cells (109/L) 14.93 18.97 21.64 11.80 3.5–9.5

Neutrophils (%) 87.30 83.60 70.80 61.30 40–75

Lymphocyte (%) 8.00 8.50 16.70 27.10 20–50

Creatine kinase-MB (ng/ml) 6.20 2.8 0.7 0.6 0.3–4.0

Urea nitrogen (mmol/L) 8.40 6.10 8.70 8.10 2.30–7.80

Creatine kinase (IU/L) 514 317 47 22 38–174

Lactate dehydrogenase (IU/L) 267 314 270 198 120–230

Cardiac troponin I (ng/L) 1.71 6.68 2.04 1.73 <17.5

Alanine aminotransferase (IU/L) 70 32 30 34 9–50

Procalcitonin (ng/ml) 0.039 – – – –

N-terminal pro-B-type
natriuretic peptide

75.25 – – 78.28 <125 pg/ml

Cholinesterase (IU/L) 6282 – – – 5,900–12,220
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stiffness. Bilateral chest movements and breath sounds were normal

and no wet or dry rales were heard. The heart rate was 73 beats/

min, with a uniform rhythm and the absence of pathological

murmurs in any of the valve areas. The abdomen was flat

without tenderness or rebound pain, and the liver and spleen

were not palpable. There was no deformity of the ribs, spine, or

limbs. Physiological reflexes were present, but pathological

reflexes were absent. Flaky skin burns were observed above the

cubital fossa on the left upper arm. He had a history of coronary

heart disease for one year and denied any other illness. Diagnosis

at admission was lambda-cyhalothrin poisoning and skin burn.

After admission, the patient was given ECG monitoring and

was administered flucloxacillin (1 g, intravenous infusion, every

six hours) to fight infections; betamethasone sodium phosphate

(100 mg, intravenous infusion, once a day) to treat inflammation;

polyene phosphatidylcholine (232.5 mg, intravenous infusion,

once a day) to protect the liver; alanyl glutamine (20 g,

intravenous infusion, once a day), fatty milk amino acid (17),

and glucose (11%) injection to support nutrition; torasemide

(20 mg, intravenous injection, twice a day) to promote diuresis;

and other comprehensive treatments. The patient complained of

unbearable pain in both eyes and pain and swelling in the left

forearm. Dezocine (5 mg, intramuscular injection) and

continuous micropump for midazolam were administered for

analgesia. The HA330 perfusion device was used to remove the

poison in the blood; perfusion was performed twice on the first

day after admission and once a day on the second and third

days. On July 6, 2022, the patient complained of increased

cough, sputum, and occasional chest tightness. We scheduled the

patient for chest computerized tomography (CT) the following

day. Chest CT scans showed increased texture in both lungs with

multiple patchy high-density shadows with blurred edges in the

lower lobe (Figure 3), cable strip high-density foci, punctate

calcified foci, and coronary artery calcification. The brain and

abdomen CT scans revealed no abnormalities. Diagnosis was

aspiration pneumonia, and intravenous flucloxacillin sodium was

administered every 6 h. Chest CT scans on July 10, 2022,

indicated double pneumonia that showed improvement

compared to the July 7, 2022, scans, although with persistence of

coronary artery calcification. Methylprednisolone (40 mg,
Frontiers in Environmental Health 03
intravenous infusion, once daily) was administered for hormone

adjustment. Pulmonary function test result indicated mild

obstructive ventilatory dysfunction. On July 12, 2022, the

electroencephalogram result was mildly abnormal, with a low-

amplitude slow wave between the low voltage and significant

P4. On July 14, 2022, the patient had a fever with the highest

temperature of 38.9 °C. Diclofenac sodium (2 ml,

intramuscular injection) was administered to reduce fever.

Procalcitonin level was 0.147 ng/ml. Catheter tip culture and

drug sensitivity tests showed positivity for Enterobacter

cloacae, and the antibiotic was adjusted to etimicin (300 mg,

intravenous infusion, once a day). On July 18, 2022, the

patient was discharged from the hospital 14 days after

hospitalization. Telephone follow-up for the next 1 month

showed that the patient lived normally, with no respiratory or

nervous system abnormalities nor complaints of discomfort.

On July 25, 2022, the patient visited the hospital for

reexamination, and chest CTs (Figure 4) indicated double

pneumonia, which had improved from July 10, 2022, and

coronary artery calcification. The EEG results were normal.
3. Discussion

Lambda-cyhalothrin is a class of synthetic type II pyrethroid

insecticides, which is the safest class of existing insecticides

because of its broad-spectrum effectiveness, high insecticide

efficiency, low toxicity to mammals, and low environmental

diffusion (10). In recent decades, as the utilization rate of

organophosphorus pesticides has decreased, the use of

pyrethroids has increased (11). In 2015, pyrethroids

accounted for approximately 38% of the global insecticide

market (12). Pyrethroids are highly lipophilic, with higher

oral and inhalation absorption rates and lower skin

absorption (13); however, transcutaneous absorption has also

been reported (14, 15).

Due to lipophilicity, pyrethroids easily cross the blood–brain

barrier and are neurotoxic, mainly involving the extrapyramidal

system, cerebellar system, spinal cord, and peripheral nerves (16).

The toxicity of pyrethroids in insects is 2,250 times higher than

that in mammals (17), which is due to the higher nerve

sensitivity of insects, lower skin absorption of mammals, and

more efficient liver metabolism in mammals (18). Depending on

whether cyano is present, pyrethroids can be divided into type I

(without cyano) and type II (with cyano), both of which may

cause neurological symptoms (19), including sympathetic

activation, tremors, and epileptiform seizures (20). Cyhalothrin

causes benign damage to the central nervous system, with a good

prognosis and few residual neurological deficits (21). In this

report, the patient developed involuntary tremor in both upper

limbs on the day of poisoning, and the electroencephalogram

showed mild abnormalities on the eighth day of poisoning,

which returned to normal on the 14th day and was considered

transient nerve damage.

Neural voltage-gated sodium channels (VGSCs) are important

targets for neurotoxicity of pyrethroids in mammals, with voltage-
frontiersin.org
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FIGURE 3

Computed tomography (CT) changes of the patient’s lungs. (A) Shows increased texture in both lungs and multiple patchy high-density shadows with
blurred edges in the lower lobe. Cable strip high-density foci, punctate calcification foci, and coronary artery calcification are also observed in both
lungs, which were most likely caused by inhalation of lambda-cyhalothrin. (B) Shows computed tomography findings of the lungs on July 25, 2022;
the pneumonia improved after treatment compared to the presentation in (A).
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gated calcium and chloride channels as secondary action sites (22).

Sensory organs and nerve endings are most sensitive to the effects

of pyrethroids, although their toxic effects are not limited to one

region of the nervous system. In a previous study, all pyrethroids

showed similar effects on sodium channel gating, but there were

significant differences in neurotoxicity between cyanide and non-

cyanide compounds (23). Pyrethroids II prolonged sodium

channel inactivation, resulting in continued depolarization of the

nerve membrane and decreased action potential amplitude (11).

Permethrin acts on VGSCs, Nav1.6, Nav1.3, and Nav1.8 (19),

disrupting neural function by altering the rapid dynamic

transition of VGSCs between different states. Pyrethroids also

affect other voltage-gated and ligand-gated ion channels.

Prolonged occupational exposure may cause skin paresthesia,

including stinging, itching, and burning sensations on the skin.

This is because pyrethroids prolong VGSCs, peripheral nerve

membrane depolarization, and synaptic transmission and

increase sensory neuron firing (24).

There is no specific antidote for pyrethroid poisoning, with

symptomatic and supportive treatment as the standard practice

(25, 26). For oral ingestion, the stomach is washed with water or

activated carbon. Regarding paresthesia due to skin contact, the

skin is washed with water or soapy water and vitamin E can be

applied to relieve it (27). The usual symptoms of poisoning are
Frontiers in Environmental Health 04
dizziness, headache, and gastrointestinal symptoms (28), as well

as seizures, myocardial damage, and increased saliva secretion

caused by nerve excitation (29). Severe cases present with

respiratory failure, pulmonary edema, and coma. Administration

of atropine can improve salivation or pulmonary edema, but

caution is required due to the risk of atropine poisoning (28). In

addition, diazepam can be used to control convulsions and

epilepsy (29). Most patients have good prognoses, and death

cases are rare (27, 30).

The accident was caused by an accidental rupture of a

circulating pipe containing the pesticide, which was subsequently

absorbed through the respiratory tract and skin. Percutaneous

absorption is less, skin irritation symptoms are obvious. The

patient had no history of respiratory disease before poisoning nor

any symptoms such as fever, cough, or sputum production. He

remained conscious after the accident, did not vomit, and did

not lavage his stomach. In addition, he had a clear history of

occupational exposure, which suggested that the pneumonia was

caused by the inhalation of permethrin. The upper respiratory

symptoms were mild, and pneumonia was obvious, possibly

because the solubility of lambda-cyhalothrin was low, and the

irritation to the upper respiratory tract was mild. Lambda-

cyhalothrin could easily enter the lower respiratory tract and

lung tissue and cause pneumonia. The patient’s workplace was
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equipped with a ventilation system, but on the day of the accident,

the patient was not wearing regular protective clothing and goggles.

It is recommended to pay attention to personal protection and

standardize operation procedures to avoid recurrence.
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