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ABSTRACT

Background: Glyphosate and glufosinate use widely used as herbicide ingredients. There 
have been several reported cases of chemical burns caused by dermal exposure to glyphosate-
containing herbicide, and patients in these cases were discharged without fatal complications. 
There were no cases of severe symptoms due to non-oral exposure of glufosinate-containing 
herbicides. Here, we report a case of fatality accompanied with severe chemical burns in an 
81-year-old man who did not wash his skin for more than 48 hours after dermal exposure to 
herbicide containing glyphosate and glufosinate with surfactant (HGlyGluS).
Case presentation: An 81-year-old male with no underlying disease was admitted to the 
emergency department (ED). He had sprayed HGlyGluS with a manual knapsack sprayer 3 
days ago and had not wash away the herbicide. On arrival, he was drowsy and had multiple 
severe corrosive skin lesions. Skin necrosis (10 × 15 cm) on the right shoulder and skin lesions 
with subcutaneous fat exposure (15 × 20 cm) on the right thigh were observed. Although he 
was treated including continuous renal replacement therapy, antibiotic apply, debridement 
operations, and so on, he was unable to recover and expired.
Conclusions: We suggest that prolonged dermal exposure to HGlyGluS induces fatality. 
Further studies including prolonged dermal exposure and ingredients of surfactants should 
be carried out. Also, it is necessary to educate farmers that it is very important to wash 
immediately after dermal exposure to pesticide.
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BACKGROUND

Glyphosate and glufosinate use widely used as herbicide ingredients [1-3]. There have been 
several reported cases of chemical burns caused by dermal exposure to glyphosate-containing 
herbicide, and patients in these cases were discharged without fatal complications [4-6]. 
There were no cases of severe symptoms due to non-oral exposure of glufosinate-containing 
herbicides [7]. Symptoms of severe acute poisoning with herbicides containing glufosinate-
ammonium occurred when taken orally [7,8].
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As far as we know, a fatal chemical burn case related to dernal exposure to herbicide 
containing glyphosate and glufosinate with surfactant (HGlyGluS) has not been reported yet. 
We present a case of severe chemical burns in connection with the patient not washing his 
skin for more than 48 hours after dermal exposure to HGlyGluS.

CASE PRESENTATION

An 81-year-old male with no underlying disease was admitted to the emergency department 
(ED). He reported that he had sprayed herbicide with a manual backpack sprayer 3 days 
earlier. During the procedure, herbicide leaked from the sprayer and flowed down to 
right side of his back and right hip. The herbicide was composed of 40% glyphosate-
isopropylamine, 4% glufosinate-ammonium and surfactant; however, the ingredients and 
concentrations of the surfactant is kept confidential by the manufacturer.

The patient did not wash his body after exposure, and three days later, severe skin corrosions 
occurred in the right shoulder, right flank, and right thigh. Due to associated severe burns 
and anuria, he visited a local hospital where a blood test was performed, and the result is 
shown in Table 1. Rhabdomyolysis was diagnosed through more than 10-fold increase in 
creatinine phosphokinase (CPK), less than 5% of CPK/creatine kinase MB, elevated aspartate 
transaminase (AST), alanine aminotransferase (ALT), and lactate dehydrogenase. Increases 
in creatinine (Cr) and K+ indicated impaired renal function, and blood urea nitrogen/Cr 
beyond 20 indicated pre-renal damage.

He was immediately transferred to the ED from the local hospital. On arrival, he was drowsy 
and had multiple severe corrosive skin lesions because continuous renal replacement therapy 
(CRRT) and treatment for skin necrosis was required. Skin necrosis (10 × 15 cm) on the right 
shoulder and skin lesions with subcutaneous fat exposure (15 × 20 cm) on the right thigh 
were observed. At that time, necrosis of his right thigh had progressed to the great trochanter 
of the femur, partially in the cephalic direction, and to the tendon fascia lata in the caudal 
direction. Parts of the latissimus dorsi and scapularis muscles were damaged on the right 
back, and the injury had spread to the axilla cavity in which the axilla artery and brachial 
plexus are present (Fig. 1). Low-density regions and fractures of the right femoral head in 
abdominal computed tomography (CT) images, which bone necrosis was assumed to have 
redounded (Fig. 2). A chest X-ray was taken at the time of the ED visit, and no pathological 
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Table 1. Blood test findings conducted at the local hospital at the time of visit
Variable Value Reference
AST 345 U/L 1–34 U/L
ALT 347 U/L 10–49 U/L
LDH 3,648 U/L 208–478 U/L
CPK 16,229 U/L 32–294 U/L
CK-MB 125 U/L 0–15 U/L
CK-MB/CPK 0.77% -
Cr 6.54 mg/dL 0.7–1.3 mg/dL
BUN 152.2 mg/dL 9.0–23.0 mg/dL
BUN/Cr 23.27 -
Potassium (K+) 6.0 mEq/L 3.5–5.5 mEq/L
CRP 32.96 mg/dL 0–0.99 mg/dL
AST: aspartate transaminase; ALT: alanine aminotransferase; LDH: lactate dehydrogenase; CPK: creatinine 
phosphokinase; CK-MB: creatine kinase MB; Cr: creatinine; BUN: blood urea nitrogen; CRP: C-reactive protein.

https://aoemj.org


findings were observed (Fig. 3). “Calcified granuloma in left lower lobe” was the only finding 
in non-contrast chest CT.

The patient was moved from the ED to the intensive care unit. Wound dressing, antibiotic 
therapy, and CRRT were performed. The 1st debridement operation was performed on the 13th 
day from admission. Due to the risk of brachial plexus injury, cooperation with orthopedic 
surgeons was requested. On the 19th day of hospitalization, the 2nd debridement operation 
was performed by plastic surgeons and orthopedic surgeons. At the 20th day, his systolic blood 
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Fig. 1. Before the debridement operations, chemical burn wounds on the right side in the left lateral position.

Fig. 2. Osteonecrosis of the right femoral head. Abdominal computed tomography axial view (window width: 2501, 
window level: 250).

https://aoemj.org


pressure was determined to be 60 mmHg, lactate 7.0 mmol/L, white blood cell count 16,570/μL, 
and his body temperature was 38.6°C. His family was contacted for approval for intubation and 
cardio-pulmonary resuscitation, but they refused any further treatment. The patient expired 
on the 22nd day of hospitalization (Fig. 4). For this study, we obtained approval from the 
Institutional Review Board of Dankook University Hospital (IRB No. 2020-02-025).
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Fig. 3. A chest X-ray. Anteroposterior view.

Dermal exposure of herbicide containing
glyphosate and glufosinate with surfactant

Local hospital visit

Transferring to the emergency department

Expire

Refuse to resuscitate

Move to the ICU
(CRRT, antibiotics, etc.)

Debridement op 1
Debridement with Versajet

Debridement op 2
Debridement with vacuum-assisted closure apply

Fig. 4. The flow chart from dermal exposure of herbicide to death. 
ICU: intensive care unit; CRRT: continuous renal replacement therapy; op: operation.
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DISCUSSION AND CONCLUSION

A report of serious chemical burns associated with dermal exposure to HGlyGluS has not 
been found yet. We report the first case of fatality with severe chemical burns in a farmer who 
did not wash for more than 48 hours after dermal exposure to HGlyGluS.

Since this case was confirmed after the patient died, there is a limitation that it is not possible 
to identify the herbicide product used directly on the patient. However, according to the record 
at the ED visit, we were able to confirm the fact that he had used the herbicide containing 
glyphosate and glufosinate together. According to the list of herbicides used in Korea provided 
by the National Academy of Agricultural Sciences, there are 65 glyphosate-containing herbicides 
and 45 glufosinate-containing herbicides. Two herbicide products containing glyphosate and 
glufosinate together were identified. The components of both products were identical with 40% 
glyphosate-isopropylamine, 4% glufosinate-ammonium, and surfactants [9].

Previous studies have shown that herbicides with surfactants may be more toxic than 
those without, but ingredients and concentrations of the surfactant used in commercial 
herbicides are regarded as trade secrets and may vary depending on the manufacturer [1,10-
12]. Most of the surfactants in herbicides are complexes of more than two ingredients [11]. 
Polyethoxylated tallow amine (TN-20) and polyoxyethylene lauryl amine ether (LN-10) are 
commonly found in glyphosate-contained herbicides in Korea [12]. Severe cellular toxicity 
of TN-20 and LN-10 has been confirmed in an in vitro study [11,12]. Thus, it was unable to 
identify the ingredient of the surfactant sprayed in this case. Providing accurate and more 
detailed information about surfactant is essential, especially for farmers and medical staffs.

Glufosinate have low toxicity to rabbits when applied to the skin [13,14]. Also, the skin 
toxicity of glyphosate is considered low [1]. However, there have been several reported cases 
of chemical burns caused by dermal exposure to glyphosate-containing herbicides [4-6]. 
In these cases, the patients developed local swelling, bullae and exuding wounds. The skin 
lesions healed in several weeks. Although neurological impairment followed in one of the 
cases, impact was limited to osteopenia of carpal bones and contracture of hand muscles, 
which resulted in deformation. In addition, a case of intramuscular injection of glyphosate-
containing herbicides is reported. After injection, local inflammation and rhabdomyolysis 
followed near the puncture sites [15].

Herbicide toxicity is highly influenced by duration, frequency and intensity of exposure. 
Another variable that may affect toxicity is susceptibility of target organism, which is 
influenced by age, gender, state of health, and genetic variation [16]. Moreover, studies have 
shown that the skin penetration of glyphosate about 5 times higher in damaged skin [17]. 
While presence of wound on the skin is unknown, considering farmer's age of 81, his aged 
agricultural skin has sufficient probability of sustaining higher chemical permeability than 
the skin of a healthy person.

Systemic effect of glyphosate-containing herbicide poisoning via oral may induce kidney injury 
and pulmonary diseases such as pulmonary congestion or pneumonia [18]. In case of skin 
absorption of herbicide insomuch as to induce systemic toxic effect, defects should have been 
noticed on lung as well as kidney. However, in this case, no pathological findings were seen in 
chest CT and chest X-ray views. Therefore, the possibility of direct multi-organ damages, such 
as kidney, lung, and heart, caused by HGlyGluS skin absorption seems relatively low.
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Burn-related acute kidney injury (AKI) is usually classified as either early (post-burn day 0–3) 
or late (post-burn day 4–14). Early AKI is observed in the early resuscitation phase after severe 
burns and is thought to be due to rhabdomyolysis, hypovolemia, increased inflammatory 
mediators, release of denatured proteins, and cardiac dysfunction. AKI is one of the main 
complications of burns and has a high mortality rate [19,20]. Therefore, the AKI in this case 
appears to be a serious complication of burns from skin exposure to HGlyGluS. This shows 
the possibility that AKI may be triggered in a different path than the case of poisoning. 
Therefore, the AKI in this case appears to be a complication of burns from dermal exposure 
to HGlyGluS.

In conclusion, we report the first case of fatality with severe chemical burns in a farmer who 
did not wash for more than 48 hours after dermal exposure to HGlyGluS. We suggest that 
prolonged dermal exposure to HGlyGluS induces fatality. There is a need for future study 
on the health effects of herbicides on long-term skin exposure. Providing more detailed 
information about pesticide including surfactants is essential, especially for farmers and 
medical staffs. Also, it is necessary to educate farmers that it is very important to wash 
immediately after dermal exposure to pesticide.

REFERENCES

 1. Bradberry SM, Proudfoot AT, Vale JA. Glyphosate poisoning. Toxicol Rev 2004;23(3):159-67. 
PUBMED | CROSSREF

 2. Ebert E, Leist KH, Mayer D. Summary of safety evaluation toxicity studies of glufosinate ammonium. 
Food Chem Toxicol 1990;28(5):339-49. 
PUBMED | CROSSREF

 3. Hack R, Ebert E, Ehling G, Leist KH. Glufosinate ammonium--some aspects of its mode of action in 
mammals. Food Chem Toxicol 1994;32(5):461-70. 
PUBMED | CROSSREF

 4. Amerio P, Motta A, Toto P, Pour SM, Pajand R, Feliciani C, et al. Skin toxicity from glyphosate-surfactant 
formulation. J Toxicol Clin Toxicol 2004;42(3):317-9. 
PUBMED | CROSSREF

 5. Heras-Mendaza F, Casado-Fariñas I, Paredes-Gascón M, Conde-Salazar L. Erythema multiforme-like 
eruption due to an irritant contact dermatitis from a glyphosate pesticide. Contact Dermat 2008;59(1):54-6. 
PUBMED | CROSSREF

 6. Mariager TP, Madsen PV, Ebbehøj NE, Schmidt B, Juhl A. Severe adverse effects related to dermal 
exposure to a glyphosate-surfactant herbicide. Clin Toxicol (Phila) 2013;51(2):111-3. 
PUBMED | CROSSREF

 7. Mao YC, Hung DZ, Wu ML, Tsai WJ, Wang LM, Ger J, et al. Acute human glufosinate-containing herbicide 
poisoning. Clin Toxicol (Phila) 2012;50(5):396-402. 
PUBMED | CROSSREF

 8. Inoue Y, Onodera M, Fujita Y, Fujino Y, Kikuchi S, Endo S. Factors associated with severe effects following 
acute glufosinate poisoning. Clin Toxicol (Phila) 2013;51(9):846-9. 
PUBMED | CROSSREF

 9. National Institute of Agricultural Sciences. Advanced pesticide search. c2020. http://pis.rda.go.kr/
registstus/agchmRegistStus/prdlstInqire.do. Accessed 3 Jan 2020.

 10. Williams GM, Kroes R, Munro IC. Safety evaluation and risk assessment of the herbicide Roundup and its 
active ingredient, glyphosate, for humans. Regul Toxicol Pharmacol 2000;31(2 Pt 1):117-65. 
PUBMED | CROSSREF

 11. Song HY, Kim YH, Seok SJ, Gil HW, Yang JO, Lee EY, et al. Cellular toxicity of surfactants used as 
herbicide additives. J Korean Med Sci 2012;27(1):3-9. 
PUBMED | CROSSREF

 12. Song HY, Kim YH, Seok SJ, Gil HW, Hong SY. In vitro cytotoxic effect of glyphosate mixture containing 
surfactants. J Korean Med Sci 2012;27(7):711-5. 
PUBMED | CROSSREF

6/7https://doi.org/10.35371/aoem.2020.32.e28

Severe chemical burns related to dermal exposure to herbicide

https://aoemj.org

http://www.ncbi.nlm.nih.gov/pubmed/15862083
https://doi.org/10.2165/00139709-200423030-00003
http://www.ncbi.nlm.nih.gov/pubmed/2379893
https://doi.org/10.1016/0278-6915(90)90108-Y
http://www.ncbi.nlm.nih.gov/pubmed/8206444
https://doi.org/10.1016/0278-6915(94)90043-4
http://www.ncbi.nlm.nih.gov/pubmed/15362602
https://doi.org/10.1081/CLT-120038769
http://www.ncbi.nlm.nih.gov/pubmed/18598308
https://doi.org/10.1111/j.1600-0536.2007.01307.x
http://www.ncbi.nlm.nih.gov/pubmed/23360343
https://doi.org/10.3109/15563650.2013.763951
http://www.ncbi.nlm.nih.gov/pubmed/22480254
https://doi.org/10.3109/15563650.2012.676646
http://www.ncbi.nlm.nih.gov/pubmed/24044532
https://doi.org/10.3109/15563650.2013.841180
http://www.ncbi.nlm.nih.gov/pubmed/10854122
https://doi.org/10.1006/rtph.1999.1371
http://www.ncbi.nlm.nih.gov/pubmed/22219606
https://doi.org/10.3346/jkms.2012.27.1.3
http://www.ncbi.nlm.nih.gov/pubmed/22787363
https://doi.org/10.3346/jkms.2012.27.7.711
https://aoemj.org


 13. Inoue Y, Onodera M, Fujita Y, Fujino Y, Kikuchi S, Endo S. Factors associated with severe effects following 
acute glufosinate poisoning. Clin Toxicol (Phila) 2013;51(9):846-9. 
PUBMED | CROSSREF

 14. Mao YC, Hung DZ, Wu ML, Tsai WJ, Wang LM, Ger J, et al. Acute human glufosinate-containing herbicide 
poisoning. Clin Toxicol (Phila) 2012;50(5):396-402. 
PUBMED | CROSSREF

 15. Weng SF, Hung DZ, Hu SY, Tsan YT, Wang LM. Rhabdomyolysis from an intramuscular injection of 
glyphosate-surfactant herbicide. Clin Toxicol (Phila) 2008;46(9):890-1. 
PUBMED | CROSSREF

 16. Landis WG, Yu MH. Introduction to environmental toxicology: Impacts of chemicals upon ecological 
systems. Boca Raton: Lewis Publishers; 1985.

 17. Heu C, Berquand A, Elie-Caille C, Nicod L. Glyphosate-induced stiffening of HaCaT keratinocytes, a Peak 
Force Tapping study on living cells. J Struct Biol 2012;178(1):1-7. 
PUBMED | CROSSREF

 18. Lee DH, Choi YH. Severe glyphosate-surfactant intoxication: successful treatment with continuous renal 
replacement therapy. Hong Kong J Emerg Med 2017;24(1):40-4. 
CROSSREF

 19. Clark A, Neyra JA, Madni T, Imran J, Phelan H, Arnoldo B, et al. Acute kidney injury after burn. Burns 
2017;43(5):898-908. 
PUBMED | CROSSREF

 20. Emara SS, Alzaylai AA. Renal failure in burn patients: a review. Ann Burns Fire Disasters 2013;26(1):12-5.
PUBMED

7/7https://doi.org/10.35371/aoem.2020.32.e28

Severe chemical burns related to dermal exposure to herbicide

https://aoemj.org

http://www.ncbi.nlm.nih.gov/pubmed/24044532
https://doi.org/10.3109/15563650.2013.841180
http://www.ncbi.nlm.nih.gov/pubmed/22480254
https://doi.org/10.3109/15563650.2012.676646
http://www.ncbi.nlm.nih.gov/pubmed/18787996
https://doi.org/10.1080/15563650802286731
http://www.ncbi.nlm.nih.gov/pubmed/22369932
https://doi.org/10.1016/j.jsb.2012.02.007
https://doi.org/10.1177/102490791702400107
http://www.ncbi.nlm.nih.gov/pubmed/28412129
https://doi.org/10.1016/j.burns.2017.01.023
http://www.ncbi.nlm.nih.gov/pubmed/23966893
https://aoemj.org

	Severe chemical burns related to dermal exposure to herbicide containing glyphosate and glufosinate with surfactant in Korea
	BACKGROUND
	CASE PRESENTATION
	DISCUSSION AND CONCLUSION
	REFERENCES


