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CASE REPORT
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Abstract 

Background: Copper sulfate is a bright blue crystal used primarily for agricultural purposes, as a pesticide, disinfect-
ant, feed, and soil additive. Acute volunteer poisoning of copper sulfate is not common in the world and in Iran.

Case presentation: We reported the case of a 15-year-old girl who presented to the emergency department after 
ingestion of an unknown amount of copper sulfate following a struggle at school. She had become acquainted 
with the toxic compound through school textbooks. On admission to the hospital, she had abdominal pain and a 
sore throat with a normal serum copper level. The patient stated that she had three episodes of bluish vomiting. She 
underwent symptomatic treatment and was monitored for 3 days. The outcome was favorable, and she had no signs 
and symptoms of organ failure.

Conclusions: As a result, copper sulfate poisoning depending on the consumed dose can be mild or very severe 
with a high mortality rate. The authors discuss the various pathogenesis and treatments of this rare poisoning by 
reviewing the available literature.
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Background
Copper (Cu) is a critical trace element catalyst for heme 
synthesis and iron absorption. Copper is the third most 
plentiful trace element found in the human body after 
zinc and iron [1]. Copper’s physical properties include 
high thermal and electrical conductivity, alloying abil-
ity, low corrosion, and malleability [2]. Copper is used in 
intrauterine contraceptive devices (IUD), and the release 
of copper is necessary for their critical contraceptive 
results [3]. A human adult’s average daily intake of copper 
is approximately 0.6 to 1.6 mg Cu, with the diet being a 
primary source [1, 4, 5].

Copper (II) sulfate is a salt containing  copper2+ as the 
metal ion created by treating cupric oxide with sulfuric 

acid. It is a large, bright blue crystal containing five water 
molecules  (CuSO4∙5H2O) and is also named blue vitriol 
or blue stone. Copper sulfate was used in burn wound 
debridement until cases of systemic copper poisoning 
were reported [6]. It is used primarily for agricultural 
purposes such as fertilizer, pesticide and disinfectant, 
fungicide, feed, soil additive, and an emetic [7]. In the 
1960s, copper sulfate, a 250-mg dose, containing a 100-
mg copper ion, ironically was recommended as an emetic 
agent, typically for use in children following potentially 
toxic exposures. It was recognized for its rapidity of onset 
and effectiveness and compared favorably with syrup of 
ipecac. However, copper-induced emesis was rapidly 
identified as an unsafe practice, and this use was gener-
ally discontinued. Cases of acute poisoning are rare and 
usually voluntary with suicidal intent, are infrequent in 
Iran and over the world, except in India [8], where cop-
per salts are administered in religious rituals as a green-
colored spiritual water containing 100 to 150  g/L of 
copper sulfate as an emetic to expel one’s sins [9]. We 
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report a case of poisoning by ingesting copper sulfate 
in a young woman who committed suicide, and we dis-
cuss the various treatments available through a literature 
review.

Case presentation
Patient information
On May 27, 2022, a 15-year-old female student was taken 
to the emergency department following a suicide com-
mission with ingestion of about 200-ml copper sulfate 
solution with an unknown concentration, after a school 
struggle. The patient complained of abdominal pain and 
had experienced three episodes of bluish vomiting. Her 
past medical history did not include anything relative.

Clinical findings and diagnostic assessment
On arrival in the poisoning ward, she had drawling and 
complained of sore throat and abdominal pain. She was 
conscious and oriented with stable vital parameters. Her 
vital signs included a pulse rate of 100/min, blood pres-
sure of 120/70  mmHg, and  SpO2 of 97%. Periumbilical 
tenderness was seen in the clinical examination. Routine 
hematological investigations and contrast CT scans of 
the abdomen and pelvis were insignificant.

Therapeutic information, outcomes, and follow‑up
The treatment was started with an intravenous (IV) 
injection fluid normal saline, ondansetron, and panto-
prazole infusion. On the second day of hospitalization, 
the general condition of the patient was good; hemato-
logical and biochemical investigations were all within 
normal limits; she had a pH of 7.37,  Po2 of 90  mmHg, 
 Pco2 of 39.1  mmHg,  Hco3 of 22.2  mEq/L, hemoglobin 
of 12.9 g/dL, creatine phosphokinase (CPK) of 109 U/L, 
alanine transaminase (ALT) of 10 U/L, aspartate ami-
notransferase (AST) of 16 U/L, creatinine of 0.8 mg/dL, 
urea of 22  mg/dL, and serum copper level of 60  µg/dL. 
But she was still complaining of consistent sore throat 
and abdominal pain. An endoscopic examination was 
requested for the patient. Gastroduodenal endoscopy 
revealed a grade A of esophagitis and erythematous 
mucosa. No significant damage was observed in the duo-
denum. No abnormalities were seen in the patient’s labo-
ratory tests. And on the third day of hospitalization, the 
patient was discharged.

Discussion
Poisoning by copper sulfate is a rare but often fatal intox-
ication, mainly related to suicide attempts. The route 
of administration of this substance is usually oral. Our 
case presents a rare and novel poisoning report as she 
was the first case of copper sulfate poisoning in Emam 
Reza hospital of Mashhad, in which the digestive system 

discomforts and disorders were the only signs and symp-
toms presented, contrary to our expectations.

Copper physiology and physiopathology
Copper is a trace element crucial for human life. There is 
50–150 mg of copper in the body. It is estimated that the 
daily intake of copper is 2 mg/day. The absorption of copper 
is mainly through the duodenum and stomach. The serum 
level reaches the peak concentration after 1–3 h post-inges-
tion. The distribution of copper is related to sex, age, and 
diet status in terms of copper content. The heart, muscles, 
brain, kidneys, and liver are the tissues in which the most 
copper is distributed [2]. Deficiency and overload of copper 
cause different pathologies, including Wilson’s disease, Alz-
heimer’s disease, and Creutzfeld-Jacob’s encephalitis. In the 
blood, copper binds to ceruloplasmin at close to 90%. Also, 
albumin is a non-specific transporter that weakly binds to 
the free form of copper during copper intoxication. Cop-
per has an enterohepatic cycle and is eliminated mainly by 
the liver through biliary excretion (> 70%). The duodenum 
function in reabsorbing the bile and pancreatic secretions 
plays an important role in the complexity of the analysis 
of copper bioavailability. Elimination through the kidneys 
only consists of a small part (< 5%) [10].

Copper sulfate is not just known as a toxic substance: 
it has a long history of use in the debridement of wounds 
because of its antiseptic properties and as an emetic 
agent in intoxication. It is still contained in intrauterine 
devices. Also, in many domestic and industrial products, 
copper is used. Poisoning with this substance is rare but 
can be severe and fatal, with up to 23% mortality rates. 
However, the rates are on the decline, and it is essential 
that physicians are aware of its lethal complications and 
management strategies. The most abundant route of poi-
soning is oral, but intravenous, cutaneous via wounds, 
and even intra-uterine, for abortion, routes have been 
reported. In our country, no cases of copper sulfate have 
been reported so far, and our patient’s symptoms were 
limited to gastrointestinal problems [11]. According to 
previous studies, acute oral toxicity (LD50) of copper 
sulfate is about 300 mg/kg in rats [12]. The main compli-
cations of copper sulfate ingestion include intravascular 
hemolysis, methemoglobinemia, acute kidney injury, and 
rhabdomyolysis which is explained in detail below. Severe 
gastrointestinal effects may occur with acute overdos-
age [10]. In extreme or long-term overdosage, symptoms 
may be similar to those of Wilson’s disease, a disease in 
which the liver does not filter copper adequately and cop-
per accumulates in the liver, brain, eyes, and other organs 
[13]. Gradually, high copper levels may cause life-threat-
ening organ damage. Ingestion of more than 15  mg of 
copper has been reported to be toxic to humans [14]. In 
a survey of human clinical case studies, 5.3 mg/day was 
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the lowest oral dose at which local gastrointestinal irri-
tation was seen. Ingestion of gram quantities of copper 
sulfate resulted in death by suicide, whereas less severe 
effects were reported from estimated copper doses of 40 
to 50 mg from ingestion of carbonated beverages in con-
tact with copper containers. Limited data are available on 
the chronic toxicity of copper. The hazard from dietary 
intakes of up to 5 mg/day appears to be low [15].

Clinical manifestations
The clinical features of copper sulfate poisoning are 
summarized in Fig. 1: Clinical features of copper sulfate 
poisoning.

Cardiovascular effects
Accumulation of copper in myocardial tissue is associ-
ated with Cu sulfate cardiomyopathy and arrhythmias. 
Pathological cardiac examinations have demonstrated 
interstitial fibrosis, intramyocardial small vessel sclerosis, 
and focal inflammatory cell infiltration [9].

Methemoglobinemia
As a rare hematologic disorder, methemoglobine-
mia is the oxidation of divalent ferrous iron  [Fe2+] of 

hemoglobin (Hb) to ferric iron  [Fe3+] of methemo-
globin. It can result from either inherited or acquired 
conditions. Acquired forms mainly originate from 
exposure to substances that cause oxidation of the 
Hb directly or indirectly [9]. The most common drugs 
that cause methemoglobinemia are benzocaine and 
lidocaine. Nitrates and nitrites as water contaminants 
or food preservatives can also act as trigger factors. 
Nonetheless, methemoglobinemia originating from Cu 
sulfate poisoning is rare [16]. Measurement of blood 
gases, the enzymatic activity of CYB5R, methemoglobin 
reductase or methemoglobin diaphorase, and molecular 
testing like DNA analysis are the main tests used in the 
differential diagnosis of hereditary or acquired methe-
moglobinemia [17].

Rhabdomyolysis
Like Wilson’s disease, rhabdomyolysis is seen in copper 
sulfate poisoning but occurs less frequently [4].  Na+/
K+-ATPase pump inhibition and subsequent increase 
in myocyte permeability in the skeletal muscle are the 
known mechanisms for copper sulfate-induced rhabdo-
myolysis [18].

Fig. 1 Clinical features of copper sulfate poisoning
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Hemolysis
Copper sulfate can lead to hemolysis by accumulating 
in red blood cells. It degrades their cell membranes and 
denatures their hemoglobin content [19]. It may disrupt 
the activity of various cellular enzymes such as erythro-
cyte glucose 6-phosphate dehydrogenase (G6PD) [20], 
glutathione reductase, and catalase [21].

Acute renal failure
Some pathophysiological mechanisms, like intravascu-
lar hemolysis as the main factor, may play a role in acute 
renal failure. Hemoglobin casts can destroy renal tubules, 
further the hemolysis of red blood cells. The other prob-
able factor can be the direct toxic damage of metal to the 
kidney tissue. The copper released from the hemolyzed 
cells could initiate or advance the occurrence of renal 
lesions leading to acute tubular necrosis [22].

Hepatic and gastrointestinal effects
Clinical manifestations of raised copper levels in the 
liver due to copper sulfate poisoning comprise a wide 
range of signs and symptoms, including delicate and 
asymptomatic morphological changes in the hepatic tis-
sue, self-limiting hepatitis-like disease to severe hepa-
titis, recurrent jaundice, if associated with hemolysis 
of red blood cells, cirrhosis, and even acute liver failure 
[23]. Typical manifestations of copper poisoning in the 
gastrointestinal (GI) tract are generally due to its corro-
sive feature. Hematemesis and melena have occurred in 
the reports of massive ingestion of copper salts, due to 
mucosal damage and subsequent bleeding. Most of the 
absorbed copper enters the liver through the portal vein 
and causes hepatoxicity [24].

Diagnosis and treatment
Diagnosis of copper sulfate intoxication is based on the 
patient’s history, with special attention to the patient’s 
occupation, and also via the results of the analysis of 
the blood copper level. It should be considered that the 
blood copper level rapidly decreases after ingestion, and 
it is not correlated to the severity of the prognosis [25]. 
After diagnosis, management of the patient is based on 
symptomatic treatment, including correction of fluid-
electrolyte imbalance. Hypovolemic shock requires fluid 
resuscitation and vasoactive treatment. Because copper 
sulfate is an emetic, gastric lavage is not compulsory, but 
it can be effective if only done in the early hours. Only 
in persistent renal failure, renal hemodialysis is indicated. 
In other cases, renal impairment usually recovers itself. 
In cases of symptomatic methemoglobinemia, methyl-
ene blue and high-dose oxygen should be administrated. 
Different types of chelators can be used in treating acute 
copper poisoning, and there is no priority among them. 

D-penicillamine, dimercaprol, and edentate calcium 
diphosphate (EDTA) can chelate copper and enhance its 
elimination by the urinary tract. In our case, because the 
result of the blood analysis did not reveal copper level in 
the toxic range, chelation therapy was not performed [7, 
10]. Andreja SINKOVIC et  al. reported that the use of 
2,3-dimercaptopropane-l-sulphonate (DMPS) was ben-
eficial in the treatment of intentional oral poisoning [26]. 
In another evidence reported, by Manik Chhabra et  al., 
chelation therapy of calcium disodium EDTA prevented 
further organ involvement [27]. Previous literature 
reported cases treated adequately with plasmapheresis 
[28]. Recently, venovenous extracorporeal membrane 
oxygenation (ECMO) was used in the treatment of acute 
respiratory distress syndrome, secondary used for treat-
ing copper sulfate poisoning [29]. Because copper is 
mainly eliminated through the bile flow, the kidneys do 
not play a significant role in removing copper. Therefore, 
hemodialysis alone has not proven effective in purify-
ing copper sulfate, which early binds to plasma proteins 
and is then rapidly stored in the liver, erythrocyte cells, 
and muscle. When the metal is chelated, it is eliminated 
mainly by the kidneys, which makes hemodialysis theo-
retically beneficial [11].

Regulation of usage and safety measures should 
be followed by users
As mentioned earlier, today copper sulfate is used for agri-
cultural purposes, including as fertilizer, pesticide, fungi-
cide, and soil additive. Therefore, it is necessary for people 
to be familiar with the regulation of usage and safety meas-
ures related to this article including the following [15]:

• Wear protective equipment (appropriate gloves, res-
piratory protective devices, and safety glasses) during 
usage.

• Don’t eat, drink, smoke, or use the personal product 
during handling.

• Avoid the generation of dust or fine particulate.
• Use it only in a ventilated area.
• Remove contaminated clothing and wash it before 

reuse.
• Avoid contact with the eyes, skin, and clothing.
• Keep the container tightly closed.
• Avoid ingestion and inhalation.
• Avoid release to the environment

Preventive measures
Copper sulfate is easily available in the Indian and Ira-
nian open markets, similar to other kinds of pesticides. 
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The relatively unrestricted sale of pesticides is a public 
health threat in Asia. Devising strict regulations for pes-
ticide sales is crucial to prevent deliberate self-harm by 
ingestion of these poisons [15].

Conclusions
In conclusion, copper sulfate intoxication is rare but 
causes mortality and morbidity, so it must be recognized 
quickly. Treatment of copper poisoning is mainly symp-
tomatic, and besides that detoxification procedures like 
chelation therapy, hemodialysis, and plasma exchanges 
might be necessary based on the case.

Abbreviations
Cu: Copper; IUD: Intrauterine contraceptive devices; IV: Intravenous; CPK: Cre-
atine phosphokinase; ALT: Alanine transaminase; AST: Aspartate aminotrans-
ferase; Hb: Hemoglobin; G6PD: Glucose 6-phosphate dehydrogenase; GI: Gas-
trointestinal; EDTA: Edentate calcium diphosphate; DMPS: Dimercaptopropane 
sulfonate-l-sulphonate; ECMO: Extracorporeal membrane oxygenation.

Acknowledgements
All authors are deeply thankful to the physicians, nurses, and other allied 
health care workers who were responsible for the care of this patient.

Authors’ contributions
Conceptualization and supervision: [S. G]. Data collection: [S. H], [V. P], [S. G], 
[S.R. M], [H. S. I]. Investigation, writing the original draft, and writing review and 
editing: All authors. The authors read and approved the final manuscript.

Funding
This research did not receive any grant from the public, commercial, or non-
profit funding agencies.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
All ethical principles are considered in this article. Written informed consent 
was obtained from the patient’s parents for the publication of this case report 
and accompanying images.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Student Research Committee, Mashhad University of Medical Sciences, 
Mashhad, Iran. 2 Department of Pharmacodynamics and Toxicology, School 
of Pharmacy, Mashhad University of Medical Sciences, Mashhad, Iran. 3 Medical 
Toxicology Research Center, Faculty of Medicine, Mashhad University of Medi-
cal Sciences, Mashhad, Iran. 

Received: 26 August 2022   Accepted: 24 October 2022

References
 1. Tapiero H, Townsend DM, Tew KD (2003) Trace elements in human physi-

ology and pathology Copper. Biomed Pharmacother 57(9):386–398

 2. Anant JK, Inchulkar S, Bhagat SJE (2018) An overview of copper toxicity 
relevance to public health. EJPMR 5(11):232–237

 3. Smith-McCune K et al (2020) Differential effects of the hormonal and copper 
intrauterine device on the endometrial transcriptome. Sci Rep 10(1):1–8

 4. Linder MC, Hazegh-Azam M (1996) Copper biochemistry and molecular 
biology. Am J Clin Nutr 63(5):797S-811S. https:// doi. org/ 10. 1093/ ajcn/ 
63.5. 797. PMID: 8615367

 5. Walker W (1982) The results of a copper bracelet clinical trial and subse-
quent studies. Inflammatory diseases and copper. pp 469–82

 6. Avram OR, Caragea G, Varzaru CA (2021) Copper and its role in the 
human body–the importance of establishing copper concentrations in 
the body. Romanian J 124(2):254

 7. Park KS et al (2018) Acute copper sulfate poisoning resulting from dermal 
absorption. Am J Ind Med 61(9):783–788

 8. Han SK et al (2021) Use of succimer as an alternative antidote in copper 
sulfate poisoning: A case report. J Korean Soc Clin Toxicol 19(1):59–63

 9. Royer A, S.T. Copper Toxicity. 2021 Updated 2022 Mar 26; Available from: 
https:// www. ncbi. nlm. nih. gov/ books/ NBK55 7456/.

 10. Moussiegt A, Ferreira L, Aboab J, Silva D (2020) She Has The Blues: An Unusual 
Case of Copper Sulphate Intoxication. Eur J Case Rep Intern Med 7(2):001394. 
https:// doi. org/ 10. 12890/ 2020_ 001394. PMID: 32133310; PMCID: PMC7050968

 11. Naha K, Saravu K, Shastry BA (2012) Blue vitriol poisoning: a 10-year 
experience in a tertiary care hospital. Clin Toxicol 50(3):197–201

 12. Tiwari P, Saxena PN, Bhushan B (2020) Hepato-biochemical changes 
under stress of Copper sulphate and Potassium dichromate in albino rats. 
Int J Adv Res Biol Sci 7(1):58-64

 13. Lal S, Sourkes TL (1971) Intracellular distribution of copper in the liver 
during chronic administration of copper sulfate to the rat. Toxicol Appl 
Pharmacol 18(3):562–572

 14. Gaetke LM, Chow CK (2003) Copper toxicity, oxidative stress, and antioxi-
dant nutrients. Toxicology 189(1–2):147–163

 15. (HSDB), H.S.D.B. Cupric Sulfate. 1998 2022/02/23 [cited 2022 9 Oct]; Avail-
able from: https:// pubch em. ncbi. nlm. nih. gov/ compo und/ Copper- sulfa 
te# secti on= Toxic ity- Summa ry& fulls creen= true.

 16. Kwok S, Fischer JL, Rogers JD (2008) Benzocaine and lidocaine induced methe-
moglobinemia after bronchoscopy: a case report. J Med Case Rep 2(1):1–4

 17. Weissman SM (1976) Red cell metabolism. a manual of biochemical 
methods. The Yale J Biol Med 49(3):310

 18. Benders AA et al (1994) Copper toxicity in cultured human skeletal 
muscle cells: the involvement of Na+/K+-ATPase and the Na+/Ca2+-
exchanger. Pflügers Archiv. 428(5):461–7

 19. Salvati AM, Ambrogioni MT, Tentori L (1969) The autoxidation of haemo-
globin. Effect of copper. Italian J Biochem 18(1):1–8

 20. Mital V et al (1966) Study of erythrocytic glutathione in acute copper 
sulphate poisoning. Indian J Pathol Bacteriol 9(2):155–162

 21. Dash SC (1989) Copper sulphate poisoning and acute renal failure. Int J 
Artif Organs 12(10):610

 22. Chugh K et al (1977) Acute renal failure following copper sulphate intoxi-
cation. Postgrad Med J 53(615):18–23

 23. Członkowska A et al (2018) Wilson disease 4(1):1–20
 24. Gamakaranage CS et al (2011) Complications and management of acute 

copper sulphate poisoning; a case discussion. J Occup Med Toxicol 6(1):1–5
 25. Gunay N, Yildirim C, Karcioglu O, Gunay NE, Yilmaz M, Usalan C, Kose A, 

Togun I (2006) A series of patients in the emergency department diag-
nosed with copper poisoning: recognition equals treatment. Tohoku J Exp 
Med 209(3):243-8. https:// doi. org/ 10. 1620/ tjem. 209. 243. PMID: 16778371

 26. Sinkovic A, Strdin A, Svensek F (2008) Severe acute copper sulphate 
poisoning: a case report. Arh Hig Rada Toksikol 59(1):31

 27. Chhabra M, Gaur A (2018) A case report on acute copper sulfate poison-
ing in tertiary care teaching hospital. World J Pharm Res 7(7):1472–6

 28. Du Y, Mou Y (2019) The role of plasmapheresis in treating lethal cupric 
sulfate poisoning. Am J Med Sci 357(4):338–42

 29. Cho YS, Moon JM, Jeong YH, Lee DH, Chun BJ (2018) Successful extracor-
poreal life support in respiratory failure after copper sulphate ingestion. 
Natl Med J India 31(2):83-85. https:// doi. org/ 10. 4103/ 0970- 258X. 253166. 
PMID: 30829223

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1093/ajcn/63.5.797
https://doi.org/10.1093/ajcn/63.5.797
https://www.ncbi.nlm.nih.gov/books/NBK557456/
https://doi.org/10.12890/2020_001394
https://pubchem.ncbi.nlm.nih.gov/compound/Copper-sulfate#section=Toxicity-Summary&fullscreen=true
https://pubchem.ncbi.nlm.nih.gov/compound/Copper-sulfate#section=Toxicity-Summary&fullscreen=true
https://doi.org/10.1620/tjem.209.243
https://doi.org/10.4103/0970-258X.253166

	Acute poisoning of copper sulfate: a case report and review literature
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case presentation
	Patient information
	Clinical findings and diagnostic assessment
	Therapeutic information, outcomes, and follow-up


	Discussion
	Copper physiology and physiopathology
	Clinical manifestations
	Cardiovascular effects
	Methemoglobinemia
	Rhabdomyolysis
	Hemolysis
	Acute renal failure
	Hepatic and gastrointestinal effects
	Diagnosis and treatment

	Regulation of usage and safety measures should be followed by users
	Preventive measures

	Conclusions
	Acknowledgements
	References


