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Copper sulfate is widely used as a fungicide and pesticide. Acute copper sulfate poisoning is rare but potentially lethal in severe
cases. Copper sulfate can lead to cellular damage of red blood cells, hepatocytes, and myocytes. Toxic effects include intravascu-
lar hemolysis, acute tubular necrosis and, rhabdomyolysis. A 76-year-old man presented with vomiting and epigastric pain. He had
ingested a copper-containing fungicide (about 13.5 g of copper sulfate) while attempting suicide 2 hours prior to presentation.
From day 3 at the hospital, laboratory findings suggesting intravascular hemolysis were noted with increased serum creatinine
level. He was treated with a chelating agent, dimercaptosuccinic acid (succimer). His anemia and acute kidney injury gradually
resolved with a 19-day regimen of succimer. Our case suggests that succimer can be used for copper sulfate poisoning when
other chelating agents are not available.
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INTRODUCTION

Copper is as essential metal due to its involvement in a variety of complex enzymatic

reactions as a cofactor in the human body. Copper sulfate is the most commonly avail-

able form of copper and is widely used in agricultural production as a fungicide, herbi-

cide, and algicide1). It is also used as drying agent, additive for fertilizer, and several

industrial applications.

In humans, acute copper sulfate poisoning have been rarely reported with the excep-

tion of the developing countries of Southeast Asia, particularly India2). The reported

cases of acute copper toxicity are related to deliberate self-poisoning.

Acute poisoning with copper sulfate can cause serious complications such as

intravascular hemolysis, acute tubular necrosis and, hepatic necrosis, eventually lead to

death3). However, many physicians are not familiar with the management of this poi-

soning due to its rarity. Here, we report a case of poisoning by ingestion of large amount

of copper sulfate intentionally resulting in intravascular hemolysis and acute kidney

injury, which was treated with dimercaptosuccinic acid (succimer).

CASE REPORT

A 76-year-old man with a medical history of hypertension, diabetes mellitus, chronic



kidney disease (CKD), and angina presented to the emer-

gency department (ED) of a local hospital for symptom of

vomiting. The patient stated that he ingested a copper-con-

taining fungicide for attempted suicide 2 hours prior to

arrival. He ingested approximately one-third of cup of fungi-

cide (trade name Sae-Bin-Na, composition: tribasic copper

sulfate 15% and surfactant 85%), quantified about 90 mL.

The patient received gastric lavage and charcoal in the local

hospital, then he was transferred to the ED of our hospital. On

arrival, six hours after ingestion, The patient complained of

epigastric soreness only. His Glasgow Coma Scale was 15

and vital signs were as follows: blood pressure 110/70 mmHg,

heart rate 100 beats/min, respiratory rate 18 breaths/min, body

temperature 37.3。C, and oxygen saturation 93% on room air.

Notable laboratory values were white blood cells 13.7 K/uL,

hemoglobin 11.3 g/dL, total bilirubin 2.72 mg/dL, blood urea

nitrogen (BUN) 30.2 mg/dL, and creatinine 2.84 mg/dL.

Creatine kinase, myoglobin, alanine aminotransferase, aspar-

tate aminotransferase, and lactic acid were within normal

limits (Table 1, 2). The patient was admitted to the intensive

care unit (ICU). Omeprazole (40 mg daily) was given to pro-

tect the gastrointestinal mucosa from the toxic effects of the

copper. In addition, 0.9% normal saline was continuously

infused and urine output was checked hourly.

On hospital day (HD) 3, urine color changed to a dark

brown. On HD 4, a low hemoglobin level (5.5 g/dL) with

an increased methemoglobin (5.2%) were revealed. In the

peripheral blood smear, an increased reticulocyte (7.68%)

with nucleated red blood cells (4.1%) and spherocytes were

observed. In addition, total bilirubin increased to 5.97 mg/dL,

direct bilirubin was 0.5 mg/dL, and haptoglobin was <10

mg/dL. BUN increased to 68.0 mg/dL, and creatinine level

was 2.72 mg/dL. Based on these findings, copper-induced

hemolysis was suspected, and we considered to use chelat-

ing agents. First, D-penicillamine was not suitable because

the patient had a history of CKD combined with an increase

in creatinine levels. Another agents, British anti-Lewisite

(BAL) or calcium disodium ethylenediaminetetraacetic acid

(CaNa2EDTA), were not available in our hospital or at any

other nearby institutions. However, we did have access to

dimercaptosuccinic acid (DMSA), also called succimer, a

chelating agent for lead, arsenic, and mercury poisoning. Due

to a lack of adequate guidelines, we administered the dosing

regimen of succimer for lead poisoning (10 mg/kg three

times daily for 5 days followed by 10 mg/kg twice daily for

14 days) to the patient. Three packed red cell transfusions

were started simultaneously. After a day, hemoglobin level

began to increase. Methemoglobin and bilirubin levels also

began to decrease. In relation to serum creatinine, it started

to decrease after 3 additional days of rise (Fig. 1).

He remained in the ICU for a total of 12 days, and then

he stayed in the general ward. Throughout the hospitaliza-

tion, succimer was continuously administered according to

the dosing regimen and follow-up laboratory tests were

performed. Fortunately, no adverse drug reaction and fur-

ther copper sulfate toxicity occurred and he was discharged

without complications.

DISCUSSION

Copper is absorbed by an active process involving a cop-

per adenosine triphosphatase found in the cell membrane

of the small intestinal mucosa3). Once absorbed, copper is
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Table 1. Hematologic laboratory values at admission

Hematologic laboratory values Day 1

Hemoglobin (g/dl) 11.3
Hematocrit (%) 33.2
White cell count perμl 13,710
Platelet count perμl 219,000
Prothrombin time (%) 64.5
Activated partial thromboplastin time (s) 37.8

Table 2. Blood chemical findings at admission

Blood chemical findings Day 1

Sodium (mmol/l) 139.5
Potassium (mmol/l) 4.79
Chloride (mmol/l) 101.1
Bicarbonates (mmol/l) 20.9
Total protein (g/dl) 6.8
Calcium (mg/dl) 8.8
Urea nitrogen (mg/dl) 9.5
Creatinine (mg/dl) 2.84
Glucose (mg/dl) 151
Aspartate aminotransferase (IU/l) 30
Alanine aminotransferase (IU/l) 4
Alkaline phosphatase (IU/l) 62
Total bilirubin (mg/dl) 2.72
Lactate dehydrogenase (IU/l) 220
Creatine phosphokinase (U/l) 99
Amylase (IU/m) 201.6
Lipase (U/l) 74.1
Myoglobin (ng/ml) 187.7
CRP (mg/dl) 0.94
PaO2 (mmHg) 65
PaCO2 (mmHg) 28
pH 7.48



rapidly bound to high-affinity carriers, such as ceruloplasmin,

as well as low-affinity carriers, such as albumin, for transport

to the liver and other tissues4). Ceruloplasmin-bound copper

accounts for approximately 90% to 95% of serum copper and,

under normal circumstances, the amount of unbound copper

in the blood is below 1%. In the presence of damaged mucosa,

such as that seen in an acute overdose, the fractional absorp-

tion is likely to be significantly higher5). The elimination of

copper occurs predominantly through biliary excretion fol-

lowing complexation with ceruloplasmin. Renal elimination

under normal conditions is trivial.

The clinical signs of copper sulfate poisoning vary accord-

ing to the amount ingested. For small doses of between 15 mg

and 1 g, gastrointestinal symptoms predominate6). Gastrointestinal

irritation is the most common initial manifestation of copper

salt poisoning. Blue coloration of the vomitus may occur fol-

lowing the ingestion of certain copper salts, particularly cop-

per sulfate7). Any dose >1 g is considered potentially fatal,

with symptoms including gastrointestinal hemorrhage, hemol-

ysis, and jaundice8,9). Early death can occur as a result of shock,

while later deaths are typically the result of renal or hepatic

injury. The mortality rate of acute copper sulfate poisoning

is 14.6-18.8%10-11).

The mechanism of intravascular hemolysis is through the

inhibition of glucose-6-phosphate dehydrogenase, which

leads to oxidation of the sulfhydryl groups of hemoglobin,

and increases cell permeability via inhibition of the NA+/K+

ATPase pump12). Real-time testing for copper is impractical,

and routine laboratory tests, including hemoglobin, biliru-

bin, and fraction of indirect bilirubin, should be ordered as

an assessment of hemolysis and jaundice. Low serum hap-

toglobin and elevated lactate dehydrogenase is helpful to

determine intravascular hemolysis3). Acute kidney injury is

being explained by direct injury to the proximal tubule and

reduced renal perfusion complicated by hypovolemia and

intravascular hemolysis.

Chelation therapy should be initiated when hepatic, hema-

tologic complications of poisoning are present3). However,

studies on the efficacy of chelation therapy following acute

copper salt poisoning are limited. Various animal models and

uncontrolled human data are available; however, the results

are frequently contradictory3). Three chelators are clinically

available for the treatment of copper sulfate poisoning: intra-

muscular BAL, CaNa2EDTA, and D-penicillamine. BAL is

appropriate for the treatment of patients with vomiting or

difficulty in oral administration due to gastrointestinal injury.

Because the BAL-copper complex primarily undergoes bil-

iary excretion, it is useful in patients with kidney failure (3

mg/kg over the course of 6 h)3). Successful clinical use of

CaNa2EDTA has also been reported (1 g intravenous twice
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Fig. 1. Serum creatinine, hemoglobin, and total bilirubin changes during hospitalization. Cr: creatinine, Hb: hemoglobin, TB: total biliru-
bin, pRBC: packed red blood cell



daily), and EDTA was shown to be effective in a case of vol-

untary parenteral poisoning13). However, any worsening of

renal insufficiency in these patients would have required a

decrease in treatment dose7). D-penicillamine has proven effec-

tive in preventing copper-induced hemolysis in Wilson dis-

ease (orally 300 mg every 6 h). The D-penicillamine-copper

complex undergoes rapid renal clearance in patients with

fully functioning kidneys. However, suitability of D-penicil-

lamine therapy is sometimes limited by its oral route of

administration and nephrotoxicity.

Our patient ingested about 13.5 g of copper sulfate, and

intravascular hemolysis and acute kidney injury were main

clinical manifestations. However, at the time of presentation

to the ED, we considered CKD as the etiology of both anemia

and increased serum creatinine level. We did not considered

copper sulfate poisoning induced intravascular hemolysis and

acute kidney until dark urine, markedly increased bilirubin,

and severe anemia were noted. Therefore, it wasn’t until the

fourth day that we were able to consider administration of

chelating agents. In our case, the above mentioned all chela-

tors were not appropriate. After reviewing literature on the

available alternatives, succimer was identified as the most

promising candidate in our patient. Succimer is commonly

used to treat lead, mercury, and arsenic poisoning, and has

been shown to triple the baseline copper elimination in a

murine model14). Given its ease of use, relative safety, and effi-

cacy in experimental models, succimer has been proposed

as a potential treatment in cases of mild or moderate copper

poisoning3,15). In the poison centers of United States, succimer

is listed as an antidote for general heavy metal poisoning16).

In Wilson’s disease, succimer was demonstrated to be of

benefit17). The adverse effects of succimer are relatively rare.

Common adverse reactions include gastrointestinal discom-

fort, skin reaction, mild neutropenia and elevated liver

enzymes18). However these symptoms are mild and self-lim-

iting. Liebelt et al. reported that transient rise in transami-

nase activity during chelation occurs in up to 57% of patients

but has not resulted in clinically significant sequelae19).

Consensus on the duration of treatment with copper chela-

tors is not established. In North America, 19- to 26-day regi-

men has been used in lead poisoned patients: 30 mg/kg/day

for 5 days, then 20 mg/kg/day for 14-21 days20,21). We applied

19-day regimen (10 mg/kg three times daily for 5 days fol-

lowed by 10 mg/kg twice daily for 14 days) to the patient. In

our patient, serum creatinine increased from 2.84 to 6.0 mg/dL.

We did not perform hemodialysis because it has been demon-

strated to be ineffective in eliminating copper from the body,

and urine output was maintained during the hospitalization.

As no serum copper or urinary copper concentrations were

checked, it is impossible to determine the accurate copper

load or any increased urinary copper clearance from succimer

therapy. Nevertheless, the use of succimer seems to be effec-

tive in our patient because the aggravation of anemia and kid-

ney injury were stopped and  recovered after administration

of succimer.

CONCLUSION

In conclusion, acuter copper toxicity has been rarely report-

ed but can lead to severe and life-threatening multiorgan

dysfunction. Treatment consist of using chelators such as

D-penicillamine, BAL, and CaNa2EDTA. When the use of

these chelators are limited, succimer can be alternative in

acute copper sulfate poisoning.
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