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CONDITION

Hemolytic anemia caused by chemicals and
toxins

Hemolytic anemia caused by chemicals and toxins occurs when a harmful exposure

destroys red blood cells faster than the body can replace them.

WHAT IT IS

Anemia from toxic destruction of red blood cells

BODY SYSTEM

Blood and circulation

MAIN SYMPTOMS

Fatigue, breathlessness, jaundice, dark urine

WHAT CAUSES IT

Direct toxic injury to red blood cells

HOW IT IS DIAGNOSED

Hemolysis blood tests plus evidence of exposure

MAIN TREATMENT

Exposure removal, supportive care, and blood transfusion when needed

CAN IT BE CURED?

Sometimes - after exposure ends and complications resolve

IS IT AN EMERGENCY?

Sometimes - breathing difficulty, fainting, or cola-colored urine

LONG-TERM OUTLOOK

Often good; severe exposures may cause lasting organ damage

Overview

Hemolytic anemia happens when red blood cells are destroyed faster than the bone marrow

can replace them. This destruction is called hemolysis . Red blood cells carry oxygen

throughout the body, so losing too many can cause fatigue, weakness, breathlessness, and

other symptoms of anemia.

Certain chemicals and toxins can damage the outer membrane or internal proteins of red blood

cells. Some exposures cause rapid destruction within the bloodstream. Others produce slower

or repeated damage.

Examples include arsine gas, naphthalene found in some mothballs, and certain industrial
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chemicals. Some metals, medicines, venoms, and other toxic substances can also cause

hemolysis. The exact risk depends on the substance, the amount absorbed, how exposure

occurred, and a person's health and genetic traits.

Some exposures cause another blood problem called methemoglobinemia at the same time.

This changes hemoglobin, the oxygen-carrying protein in red blood cells, so it cannot release

oxygen normally.

This condition matters because severe hemolysis can reduce oxygen delivery and release

large amounts of hemoglobin into the bloodstream. The kidneys must filter this hemoglobin

and may become injured. Early recognition and removal from the exposure can limit further

damage.

Symptoms

Symptoms may begin within hours of a major exposure or develop over days with repeated

exposure. Mild anemia may cause few symptoms at first.

Possible symptoms include:

Dark urine can occur when hemoglobin from destroyed red blood cells passes into the urine.

Yellow skin or eyes develops when the body produces more bilirubin, a yellow waste product,

than it can quickly clear.

Some chemicals cause symptoms beyond hemolysis. Depending on the exposure, these may

include coughing, eye irritation, confusion, bluish or gray lips, numbness, or stomach problems.

These symptoms may reflect direct injury from the toxin rather than anemia alone.

Symptoms do not show how severe the anemia is. Blood tests are needed to measure red

blood cells and check for hemolysis.

- Unusual tiredness, weakness, dizziness, or headache

- Shortness of breath or a fast heartbeat

- Pale skin or the inside of the eyelids appearing pale

- Yellow skin or eyes, known as jaundice

- Dark red, brown, or cola-colored urine

- Back, abdominal, or muscle pain

- Nausea, vomiting, or reduced appetite
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Causes and risk factors

This condition is caused by exposure to a substance that damages red blood cells. Exposure

may happen through breathing, swallowing, skin contact, an injection, or a bite or sting.

Examples include:

Medicines can also cause hemolytic anemia, but not always through direct toxicity. Some

trigger the immune system to attack red blood cells. This is called drug-induced immune

hemolytic anemia and is evaluated differently.

A major risk factor is glucose-6-phosphate dehydrogenase deficiency , usually shortened to

G6PD deficiency. This is an inherited condition that makes red blood cells less able to protect

themselves from oxidative stress. People with G6PD deficiency may develop more severe

hemolysis after exposure to naphthalene, certain medicines, or other oxidizing substances.

Risk can also be higher with a large or prolonged exposure, poor ventilation, missing protective

equipment, or repeated workplace contact. Kidney, heart, or lung conditions may make the

effects of severe anemia harder for the body to tolerate.

- Arsine gas: A highly toxic gas that may be produced during some metal-refining, mining,
semiconductor, or industrial processes

- Naphthalene: A chemical found in some mothballs and industrial products

- Oxidizing chemicals: Substances such as aniline compounds, nitrobenzene, or chlorates
that disrupt normal red blood cell chemistry

- Copper and some other metals: Large toxic exposures can cause hemolysis along with
liver, kidney, or digestive injury

- Some venoms and biological toxins: These may directly damage red blood cells or trigger
other processes that lead to hemolysis

Diagnosis

Diagnosis begins with the exposure history and blood tests showing that red blood cells are

being destroyed. Details about the product, workplace process, timing, route of exposure, and

others who became unwell may help identify the cause.

A complete blood count , or CBC, measures hemoglobin and the number and size of red blood

cells. Other tests look for the pattern of hemolysis:

The reticulocyte count may not rise immediately. It can also remain low if bone marrow

function is impaired or the body lacks nutrients needed to make new cells.
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A direct antiglobulin test , sometimes called a direct Coombs test, checks whether antibodies

are attached to red blood cells. Direct toxic hemolysis is usually not antibody-driven, so this

test helps separate it from immune hemolytic anemia.

Some oxidizing exposures produce "bite cells" or Heinz bodies, which are damaged clumps of

hemoglobin seen with special laboratory methods. These findings can support the diagnosis

but are not caused by only one substance.

Blood, urine, or environmental testing may identify a particular chemical or its breakdown

products. However, not every toxin has a useful clinical test, and some leave the body quickly.

Kidney and liver tests, an electrocardiogram, oxygen measurements, and tests for

methemoglobinemia may also be needed.

- A high reticulocyte count, showing increased production of young red blood cells

- Increased bilirubin and lactate dehydrogenase, or LDH

- Low haptoglobin, a protein that binds free hemoglobin

- Hemoglobin in the urine

- Changes in red blood cell shape on a blood smear

Treatment and management

The first step is to stop further exposure. Decontamination must match the substance and

route involved. A poison center or emergency team can advise whether clothing should be

removed, skin rinsed, or another measure used. Do not make someone vomit or attempt

chemical neutralization unless a poison specialist specifically recommends it.

Treatment then supports the body while it clears the toxin and replaces damaged red blood

cells. This may include oxygen, careful fluid management, and close monitoring of urine output,

blood pressure, blood counts, and kidney function.

A red blood cell transfusion may be used when anemia is severe, progressing quickly, or

causing problems with oxygen delivery. The decision is based on the whole clinical picture

rather than a hemoglobin number alone.

Some exposures have a specific antidote or may require chelation, a treatment that binds

certain metals so they can be removed from the body. These treatments are

substance-specific and are not useful for every toxic exposure.

Methemoglobinemia may need separate treatment. One treatment, methylene blue, can cause

or worsen hemolysis in people with G6PD deficiency. Emergency specialists consider this risk

and the available alternatives.
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Severe kidney injury may require dialysis, which takes over part of the kidneys' filtering work.

Dialysis supports kidney function but does not reverse all forms of toxic injury.

Once the immediate illness is controlled, repeat blood tests help show whether hemolysis has

stopped and whether the bone marrow is restoring the red blood cell count.

Complications

The most important complications occur when red blood cell destruction is rapid or extensive.

Acute kidney injury can develop when free hemoglobin and the effects of the toxin damage

the kidneys. Warning signs include much less urine than usual, swelling, or worsening nausea

and confusion.

Severe anemia can reduce oxygen delivery to the heart and brain. This may cause chest pain,

fainting, confusion, or heart strain, particularly in people with existing heart or lung conditions.

Other possible complications include:

Some toxins damage several organs independently of hemolysis. For this reason,

improvement in the blood count does not always mean that all effects of the exposure have

resolved.

- Dangerous changes in blood pressure or heart rhythm

- Methemoglobinemia and reduced oxygen delivery

- Liver injury from the toxic substance

- Abnormal bleeding or clotting after a very severe exposure

- Ongoing kidney problems after major kidney injury

Prevention

Many toxic exposures can be prevented, although not every accidental or workplace exposure

is avoidable.

Follow workplace controls for ventilation, closed systems, protective clothing, respirators, and

exposure monitoring. Safety data sheets explain a product's hazards and the correct response

to spills or contact. Suspected workplace exposure should be reported through the

appropriate occupational safety process.

Keep mothballs, solvents, pesticides, and industrial products in their original labeled

containers. Store them away from children and pets. Never place a chemical in a drink bottle or
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food container, and do not mix household or industrial chemicals unless the label specifically

says it is safe.

G6PD deficiency itself cannot be prevented because it is inherited. If you know you have it,

keeping an updated list of substances and medicines that may trigger hemolysis can reduce

risk. A clinician or pharmacist can help interpret which exposures are relevant to you.

Living with it and what to expect

The course depends on the toxin, dose, duration of exposure, and whether the kidneys or other

organs were injured. When exposure ends and complications are limited, hemolysis often

stops. The bone marrow then makes replacement red blood cells, so energy and blood counts

may improve over days to weeks.

Recovery may take longer after severe anemia, a large exposure, or kidney injury. Some people

need follow-up for several months to monitor kidney function, blood pressure, and blood

counts. Lasting organ damage is possible after a major poisoning but does not occur after

every exposure.

Repeated low-level exposure can cause anemia to return or prevent full recovery. Finding and

controlling the source is therefore part of long-term management. Occupational health or

environmental specialists may help when the source is uncertain.

Routine follow-up may include a CBC, kidney and liver tests, and review of any remaining

fatigue, breathlessness, jaundice, or dark urine. Iron supplements are not automatically

needed. Hemolysis is different from iron-deficiency anemia, and unnecessary iron will not stop

red blood cell destruction.

When to get medical help

Contact a poison center promptly after a known or suspected harmful chemical exposure,

even if symptoms have not appeared. Have the product container, label, or safety data sheet

available if it is safe to do so. In the United States, Poison Help can be reached at

1-800-222-1222 .

Seek emergency medical care for:

Do not enter an area containing a suspected toxic gas without trained emergency equipment.

For routine follow-up, arrange a medical review if fatigue, mild jaundice, or reduced exercise

tolerance does not continue to improve after treatment. Recurrent symptoms may mean that
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exposure is continuing or that another cause of anemia needs evaluation.

- Trouble breathing, chest pain, fainting, or severe weakness

- Confusion, unusual sleepiness, or a seizure

- Blue or gray lips or skin

- Rapidly developing jaundice or dark, cola-colored urine

- Very little or no urine

- A significant arsine gas or other high-risk industrial exposure

- Symptoms that are worsening quickly after a chemical exposure

Common questions

Is toxic hemolytic anemia the same as iron-deficiency anemia?

No. Iron-deficiency anemia happens when the body does not have enough iron to make

hemoglobin. Toxic hemolytic anemia happens because red blood cells are being destroyed

early. The two problems can occur together, but they require different treatment.

How quickly can a chemical destroy red blood cells?

A large exposure may cause hemolysis within hours. Other exposures cause symptoms over

several days or after repeated contact. The timing alone cannot identify the chemical or show

how severe the problem is.

Will the anemia go away after the exposure stops?

It often improves once the toxin is cleared and red blood cell destruction stops. Recovery can

be slower if the anemia was severe, exposure continued for a long time, or the kidneys or bone

marrow were affected. Follow-up blood tests show whether recovery is continuing.

Can mothballs cause hemolytic anemia?

Mothballs containing naphthalene can cause hemolysis if swallowed or after enough vapor or

skin exposure. Children and people with G6PD deficiency may be especially vulnerable.

Suspected exposure should be discussed promptly with a poison center.

Why does G6PD deficiency increase the risk?

G6PD helps red blood cells defend themselves against oxidative damage. With too little of this

enzyme, oxidizing chemicals can damage the cells more easily. G6PD deficiency does not

cause continuous anemia in most people, but certain exposures can trigger an episode.

Should I take iron while recovering?
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Not unless testing shows iron deficiency or a clinician has recommended it for another reason.

Iron does not prevent toxin-related hemolysis. Taking it unnecessarily can cause side effects

and may delay investigation of the actual cause.
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