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Introduction
The author (SH) is a toxicologist who works in the academic 

sector. He purchased and began occupying a ranch-style house 
in October of 2019. The house was built 30 years earlier in 1989. 
Over the 6 months after relocating he began experiencing different 
health problems. The first of these was peripheral signs of a devel-
oping neuropathy including numbness and tingling of feet, stiff legs, 
problems with balance and normal walking, shaky hands and shaky 
voice. The second was gastric bloating manifesting primarily in the 
upper left gastrointestinal (GI) quadrant, feeling like an inflated 
balloon placed under the ribs in that region. The third was diagno-
sis of macrocytosis, an abnormal enlargement of red blood cells and 
a type of anemia. SH, 66 years-old, viewed these as unrelated health 
problems manifesting with aging.

New Health Challenges 
Neuropathy was evaluated by the family practice physician of SH 
through tests that included ability to stand with feet together and 
eyes closed, heel-to-toe walking of a straight line, and ability to 
perceive light touching in the lower legs. SH performed poorly on  

 
these tests. Symptoms of neuropathy were therefore described 
by the physician in the visit report, which was available online to 
SH (“MyChart”). SH was asked to return in 3 months for follow-
up neurologic evaluation, at which time he reported a new 
observation of gastric bloating. Computed tomographic (CT) 
imaging was ordered to determine possible GI bloating causes, 
with colon cancer being a desired first rule-out.

The imaging detected no abnormal anatomy and was followed 
by colonoscopy which showed normal colon internal walls and 
architecture. Consultation with a gastroenterologist was next ar-
ranged, ending with prescribing of probiotics. The presence of 
macrocytosis was detected as part of routine blood work during 
the next annual physical examination and felt to likely be caused by 
vitamin B12 deficiency. Vitamin B12 was prescribed and red blood 
cells size was partially diminished after 6 months and back to nor-
mal after 12 months. 

SH considered neurologic disorders that best fit his age and sex, 
as well as family medical history. Diseases such as multiple scle-
rosis and myasthenia gravis were viewed as unlikely, while early 
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Parkinson’s disease presented as most consistent. This was not a 
comfortable realization in that Parkinson’s is a neurodegenerative 
disorder in which neuropathy progresses to debilitating and the 
end-stage often includes dementia. 

Copper Detection
A family relative walking behind SH indicated something green 

was on the white hair on the back of his head. SH later used a hand-
held mirror to examine his hair in a large bathroom mirror behind 

him. Doing so, he realized the green coloration was not on his hair, 
but rather was in his hair. Being a toxicologist, he recognized this 
as a possible sign of heavy metal exposure. Green hair tinting may 
also occur after use of clarifying shampoos containing acetic acid 
to remove hair dye coloring, or from spending considerable time 
swimming in pools that use chlorine sanitizing systems. Neither of 
the latter two applied to SH. SH requested that his wife clip some of 
the green-tinted hair (Figure 1). 

Figure 1A: Back of head of SH, showing green coloration of hair just above the collar. 
B: Clipped hair samples on white notebook paper

The most pronounced green coloration was in the occipital 
(lower rear) region of the scalp which may relate to hair growing 
faster in this region as compared to sides or top of the head. [1] 
During his next haircut SH asked the stylist if she could detect green 
tinting elsewhere in his hair, and was told the green is lighter but 
was distributed throughout his hair. Copper was viewed by SH as 

the likely causative metal, having oxidizing to green as occurs in 
courthouse domes in some cities (Figure 2). SH entered the house 
crawlspace, having not done so before, and found that he had cop-
per plumbing pipes. This was a “light’s on” moment, with the reali-
zation occurring that metal toxicities include neurologic and hema-
tologic signs he had recently begun expressing. 

Figure 2: Hofburg Vienna dome with green-colored oxidized copper coating. Picture source: https://commons.wikimedia.org (pictures placed 
into the public domain).
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Testing Chronology
On the morning of October 27, 2020 (3 days after the weekend 

observation of green-tinted hair) SH collected a water sample from 
the faucet in his kitchen sink for metal content analysis by a Univer-
sity of Georgia Agricultural & Environmental Services Laboratory 
located at 2400 College Station Road, Athens, GA, 30605 (test re-
sults were returned November 20, 2020). This kitchen sink faucet 
was the one SH used for drawing drinking water. Among 14 met-
als analyzed all except copper were at levels determined to be safe 
for human exposure by the U.S. Environmental Protection Agency 
(EPA) (Table 1). For copper, the EPA has established a primary (P) 

and a secondary (S) drinking water standard. The Primary stan-
dard is a level that has been shown to cause adverse health effects, 
while the Secondary standard is the maximum level set for safe 
drinking water. Water in the sink faucet sample contained 278% of 
the EPA Primary standard and 373% of the secondary standard for 
copper. The report noted that the EPA has concluded copper levels 
in excess of 1.3 ppm may cause gastrointestinal distress. SH con-
sidered, prior to purchase of this house, he had started a diet that 
involved drinking ½ gallon of water each evening, 6-7 days/week. 
This practice continued throughout his time in the new house until 
the detection of excess copper in the household water, after which 
externally-purchased water was used.

Table 1: Household water metal analysis. 

Parameter Concentration in 
Sample EPA Maximum Level Parameter Concentration in 

Sample EPA Maximum Level

Aluminum (AI) negligible 0.2 ppm (S) Sodium (Na) 7.4 ppm No Set Maximum

Boron (B) negligible No Set Maximum Zinc (Zn) 0.31 ppm 5.0 ppm (S)

Calcium (Ca) 8.3 ppm No Set Maximum    

Chromium (Cr) negligible 100 ppb (P)    

Copper (Cu) 3.73 ppma
1.0 ppm (S)    

1.3 ppm (P)    

Iron (Fe) negligible 0.30 ppm (S)    

Lead (Pb) negligible 15 ppb (P)    

Magnesium (Mg) 2.3 ppm No Set Maximum    

Maganese (Mn) negligible 0.05 ppm (S)    

Molybdenum (Mo) negligible No Set Maximum    

Nickel (Ni) negligible No Set Maximum    

Phosphorus (P) 0.05 ppm No Set Maximum    

Potassium (K) 2.3 ppm No Set Maximum    

Silica (SiO2) 39.02 ppm No Set Maximum  

Note*: aThe above red type of font color for copper ppm was a part of the original report.

ppm: parts per million.

Water supplying the SH house comes from a community well 
that provides all 20 houses in the development. The high copper 
levels suggested the possibility of a non-neutral pH mobilizing cop-
per from the copper pipe plumbing. On November 23, 2020 SH col-
lected an additional sample of water from his kitchen sink faucet 
and brought it to his University of Georgia laboratory for pH de-
termination using an Ohaus ST2200-F pH Benchtop Meter, which 
showed an acidic pH of 5.3 for the water. SH arranged for a plumber 
to examine his house and advise about methods to reduce high cop-
per levels in the water. This person took a water sample from the 
entry port into the house and ran analyses that included pH (Ta-
ble 2), with result of pH 5.8 (eXact iDip B0029Dv69.02 field test). 
The plumber cautioned SH that the water was sufficiently acidic to 
mobilize copper from copper pipes that hold it for different dura-
tions depending on household water-use activity (e.g., water may 
routinely sit in pipes for 8 or more nighttime hours). He further in-

dicated maintaining pH in the range of 6.5-8.0 was the responsibil-
ity of the supplier to prevent this type of occurrence. SH contacted 
the supplier (Georgia Well & Water), described the problem and 
requested pH within allowable limits. SH thereafter routinely eval-
uated water pH using his laboratory meter, and in all cases found 
levels near neutral (7.0).

On January 19, 2021 SH had his household water retested for 
metals by the laboratory that performed the initial test. The sample 
contained 115% of the EPA Primary standard and 149% of the sec-
ondary standard for copper, thus had decreased considerably from 
levels in the initial sample but was still above EPA threshold for safe 
drinking. Water was tested again May 24, 2021 and contained 39% 
of the EPA Primary standard and 51% of the Secondary standard 
for copper, therefore reaching levels considered safe for human 
consumption by the EPA. 
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Table 2: Household water pH. 

Results

Test Name: Total Dissolved Solids (TDS)

Test Results: 43 ppm

Test Date: 2020-11-17 09:02AM

Test Site: Community water System

Test Device: Manual Entry

Test Location (Lng, Lat): 33.970169,-83.526711

Test Name: PH, Acid PHA

Test Results: 5.8

Test Date: 17-11-20 9:02

Test Site: Community water System

Test Device: iDip B0029Dv69.02

Test Location (Lng, Lat): 33.970387,-83.526482

Note*: Yellow highlight added to pH data by SH for ease of locating.

Copper Neurologic and Hematologic Toxicity
Altered copper homeostasis (too little copper or too much) has 

been associated with neurological and neurodegenerative pathol-
ogies. [2,3] High levels of copper ingestion in humans have been 
linked to several neurodegenerative pathologies including Parkin-
son’s and Alzheimer’s diseases. [4] In copper toxicosis, metal depo-
sition in the basal ganglia of the brain is associated with develop-
ment of Parkinson’s-like symptoms including dystonia (involuntary 

muscle contractions) and tremor. [5] Early warning signs of Parkin-
son’s disease include shaking beginning in hands or fingers, slowed 
movement and rigid muscles, impaired balance, speech changes, 
and writing changes. [6] SH self-reported all of these symptoms to 
an immunologist colleague approximately 6 months before the re-
alization he had been orally exposed to sufficient copper to cause 
visible greening of his white hair. 

In neuropathies, long nerves extending to the periphery are 
typically first affected. Cranial nerve 10 (CNX), the vagus nerve, is 
one such long nerve as it travels from brainstem to structures that 
include the gut where it plays a role in peristalsis. [7] As a conse-
quence, gastrointestinal bloating disturbances are often among 
symptoms displayed in patients with neuropathy. [8] Heavy metal 
poisoning is also associated with hematologic disorders, with cop-
per among the metals most commonly linked to hematotoxicity [9]. 

Conclusion
Greater than 2 years and routine haircuts (approximately every 

5 weeks) were required for green coloration to disappear from the 
hair of SH. Over this same period of time, he described his neuropa-
thy during visits to his physician as not appearing to be worsening, 
and possibly showing some level of reduced tingling and increased 
sensation to his feet. During a routine physician visit on April 20, 
2021 SH indicated a belief that neuropathy symptoms in his legs 
and hands were in fact somewhat reduced (Figure 3), and that gas-
tric bloating had also diminished.

Figure 3: Screenshot from April 20, 2021 SH MyChart visit notes. Yellow highlight added by SH.

Case reports describing symptoms of copper toxicity are rare 
in the literature. This is the first report describing multiple adverse 
health events that had the appearance of being copper toxicity-re-
lated, and were personally experienced by a toxicologist. If the toxi-
cologist did not have white hair, he and his physician agreed the ap-
parent underlying heavy metal cause of the neurotoxicity may have 
been challenging to determine. Such a missed diagnosis would have 
resulted in continued consumption of the contaminated water and 
predictable progressing of Parkinsonian symptoms. Such symp-

toms in this case would have been felt to have underlying etiologies 
for which a simple intervention was less possible. 
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