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Abstract. End-stage kidney disease (ESKD) is increasingly recognized as a major global
health issue. Heavy metal exposure is a significant risk factor for ESKD. The present study
aimed to assess the blood levels of cadmium (Cd), lead (Pb), copper (Cu), and zinc (Zn), and
to investigate their variations with age among patients undergoing hemodialysis (HD).
Methods. A cross-sectional study was conducted in Amman, Jordan, from January to
December 2023. The study included §0 ESKD patients undergoing hemodialysis and 80
healthy controls, both groups aged 20-60 years, divided into four age ranges: 20-29, 30-
39, 40-49, and 50-60 years. Blood samples were analyzed for Pb, Zn, Cd, and Cu using
atomic absorption spectrometry. Data were analyzed using ANOVA, and p-values <0.05 were
considered significant.

Results. The concentrations of Pb, Cd, and Cu were significantly higher in ESKD patients
compared to healthy controls, while Zn levels were notably lower in ESKD patients.
Specifically, Pb levels averaged 27.65 ug/dL in ESKD patients versus 1.06 ug/dL in controls
(p =0.006). Cd levels averaged 1.035 ug/dL in ESKD patients versus 0.0485 ug/dL in controls
(p = 0.008). Cu levels averaged 270.1 ug/dL in ESKD patients versus 81.8 ug/dL in controls
(p = 0.004). Zn levels were significantly reduced in ESKD patients, averaging 29.5 ug/dL
compared to 82.45 ug/dL in controls (p = 0.035). Age-dependent variations showed that Pb
(p=10.01), Cd (p=0.043), Cu (p = 0.01), and Zn (p = 0.037 ) levels increase with age in
ESKD patients, suggesting age-related differences in metal accumulation and metabolism.
Conclusion: This study highlights significantly elevated levels of Pb, Cd, and Cu, and reduced
Zn levels in ESKD patients undergoing hemodialysis compared to healthy controls. Age-
dependent differences in metal concentrations suggest that the accumulation and metabolism
of these metals may be influenced by age in ESKD patients. These findings underscore the
need for further research into the impact of environmental toxins on kidney health.
Keywords: end-stage kidney disease, heavy metals, lead, cadmium, copper, zinc,
hemodialysis, environmental toxins.
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KoHueHTpamisi Ba2KKMX METAJIB KPOBi Ta iX BiKOBi 3MiHH Y HAIIEHTIB, AKi
JIKYIOTBCS MEeTOI0M remoianisy B Iciiamcokii gikapai Mopaanii

IXiMiyHuMit (haKyJIbTeT, BILAUI IPUPOSHUYMX HAYK, IPUBATHUI YHIBEPCUTET IPUKIIAAHUX HAYK,
Amman, Mopnanist
ZXimiuauii paxysasret, HaykoBuii konenx, YHiBepcuter Xaina, Xainb, Koposiscrso CayniBebka Apasis

Pesiome. Tepminanvha cmadis xponiunoi xeopobu nupox (XXH) € eno6aivHor npo6aemor) 0XopoHu 300pos .
Bnaue eadickux memanie € gidomum pakmopom pusuKy po3eumky ma npoepecysarts. Lle docrioxcenns manro Ha memi
ouinumu pieni kadmiro (Cd), ceunyto (Pb), midi (Cu) i yunky (Zn) y kposi nayienmie, aKi Aikyromocs Memooom eemodi-
anizy (I'1) ma docaioumu ix eixoei 3minu.

Memoou. Lle oonomomenmue nepexpecte docaioncenns 6yn0 npogedeno 6 Aumani, Hopdanis, 3 ciuns no epyoens
2023 poky. Hocaidncenns exarouano 80 navienmie 3 ESKD, aki npoxoduau eemodianiz, i §0300p0o8ux KOHMPOAbHUX ePYH,
obudei epynu gixom 20-60 pokis, posdineni Ha womupu gikogi dianazonu: 20-29, 30 -39, 40-49 i 50-60 pokis. 3pasku
kpoei ananizysanu va Pb, Zn, Cd ma Cu memodom amomuo-abcopbuiiinoi cnekmpomempii. lani ananizyeaau 3a dono-
moeoro ANOVA, i p-3nauenns <0,05 esaxcaru 3Hauyuumu.

Pezynomamu. Konuyenmpauyii Pb, Cd i Cu 6yau 3nauno euwumu y Il nayienmie y nopieHusHHi 3i 30oposumu 0o-
Hopamu, modi siK pieni Zn 6yau cmamucmu4no 3Ha4yuo Huxcuumu. 3oxpema, pieenv Pb ¢ cepednvomy cmanosue 27,65
mke/0ny T/l nayieumie npomu 1,06 mke/0ay konmpoawniii epyni (p = 0,0006). Pieni Cd 6 cepednvomy cmanosuau 1,035
mre/0ony T/l nayienmie npomu 0,0485 mxe/0n y konmpoawHiil epyni (p = 0,008). Pieenv Cu cmanosue 270, 1 mxe/on ma
81,8 mxe/0a, gionosiono (p = 0,004). Konuenmpauyis Zn 6ysa docmogipro 3uuxcena y 1] nayienmie ma y cepednoomy
cmanosuna 29,5 mke/0n nopiensano 3 82,45 mxe/0n y koumponsHiti epyni (p = 0,035). Ananiz éikoeux ocobaueocmeii u-
3Ha4ue, ujo koHyeumpauyii Pb (p = 0.01 ), Cd (p = 0.043), Cu (p = 0.01), and Zn (p = 0.037 ) nideuuiyromocs 3 8ikom y
T/l nauienmis.

Bucnosku. Hawe docaioxcenns demoncmpye cmamucmu4to 3Havyuo nideuweri pieni Pb, Cd i Cu, a makooc
3Hudceni pieni Zn 'y I/l nayicnmie nopieHsHo KoHmMpoavHor epynor. Ha HakonuvenHs ma memadonizm yux memanie
moonce enausamu gix 1] nauienmis. 1li eucnoexu niokpecaroroms Heo0XiOHICMb NOOANLUUX D0CAIONCEHb 6NAUEY MOKCU-

Hi8 HABKOAUUHB020 Cepedosuua Ha 300p08’s HUPOK.

Kiro4oBi ciioBa: mepminanvha cmadis XpoHiuHOI X60poou HUPOK, 8ANCKI Memanil, ceuHelb, Kaomii, Miob, YUHK,

eemodianiz, eKkon02iuHi MOKCUHU.

Introduction. Over the past decade, end-stage
kidney disease (ESKD) has become increasingly rec-
ognized as a global public health problem and an im-
portant cause of morbidity and mortality [1]. Although
the burden of ESKD is well-defined in developed coun-
tries, there is growing evidence that the burden in de-
veloping countries may be even greater [1, 2]. Hemo-
dialysis (HD), a life-saving treatment, involves filter-
ing and purifying the blood using a machine to remove
waste products and excess fluids in patients with ESKD.
However, exposure to heavy metals, such as cadmium
(Cd), lead (Pb), copper (Cu), and zinc (Zn), poses ad-
ditional health risks for patients undergoing HD [3].
These metals, found in industrial processes and vari-
ous environmental sources (water, air, food, cigarettes,

Mohammed-Jamal A. Shammout
m_shammout@asu.edu.jo

gasoline, contaminated crops, seafood, etc.) can accu-
mulate in the body over time, exacerbating kidney dam-
age and complicating treatment outcomes [4, 5]. There
are not less than 35 metals that are of great concern,
because they are required for maintaining good health,
but can become toxic in larger amounts [6]. Heavy
metals are known environmental pollutants that have
dramatically contributed to impaired kidney function.
Metals used in industrial processes have been associ-
ated with contamination of drinking water, food, and
soil, thereby increasing the risk of exposure among the
general population [7]. Crommentuijn et al. showed
that elevated metal levels in soil, lead to an increase in
leaching losses of metals to groundwater and surface
water, which will, after a considerable delay time, af-
fect both drinking water quality and aquatic organisms
[8]. Balkan endemic nephropathy (BEN) is a reported
kidney illness in certain villages in Serbia, Bulgaria, Ro-
mania, Croatia, and Bosnia, that is caused by long-term
exposure to polycyclic aromatic hydrocarbons (PAHs)
or other toxic organic compounds [9]. Chronic expo-
sure to low levels of environmental heavy metals such as
Cd and Pb slowly accumulates in the body and causes
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toxicological renal effects [5]. Choudhury et al. showed
that, in Bangladesh, kidney failure cases have increased
enormously over the past few decades, due to environ-
mental hazards because of the application of toxic met-
als in fertilizers and pesticides [10].

Cd significantly damages the lungs, it is a neph-
rotoxic environmental pollutant; that can cause seri-
ous kidney disease [11]. In studies where animals were
given cadmium in food or water, the animals developed
high blood pressure, anemia, liver disease, and nerve or
brain damage [12]. The United States Environmental
Protection Agency (USEPA) lists kidney damage as
the major effect of cadmium [13]. The WHO has set a
drinking water quality guideline of 3 ug/L for cadmium,
and levels in drinking water are usually less than 1 pug/L
[14]. Allowable blood Cd concentration is in the range
of 0.5 to 2.0 ng/mL (0.05- 0.2 pg/dL), and acute tox-
icity will be observed when levels exceed (5 pg/dL) or
50 ng/mL [15]. Cd has a worrying half-life of over 7.4
years, making it very difficult to eliminate. The main
sources of cadmium exposure are smoking, contami-
nated food and water, pigments, plastics, coatings, and
battery manufacturing [5]. According to the Agency for
Toxic Substances and Disease Registry (ATSDR) [12],
food and tobacco are the primary sources of exposure
in the United States. As soon as cadmium enters the
body, most of it binds to metallothionium. These com-
pounds are eliminated through the glomerulus but are
reabsorbed and stalled in the renal tubules. The slowly
degrading of Metallothionium constantly releases high-
ly toxic free cadmium. It is then passively excreted in
the urine, but also causes oxidative stress in the renal
tubules. As the kidneys’ function declines, they not only
lose their ability to eliminate toxins, but they also be-
come less able to perform other functions [4].

Pb is another environmental pollutant, it is a useful
element in the industry but has severe health problems in
the human body, which leads to serious damage to the
kidneys. Pb in blood circulation is either excreted by the
kidneys or accumulates in bone. The half-life of Pb in the
blood is around 35 days, and up to 30 years in bones. It
has been reported, that chronic low Pb exposure (blood
Pb level < 5-10 pg/dL) can potentially contribute to the
development of ESKD, and chronic high Pb exposure
(blood Pb level > 60 ug/dL) can cause Pb nephropathy,
which is characterized by glomerular sclerosis, tubular
atrophy, tubulointerstitial fibrosis, and finally reduced
glomerular filtration rate (GFR). The common sources
of exposure to Pb are gasoline, batteries, ammunition,
coatings, food, and water contaminated by Pb pipes [7].

Cu, due to its role as a catalytic cofactor or struc-
tural component for many enzymatic reactions, is con-
sidered one of the most essential trace elements found
in all living organisms. The main sources of Cu expo-
sure are ambient air, potable water, seeds, nuts, beans,
and grains [16]. Allowable blood Cu concentration
ranges from 70 to 140 pg/dL [17, 18]. Cu can be ab-
sorbed into the human body through ingestion, inhala-
tion, and even dermal contact. Excess levels of cellular

Cu can be cytotoxic, which results in the production of
highly reactive oxygen species (ROS), responsible for
lipid peroxidation in membranes [16].

Zn is one of the most abundant trace metals in hu-
mans and the second essential element, after Iron need-
ed by the body. Zn in small amounts is relatively harm-
less. Only high doses have toxic effects [19]. Drinking
water seldom contains zinc at concentrations above 0.1
ug/L [14]. Arora et al. showed that normal blood Zn
concentration ranges from 70 to 180 ug/dL [20]. De-
spite the extensive documentation of heavy metal expo-
sure and its impact on kidney function, there is limited
research specifically addressing the variations in blood
levels of Cd, Pb, Cu, and Zn among patients undergo-
ing hemodialysis across different age groups.

The present study aimed to assess the blood levels
of Cd, Pb, Cu, and Zn and to investigate their variations
with age among patients undergoing HD.

Patients and methods. The study design and par-
ticipants. A cross-sectional study was conducted in the
urban area of Amman from January to December 2023
due to its high potential for heavy metal contamination
from industrial and geographical sources. The study
includes patients with kidney failure from one of the
most famous renal dialysis centers in Jordan (Islamic
Hospital/Amman) which falls into the jurisdictions of
Amman City the capital of the Hashemite Kingdom
of Jordan [21]. Approval was obtained from the Eth-
ics Committee of the Jordan Islamic Hospital (approv-
al number 645/2022/1) and the Deanship of Higher
Education and Scientific Research in Applied Science
Private University (approval number 354/9/2/10). A
written informed consent was obtained from all of the
participants.

Eighty male patients with kidney failure undergo-
ing hemodialysis were recruited. Exclusion criteria in-
cluded diabetes, high blood pressure, hepatitis B and C,
and HIV. Patients were aged 20-60 years and treated at
the Renal Dialysis Unit at the Islamic Hospital. A con-
trol group of 80 healthy, non-smoker males aged 20-60
years was also included to avoid physiological differ-
ences between genders. To achieve the study goal, the
participants of both groups were subdivided into the fol-
lowing age groups: A (20—29 years), B (30—39 years), C
(40—49 years), and D (50—60 years).

Chemicals and reagents. Nitric acid (HNO;) and
Hydrochloric acid (HCI) of analytical reagent grade
were purchased from E. Merck Germany. A certified
standard solution reagent for atomic absorption con-
taining Zn (LABCHEM, USA), Cd and Pb (super-
Sigma-Aldrich, Germany), and Cu (CARLO ERBA,
Germany) was used for preparing stock and working
standard solutions. A 5% HNO; solution in distilled
water was used to dilute these standard solutions. The
preparation and handling of blank solutions were the
same as that of standard solutions. All standard solu-
tions contained deionized water (Local supplier), hy-
drogen peroxide (H,0,), and nitric acid (HNO,) (perk
grade 65%) (22, 23].
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Apparatus and instruments. All glassware and
equipment were cleaned with nitric acid and distilled
water. Blood sample analysis was performed using the
Atomic Absorption Spectrometer (AAS) model Nova
800F, which operates in the wavelength range of 200-
700 nm, using a single beam optic mode for absorbance
and concentration data processing [24, 235].

Sample and Standard Solution Preparation.
Working standards for each heavy metal were prepared
from their standard solutions using 5% HNO3 as a dilu-
ent to construct calibration curves. Blood samples (3-5
ml) were collected from the antecubital vein of ESKD
patients and controls using disposable pyrogen-free
needles and transferred into heparinized tubes contain-
ing lithium heparin.

Preservation and Digestion of Blood Samples.
Blood samples were wet digested and stored at -20°C
until analysis. Wet digestion using nitric acid involved
heating 5 ml of blood with 10 ml of nitric acid at 160°C
for two hours. The digested samples were filtered,
cooled, treated with hydrogen peroxide, diluted to
50 ml, and filtered again [23, 25-27].

Statistical analysis. The Kologrimov-Smirnov was
used to assess data distribution. Data are presented as
mean (M) and standard deviation (SD) using EXCEL
2019. The results were analyzed using analysis of vari-
ance (ANOVA), with a p-value of <0.05 considered sig-
nificant.

Results. The characteristics of the study partici-
pants are summarized in Table 1.

Table 1
Characteristic of the study participants
Samples Agfygeg:_l)lps (gI}I(:)L) Serm?g%ef; e SIIII; (;)l:;lslg Sex Total No.

A 20-29 15.18 £0.73 0.68 = 0.069
B 30-39 15.4 £0.52 0.68 = 0.58

Healthy Controls Non-smoker Males 80
C 40-49 15.2£0.59 0.73 +0.094
D 50-60 15.03 = 1.056 0.68 = 0.0.76
A 20-29 9.03 +0.56 7.4£0.85

; B 30-39 9.8 £ 1.14 7.5+14

iﬁggmgHD C 40-49 10.2 4+ 0.51 71413 Non-smoker | - Males %0

D 50-60 9.4+0.78 7.5%£1.2

Abbreviation: Hb, hemoglobin.

Hemoglobin and serum creatinine levels were
similar across different age groups in both the con-
trol and ESKD groups. However, significant differ-

ences were found in the blood levels of Cd, Pb, Cu,
and Zn between ESKD and control groups as shown
in Table 2.

Table 2
ANOVA test of normal ranges and average concentrations of heavy metals
in blood samples of patients with ESKD
ESKD group
Elements Allowa(bli;})(}i(;d i Hei(l:::;’d%‘)o up after dialysis p-value
(ng/dL)
Pb <5[34] 1.06 £ 0.23 27.65+6.95 0.006
Zn 70 to 180 [24] 8245t 4.5 29.5+2.3 0.035
Cd 0.05t00.2 [17] 0.0485 + 0.0268 1.035+0.39 0.008
Cu 70 to 140 [20,21] 81.8+£2.9 270.1 = 5.05 0.004

Abbreviations: Cd, cadmium; Cu, copper; Pb, lead; Zn, zinc.

As you can see in Table 2, Pb, Cd, and Cu con-
centrations measured after dialysis were significantly
higher in ESKD patients compared to healthy controls.
In contrast, Zn concentrations were significantly lower
in ESKD patients compared to healthy controls.

For further analysis, both groups were subdivided
into age ranges: A (20-29), B (30-39), C (40-49), and D
(50-60), as shown in Tables 3 and 4.
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Table 3
Heavy metal concentrations in ESKD patients’ blood samples (Mean = SD)
Age Group Pb (pg/dL) Zn (pg/dL) Cd (pg/dL) Cu (pg/dL)
A (20-29) 13.8 £ 8.0 26.2+2.3 1.02£0.36 251.4£5.5
B (30-39) 28.3+6.1 279+2.4 0.93 £ 0.41 267.2 £4.8
C (40-49) 33.67 £6.6 29.8 £2.2 1.06 £ 0.37 279.7+5.2
D (50-60) 34.82+ 7.1 34.1+3.1 1.13£0.42 286.1 £4.7
p-value 0.01 0.037 0.043 0.01
Abbreviations: Cd, cadmium; Cu, copper; Pb, lead; Zn, zinc.
p-value of <0.05 is considered significant.
Table 4
Heavy metal concentrations in healthy control group blood samples (Mean = SD)
Age Group Pb (png/dL) Zn (pg/dL) Cd (pg/dL) Cu (pg/dL)
A (20-29) 0.8+0.2 78.714.2 0.032 £ 0.01 78.1+£2.3
B (30-39) 0.94+0.23 92.3+5.1 0.046 = 0.024 79.3+2.4
C (40-49) 1.1 £0.15 81.6 £4.7 0.057 £ 0.031 83.6 £3.2
D (50-60) 1.4+0.32 77.2+4.1 0.059 £ 0.042 86.2 £ 3.8
p-value 0.021 0.042 0.033 0.023

Abbreviations: Cd, cadmium; Cu, copper; Pb, lead; Zn, zinc.
p-value of <0.05 is considered significant.

Discussion. According to the Centers for Disease
Control and Prevention (CDC) [28], the average Pb
level in the blood of 5 pug/dL or 0.24 pmol/L or above
is considered elevated in adults. We observed a signifi-
cantly higher (p = 0.006) concentration of Pb in patients
with ESKD compared to the healthy control group and
reference (allowable) blood levels. Our findings align
with previous studies [29, 30], which reported that pa-
tients with kidney failure who smoke had significantly
higher levels of Pb in their blood samples compared to
non-smoker healthy controls. This is consistent with
the study by Kim et al. [5], which demonstrated that
chronic exposure to low levels of environmental heavy
metals, such as Pb, slowly accumulates in the body and
causes toxicological renal effects. Additionally, Humu-
dat et. Al. found elevated Pb concentrations in dialysis
fluid [31].

According to Arora et al., the allowable blood Zn
concentration ranges from 70 to 180 pg/dL [20]. We
observed a significantly low (p = 0.035) concentration
of Zn in patients with ESKD compared to the healthy
control group and reference (allowable) blood levels.
These findings were consistent with previous reports [3,
32, 33] which showed Zn deficiency in patients under-
going HD due to its removal during hemodialysis How-
ever, the results published by Ogabiela et al. were not
consistent with our findings, as they indicated signifi-
cant levels of whole blood Zn in the studied population
in Dareta Village, Nigeria [34].

One probable reason for the low Zn levels in blood
samples of ESKD patients is that exposure to Pb and Cd
via environmental pollution can replace Ca and Zn, re-
spectively, by competing for binding sites in biological

systems. It is also known that these elements and their
compounds can be toxic if their concentrations exceed
certain limits [35, 36]. Arredondo et al. mentioned that
alterations in Zn and Cu metabolism have been noticed
in patients with ESKD [37]. Orr and Bridges showed
that in previous studies, low doses of Zn supplement
have been shown to reduce renal toxicity induced by Cd
[32].

According to the CDC, in adults, the allowable Cd
level in the blood is 0.05-0.2 pug/dL, and levels above
5 pg/dL are considered elevated [28]. We observed a
significantly higher (p = 0.008) concentration of Cd
in patients with ESKD compared to the healthy con-
trol group and reference (allowable) blood levels. Our
findings align with a 2015 study [5] demonstrating that
chronic exposure to low levels of environmental heavy
metals like Cd gradually accumulates in the body, caus-
ing toxic renal effects. Additionally, our results are con-
sistent with a 2008 study [29] that reported significantly
higher Cd levels in the blood samples of patients with
kidney failure compared to non-smoker controls.

According to LaGow et al. and Heitland et al., the
allowable blood copper Cu level concentration in males
is 70 to 140 pg/dL [17, 18]. We observed a significantly
higher (p = 0.004) concentration of Cd in whole blood
compared to the healthy control group and reference
blood levels. Our findings were consistent with a study
conducted by Niu et. al. [38], which showed that the
levels of intracellular Cu were significantly elevated in
the case of kidney fibrosis. Moreover, our findings also
match with the results shown by Ahmad et al. [36] who
reported that raised blood copper levels have been as-
sociated with chronic kidney disease.
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Limitations. First, the relatively small sample size
of 80 ESKD patients and 80 healthy controls may limit
the generalizability of the findings. Additionally, con-
ducting the study at a single hospital in Amman may
not represent other regions or populations. Second,
the cross-sectional design captures data at one point
in time and does not account for temporal variations
in heavy metal levels or kidney function. Longitudinal
studies are needed to explore the long-term effects of
heavy metal exposure. Third, while some variables were
controlled, other potential confounders, such as dietary
habits, occupational exposure, and broader environ-
mental pollution, were not comprehensively assessed.
Fourth, the study measured heavy metal concentrations
but did not assess sources or duration of exposure. In-
cluding detailed exposure assessments would provide
a clearer understanding of heavy metal sources. Fifth,
variations in hemodialysis protocols, including meth-
ods and frequency, were not considered, which could
affect heavy metal levels. Sixth, the study focused on
specific age ranges (20-29, 30-39, 40-49, 50-60 years),
potentially limiting the applicability of results to other
age groups. Lastly, the study only analyzed four heavy
metals (Cd, Pb, Cu, Zn). Including other metals or tox-
ins might provide a more comprehensive view of the
heavy metal burden in ESKD patients.

Conclusions. Our study reveals that ESKD pa-
tients undergoing HD have significantly higher blood
concentrations of Pb, Cd, and Cu compared to healthy
controls, while Zn levels are significantly lower. Age-
dependent variations show that Pb, Cu, Cd, and Zn
levels increase significantly with age in ESKD patients,
suggesting age-related differences in metal accumula-
tion and metabolism. Regular monitoring of heavy
metal concentrations in patients with ESKD is rec-
ommended to manage and mitigate potential toxic ef-
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fects. Future research should explore the mechanisms
of heavy metal accumulation and investigate potential
therapeutic strategies (e.g. Zn supplementations) to
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tamination.
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