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Introduction: An environment exposed to heavy metals has the potential to cause cardiovascular disease. This condition increases free radical 

formation, namely hydrogen peroxide (H2O2), contributing to vascular damage. This research aims to analyze the relationship between 

Cadmium, Chromium, and Plumbum levels with H2O2, as risk factors for cardiovascular disease (CVD).  

Methods: The study design was a cross-sectional of 120 respondents living in an industrial area. The metal levels in the blood were measured 

using atomic absorption spectrophotometry and peroxide number analysis.  

Result: The results of the chi-square test at a 5% significance level showed a meaningful relationship between Cr and H2O2 (p<0,001), Pb, 

and H2O2 (p=0.019). However, there was no significant relationship between Cd and H2O2 levels (p=0.07).  

Conclusion: In conclusion, exposure to heavy metals (Cr and Pb) is a potential risk factor for cardiovascular disease through oxidative stress 

mechanisms.  
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INTRODUCTION 

Cardiovascular Disease (CVD) is the world-leading cause of 

death in developed and developing countries. CVD causes 

17.9 million deaths per year, this is 31% higher than all 

causes of death in the world.[1] This disease has classic risk 

factors such as dyslipidemia, hypertension, obesity, smoking 

habits, and inactivity.[2] Gutiérrez-Bedmar et al. revealed 

that environmental factors are essential in CVD 

pathogenesis.[3] 
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Research has not explored much of the effects of metal 

exposure on CVD incidence through oxidative stress 

mechanisms. On the contrary, many experts have 

determined that oxidative stress in blood vessels causes cell 

damage and involves several signalling pathways. 

 
Address for correspondence: Titin Andri Wihastui  

 Nursing Department, Faculty of Health Sciences, Universitas Brawijaya, Indonesia. 
Email: titinwihastuti@gmail.com  

 

 

This is an open access journal, and articles are distributed under the terms of the Creative 
Commons Attribution‑NonCommercial‑ShareAlike 4.0 License, which allows others to 
remix, tweak, and build upon the work non‑commercially, as long as appropriate credit is 
given and the new creations are licensed under the identical terms. 

For reprints contact: pnrjournal@gmail.com 

How to cite this article: Kumboyono K, Indah Nur C, Shila W, Wiharyanto O, 

Ardhi Khoirul H, Titin Andri W, Relationship between Cadmium, Chromium, 
and Plumbum Levels with Hydrogen Peroxide: Detection of Vascular 

Oxidative Stress Due to Metal Exposure as a Risk Factor for Cardiovascular 

Disease, J PHARM NEGATIVE RESULTS 2022;13: 1547-1551.  
 

 

Original Article 

Abstract 

http://www.pnrjournal.com/
mailto:titinwihastuti@gmail.com
mailto:pnrjournal@gmail.com


Journal of Pharmaceutical Negative Results ¦ Volume 13 ¦ Issue 4 ¦ 2022 1548 

Kumboyono K et. al: Relationship between Cadmium, Chromium, and Plumbum Levels with Hydrogen Peroxide: Detection of Vascular Oxidative Stress Due 

to Metal Exposure as a Risk Factor for Cardiovascular Disease 

 

 
 

Oxidative stress is a condition where there is a disturbance 

in the Reactive Oxygen Species (ROS) balance, either 

temporary or permanent. ROS increases inflammation, 

DNA, protein damage, and fat peroxidation. Therefore, 

elevated ROS concentrations are involved in CVD 

pathogenesis.[4,3,5] 

 

METHODS 

This research used a cross-sectional study to measure Cd, 

Cr, Pb, and H2O2. The study used a purposive sampling 

method to select respondents living around the industrial 

area. The sample inclusion criteria were: (a) an individual 

was staying at least one year in an industrial area, (b) the 

maximum residence distance is within a radius of 5 km from 

the location, (c) have normal blood pressure (120/80 

mmHg), (d) total serum cholesterol <200 mg/dL, (e) typical 

of body mass index (18.5–24.9 kg/m2), and have not a 

smoking habit. Researchers socialized the study, and the 

inclusion criteria of the sample used posters and social 

media to recruit participants. A total sample of 120 

participants living in industrial areas met the study inclusion 

criteria. 

Participants that met the inclusion criteria were required to 

have 5-6 mL of blood drawn to measure their Cd, Cr, Pb, 

and H2O2 levels. Blood collection was carried out in the 

Central Laboratory of Biomedical, Faculty of Medicine, 

Brawijaya University. A total of 5 ml of peripheral blood 

has been taken using the venous punction procedure, 

accommodated in an Ethylene Diamine Tetra Acetic 

(EDTA) tube. Blood was diluted with Axisxhield's 

Lymphoperm in the same volume ratio in a 15 ml tube, then 

centrifuged for 30 minutes at 6000 rpm. Blood samples were 

stored in a -20o C refrigerator for further testing. 

The materials needed to measure those variables include 

Buck Scientific Model 210 VGP Flame Atomic Absorption 

Spectrometer instrument, equipped with Plumbum (Pb), 

Cadmium (Cd), and Chromium (Cr) cathode lamps, Atomic 

Absorption Spectrophotometry (AAS)-a flame in the range 

of Cr/Cd/Pb levels at 0.2 mg/L to 5.0 mg/L, and a 

wavelength of 357.9 nm, nitric acid (HNO3), a standard 

solution of Cr/Pb/Cd metal and ethylene gas (C2H2), 

chloroform, glacial acetic acid, potassium iodide (KI), 1% 

amylum indicator, and Na2S2O3. 

Preparation of Metal Raw Solutions 

The primary solution (Cr/Cd/Pb metal by 1000 mg/L) was 

pipetted into a 100 mL volumetric flask and adjusted with a 

diluent solution until the term marks. 

Measurement of Metal Content by Atomic Absorption 

Spectrophotometry (AAS) 

This test aimed to determine the metal levels in blood 

plasma following the SNI 06-6989.17-2004 standards using 

Atomic Absorption Spectrophotometry (AAS). The addition 

of nitric acid sought to dissolve metal analytes and remove 

the disturbing substances in the sample by electric heating, 

then marked by AAS using acetylene gas (C2H2). The 

preparation was to optimize the SSA tool according to the 

instructions for using the device. The researcher measured 

each work solution at a wavelength of 357.9 nm. A 

calibration curve was created to obtain a regression line 

equation, followed by measuring the prepared blood sample. 

The author calculated metal content using the following 

equation: 

Total metal concentration, Cr/Cd/Pb (mg/L) = C x fp     

with description: 

C is the concentration obtained by the measurement results 

(mg/L); 

fp is the dilution factor. 

Percent of retrieval: 

             % R = ((A – B)/C) x 100 %   

With description: 

A is the level of the spiked sample 

B is the level of the unspiked sample 

C is the standard level obtained (target level). 

H2O2 Level Measurement 

Making amylum 1% 

The making of amylum 1% was carried out by weighing 1 

gram of amylum, adding 100 ml of distilled water, and 

stirring and heating until the KI dissolved completely. 

Making saturated potassium iodide (KI)  

A KI was added into distilled water until it was insoluble, 

then filtered. 

Measurement of H2O2 Levels using Peroxide Number 

Measurement (O_2^-/100gr). 

This analysis aimed to determine the H2O2 levels in blood 

plasma. The blood plasma was 1 ml, then added with 12 ml 

chloroform and 18 ml of glacial acetic acid solution. Shook 

until the ingredients were dissolved, added 0.5 mL of 

saturated KI, and nodded for 1 min. Furthermore, add 30 

mL of distilled water, then wait for up to 2 mins. 

Subsequently, 0.5 mL of 1% amylum indicator was added 

immediately and titrated with 0.1 N Na2S2O3. After these 

processes, the researcher measured with peroxide number 

the following equation: 

Peroxide Number = (Volume Na2S2O3 x N Na2S2O3 X 

1000)/sample weight (1) 

Data Analysis 

The calibration curve equation of the heavy metal and H2O2 

indicated their concentration in blood plasma. The 

researchers calculated content from the regression equation 

obtained from the calibration curve and next classified it 

according to the normal and abnormal categories. Cd 

standard level in the blood was 0.03–0.12 μg/dl, Cr was 

≤0.14 µg/dL, and Pb was ≤10 µg/dL.7,8 When the level of 

each heavy metal exceeded this limit, their blood levels 

were abnormal. Next, the researchers converted the amount 
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of H2O2 from numerical data into nominal, namely positive 

and negative H2O2. The H2O2 levels were positive when a 

peroxide number was detected (> 0〖 O〗_2^-/100gr), 

while it was negative when no peroxide number was seen (≤ 

0 O_2^-/100gr).  

Furthermore, the significance of the relationship between 

heavy metal levels (Cr/Cd/Pb) and oxidative stress events 

(H2O2) was determined through the Chi-square test on 

alpha 5%.  

 

RESULT 

Relationship between Heavy Metal (Cr/Cd/Pb) level with 

H2O2 

Table 1 presented heavy metal levels (Cd/Cr/Pb) and H2O2 

from respondent blood samples living in industrial areas. 

Based on Table 1, there was no relationship between Cd 

exposure and the incidence of oxidative stress. The 

significant association identified was the exposure to Cr and 

Pb with the incidence of oxidative stress.   

Table 1: Cadmium, Chromium, and Plumbum Levels on the 

Incidence of Oxidative Stress and Non-Oxidative Stress 

Heavy Metal 

Content 

Incidence of oxidative stress 

n(f%) 

p-

value* 

Positive  

(> 0 

O2
−/100gr) 

Negative  

(≤ 0 

O2
−/100gr) 

 

Cadmium     

Normal (0.03–

0.12 μg/dl) 
0 (0%) 16 (16.7%) 

0.070 

Abnormal (>0.12 

μg/dl) 
24(100%) 80 (83.3%) 

 

Chromium    

Normal (≤0.14 

µg/dL) 
2 (8.3%) 50 (52.1%) 

<0.001 

Abnormal (>0.14 

µg/dL) 
22 (91.7%) 46 (47.9%) 

 

Plumbum    

Normal (≤10 

µg/dL.) 
2 (8.3%) 34 (35.4%) 

0.019 

Abnormal (>10 

µg/dL) 
22 (91.7%) 62 (64.6%) 

 

* Calculated using the Chi-square Test at the significance 

level α ≤ 5% 

 

DISCUSSION 

The reactive oxidant species (ROS) in the body were toxic 

because they caused molecularly (DNA, proteins, and 

lipids) and tissue damage and endothelial cell dysfunction in 

the body.[9,10] The reactive oxidant species (ROS) in the 

body were toxic because they caused molecularly (DNA, 

proteins, and lipids) and tissue damage and endothelial cell 

dysfunction.[9,10] The ROS also induced molecular damage 

because it triggered dyslipidemia and hyperglycemia.[10] 

H2O2 is a type of ROS produced by human cells through a 

one-electron reaction (free radicals) initially made by 

superoxide anion radicals.[11] The high H2O2 levels were 

indicators of vascular oxidative stress and played an 

essential role in CVD pathomechanism. The H2O2 levels 

were also elevated in the insulin resistance condition in 

diabetes mellitus mice.[12]  

The high H2O2 levels in this research were found in 20% of 

the population with abnormal cadmium levels (> 0.12 

µg/dL), 18.3% with abnormal chromium levels (> 0.14 

µg/dL), and 18.3% with abnormal plumbum levels (> 0.14 

µg/dL). 

Relationship between Cadmium Levels with H2O2 

Cadmium (Cd) is a metal that causes toxicity, and 

hypertension reduces kidney function and other organ 

problems.[13] In contrast to Tremellen's (2012) study, there 

is a relationship between oxidative stress and Cd 

toxicity.[14] In this study, 80 people (83.3%) had high Cd 

concentrations but had normal H2O2 levels. It was also 

contrary to other studies, which said that the higher the 

metal content, the higher the H2O2 level.[10] Based on the 

Chi-square test in this research, the Cd levels were not 

significantly related to H2O2 contents (p=0.07; p>0.05). 

This condition occurred because the Cd was not sufficient to 

stimulate the H2O2 formation in the blood. 

Many researchers report that Cd is a heavy metal with a 

high level of exposure due to its distribution through water, 

soil, and even food.[15] Likewise, some researchers 

reported high Cd levels in industrial wastewater and 

nutrition, such as rice.[16] Cd affected the metabolism 

performance, especially in DNA damage and endothelial 

dysfunction, when the exposure was within an abnormal 

threshold.[17] Although there was no significant 

relationship between Cd and H2O2 levels, caution about Cd 

dangers to health still needs attention. This metal toxicity 

caused a loss of endothelial cell structure, leading to death 

due to thrombogenic events.[18] Cd also inhibited 

endothelial nitric oxide synthase and suppressed 

acetylcholine-induced vascular relaxation, which resulted in 

hypertension.[19] The continuous exposure stimulated 

excess cytokines production and induced CVD. The high Cd 

levels in the environment were caused by fossil fuels, 

burning metal ores, and waste. They were absorbed into 

agricultural soil, transferred into plants and food, and 

accumulated in various human organs.[20] 

Relationship between Chromium Levels with H2O2 

Gutiérrez-Bedmar et al. stated that blood samples, urine, 

hair, nails, and saliva could show chromium toxicity in the 

body.[3] In this research, the authors tested blood samples to 

calculate them. The standard Cr exposure limit in the body 

was <0.14 µg/dL in the blood.[8] The Chi-square analysis 

showed a significant relationship (p<0.001) between Cr and 

H2O2 levels. The association was in line with other studies 

on the relationship between Cr and CVD (5). Thus, 
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increased metal exposure in industrial areas causes an 

increase in Cr content. Therefore, those who live in these 

locations are very vulnerable to Cr pollution through the 

soil, water, and air.[21] This fact is in line with this study's 

results, which found that 91.7% of the population had 

abnormal levels of Cr (> 0.14 µg / dL) and H2O2. 

In vitro and in vivo studies conducted by Stohs et al. showed 

that the cation of Cr metal-induced oxidative stress resulted 

in a macro-oxidative reduction of biological molecules. Cr 

underwent a redox cycle which increased ROS production, 

such as superoxide ions, hydroxyl radicals, and hydrogen 

peroxide.[16] These reactive oxygen species increased lipid 

peroxidation, excretion of urinary lipid metabolites, 

modulation of intracellular oxidation states, DNA damage, 

membrane damage, altered gene expression, and apoptosis. 

The condition indicated that Cr is a hazardous metal 

compound that generally affects the body's redox system 

and increases H2O2.  

Relationship between Plumbum Levels with H2O2 

Pb toxicity is often associated with heart and blood vessel 

damage with severe and deadly consequences, including 

hypertension and CVD.[22] The disruption of the balance 

between free radical production and the biological system's 

ability to detoxify reactive substances in the body triggered 

oxidative stress.[7, 23-25] Another research detected high 

Pb levels in factory workers in Korea caused by increased 

exposure to this metal in industrial areas.[25] The Chi-

square analysis indicated a significant difference (p<0.05) 

between the Pb and H2O2 levels. This condition indicated 

that Pb contributed to CVD development as characterized by 

oxidative stress in blood vessels. 

The Chi-square test showed a significant relationship 

between heavy metals (Cr, Pb) and biomarkers of oxidative 

stress (H2O2), with p-values of <0.001 and 0.019 for each 

metal (p <0.05). Therefore, Cadmium and Plumbum have a 

significant relationship in increasing oxidative stress 

biomarkers (H2O2) as a risk factor for cardiovascular 

disease. Furthermore, Pb or plumbum has neurotoxin and 

poisoning effects caused by the pollution from factory 

waste, leaded gasoline fuel, dust, old lead-based paint, 

cosmetics, and food consumed.[26,27] This condition puts 

the community at high risk of prolonged heavy metals 

poisoning.  

  

CONCLUSION 

There was a significant relationship between Cr and Pb with 

H2O2 levels in respondents living in industrial areas. 

However, there was no critical relationship between Cd and 

H2O2 levels. The exposure to heavy metals, especially Cr 

and Pb, triggered oxidative stress on the vascular system. 

These results reinforced that exposure to heavy metals, 

especially Cr and Pb, is the newest risk factor for 

cardiovascular disease. Therefore, the other researchers need 

to conduct a cohort study to determine these metals' 

exposure as an etiological factor for oxidative stress in 

cardiovascular disease. The study recommends developing 

efforts to prevent and control the negative impacts of 

industrial activities in residential areas. 
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