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Background: Opium consumption and its adverse effects are believed to be a major public health 

problem, particularly in Iran, Afghanistan, and other nations in the Middle East. Exposure to toxic heavy 

metals has increased in people who are addicted to opium due to its contamination with various toxic 

heavy metals. This study aimed to investigate the levels of trace elements in the sera of opium users 

versus nonusers. 

Methods: This cross-sectional study compared a group of individuals with a history of opium use (n=54) 

versus a group of non-opium users (n=70). It determined the serum levels of select toxic and essential 

elements, such as lead, mercury, thallium, nickel, chromium, cobalt, and copper, using inductively 

coupled plasma spectrometry. 

Results: The serum levels of lead, chromium, mercury, and copper were significantly higher in opium 

users, compared to non-users. Principal component and cluster analyses were applied to the 

apportionment and source identification of the metals in the serum samples of the two groups. 

Conclusion: The findings indicated that opium addiction adversely impacted the serum levels of the 

heavy metals and some essential elements in the addicts. The results warrant the assessment of heavy 

metal ions and trace elements in the sera of substance abusers. It might also be helpful to propose 

strategies toward the prevention and treatment approaches by assessment of various toxic elements in the 

biological samples of opium dependents. 
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Introduction
Opium use and its associated health effects have 

become an important public health concern, especially 

in nations, such as Iran, Afghanistan, and the Middle 

East, where opioid dependence is fairly prevalent. 

Derived from the poppy plant (Papaver somniferum), 

opium has been used by individuals for centuries mainly 

for its psychoactive effects and potential medicinal 

effects [1, 2]. However, the growing prevalence of 

opium dependence has led to alarming levels, mainly 

due to exposure to toxic heavy metals, such as lead. 

Contamination with various heavy metals in opium 

plants occurs during their growth and processing, which 

leads to the accumulation of high levels of toxic metal 

ions in opium [1-3]. Toxic metal exposure in opium 

users may also occur through the fraudulent addition of 

metals by smugglers who seek to raise the weight of 

opium products and hence their profits [4, 5]. 

Consistently, studies have shown that people who smoke 

opioid products have higher levels of heavy metals, 

including lead (Pb), cadmium (Cd), and arsenic (As) in 

their blood, compared to non-users, causing numerous 

health conditions [3, 6, 7]. A systematic review and 

meta-analysis conducted by Tabrizi et al. [5] in 2020 

demonstrated that the oral consumption of opium has 

significantly increased in Iran. This finding is consistent 

with those of other studies [8, 9] that report a similar 

method of opioid consumption among users in various 

Iranian populations [8, 9]. 

Trace metal ions play important roles in many 

biological functions, and their deficient or excess levels 

may lead to serious health disorders. In this context, 

zinc, copper, and selenium play vital roles in the 

immune and antioxidant systems, as well as in overall 

human health [10, 11]. Conversely, toxic heavy metals, 

such as lead and cadmium are implicated in 

neurotoxicity, renal tissue damage, and other adverse 

health conditions [1, 12]. Interplay of essential and toxic 

elements in the human body may complicate the health 
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impacts in opium users, as deficiency of essential trace 

elements is likely to raise adverse clinical outcomes due to 

heavy metal toxicity [6, 7, 13]. Effects of lead exposure in 

humans have caused growing health concerns. 

Furthermore, changes in the levels of toxic trace elements 

due to substance abuse, especially in opium addicts, can 

contribute to other health conditions, such as immune 

system suppression and vulnerability to infections [6, 11].  

It has been shown that opium consumption, whether orally 

or by inhalation, can raise the blood levels of trace 

elements in humans [6].  

Duration of opium consumption and the consumed 

amount are also linked to the levels of toxic heavy 

metals in users [14, 15].  Although an association 

between opium addiction and trace element levels in the 

blood has been suggested by several studies, the clinical 

outcomes are not always consistent. Some researchers 

have suggested that opium users may have lower levels 

of essential trace elements, reflecting their nutritional 

deficiencies [7, 10]. In contrast, various other studies 

have shown elevated levels of certain trace elements 

among opium users, suggesting a complex relationship 

between opium use, nutritional needs, and exposure to 

other detrimental factors [6, 7, 13].  

Due to the complexity of the interactions and close 

relationship between opium consumption and the levels of 

trace elements in the body, this study aimed to measure the 

concentration of serum trace elements in opium users 

versus a group of healthy individuals. The present novel 

study has the potential to provide valuable data on the 

broader health consequences of dependence on opium use. 

The findings help shape public health policies and 

strategies toward the reduction of the risks of exposure to 

toxic metal ions and the resultant nutritional deficiencies in 

opium addicts. 

Materials and Methods 

Study design and protocol 

This study was conducted as a cross-sectional project in 

2019 in Birjand, South Khorasan, Iran. Its main focus was 

on people with a history of opium smoking and/or oral 

consumption versus a control group of non-users.  

Inclusion and exclusion criteria 

The inclusion criterion was a history of opium use. The 

exclusion criteria were exposure to heavy metals due to 

their occupations, affliction with chronic diseases, cancer, 

and/or involvement in other recreational drugs abuse. 

Data collection and analyses 

The data collection included demographic 

characteristics, blood indices, and measurement of heavy 

metals in the serum samples of opium users admitted to 

Imam Reza Hospital in Birjand, Iran. All items collected 

for the study were initially cleaned thoroughly with 

distilled water, and then immersed in 65% nitric acid 

solution (Merck, Germany) for 12 h. Next, they were 

washed again with distilled water to ensure they were free 

from impurities and contaminations. Venous blood 

samples (3-5 ml) were collected from both the patients 

and the control group after 12 h of fasting. The blood 

samples were then centrifuged at 2,500 rpm, and the 

serum samples were stored at -20 ºC for further 

processing and analyses. 

Experiments 

The acid digestion process began with the careful 

addition of 1 cc of each serum sample into a 50 cc 

Erlenmeyer flask. Next, 3 cc of nitric acid (65% pure) 

was added to each flask, and the mixture was left to 

digest overnight at room temperature. Following this 

step, 1 cc of 72% perchloric acid (Merck, Germany) 

was added, and the samples were incubated in a Bain-

Marie water bath at 100 ºC to complete digestion until 

a clear solution was obtained. The digested samples 

were cooled to room temperature and brought to a 

volume of 25 cc, by the addition of double-distilled 

water. These samples were then filtered, using 0.45-

μm nitrocellulose filters and transferred into sterile 

containers. Finally, the levels of heavy metals were 

measured in the serum samples (1 ml) on an 

inductively coupled plasma spectrometry. 

Statistical analyses 

After data collection, they were subjected to 

statistical analyses in SPSS software (version 18).  

The data were presented in tables to reflect both the 

qualitative variables, as well as the central and 

dispersion indices of the quantitative variables. 

Student t-tests were also performed to analyze the 

differences in the accumulation of toxic heavy metals 

in the serum samples of the experimental group 

versus those of the controls. Moreover, regression 

analyses were conducted to demonstrate the 

significant differences between the levels of toxic and 

essential heavy metals in the serum samples of the 

opium users, compared to those of the healthy 

individuals, versus the relationships with the 

qualitative variables. The statistical significance in all 

analyses was set at P≤0.05. 

Results 

Subjects 

In total, 124 individuals with a mean age of 

48.51±15.26 years old (minimum: 19.0, maximum: 80) 

were recruited into this study. Fifty four patients were 

opium users while 70 participants formed the non-

opium group. Among the opium users, 49 (90.7%) 

participants were male, while among the non-users, 68 

(97.1%) participants were male. The two groups were 

fairly well-matched regarding their age and gender. 

Among the opium users, 47 (87%) participants were 

married, 20 (37%) participants were workers, and 24 

(44.4%) participants had completed elementary 

education (Table 1). 
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Table 1: Demographic data of the opium users and non-users. 

Variables  Opium user group Non-opium user group P-value 

Age  49.54±15.68 47.71 ±12.83 0.10 

Gender     

Male  49 (90.7%) 68 (97.1%) 
0.24 

Female  5 (9.3%) 2 (2.9%) 

Material status    

Single  7 (13.0%) 20 (28.6%) 
0.04 

Married  47 (87.0%) 50 (71.4%) 

Occupation     

Employment 6 (11.1%) 43 61.4%) 

<0.001 

Self-employed  12 (22.2%) 13 (18.6%) 

Retired  5 (9.3%) 5 (7.1%) 

Driver 7 (13.0%) 2 (2.9%) 

House-wife 4 (7.4%) 2 (2.9%) 

Worker  20 (37.0%) 5 (7.1%) 

Education     

Primary School 24 (44.4%) 3 (4.3%) 

<0.001 
Middle School  9 (16.7%) 7 (10.0%) 

High School  15 (27.8%) 8 (11.4%) 

Academic  6 (11.1%) 52 (74.3%) 

 

Serum heavy metal levels 

Serum levels of toxic heavy metals were compared 

between the two groups of opium and non-opium users 

(Table 2). The mean chromium levels in the opium versus 

non-opium group were 98.98 (±32.59) and 70.36 

(±39.10), respectively. Moreover, the mean serum lead 

level in the opium group was significantly higher than 

that of the control group (29.01±26.16 vs. 5.17±2.85).  

The data derived from the Mann-Whitney U test 

indicated that the levels of chromium, iron, cobalt, 

copper, zinc, arsenic, and cadmium ions were 

significantly higher in the opium users than in the control 

group. However, the serum mercury levels of the opium 

users were significantly lower, compared to those of the 

controls (0.73±0.83 vs. 1.40±1.02; P<0.001). In the age 

bracket group of 20-40 years old, the mean serum levels 

of lead and cadmium in the opium users were 

35.52±28.07 and 2.58±1.54, respectively. The lead levels 

in the age groups of 40-60 years old and over 60 years old 

were 28.26±27.28 and 23.97±22.83, respectively, in 

the opium user group (Table 3). 

In the opium users group, levels of lead had a 

positive and significant correlation with chromium 

(r=0.37, P=0.006), iron (r=0.72, P<0.001), copper 

(r=0.75, P<0.001), zinc (r=0.67, P<0.001) and 

cadmium (r=0.78, P<0.001). In addition, the serum 

lead level correlated significantly but negatively with 

mercury (r=-0.66, P<0.001) and arsenic (r=-0.66, 

P<0.001). (Figure 1). In the control group, the serum 

lead levels had a significant and positive correlation 

with chromium (r = 0.31, P=0.01), iron (r = 0.36, 

P=0.002), cobalt (r = 0.53, P<0.001), nickel (r=0.30, 

P=0.01), copper ( r=0.46, P<0.001), zinc (r=0.24, 

P=0.04), cadmium (r=0.26, P=0.03) and mercury 

(r=0.35, P=0.003). Furthermore, a significant and 

inverse correlation was observed between the levels 

of serum lead versus thallium (r=-0.24, P=0.04) 

(Figure 2).
 

Table 2: Comparison of heavy metal levels (µg L-1) in opium users and non-users. 

Variable 
Opium user Non- opium user  

Mean±SD Median (quartile) Mean ±SD Median (quartile) P-value 

Cr 98.98±32.59 106.7 (79.0-123.8) 70.36 ±39.10 61.0 (42.5-87.5) <0.001 

Co 3.36±2.74 3.20 (0.95-3.97) 2.77 ±1.89 2.76 (1.25-3.93) 0.54 

Ni 82.54±40.24 81.05 (63.0-108.95) 79.95 ±54.26 67.0 (26.5-130.0) 0.79 

Cu 142.88±281.96 95.70 (44.75-164.75) 36.04 ±10.40 34.0 (29.0-42.0) <0.001 

Ti 0.36±0.25 0.33 (0.09-0.59) 0.39 ±0.29 0.34 (0.11-0.66) 0.71 

Hg 1.40±1.02 0.97 (0.70-2.02) 0.73 ±0.83 0.40 (0.10-0.86) <0.001 

Pb 29.01±26.16 20.62 (7.01-44.20) 5.17 ±2.85 4.92 (3.21-6.86) <0.001 
 

Table 3: Comparison of the mean heavy metal (Mean±SD) in opium users and non-users in terms of age. 

Age 20-40 years old 40-60 years old >60 P-value 

 
Opium user 

group 

Non-user 

group 
P-value 

Opium user 

group 

Non-user 

group 

P-

value 

Opium user 

group 
Non-user group 

P-

value 

Cr 95.05±27.70 67.11±31.12 0.002 97.13±32.33 67.42±23.52 0.001 105.33±37.96 110.80±103.20 0.78 

Co 5.37±4.54 2.75±2.09 0.18 2.73±1.33 2.82±1.48 0.91 2.63±1.81 2.75±1.63 0.75 

Ni 74.53±37.36 73.91±51.20 0.68 81.59±36.84 94.89±56.71 0.28 91.43±47.74 77.60±72.57 0.55 

Cu 119.89±96.97 35.44±9.22 <0.001 94.27±57.22 34.84±8.59 <0.001 234.29±504.24 46.0±20.91 0.18 

Ti 0.38±0.28 0.40±0.29 0.70 0.40±0.28 0.32±0.27 0.44 0.28±0.17 0.56±0.26 0.11 

Hg 1.31±0.94 0.61±0.79 0.001 1.68±1.22 0.71±0.73 0.005 1.24±1.02 0.86±1.01 0.13 

Pb 35.52±28.07 5.22±2.68 <0.001 28.26±27.28 5.32±3.46 <0.001 23.97±22.83 4.19±1.90 0.006 
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Figure 1: Bivariate scatter plot with a fitted line, indicating correlation among heavy metals found in the opium users. 
 

 
Figure 2: Bivariate scatter plot with a fitted line indicating correlation among heavy metals in non-opium users. 
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Principal and component analyses 

15 

The data from the CA values of the heavy metals in the 

serum samples of the opium group revealed a very strong 

clustering of Cu-Zn-Hg-Cd-Pb and Ni-Tl-Cr-As-Fe-Co. In 

the case of opium users, PC-1 was dominantly loaded with 

Cr-Fe-Ni-Zn-As-Ta-Hg, and dully evidenced by the CA. 

The PC-2 showed the elevated loadings of Co-Cd and Pb, 

whereas, Cu revealed maximum loadings in PC-3, which 

were in good agreement with the CA.  

The PCA of selected metals in the serum of non-users 

yielded three PCs with Eigen values greater than one, 

which commutatively explained more than 75.95% of 

the total variance of the data (Table 4). The CA of the 

heavy metals in the sera of opium users revealed a very 

strong clustering of Cr-Cu-cd-Pb-Co with As-Zn-Ni-Fe-

Tl-Hg (Figure 4). In this context, PC-1 showed elevated 

loadings of Fe-Ni-Zn-As-Tl-Hg, with a strong cluster in 

CA. In this group, the PC-2 consisted of Cr-Cu and Cd, 

while PC-3 revealed the highest loadings of Co-Pb.  
 

Table 4: Principal component analysis for selected metals in the serum samples of opium and non-opium users. 

 
Opium Users Non-users 

Pc1 Pc2 Pc3 Pc1 Pc2 Pc3 

Eigenvalue 5.35 3.02 1.06 5.70 1.51 1.14 

Total variance (%) 48.65 27.52 9.67 51.82 13.71 10.41 

Cumulative variance (%) 48.65 76.17 85.85 51.82 65.53 75.95 

Cr 0.89    0.78  

Co  0.94    0.64 

Ni 0.98   0.90   

Cu   0.96  0.84  

Ti -0.69   -0.81   

Hg 0.57   0.71   

Pb  0.89    0.89 

 

 
Figure 3: Cluster analysis of selected heavy metals in the sera of opium users. 

 

 
Figure 4: Cluster analysis of selected heavy metals in the sera of non-opium users. 
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The prognostic model created by our analyses had a 

sensitivity of 72.2%, with a confidence interval (CI) of 

95% (63.4-86.2) and 89.9% specificity (95% CI, 69.6–

96.7) for individuals whose serum Pb levels were higher 

than 8.1. The best cut-off point between the opium and 

non-opium groups for Cd was 1.4 with sensitivity and 

specificity of 72.2% and 82.6%, respectively. Finally, 

the best cut-off points of Cu and Hg between the opium 

users and the controls were found to be 43.5 and 0.4 

respectively, with the sensitivity and specificity of 

77.8% and 82.6%, and 53.7% and 92.8 %, respectively 

(Figure 5). 
 

 
Figure 5: Receiver Operating Characteristic curve analysis to evaluate the best cut-off point for Fe, Cu, Zn, Cr, Cd, As, Hg, and Pb levels, with its specificity 

and sensitivity of risk prediction for opium users. 

 



January 2025, Volume 19, Number 1 

23 
Toxic Heavy Metals in Opium Addicts and Healthy Controls. J Toxicol. 2025; 19(1): 17-25 

 

 

Discussion 

Recently, heavy metals exposure in opioid users has 

received much attention in the literature.  Results of the 

present study showed elevated blood levels of lead, 

mercury, chromium, and copper in opium users, compared 

to the non-users. Toxic heavy metal, Pb, has been found in 

opium samples and in various species of opium poppies 

[16-19]. Aghaee-Afshar et al. have previously reported the 

presence of Pb in 10 opium-sourced samples from various 

areas in the southeast of Iran [19].  

In another study that examined heavy metals 

contamination in illicit opioid-like drugs in Iran, the 

highest concentrations of lead (138.10±75.01 μg/g) and 

chromium (447.38±20.27 μg/g) were found in opium 

samples versus heroin and crack [16]. Previous studies 

have reported high blood lead levels among opium addicts, 

associated with adverse effects, such as anemia, abdominal 

pain, and deficiency in folate and vitamin B12 levels [12, 

14, 20-22]. 

Lead poisoning 

Lead poisoning and certain health complaints among 

opium users could be due to the consumption of 

contaminated products. Lead contamination in opium can 

be due to multiple factors, the principal of which is the 

pollution of water and soil with agricultural chemicals and 

the application of inappropriate techniques and equipment 

associated with the cultivation of opium [23]. Moreover, 

lead can be deliberately added to opium products to raise 

their weight and enhance the financial gains of opium 

traders and smugglers [16].  

Furthermore, it is essential to remember not only the 

contamination of opium with lead but also its transmission 

to various human organs and the bioavailability of heavy 

metals. In opium users, lead may come from nutritional 

sources, depending on its route, method, and duration of 

use. These variables can impact the incidence of lead 

accumulation in the human body [24]. Besides lead 

poisoning secondary to opium use, some scholars have 

suggested a role for this toxic metal in opioid 

pharmacodynamics. It has been stated that lead can 

interfere with the functionality of the neuronal pathways 

responsible for the development of addiction. In 

particular, it may alter the metabolism and dopamine 

receptor presentation, and cause neuroinflammatory 

conditions due to morphine tolerance [25]. 

Mercury poisoning 

Mercury is one of the harmful pollutants to human health 

globally. It has been listed as the top 10 chemicals of public 

health concerns by the World Health Organization. Certain 

aquatic foods, consumer and industrial products, and 

occupational settings expose mercury to humans which 

could be harmful to their health [26]. Consistent with our 

findings, Azadi et al. [7] recently showed significantly high 

levels of Hg in the urine samples of patients with a history 

of opium addiction, compared to those of healthy subjects. 

That study also suggested that the users of inhaled 

opium showed higher levels of Hg in the blood, 

compared to those who consumed it orally [7]. 

Arsenic and cadmium poisoning 

A study has identified toxic heavy metals, such as 

arsenic (As), cadmium (Cd), mercury (Hg), and nickel 

(Ni), in drugs containing opioids, cannabinoids, and in 

biological samples, such as whole blood, scalp hair, and 

serum samples from 311 male drug abusers [27]. These 

authors have reported the highest level of mercury 

present in some opium and heroin samples. In the same 

study, the concentrations of mercury in scalp hairs, 

serum, and blood samples from individuals who used 

opioids and cannabinoids were higher, compared to 

those from control subjects across all age brackets [27]. 

It is important to note that specific forms of mercury, the 

amount of exposure, and the frequency of consumption 

significantly influence its potential hazard to human 

health [28].   

Chromium poisoning 

Chromium, especially in hexavalent form, is known 

to be carcinogenic to humans based on evidence from 

epidemiological studies [29-31]. In an Iranian study, 

the levels of different metallic contaminants in illicit, 

opioid-like substances were measured. The 

aforementioned study reported the highest levels of lead 

(138.10±75.01 μg/g) and chromium (447.38±20.27 

μg/g) in opium samples. In the above-mentioned 

research, the calculated daily intake of chromium was 

22.37 μg/kg for opium, a value in excess of the reference 

dosage, which is 3 μg/kg/day [16].  

In addition, another study conducted in Kermanshah, 

Iran, analyzed the levels of essential and toxic heavy 

metals in the urine samples of opium users versus 

healthy individuals. The opium addicts showed higher 

urinary levels of chromium, compared to the healthy 

subjects [7]. Potential carcinogenic effects of opium 

consumption [32] can be a consequence of 

contamination with either lead, cadmium, or chromium. 

For instance, the analysis of cumulative exposure to 

opium has indicated an increased risk of cancer 

associated with elevated levels of opium use [32].  

Zinc and copper poisoning 

Zinc and copper are known to have certain levels of 

antagonism with each other in terms of biological 

functions [33]. It appears that conditions representing 

Zn deficiency are manifested more often among opioid 

users than users of other substances. Low Zn level is 

always linked to increased Cu levels in the sera and 

erythrocytes of heroin users [34]. Moreover, it is known 

that the urinary elimination of copper decreases under 

methadone maintenance treatment [35, 36]. 

Limitations of the study 

The current study did not assess the amount of various 

heavy metals in opium since the collection of such 

samples from participants was complicated. Therefore, 
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such analyses should be considered in future studies. 

Additionally, there was a lack of complete information on 

the nutritional habits of subjects or how diet could change 

the levels of trace elements in the participants. 

Conclusions 
Based on the findings of this study, the serum levels of 

Pb, Cr, Hg, and Cu were at higher levels in opium users 

than in non-users. Screening tests are recommended to 

determine the levels of various toxic heavy metals in opium 

users. Determination of trace elements levels and toxic 

heavy metals in opium users, compared to those of non-

users is recommended. These variables are likely to 

influence the pharmacodynamics of opioids and the 

duration of opium addiction. Data on such variables should 

be collected and analyzed by clinicians and health 

researchers alike. 
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