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Abstract

Background The toxic metals and/or bacterial contaminants in illicit drugs are the main health problems in drug users worldwide.
Hence, the potential risks of these contaminants were evaluated in some of the illicit drugs during 2015 and 2016.

Methods The metals analysis were performed using graphite furnace atomic absorption spectrophotometry. In addition, all
microbiological analysis stages, including handling procedures, dilution, and culture media, were conducted in accordance with
the US Pharmacopeia (USP) which are harmonized with the European Pharmacopoeia (EP).

Results In the present study, the highest lead (Pb; 138.10+75.01 pg/g) and chromium (Cr; 447.38 £20.27 pg/g) levels were
detected in opium samples. In addition, the highest prevalence of microbial contamination was observed in opium samples, and
the lowest was recorded in heroin samples. Clostridium tetani, with about 50% of contaminant, was the most common bacteria in
the analyzed samples.

Conclusions Our results indicate that Pb exposure as well as bacterial contamination could be the major threats for drug users.
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Introduction shares about 900 km border with Afghanistan, thus it has been
a main transit route for drug-trafficking gangs [6]. These condi-
tions lead to developing the use of illegal opioids, such as opium,

heroin and crack, in Iran. It should be noted that crack is a street

Opioids are a class of drugs chemically related to alkaloids found
in Papaver somniferum L [1]. Abuse of opioids is one the most

significant public health problems, which have been identified in
many developing countries [2, 3]. There has been a remarkable
increase in the production and use of illicit drugs throughout the
world over the last decades [4]. For instance, an increase in the
opium poppy cultivation from 154,000 ha in 2012 to 209,000 ha
in 2013 has been seem in Afghanistan, which has the world’s
largest opium poppy cultivation [5]. On the other hand, Iran
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illicit drug in Iran which heroin is the main constituent and may
also contain papaverine, caffeine, morphine, codeine, acetyl co-
deine, noscapine, and dextromethorphan, or corticosteroids with
different amounts that make it even more harmful than pure
heroin [7, 8]. Additionally, it has been reported that there is no
difference between crack and crystal in term of ingredient in
eastern of Iran [§].
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According to the limited information available, about 16.5
million people which is almost 0.4% of the world’s adult pop-
ulation, use opiates such as opium and heroin [9]. In a meta-
analysis study, the pooled prevalence of opium abuse in Iranian
men and women was estimated 6.0 and 2.0%, respectively [10].

The illicit drug market is constantly changing and heroin
and/or other opioid-like compounds are almost always mixed
with other substances [11]. “Diluents” and “adulterants” are
terms that refer to exogenous materials (either active or inac-
tive) added to a specimen after its chemical synthesis or re-
finement before its retail sale [12]. These exogenous agents
include harmless “diluting agents” such as different sugars
and/or starch and pharmacologically active “adulterants”
which may be co-responsible for increase the adverse side
effects of the drugs, particularly in injectable drugs [11, 13].

Heavy metals are certainly one of the most toxicants known
to humans [14]. The reports showed that salesmen and smug-
glers may add any kind of heavy metals such as lead (Pb), to
opium for increasing its weight and more profit [15-18]. For
instance, Aghace-Afshar et al. [16] have been reported the pres-
ence of Pb in ten opium samples collected in South-East Iran. In
addition, in a study carried out in Birjand city of Iran, it was
reported that the mean blood-Pb in opium addicts was higher
than healthy individuals [19]. In a case—control study, it has
been reported some symptoms of thallium poisoning in opium
addicts [15]. Therefore, one of the aspects to be considered in
treating drug addicts is determining drug purity and identify the
type of exogenous substances that might be added to drugs.

Infections have long been recognized as one of the most seri-
ous complications of drug abuse [20]. Drug users are susceptible
to skin and soft tissue infections [21], endocarditis [22], and
sexually transmitted infections [23, 24] caused by a wide range
of microorganisms such as bacterial and viral pathogens. Jain et
al. have been reported that tricuspid valve endocarditis occurs
more frequently in heroin users than in other injection drug users
(IDUs) [25]. Moreover, infective endocarditis in 33 drug abusers
has been observed in intensive care unit (ICU) by Saydain et al.
Accordingly, S. aureus was the more frequent pathogen, as it was
observed in 94% patients, with 52% being methicillin resistant
[26]. In the northern border of Mexico found that 96% of IDUs
tested positive for hepatitis C virus (HCV) antibodies, while
2.8% were human immunodeficiency virus (HIV) positive [27].

In recent years, the risk of exposure to heavy metals and
microbial contamination through abuse drugs has been limited
to clinical studies and chemical analyzes on biological samples
collected from abusers [28, 29]. However, there is little infor-
mation about the level of these contaminants in drugs and con-
sequently their effects on the human health profile. Therefore,
knowledge about the presence of adulterants and/or bacterial
contaminants in drugs is important for understanding of unex-
pected side effects in drug users. In the present study, the levels
of several toxic metals and bacterial contaminants were deter-
mined in illegal opioid-like compounds in Iran.
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Materials and methods
Sampling

During 2015 and 2016, a total of 30 samples of opium, heroin
and crack, were collected from seized packages by security
police in Iran. According to following equation, the number of
sample for each illegal drugs was determined to be 10 (z =10),
and sampling method was defined in randomized manner [16].

Zyajor) + 215\’
YRR
Ha—Hp

In this equation, standard deviation (o), type I error
(Z).6y=0.05, number of comparisons to be made (1)=3,
power (Z,.p) =0.8 and difference (pa-pp) <0.3. It should be
noted that all of the samples were placed into clean glass
bottles, labeled and kept under suitable conditions until
analysis.

Determination of metals

The samples were dried in an oven at 25 °C for 24 h. 20 mg of
dried samples was weighed and put into Teflon reaction ves-
sels. Concentrated HNO3 (2 mL, 35%) were added and, after
closing the vessels with a lid, the samples were digested at
160 °C for 30 min. Then, the digested samples were cooled to
room temperature. The resulting clear digest solutions were
diluted with deionized water and filtered quantitatively into a
50 ml volumetric flask. The concentrations of lead (Pb), cad-
mium (Cd), chromium (Cr) in these digests were measured
using graphite furnace atomic absorption spectrophotometry
(Model AAnalyst 300, Perkin Elmer, USA). For measure-
ments, argon, as the inert gas, and pyrolyticcoated graphite
tubes with a platform were used. The atomic absorption signal
was measured in peak area mode against a calibration curve.
In this study, calibration curves for metals were constructed
using external standards in a range from 2.5 to 50 ug/L, pre-
pared by dilution of a stock solution in deionized water. Then,
the limits of detection (LOD) and limits of quantification
(LOQ) were determined as (SD/S) x 3.3 and (SD/S) x 10,
respectively, where SD/S is the ratio of standard deviation/
slope of calibration curve. In addition to using validated
methods, the reliability of the data was assessed by conducting
internal quality control experiments. In this regard, recoveries
of metals were recorded by analyzing a sample spiked with
certain concentrations (10, 30 and 50 pg/g) of each metal.

Health risk assessment
Daily intake of metals (DIM) was calculated using the follow-

ing equation: DIM =CM x DC/BW [30]. In this equation,
CM, DC, and BW represent the metal level in drug samples
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(ug/g), daily consumption of drug (g), and average body
weight (kg), respectively. It should be noted that the body
weight for a adult was assumed to be 60 kg.

Microbiological analysis

One gram sample was suspended in 9 ml of sterilized distilled
water and 1 ml was removed and inoculated directly on Sab
agar plates at 37 °C for 24 h. Selective and nonselective culture
media were used for isolation of the microbial contaminants,
ie, nutrient agar (Oxoid, England), Sabouraud’s dextrose agar,
thiosulfate-citrate-bile-sucrose agar, and MacConkey agar. For
instance, Clostridium tetani was isolated by thioglycolate
broth medium [31]. Briefly, samples were inoculated directly
into thioglycolate broth medium and incubated at 37 °C for
24 h. The isolates were purified in cooked meat medium and
used for further analysis. Finally, important microbiological
testes include gram stain, urease, indole, citrate utilization,
arginine dihydrolase, lysine decarboxylase, ornithine decar-
boxylase, gelatin hydrolysis, coagulase, amylase and inositol
were performed in lab to identify the genus and species of
unknown bacterial. All analyses stages, including handling
procedures, dilution, and culture media, were conducted in
accordance with the US Pharmacopeia (USP) which are har-
monized with the European Pharmacopoeia (EP).

Statistical analysis

The results were presented as mean + standard deviation (SD)
and analyzed using Prism 6 software (Graph Pad Software,
Inc., La Jolla, CA, USA) through one-way analysis of variance
(ANOVA). Post hoc testing was done using the Tukey—Kramer
HSD test. The P < 0.05 was considered statistically significant.

Results
Validation of method

The standard curve data for heavy metals detection using a
graphite furnace atomic absorption spectrophotometry system
are given in Table 1. The /* indexes showed an acceptable
calibration curves, which was linear in the defined ranges. In
addition, the calculated LOD and LOQ values indicated a good
performance at low statutory limits. As presented in Table 2,

the relative standard deviation (RSD) values of the recovery
experiment were within the acceptable ranges, indicating the
good precision and accuracy of this analytical method.

Determination of metals

The concentrations of three toxic metals in opium, heroin, and
crack samples are shown in Table 3. The highest level of Pb
contamination was observed in opium (138.10 £75.01 pg/g),
and the lowest level was in crack samples (30.83 +16.26 png/
g). For assessing equality of variances, so called
“homoscedasticity”, we used Levene’s test. Result of the test
showed p-value more than 0.05, indicating equality of vari-
ances. In addition, statistical analyses (one-way ANOVA,
post-hoc Tukey-Kramer test) showed a significant difference
in Pb levels in opium samples when compared to heroin (P <
0.001) and crack (P < 0.001) samples. The highest level of Cd
was detected in crack samples (0.60 + 0.23 pug/g); however, no
significant differences were observed among Cd levels in dif-
ferent samples. In the current study, the highest level of Cr was
found in the opium samples (447.38 +20.27 ug/g), and the
lowest level was detected in the heroin samples (413.70 £
14.68 ug/g). However, no significant differences were ob-
served among Cr levels in different samples.

Microbiological analysis

In microbiological analysis, all the samples tested were free
from Klebsiella pneumoniae, Staphylococcus aureus, and
Acinetobacter (Fig. 1). The highest prevalence of microbial
contamination was observed in opium samples, and the lowest
was recorded in heroin samples. Clostridium tetani, about
50% of contaminant, was the most common bacteria in the
analyzed samples.

Discussion

In the current study, we evaluated several metal contamina-
tions in illegal opioid-like compounds in Iran. The highest
level of Pb contamination was observed in opium samples
compared to heroin and crack samples (Table 3). In previous
study, Aghaee-Afshar et al. reported the presence of Pb in ten
opium samples collected from different sources in South-East
Iran [16]. In addition, several studies have reported high blood

Table 1 Linearity range and

detection limits for heavy metals Heavy metals Range (ng/L) Linear equation » LOD (ung/L) LOQ (ng/L)
analyses
Lead (Pb) 2.5-50 Y =0.0075X + 0.0044 0.999 1.01 3.03
Cadmium (Cd) 2.5-50 Y =0.0386X +0.0051 0.999 0.66 2.20
Chromium (Cr) 2.5-50 Y =0.0207X-0.0185 0.999 0.57 1.89

LOD: limits of detection and LOQ: limit of quantitation
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Table 2 Recoveries of heavy

metals in spiked drugs samples Metals Metal spiked (ug/g) Metal found (pg/g) Recovery (%) RSD (%)"
Lead (Pb) 10 9.7 97 6.8
30 30.3 101 42
50 46.3 92.6 3.6
Cadmium (Cd) 10 8.9 89 5.5
30 284 94.6 3.6
50 48.7 97.4 3.8
Chromium (Cr) 10 93 93 6.2
30 26.2 87.3 44
50 524 104.8 3.8

T Relative standard deviation (RSD) was obtained from triplicate tests

Pb levels and their association with some adverse effects of Pb
poisoning, such as anemia and abdominal pain, in patients
addicted to opium [17, 28, 32, 33]. Therefore, we suggest that
the Pb poisoning in these patients may be due to consumption
of contaminated opium. To confirm this hypothesis, the daily
intake of Pb was evaluated to estimate the degree of Pb expo-
sure resulting from consumption of drugs in Iranian users. The
FAO/WHO reported a provisional tolerable weekly intake
(PTWI) of 25 ng Pb/kg body weight for humans [34], equal-
ing 3.57 pg Pb/kg/daily. As shown in Table 4, our findings
demonstrate that the Pb levels in these drugs pose a risks to
opium addicts with a body weight of at least 60 kg, if the
consumption of opium is assumed to be 3 g/daily. If the mean
contents of Pb are considered in exposure assessment calcu-
lations, consuming more than 1.55 g/day of opium, 4.39 g/day
ofheroin, or 6.95 g/day of crack could put users at high risk of
Pb poisoning.

Lead contamination of opium may have several causes, the
most important of which include water and soil pollution in
farms, use of unsuitable methods and tools in opium produc-
tion [18], and the addition of Pb to opium to increase its
weight and therefore increase profits for opium salesmen
and smugglers [15-17, 35]. Although these reasons suggest
possible sources of contamination, the exact source of Pb in
opium samples is still unknown and need futher studies.

Cadmium (Cd) is a nephrotoxic metal that is especially
toxic to the proximal tubular cells of the kidneys, where it
accumulates over time and can cause renal dysfunction [30].

In this study, the Cd content of the drug samples was deter-
mined (Table 3). Our results are in agreement with the pub-
lished data about Cd content in different varieties of poppy.
For instance, Knapek et al. described the average content of
Cd as 0.64 mg/kg for poppy seeds [36], and Lachman et al.
described the average Cd content as 0.56 mg/kg in different
varieties of poppy [37]. Therefore, the Cd content in collected
samples may be associated with its natural presence in
poppies. The mean estimated daily intake for Cd was calcu-
lated to be 0.02 pg/kg for opium users and 0.03 pg/kg for
heroin and crack users, respectively, which is much lower than
the PTWI (420 pg of body weight, corresponding to 60 pg/
day for a 60-kg adult) [38].

Chromium (Cr), especially hexavalent chromium com-
pounds, has been classified as known human carcinogens
based on data from animal studies and human epidemiological
studies [39-41]. In the present study, the mean estimated daily
intakes for this metal were calculated to be 22.37 pg/kg,
20.68 pg/kg, and 21.01 pg/kg for opium, heroin, and crack
users, respectively (Table 4), which is much lower than
Reference Doses (RfDs) for Cr (III) (1500 pg/kg/day), and
higher than RfD for Cr (V) (3 pg/kg/day) [42].

Clostridium tetani, with about 50% of contaminant, was the
most common bacteria in the analyzed samples. Tetanus is an
acute disease caused by Clostridium tetani and characterized
by generalized rigidity and convulsive spasming of the skeletal
muscles [43]. Tetanus in IDUs appears to be a case of the
reemergence of an old disease in a new setting. Tetanus

Table 3  Heavy metals contents in drug samples
Metals Lead (ng/g) Cadmium (pg/g) Chromium (pg/g)

Mean SD Max Min Mean SD Max Min Mean SD Max Min
Opium 138.10 75.01 243.30 52.80 0.45 0.29 1.03 0.14 447.38 20.27 479.00 419.50
Heroin 48.85" 13.43 82.60 36.60 0.59 0.26 1.04 0.25 413.70 14.68 432.00 378.00
Crack 30.83" 16.26 58.80 13.30 0.60 0.23 0.96 0.29 420.2 13.01 439.50 403.50

Data are expressed as mean, standard deviation (SD), minimum (Min), maximum (Max) values and n=10 for each drug. * p <0.001; statistically
significant difference from opium samples (One-way ANOVA with Tukey—Kramer HSD test)
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Fig. 1 Percentage of bacterial contamination in drug samples

occurrences among IDUs have been reported worldwide and
are often associated with poor outcomes and high mortality
[44]. In the current study, the highest Clostridium tetani con-
tamination was found in opium samples, and the lowest was
observed in heroin. Despite the high prevalence of Clostridium
tetani infection in heroin users worldwide [45], the prevalence
of this bacterium in heroin samples is reported to be very low.
Thus, in addition to the bacterial contamination rate in sam-
ples, other factors, such as bacteria spore levels and adminis-
tration route, may influence the prevalence of this infection in
drug users [46]. For instance, heroin is not water soluble and is
often dissolved in weak acids followed by heating prior to use.
The weak acids kill the non-spore-bearing bacteria, which
serve as a source of competition for the surviving spore-
bearers, and the heat treatment stimulates spore growth [47].
Sometimes, simultaneous injection of cocaine and heroin may
induce soft tissue ischemia, making conditions favorable for
this anaerobic bacterial growth [48].

Bacillus anthracis, the etiologic agent of anthrax, is a fac-
ultatively anaerobic, gram-positive, spore-forming bacterium
[49]. As shown in Fig. 1, Bacillus anthracis was the only

bacterium found in all three types of drugs (26.6% of total
samples). In several studies, anthrax infection has been report-
ed in drug users in different areas of the world. For instance,
since 2009, 31 cases of anthrax have been confirmed among
drug users in Scotland [50]. In addition, Russell et al. (2013)
have reported three cases of anthrax with soft tissue infection,
sepsis and severe oedema among Danish heroin users [29].
The most recent outbreak started in 2012, when at least 13
cases occurred in Denmark, France, the United Kingdom, and
Germany, five of whom died. Because all of these cases in-
volved heroin use, contaminated heroin appears to be the most
likely source of these infections [51]. Thus, contaminated
drugs are a potential vehicle of infection for anthrax.

Enterobacter is a genus of a common gram-negative, rod-
shaped, facultative, anaerobic, and non-spore-forming bacte-
ria belonging to the family Enterobacteriaceae [52]. Among
these, Enterobacter cloacae infections have the highest mor-
tality rate among Enterobacter infections [53]. The well-
known Enterobacter cloacae contributes to the occurrence
of endocarditis, septic arthritis, osteomyelitis, and also skin
and soft tissue infections, especially in drug users [52]. In
the current study, Enterobacter cloacae and Pantoea
agglomerans were identified in about 43.3 and 20% of the
total samples, respectively; therefore, these pathogens could
pose a potential risk to drug users. Interestingly, the highest
Enterobacter cloacae and Pantoea agglomerans as well as
Clostridium tetani contamination were observed in opium
samples. The observations of security police indicate that
salesmen and smugglers may add human and/or animal feces
as an adulterant to opium to increase profits. In addition, sev-
eral cases have been reported of opium being transferred by
body packers in Iran [54, 55]. Due to presence of Enterobacter
and Clostridium tetani in the human gut [56], contamination
of opium samples with these bacteria may be associated with
the presence of human feces in such samples.

Bacillus cereus is a spore-forming, gram-positive bacillus that
is widely distributed environmentally [57], and Pseudomonas
aeruginosa is a genus of gram-negative bacillus belonging to
the Pseudomonadaceae family [58]. In the present study,
Bacillus cereus and Pseudomonas aeruginosa were identified
in about 26.6 and 30% of all drug samples, respectively. In
agreement with our findings, only one previous study has pos-
itively linked a Bacillus cereus infection with a contaminated

Table 4 Daily intake of heavy

metals through consumption of Metals Lead (ng/kg/day) Cadmium (pg/kg/day) Chromium (png/kg/day)
drugs
Mean Max Min Mean Max Min Mean Max Min
Opium 6.90 12.16 2.64 0.02 0.05 0.007 22.37 23.95 20.97
Heroin 2.44 4.13 1.83 0.03 0.05 0.01 20.68 21.60 18.90
Crack 1.54 2.94 0.66 0.03 0.05 0.01 21.01 21.97 20.17

The average consumption value for the mentioned drugs assumed to be 3 g/day
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source of heroin [59]. Although there is little evidence
concerning the presence of these two bacteria in drugs, their
roles in the occurrence of various infectious diseases have been
demonstrated in drug users. For instance, incidences of endocar-
ditis [60] and septic arthritis by Pseudomonas aeruginosa [61],
as well as crepitant cellulitis [59], have been reported in drug
users.

A total microbial analysis showed that the microbial con-
tamination level in heroin samples is much lower than other
drug samples. Interestingly, Tuazon et al. were reported that
most samples of street heroin have antibacterial effects against
some of the bacterial species such as Staphylococcus aureus
and Bacillus cereus [62]. This phenomenon may be due to the
quinine content that used as an adulterant agent in heroin.

Conclusions

In summary, the presence of toxic metals, such as Pb, Cd and
Cr, has been confirmed in different drugs. Our findings indi-
cate that Pb contamination in opium samples could pose a
serious threat to drug users. On the other hand, Clostridium
tetani, Bacillus anthracis, Enterobacter cloacae, Pantoea
agglomerans, Bacillus cereus and Pseudomonas aeruginosa
were identified in 50%, 26.6%, 43.3%, 20%, 26.6 and 30% of
total samples, respectively. These bacterial contaminants may
be related to some of the bacterial infections in drug users. The
presence of human and animal feces and drug preparation in
non-sterile conditions may be contributed to the bacterial con-
tamination of various drugs. Due to limitation of sample size
in this study, further studies need with more samples and dif-
ferent drugs to evaluate more precise information.
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