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A preliminary Report on the Largest 
ongoing outbreak of Lead toxicity 
in iran
nasim Zamani1,2, Omid Mehrpour3,4, Hossein Hassanian-Moghaddam  1,2 ✉, Maryam Jalali5, 
Alireza Amirabadizadeh  6, Saeed Samie7, Shahram Sabeti8 & Ali-Asghar Kolahi1

no countrywide data exists on the patients’ characteristics of lead exposure in iran. We aimed to 
evaluate the demographic characteristics and blood lead level (BLL) of these patients in the country 
scale during five consecutive years, including the epidemic outbreak year (2016). Between 2014 and 
2018, records of all patients who had referred to two reference laboratories in Tehran, Iran, to check 
BLL were evaluated. Of 58,642 patients, 48,589 were male. Mean age was 44.9 ± 20.7 years. Males 
had higher BLLs and were significantly older. Median BLL was 16 µg/dL (0.3 to 263 µg/dL). Median 
BLL was significantly higher in 45- to 60-year-old patients. The highest median BLL was reported in 
May 2016 confirming our records about the peak of the epidemic. Although the frequency of high 
BLL declined after 2016, it never returned to the measures before that. Considering the ongoing high 
prevalence of increased BLLs after 2016 and similar environmental and occupational exposures as 
before, lead-contaminated opium still seems to persist in the Iranian opium black market. Substitution 
of this lead-contaminated opium by opioid Maintenance therapy (oMt)-prescribed opium tincture is 
recommended.

Heavy metal poisoning has been an issue in ancient countries, including Iran1. Lead can be easily absorbed inha-
lationally and/or through gastrointestinal route especially in children2,3. Most of lead is stored in cortical bones, 
teeth, brain, liver, and kidneys4. Signs and symptoms of lead exposure relative to the blood lead level (BLL) may 
widely vary based on the individual characteristics. In acute cases of toxicity, abdominal pain, anemia, consti-
pation, muscular and skeletal pain, headache, anorexia, decreased libido, dizziness, short-term memory loss, 
nephropathy, and wrist/ankle drop may be present3. Lead encephalopathy is the most serious manifestation that 
may lead to permanent neurological sequelae and death5. In chronic cases, hypertension may develop6,7.

Environmental lead poisoning is an endemic problem in Iran2 due to occupational and environmental expo-
sures. Substitution of lead with methyl tert-butyl ether (MTBE) in gasoline decreased the environmental contam-
ination by gasoline in this country. On the other hand, it seems occupational lead toxicity has decreased in Iran 
over the recent years8. However, environmental contamination of the soil, water, vegetables and traditional herbal 
remedies by lead is still a concern2,9,10. It is supposed that increasing the number of lead processing industries 
affecting surface, drinking and ground water, rivers and seas (waste discharges) is a major source of environmen-
tal pollution10. Besides, illicit drugs contaminated with lead are a new health threat in recent decades10. Therefore, 
we expect persistent endemic lead exposure in Iran.

During the recent decade, opium impurities and lead-contaminated opium were recognized as a possible 
cause of lead poisoning in Iran3,11. After recognizing this health threat, some studies evaluated lead-contaminated 
illicit drugs in Iran. Adulterants were evaluated in samples of commonly abused psychoactive drugs including 
opium, Iranian crack, ecstasy tablets, and crystal methamphetamine12. It was shown that psychoactive drugs were 
adulterated with tramadol, ketamine, methadone, acetaminophen, and caffeine. Lead was detected in all analyzed 
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samples, ranging from 9–90 ppm with the lowest amount detected in methamphetamine samples, while Iranian 
crack and opium samples had the highest contents of lead. In another study, heavy metals of illegal opioids sam-
ples (Iranian crack, heroin, and opium) were evaluated13. The authors concluded that heavy metals including lead 
existed in all samples. The highest lead (Pb; 138.1  ±  75.0 μg/g) and chromium (Cr; 447.4  ±  20.3 μg/g) contents 
were detected in opium samples. Heroin and Iranian crack samples had 48.8 μg/g and 30.8 μg/g lead, respectively.

This was again an endemic problem in Iran until 2016 when an epidemic of lead poisoning due to 
lead-contaminated opium peaked14. Studies during this period mentioned the possibility of existence of more 
than 42,000 lead-poisoned patients15. However, no official statistics were reported by Iranian Ministry of Health 
(MOH) regarding the number of the patients and their characteristics. This is while many of the patients were 
being checked for blood lead levels (BLLs) by limited reference laboratories equipped with the atomic absorption 
technique. Although blood was taken for BLL check in many cities, samples were transferred to two reference 
laboratories in the capital city. This study aimed to determine the basic characteristics and mean BLL of the 
patients during a five-year period of the study including the year of the epidemic outbreak to see any changes in 
the Iranian BLL trend in the country.

Materials and Methods
There are two active reference laboratories in Tehran, Iran, that are equipped with atomic absorption technique 
to check for heavy metal poisonings. During the epidemic, patients with probable signs and symptoms of lead 
poisoning were referred, or their blood sample was taken and sent to these laboratories for BLL check.

Venous blood specimens obtained in EDTA tubes using lead-free equipment were used for analyzing blood 
lead. EDTA tubes containing less than half of the amount of blood required and/or with visible clots were dis-
carded. All specimens were kept at room temperature and checked within 24 hours of specimen collection. All 
processes of sample preparation were performed in Class B2 laminar flow biological safety cabinets, to avoid 
contamination with environmental lead, if any.

The instrument calibrations were carried out according to the specifications of the manufacturer.
Two Quality control samples at clinically significant blood lead levels have been analyzed at each analytical 

run and when instrumental/operational problems have been detected.
The laboratories have participated regularly in external quality assessment programs provided by Pishgam 

Iranian QA system.
The available data of the patients admitted to these two laboratories (Nour and Pars reference laboratories) 

between 2014 and 2018 were retrieved and evaluated. Those for whom BLL had been checked were enrolled. 
Duplicate cases in each year were eliminated from analysis using ID and national code. These two laboratories 
were measuring almost all of blood lead samples in the country.

Our institutional review board (IRB) committee waived informed consent for retrospective studies while 
participants were anonymous. Data including patients’ demographic characteristics (age and gender), season of 
the year, and their BLL was recorded in a self-made sheet designed for the study. BLLs were categorized into three 
groups of BLLs < 10 (currently acceptable level), 10 < BLL < 50 (mildly elevated BLL), and >50 µg/dL (high 
BLL) and compared between different sex and age groups in five years. The data was then extracted into Statistical 
Package for Social Sciences (SPSS) software version 22 and analyzed using independent t-test, Mann Whitney 
U test, Kruskal-Wallis, and Duncan’s tests. Median (interquartile range; IQR) or mean ± standard deviation 
(SD) was used for description of quantitative variables with non-normal and normal distribution respectively. 
Frequency (%) was mentioned for qualitative variables. P values less than 0.05 were considered to be statistically 
significant.

ethics approval and consent to participate. This study was supported by Shahid Beheshti University 
of Medical sciences, Tehran, Iran, and approved by its ethics committee (IR.SBMU.RETECH.REC.1399.165). All 
methods were performed in accordance with the relevant guidelines and regulations.

Results
Of the 58,642 patients whose BLL had been checked by these two reference laboratories, 48,589 (82.9%) and 
10,053 (17.1%) were male and female, respectively. Mean age (all patients) was 44.9 ± 20.7 with median 46.0 
years, males 45.7 ± 19.4 with median 46.0 years, and females 41.2 ± 25.9 with median 47.0 years (range; 1 to 96 
years). The independent t -test showed that males were older than females (t = 19.5; P < 0.001) (Fig. 1).

Median BLL [Interquartile range; IQR] was 16 [8.4, 39] µg/dL with mean 35.85 ± 53.29 µg/dL in all patients 
(range; 0.3 to 263 µg/dL). Median BLL was 18 and 10 µg/dL in males and females (Fig. 2). Mann Whitney U test 
showed that median BLL was higher in males (z = 4834, P < 0.001). 18,369 (31.3%), 29,401 (50.1%), and 10,872 
(18.5%) patients had BLLs less than 10, 10-50, and over 50 µg/dL, respectively. 27.6% of the males and 49.4% of 
the females had BLLs < 10 (currently acceptable range). Median BLLs of the patients in different age groups are 
shown in Table 1.

Duncan’s test showed that median BLL was significantly higher in 45- to 60-year-old patients compared to all 
other age groups (P < 0.001). Table 2 shows the BLLs in different age groups. Figures 3 and 4 show the trend of 
high BLLs in five consecutive years of the study and its distribution in different seasons and years.

The highest median BLL was reported to be 25.2 µg/dL in 2016 (epidemic year), and the least BLL was reported 
in 2015 (median of 6.5 µg/dL; Fig. 3). Also, the highest BLL has been reported in May, which confirms our records 
of the peak of the epidemic outbreak in May 2016. In general, mean BLL was highest in winter months 43.3 ± 85.9 
(median [IQ range]: 19.7 [1.0–66.0] µg/dL) and lowest in summer months 31.2 ± 35.5 (median [IQ range]: 13.9 
[7.8–45.0] µg/dL; P < 0.001).
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Discussion
Because opium is often sold based on weight, lead may be added to it during manufacturing or at the time of 
packing in body packers to boost its weight. This may result in an intoxicating level of lead in opium samples. 
Lead can also be simply a non-purposeful impurity induced during refining process of production16,17. Inorganic 
lead poisoning due to lead-contaminated heroin abuse was reported in 198918. Lead-adulterated marijuana and 
methamphetamine are also reported19–21. In some areas of the US, illegally distilled alcohol (moonshine) is a 
significant source of lead exposure22. Chia et al.23 published the first report of lead poisoning due to opium in a 
40-year-old Chinese woman. After that, several reports were published from other parts of the world including 
Australia24, England25, Netherlands26, and Scotland27,28.

The higher number of male patients compared to the females seems a predictable finding as males are more 
engaged in high-risk occupations, use opium more commonly, and are more prone to be environmentally 
exposed to lead14. However, almost one-fifth of our patients were females. Considering the fact that the patients 
have been referred with the possible lead poisoning, this may show a rise in the number of female opium users or 
simply due to an increase in the number of female opium users coming forward for testing.

Higher BLL in older patients also emphasizes on occupational/environmental cumulative effect of lead and 
the fact that patients with a history of longer opium use/abuse are more prone to lead poisoning. Although the 
history of amount and period of dependency is not clear, older patients have presumably been exposed to con-
taminated opium for more years, making their dependency heavier due to the possible increasing tolerance to the 
opium during years of abuse, and have a higher BLL.

The currently acceptable value of lead has recently been reduced from 25 to 10 µg/dL by Centers for Disease 
Control and Prevention (CDC). However, it has been recommended to be even less in pregnant women and 

Figure 1. The median age of the subjects studied by gender.

Figure 2. The median BLL of the subjects studied by gender.
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children29,30. However, as revealed by our evaluations, mean BLL is further higher in our sample. Although this 
sample does not represent the total population in our country, it well shows the higher possibility of lead contam-
ination in our people.

Variable
BLL (µg/dl) 
Median [IQR] Mean ± SD Test result

Gender

Male 18.0 [9.0–42.2] 21.04 ± 45.95 z = 48.34
P < 0.001Female 10.0 [6.1–20.0] 13.26 ± 25.87

Age group (years)

<15 8.7 [5.6–15.0] 12.41 ± 16.89

Χ2 = 346.65
P < 0.001

15–30 11.0 [7.0–25.7] 17.55 ± 29.81

30–45 16.0 [8.2–45.0] 24.84 ± 46.51

45–60 21.8 [10.0–48.0] 30.06 ± 49.98

60–75 20.0 [10.3–38.0] 29.91 ± 40.83

>=75 15.0 [9.0–29.0] 21.44 ± 33.14

Years

2014 7.0 [2.4–21.0] 8.01 ± 28.34

Χ2 = 537.38
P < 0.001

2015 6.5 [2.5–20.0] 7.21 ± 24.86

2016 25.2 [10.0–59.0] 43.51 ± 42.33

2017 15.0 [9.0–31.9] 19.81 ± 33.62

2018 11.8 [7.8–24.0] 14.67 ± 30.63

Month

January 13.3 [7.6–32.0] 19.56 ± 18.13

4

February 15.0 [8.0–36.7] 22.48 ± 43.36

March 16.0 [8.5–39.0] 24.37 ± 42.37

April 17.5 [8.8–43.1] 16.07 ± 46.51

May 22.2 [9.5–59.0] 30.68 ± 63.52

June 19.0 [9.6–46.0] 26.72 ± 31.73

July 15.9 [9.0–38.0] 22.79 ± 43.30

August 16.0 [8.7–36.0] 24.57 ± 39.03

September 16.0 [9.0–36.3] 24.35 ± 40.08

October 14.5 [8.5–35.2] 20.40 ± 36.50

November 13.7 [7.0–33.0] 19.40 ± 35.20

December 13.0 [7.0–30.0] 19.04 ± 31.68

Table 1. Median BLL in different sex and age groups and different months of the year.

Blood lead level (µg/dl)

<10 10–50 >=50

Gender

Male 13,399 (27.6%) 25,247 (52.0%) 9,943 (20.5%)

Female 4,970 (49.4%) 4,154 (41.3%) 929 (9.2%)

Age group(years)

<15 3,427 (57.3%) 2,056 (34.4%) 495 (8.3%)

15-30 2,286 (42.7%) 2,354 (44.0%) 711 (13.3%)

30-45 5,176 (32.0%) 7,440 (46.0%) 3,571 (22.1%)

45-60 3,856 (24.1%) 8,300 (51.9%) 3,849 (24.0%)

60-75 2,516 (22.3%) 6,900 (61.2%) 1,865 (16.5%)

>=75 1,108 (28.9%) 2,351 (61.2%) 381 (9.9%)

Years

2014 912(57.1%) 544 (34.1%) 141 (8.8%)

2015 2,295 (60.3%) 1,233 (32.4%) 275 (7.2%)

2016 5,469 (22.8%) 11,138 (46.4%) 7,404 (30.8%)

2017 5,331 (28.6%) 10,900 (58.4%) 2,418 (13.0%)

2018 4,362 (41.2%) 5,586 (52.8%) 634 (6.0%)

Table 2. Number of the Patients in Each BLL Group Based on their Age, Gender, and Year of the Study.
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Higher BLLs in 2016, in the context of more references to the emergency departments throughout the country 
which confirmed lead-contaminated opium as the source of lead13,31, confirms the epidemic of lead-contaminated 
opium use in our society as the environmental and occupational factors have not changed during the whole 
period of the study30. Although the frequency of high BLL has decreased after 2016 (epidemic year), this has never 
returned to its baseline measures. This may show the possibility of an ongoing epidemic of lead-contaminated 
opium, which may be managed by substitution of clean opium tincture provided by opioid maintenance therapy 
(OMT) clinics instead of the lead-contaminated opium in the black market.

As mentioned, our sample is not representative of our whole society. However, the two reference laboratories 
with atomic absorption technique have undoubtedly covered most of the patients suspected to be lead-poisoned 
as all centers visiting patients with possible lead poisoning referred their patients to one of these two referral 
laboratories for BLL check. Thus, the current data can, more or less, represent the features of lead poisoning in 
Iran right now. Although the precise number of patients and treatments given to them were not recorded and 
published by Iranian Ministry of Health, the number of antidotes used throughout the country showed an esti-
mated number of more than 16,000 treated and more than 40,000 untreated patients who were managed by dis-
continuation of oral opium use due to limitations in antidote availability. The authors suspect that this increase in 
numbers of people recognized as suffering from lead poisoning will put an increased burden on the Iranian health 
services. The authors would support further review of the situation by health authorities. This made the author-
ities think about antidote stock piling strategies. Our available data is limited which is mainly due to the retro-
spective nature of the study. On the other hand, acceptable BLLs have recently been reduced to less than 5 µg/dL  
in children while we could determine that the median BLL of children less than 15 years old was more than this 
limit (8.7 µg/dL) and almost 42% of children had a blood lead level more than 10 µg/dL that could affect their 
growth and might cause neurodevelopmental disabilities. More prospective studies on characteristics of endemic 
lead poisoning due to lead-contaminated opium and examination of the wide strategies applied for epidemic and 
antidote management in Iran are warranted.

We believe that not all potential patients (those who had been asked to check their BLLs) referred to check 
for their BLLs, and this is probably the most important limitation of the current study. On the other hand, only 
patients with more severe signs and symptoms may have referred to check their BLLs which is another possible 
limitation and bias source. Moreover, we did not have access to other laboratory parameters associated with lead 

Figure 3. Trend of Lead poisoning in Five Consecutive Years Including the Epidemic Outbreak Year.

Figure 4. Trend of Lead Poisoning in Different Seasons during the Study Period.
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toxicity like hemoglobin (normochromic and normocytic or hypochromic and microcytic anemia), and baso-
philic stippling cells32,33.

conclusion
Lead-contaminated opium might be a significant cause of high BLLs and possible lead toxicity in Iran. Although 
the frequency of high BLLs has declined after 2016 (epidemic year), it has not been returned to its baseline meas-
ures in 2015 which may be due to contamination of lead in the opium black market or other possible resources of 
lead contamination. Appropriate measures should be carried out to encourage opium addicts to quit opium use 
or replace it with opium tincture provided by OMT clinics.

Received: 30 May 2019; Accepted: 23 April 2020;
Published: xx xx xxxx

References
 1. Waldron, T. The Heavy Metal Burden in Ancient Societies. (eds. Grupe, G. & Herrmann. B.). (Springer, 1998).
 2. Alinejad, S., Zamani, N., Abdollahi, M. & Mehrpour, O. A Narrative Review of Acute Adult Poisoning in Iran. Iran. J. Med. Sci. 42, 

327–346 Review (2017).
 3. Alinejad, S., Aaseth, J., Abdollahi, M., Hassanian-Moghaddam, H. & Mehrpour, O. Clinical Aspects of Opium Adulterated with 

Lead in Iran: A Review. Basic. Clin. Pharmacol. Toxicol. 122, 56–64 (2018).
 4. Velez, L. I. & O’Connell, E. J. Heavy Metals. Rosen’s Emergency Medicine: Concepts and Clinical Practice (Mosby, 2013).
 5. Shabani, M., Nasiri, M., Aminzadeh, Z. & Hassanian-Moghaddam, H. A Challenge between Central Nervous System Infection and 

Lead Toxicity: Opioid Case Reports from Iran. Iran. J. Med. Sci. 44, 168–171 (2018).
 6. Gambelunghe, A. et al. Low-level exposure to lead, blood pressure, and hypertension in a population-based cohort. Environ. Res. 

149, 157–163 (2016).
 7. Dadpour, B., Mehrpour, O., Etemad, L. & Moshiri, M. Lead poisoning induced hypertensive crisis managed by prazosin: a case 

report. Iran. Red. Crescent. Med. J 15, 526–8 (2013).
 8. Mahmoudi, N., Latifi, A. M., Amani, M. A., Masoumbeigi, H. & Ghanizadeh, G. Data on the environmental exposure to lead in Iran. 

Data. In. Brief. 20, 1133–41 (2018).
 9. Salehipour, M., Ghorbani, H., Kheirabadi, H. & Afyuni, M. Health Risks from Heavy Metals via Consumption of Cereals and 

Vegetables in Isfahan Province, Iran. Human. Ecologic. Risk. Assess 21(7), 1920–35 (2015).
 10. Karrari, P., Mehrpour, O. & Abdollahi, M. A systematic review on status of lead pollution and toxicity in Iran; Guidance for 

preventive measures. Daru. 20(1), 2 (2012).
 11. Zamani, N. & Hassanian-Moghaddam, H. Notes from the Field: Lead Contamination of Opium - Iran, 2016. Morb. Mortal. Wkly. 

Rep 66, 1408–1409 (2018).
 12. Akhgari, M., Moradi, F. M. Sc & Ziarati, P. The Texture of Psychoactive Illicit Drugs in Iran: Adulteration with Lead and other Active 

Pharmaceutical Ingredients. J. Psychoactive. Drugs. 50(5), 451–459 (2018).
 13. Aghababaei, R., Javadi, I., Nili-Ahmadabadi, A., Parsafar, S. & Ahmadimoghaddam, D. Occurrence of bacterial and toxic metals 

contamination in illegal opioid-like drugs in Iran: a significant health challenge in drug abusers. Daru. 26(1), 77–83 (2018).
 14. Paeezi, M. et al. Treatment of adult lead poisoning with D-penicillamine. Drug. Metab. Pers. Ther 6, 34 (2019).
 15. Ghane, T., Zamani, N., Hassanian-Moghaddam, H., Beyrami, A. & Noroozi, A. Lead poisoning outbreak among opium users in the 

Islamic Republic of Iran, 2016–2017. Bull. World. Health. Organ. 96(3), 165–172 (2018).
 16. Zamani, N. & Hassanian-Moghaddam, H. Ingestion of Lead-Contaminated Packs of Opium. N. Engl. J. Med 379, 1861 (2018).
 17. Zamani, N., Hassanian-Moghaddam, H. & Latifi, M. Abdominopelvic CT in a Patient With Seizure, Anemia, and Hypocalcemia. 

Gastroenterology 152(1), 27–28 (2017).
 18. Antonini, G., Palmieri, G., Millefiorini, E., Spagnoli, L. G. & Millefiorini, M. Lead poisoning during heroin addiction. Ital. J. Neurol. 

Sci. 10(1), 105–108 (1989).
 19. Norton, R. L., Burton, B. T. & McGirr, J. Blood lead of intravenous drug users. J. Toxicol. Clin. Toxicol. 34(4), 425–430 (1996).
 20. Busse, F. et al. Lead poisoning due to adulterated marijuana. N. Engl. J. Med 358(15), 1641–1642 (2008).
 21. Andreasen, M. F., Lindholst, C. & Kaa, E. Adulterants and diluents in heroin, amphetamine, and cocaine found on the illicit drug 

market in Aarhus, Denmark. Open. Forensic. Sci. J 2, 16–20 (2009).
 22. Morgan, B. W., Barnes, L., Parramore, C. S. & Kaufmann, R. B. Elevated blood lead levels associated with the consumption of 

moonshine among emergency department patients in Atlanta, Georgia. Ann. Emerg. Med. 42(3), 351–8 (2003).
 23. Chia, B. L., Leng, C. K., Hsii, F. P., Yap, M. H. & Lee, Y. K. Lead poisoning from contaminated opium. Br. Med. J 1(5849), 354 (1973).
 24. Law, S., Ackerly, I., Scott-Rimmington, B. & Nallaratnam, K. Two cases of lead poisoning from inhaled opium in Victoria. Emerg. 

Med. Australas. 31(1), 144–145 (2019).
 25. Azizi, A., Ferguson, K., Dluzewski, S., Hussain, T. & Klein M. Chronic lead poisoning in an Iranian opium smoker resident in 

London. BMJ. Case. Rep. 2016 (2016).
 26. Verheij, J. et al. Hepatic morphopathologic findings of lead poisoning in a drug addict: a case report. J. Gastrointestin. Liver. Dis 

18(2), 225–7 (2009).
 27. Beattie, A. D., Mullin, P. J., Baxter, R. H. & Moore, M. R. Acute lead poisoning: an unusual cause of hepatitis. Scott. Med. J 24(4), 

318–21 (1979).
 28. Beattie, A. D. et al. Acute lead poisoning: Five cases resulting from self-injection of lead and opium. Q. J. Med. 44(174), 275–84 

(1975).
 29. Hassanian-Moghaddam, H., Zamani, N., Hamidi, F., Farnaghi, F. & Gachkar, L. Blood lead levels in pregnant women referring to 

midwifery clinic in a referral center in Tehran. J. Res. Med. Sci. 23, 88 (2018).
 30. Zamani, N., Gholami, N., Hassanian-Moghaddam, H., Farnaghi, F. & Gachkar, L. Factors Associated With High Blood Lead Levels 

in a Sample of 100 Children in Tehran. Clinical Medicine Insights: Pediatrics, (2019; e collection).
 31. Anonymous. Report of an epidemic of lead poisoning due to lead-contaminated opium. Retrieved from, https://www.isna.ir/

news/95050107575/ (2019).
 32. Nakhaee, S. & Mehrpour, O. Opium addiction as new source of lead poisoning: An emerging epidemic in Iran. EXCLI. J. 17, 

513–515 (2018).
 33. Tarragó, O. & Brown, M. J. Agency for toxic substances and disease registry, Case studies in environmental medicine (CSEM), Lead 

toxicity. (2017).

Acknowledgements
This study was supported by Shahid Beheshti University of Medical Sciences, Tehran, Iran and approved by our 
local ethics committee (IR.SBMU.RETECH.REC.1399.165).

https://doi.org/10.1038/s41598-020-64859-8
https://www.isna.ir/news/95050107575/
https://www.isna.ir/news/95050107575/


7Scientific RepoRtS |        (2020) 10:11797  | https://doi.org/10.1038/s41598-020-64859-8

www.nature.com/scientificreportswww.nature.com/scientificreports/

Author contributions
H.H.M. is the guarantor of integrity of the entire study. N.Z., O.M. and H.H.M. gave the study concepts and 
designed the study. N.Z., M.J., S.S. and Sh.S. did the literature research. A.A., A.K. and H.H.M. performed the data 
analysis. A.A. performed the statistical analysis. N.Z. prepared the manuscript draft and N.Z. and H.H.M. did edit 
the final manuscript. All co-authors approved final submitted manuscript.

competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to H.H.-M.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-64859-8
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	A Preliminary Report on the Largest Ongoing Outbreak of Lead Toxicity in Iran
	Materials and Methods
	Ethics approval and consent to participate. 

	Results
	Discussion
	Conclusion
	Acknowledgements
	Figure 1 The median age of the subjects studied by gender.
	Figure 2 The median BLL of the subjects studied by gender.
	Figure 3 Trend of Lead poisoning in Five Consecutive Years Including the Epidemic Outbreak Year.
	Figure 4 Trend of Lead Poisoning in Different Seasons during the Study Period.
	Table 1 Median BLL in different sex and age groups and different months of the year.
	Table 2 Number of the Patients in Each BLL Group Based on their Age, Gender, and Year of the Study.




