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Background: Heavy metals such as cadmium (Cd) and lead (Pb) are among the most 

hazardous environmental pollutants because of their toxic effects on humans and 

other living organisms, even at low concentrations. This study aimed to assess the 

levels of Cd and Pb contamination in different water sources across Baghdad 

Governorate, including river water, water treatment plants, and tap water. 

Methodology: This study was conducted between February 2023 and January 2024. 

A total of 1,296 water samples were collected from six locations, and Cd and Pb 

concentrations were determined. Results: Elevated concentrations of Cd and Pb were 

detected across all water sources. The highest mean of Pb concentration was recorded 

in river water (0.059 mg/L), followed by tap water (0.052 mg/L) and treated water 

(0.043 mg/L), all of which exceeded the WHO safety limit of 0.01 mg/L. Similarly, 

Cd concentrations were highest in river water (0.026 mg/L), followed by tap water 

(0.044 mg/L) and treated water (0.036 mg/L), surpassing the WHO guideline of 0.003 

mg/L. Seasonal variations showed that Cd concentrations were the highest in 

summer, whereas Pb levels were the highest in spring. Conclusions: The prevalence 

of Cd and Pb contamination varied by water source and location. Cd pollution was 

nearly six times more likely to exceed permissible limits compared to Pb (P < 

0.0001). Moreover, seasonal differences were evident, with Cd exceeding Pb in 

summer, while Pb surpassed Cd in spring. 

Abstract 
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Introduction 

According to Ding et al., (2022) a metal is classified as heavy if its density is more than 5 g/cm3 (opaque) or light 

with less than 5 g/cm3. Heavy metals are persistent environmental pollutants due to their insoluble nature. Access 

to uncontaminated potable water is vital for maintaining a state of optimal health and well-being (Kruger, 2011). 

Many types of pollution have reduced the quality of the world's freshwater resources, while the demand for water 

continues to increase annually (du Plessis, 2023). Climate change would exacerbate these water problems via the 

effects of elevated temperatures and alterations in the water cycle (Mishra, 2023). These effects may result in more 

frequent and intense droughts, increased floods, and heightened toxicity of chemical pollutants in the environment 

(Bolan et al., 2023). In underdeveloped countries, the absence of adequate infrastructure for treating polluted water 

or ensuring access to clean drinking water exacerbates the impact of increasing pollution levels, leading to more 

severe consequences (Katekar & Deshmukh, 2021). However, various sources of water such as piped water, 

boreholes, protected wells and springs, rainwater, and packaged/delivered water are available (Oluwasanya et al., 

2025). The prevalence of heavy metal contamination has increased in recent years because of the expanding 

industrial and urban areas in emerging regions (Wu et al., 2022).  

Various industries, such as coal-fired power plants and mining together with waste recycling and solid waste 

disposal, release contaminated wastewater (Habib & Khan, 2021). Multiple factors contribute to the toxicity of an 

element, such as the species that come into touch with it, the elemental properties and biological role, and the 

duration of exposure to the metal (Jaishankar et al., 2014). The interconnectedness of organisms is evident in food 

webs and chains (Schmitz & Leroux, 2020). Recent high pollution levels stem from wars, industrial activities, and 

domestic and hospital wastewater discharged into the Tigris River, carrying chemicals, pesticides, and fertilizers 

(ALSalman & Dawood, 2023). Therefore, the aim of this study was detection of the pollution of water (river, 

stations, and tap water) in Baghdad governorate with heavy metals, particularly lead (Pb) and cadmium (Cd). 

Materials and Methods 

Water samples 

This study was conducted during the period from February 2023 to January 2024. Totally, 1296 water samples were 

collected from the river Tigris, water treatment plants, and tap water from six areas: Central Al-Karkh water 

project/Tarmiya area, Central Al-Rusafa water project/canal highway, Abu-Graib central water project/Al-Zaidan 

area, Al-Qaqaa water project/Al-Yousifiya area, Al-Latifiya and part of Al-Mahmoudia, Nahrawan water 

project/Al-Nahrwan area, Al-Hussainiya water project/Al-Hussainiya District (Al-Zuhur water). Six water samples 

were taken from each location (river, water stations, and tap water). At the beginning, river water samples were 

collected at a distance of approximately 3 meters from the riverbank/cliff, while water treatment plant samples were 

collected from storage basins. Finally, tap water samples were collected after allowing the tap to flow for one 

minute, and then the water was stored in a clean and dry 1-liter plastic bottles. The samples were kept at the 

refrigerator before analysis, and then they were sent to the Science and Technology Laboratories – Baghdad, Iraq, 

for measuring heavy metal concentrations. 

Lead concentration measurement 

Pb concentrations were determined using a novAA® 300 Atomic Absorption Spectrophotometer (Analytik Jena, 

Germany) based on the principles of Flame Atomic Absorption Spectroscopy. 

Cadmium concentration measurement 

Cd concentrations were measured using Graphite Furnace Atomic Absorption Spectroscopy (as mentioned above), 

which provides high sensitivity and precision for trace metal analysis. 
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Heavy metals calibration 

For both metals, calibrations were carried out using certified standard solutions, and the instrument performance 

was verified through the analysis of blanks and spiked recovery samples. 

Statistical analysis 

Data were statistically analyzed using SAS (Statistical Analysis System, version 9.1) to compare Pb and Cd 

concentrations across different water sources. Additionally, Reference Values Adviser (RVA) software (SAS 

Institute Inc., 2003) was employed to establish non-parametric reference intervals for the measured concentrations 

based on the method described by Geffré et al. (2011(. 

Results 

Table 1 shows different sources of water. The data revealed that the highest mean concentration of Pb was in river 

water, followed by tap water, while station-treated water exhibited the lowest mean concentration. 

Table 1: Pb concentrations in different water sources  

pb Tap water Stations River 

No. 432 432 432 

Mean (mg/dI) 0.052 0.043 0.059 

Median (mg/dI) 0.055 0.033 0.056 

Standard (mg/dl) 0.02 0.02 0.012 

Lower limit (mg/dl) 0.009 0.022 0.012 

Upper limit (gm/dl) 0.095 0.085 0.106 

90% Lower limit 0.01-0.006 0.022-0.021 0.0014-0.010 

90% Upper limit 0.095-0.094 0.089-0.085 0.109-0.103 

Method Non-parametric Non-parametric STD 

 

When compared to the reference values established by the World Health Organization (WHO) in 2017, which set 

the maximum permissible limit for Pb in drinking water at 0.01 mg/L (or 0.001 mg/dl), it was evident that all 

measured values in this study exceeded the international safety threshold. This is consistent with the findings 

reported in Baghdad by Al-Rakabi and Ramadan, (2017). This suggests a potential environmental pollution 

concern. The markedly elevated maximum Pb concentrations, particularly in river water (0.106 mg/dl) and tap 

water (0.095 mg/dl), point to potential ongoing pollution sources, which may include direct industrial discharges 

into rivers, deterioration of aging water distribution infrastructure, or leaching of industrial and agricultural waste 

contaminated with heavy metals. The findings align with the Iraqi Ministry of Environment study (2022) (Iraq, 

2022). which recorded increasing concentrations of heavy metals, particularly Pb, in surface water sources 

attributable to inadequate water treatment facilities and deficient environmental regulatory compliance. 

 The examination of standard deviation and value ranges (lower and upper limits) indicated significant internal 

variance within each group, this indicates heterogeneous or intermittent pollution, where certain water samples 

show significantly elevated contaminant levels compared to others, reflecting fluctuating pollution sources or 

episodic contamination events (de Bastos et al., 2021). The skewed distribution is evident in station water, as the 

median concentration (0.033 mg/dl) was lower than the mean (0.043 mg/dl), indicating that although most samples 

exhibited appropriate levels, a few high-concentration outliers substantially elevated over the mean. These findings 

are concerning from a public health standpoint. Multiple studies indicate that prolonged exposure to even minimal 

levels of Pb can lead to cumulative adverse consequences, including neurological impairments, renal failure, and 

cognitive abnormalities, particularly in children (Collin et al., 2022; Lanphear et al., 2005) emphasized that children 

were especially susceptible to Pb poisoning, even at concentrations beneath globally recognized thresholds 

(Champion et al., 2022). corroborates these findings, revealing that almost 72% of residential drinking water 

samples from diverse regions in Baghdad surpassed the WHO's Pb concentration thresholds. The authors ascribed 

this to declining infrastructure, including antiquated piping systems and insufficient water filtering, particularly in 

informal settlements and regions with deficient municipal services. 
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Table 2: Cd concentrations in different water sources 

Cd Tap water Station River 

No. 432 432 432 

Mean 0.031 0.035 0.047 

Median 0.026 0.036 0.044 

Lower limit 0.01 0.014 0.023 

Upper limit 0.066 0.058 0.072 

95%Lower limit 0.010-0.011 0.012-0.018 0.022-0.025 

95%Upper limit 0.062-0.072 0.056-0.061 0.070-0.073 

Method Non-Parametric Non-Parametric Non-Parametric 

 

Table 2 depicts the distribution of Cd levels. Cadmium concentrations were analyzed in three main water sources 

using the Reference Values Adviser (RVA) tool to establish non-parametric reference intervals based on empirical 

data distributions. The results showed that the highest mean of Cd concentration was in river water followed by 

station-treated water, and the lowest mean was in tap water. The reference intervals for Cd concentrations in river 

water indicated notable environmental pollution compared to other sources. The 95% confidence limits were 

relatively narrow within each source, reflecting relative stability in the data but also natural variability indicating 

intermittent or heterogeneous pollution. These findings suggest the presence of ongoing or episodic sources of Cd 

pollution, especially in river water, which may be exposed to industrial and agricultural discharges or deterioration 

of water infrastructure. Similar patterns of intermittent heavy metal pollution and associated human health risks 

have been documented in other regional studies (Mukherjee et al., 2020).  

These results align with local studies in Iraq, such as the work by Al-Rakabi and Ramadan, (2017), which reported 

Cd concentrations in Baghdad’s drinking water exceeding the permissible limits set by the WHO (2017), 

highlighting the urgent need for water quality monitoring and improved treatment processes. Globally, the WHO 

recommends that Cd levels in drinking water should not exceed 0.003 mg/L to minimize health risks (WHO, 2017). 

Exceeding these limits has been linked to toxic effects on the kidneys, bones, and respiratory system, underscoring 

the importance of addressing persistent pollution. These results align with those documented in earlier Iraqi 

investigations for instance (Ibadi et al., 2024) documented elevated Cd concentrations in the Tigris River attributed 

to discharges from metal plating industries and sewage effluents. While (Ahmed & Al-Baidhani, 2024) identified 

that surface waters in southern Baghdad surpassed national Cd thresholds, especially in proximity to untreated 

waste discharge sites. Cd is a hazardous heavy metal that bioaccumulates in the kidneys, liver, and bones, posing 

significant public health concerns. Prolonged exposure may result in nephrotoxicity, osteomalacia, and an elevated 

cancer risk (Kuna et al., 2024).  

The WHO (2022) asserts that even minimal, prolonged exposure presents a considerable risk, particularly for 

communities dependent on contaminated drinking water supplies. The Central Organization for Standardization 

and Quality Control (COSQC) and the Ministry of Environment in Iraq have underscored the necessity for 

enhanced environmental laws and the surveillance of heavy metals in aquatic systems. Nonetheless, the results of 

this study reveal deficiencies in enforcement and treatment efficacy, especially in regions devoid of contemporary 

water purification systems. Table 3 shows that Pb concentration in the river and tap water were significantly 

(P<0.05) higher compared with its concentration in water stations 

Table 3: Pb concentrations in various sources of water 

Source of water Tap water Station River LSD 

No. sample 432 432 432 
 

Pb (mg/L) 0.05±0.002a 0.04±0.002b 0.05±0.002a 0.008 

Means with a different letter are significantly different (P<0.05) 

 

https://doi.org/10.30539/a5gkrc73


Experimental and Applied Veterinary Research Journal   AL-amary & Hamood 

DOI: https://doi.org/10.30539/a5gkrc73 

  42 

Table 4 shows that Cd concentration in the river and tap water were significantly (P<0.05) higher compared to its 

concentration in water stations 

Table 4: Cd concentrations in different sources of water 

Source of water Tap water Station River LSD 

No. sample 432 432 432 
 

Cd (mg/L) 0.036±0.0007a 0.035±0.0005b 0.047±0.0005a 0.0014 

Means with a different letter are significantly different (P<0.05) 

 

Tables 3 and 4 show a significant increase in the concentration of Pb and Cd in the river and tap water, as mentioned 

above. The variation in the river may be caused by pollution from environmental and human activities. The variation 

in contaminant levels may be attributed to pollution associated with river water, originating from multiple 

anthropogenic sources, these include the discharge of untreated or partially treated industrial effluents containing 

heavy metals and chemicals into the river (Daripa et al., 2023), as well as domestic sewage, which carries organic 

matter, pathogens, detergents, and trace metals (Islam & Tanaka, 2004). Agricultural runoff from excessive 

fertilizer and pesticide use further contributes to the occurrence of nitrates, phosphates, and pesticide residues in 

river systems (Wu et al., 2015). Hospital and medical facility wastewater represent another source, introducing 

pharmaceuticals, disinfectants, and pathogens into the river (Verlicchi et al., 2015).  

Additionally, the impacts of war and conflict can lead to destruction of infrastructure and the uncontrolled release 

of various pollutants into water bodies (Al-Ansari et al., 2012). Pb and Cd can also enter the river through 

atmospheric deposition. Emissions from vehicles, industrial processes, and waste incineration can release these 

metals into the air, where they can be transported and deposited into the river via precipitation (Issa et al., 2020; 

Aljanabi et al., 2022). Agricultural practices involving the use of fertilizers and pesticides represent a potential 

source of heavy metal contamination (Rashid et al., 2023). Phosphate fertilizers, which may contain Cd impurities, 

can leach into rivers through runoff especially during heavy rains (McDowell, 2022). These findings are consistent 

with those reported by Daripa et al. (2023) as well as AlSalman and Dawood, (2023). Tap water contamination is 

often linked to household plumbing materials containing Pb (Hatam, 2023). PVC pipes and soldered joints can 

leach Pb into drinking water, especially under acidic conditions or low mineral content, which accelerates with 

corrosion (AlSalman & Dawood, 2023). Both Pb and Cd can enter the water supply through these materials, leading 

to elevated heavy metal concentrations (Swaringen et al., 2022; WHO, 2022; Stefan et al., 2023). 

Table 5 shows that Pb concentrations in summer are significantly (P<0.05) higher compared with other seasons . 

Table 5: Lead acetate concentrations in water samples in all seasons 

Season Winter Spring Summer Autumn LSD 

No. sample 324 324 324 324 
 

Pb (mg/L) 0.03±0.002c 0.03±0.001c 0.07±0.003a 0.06±0.002b 0.009 

Means with a different letter are significantly different (P<0.05) 

 

Increased Pb concentration in water sources during summer may be due to increased water evaporation. In summer, 

high temperatures lead to increased evaporation of water, which can concentrate any pollutants in the remaining 

water. This can result in a higher Pb concentrations during the warmer months (Mulla et al., 2023). During summer, 

water flow in rivers can decrease due to low rainfall and high evaporation, and reduced water flow means that 

contaminants like Pb can become more concentrated as the volume of water decreases. In addition, pollution from 

human activities, such as increased river traffic, industrial discharge, or improper disposal of waste may increase 

during the summer months (Pandey & Kumari, 2023). 

Table 6 shows that Cd concentration in spring was significantly (P<0.05) higher compared with other seasons. 

Table 6: Comparison among means of Cd according to the season 

Season Winter Spring Summer Autumn LSD 

https://doi.org/10.30539/a5gkrc73


Experimental and Applied Veterinary Research Journal   AL-amary & Hamood 

DOI: https://doi.org/10.30539/a5gkrc73 

  43 

No. sample 324 324 324 324  

Cd (mg/L) 0.033±0.0008c 0.046±0.0007a 0.033±0.0007c 0.039±0.0008b 0.0016 

Means with a different letter are significantly different (P<0.05) 

 

Increased Cd concentration during spring compared to other seasons may be because these areas have high Cd 

pollution owing to the use of fertilizers, pesticides, and industrial waste, which can be washed into the river during 

spring, increasing the concentration of Cd in water (Al Bomola, 2011). Similarly, this phenomenon can be 

explained by high Cd pollution in agricultural and industrial areas due to the extensive use of phosphate fertilizers 

containing Cd impurities, pesticides, and industrial waste discharge. During spring, rainfall and runoff can wash 

these pollutants into rivers, resulting in elevated Cd levels in water. This explanation was supported by (Gunes, 

2022). who reported elevated Cd levels in river and waterway samples from agricultural regions in Iraq due to 

fertilizer and pesticide use. Additionally, the Iraqi Ministry of Water Resources (Iraq, 2022) highlighted the adverse 

effects of industrial waste on surface water quality, particularly during rainy seasons (Algamal et al., 2025) In some 

cases, industries may discharge more pollutants into water systems in spring due to changes in production schedules 

or the handling of waste products after the winter months (Hameed, 2024). 

Conclusions 

Water contamination by Pb and Cd is influenced by both the source and geographic location of the samples. Spatial 

variations indicate that certain areas are more prone to heavy metal pollution, while temporal differences reveal 

seasonal fluctuations, with Cd concentrations exceeding Pb in summer and Pb surpassing Cd in spring. Importantly, 

human exposure to Cd poses a significantly higher risk, being approximately six times more likely to exceed 

permissible limits than Pb (P<0.0001). These findings underscore the need for continuous monitoring and targeted 

mitigation strategies to safeguard public health and manage environmental risks associated with heavy metal 

contamination in water sources.  
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الكشف عن تلوث الرصاص والكادميوم في مياه نهر دجلة، محطات المياه، ومياه الحنفية في محافظة  

 بغداد

 ٢مهند فلحي حمود، ١زمن سعد العامري

 فرع الصحة العامة، كلية الطب البيطري، جامعة بغداد، بغداد، العراق  ۱،۲

  المستخلص

)  الخلفية: الكادميوم  الثقيلة مثل  المعادن  )Cdتعُدُّ  الحية  Pb( والرصاص  البشر والكائنات  السامة على  لتأثيراتها  البيئية نظرًا  الملوثات  ( من أخطر 

، إلى تقييم مستويات تلوث المياه ۲0۲4إلى كانون الثاني    ۲0۲3الأخرى، حتى عند التراكيز المنخفضة. هدفت هذه الدراسة، التي أجريت من شباط  

  المنهجية:.  صادر مياه محافظة بغداد بما يشمل مياه الأنهار، ومحطات معالجة المياه، ومياه الصنبورفي م  -بالمعادن الثقيلة تحديداً الكادميوم والرصاص  

عينة مياه من ستة مواقع، وتم تحديد تراكيز الكادميوم    ۱,۲96. تم جمع    ۲0۲4وكانون الثاني )يناير(    ۲0۲3أجُريت هذه الدراسة بين شباط )فبراير(  

البيانات البيئية عن ارتفاع مستويات الكادميوم والرصاص في المصادر المائية المحلية. سجلت مياه الأنهار أعلى    كشفتالنتائج:  والرصاص فيها.  

( ملغم/ديسيلتر(. 0.043( ملغم/ديسيلتر( ثم المياه المعالجة من المحطات  0.05۲( ملغم/ديسيلتر( تليها مياه الصنبور0.059متوسط لتركيز الرصاص  

ملغم/لتر. أما تراكيز الكادميوم فقد اتبعت نمطًا مشابهًا، سجلت مياه الأنهار أعلى   0.0۱لحد الآمن لمنظمة الصحة العالمية البالغ تجاوزت جميع القيم ا

تركيز   )0.0۲6متوسط  الصنبور  مياه  تليها  ملغم/ديسيلتر(  المعالجة  0.044(  المياه  ثم  ملغم/ديسيلتر(،  جميعها 0.036(  متجاوزةً  ملغم/ديسيلتر(   )

تشير هذه النتائج إلى وجود تلوث واسع النطاق، يعُزى على الأرجح إلى  :  الاستنتاجات.  ( ملغم/لتر0.003رشاد العالمي لمنظمة الصحة العالمية  الإ

روتها في التصريفات الصناعية، والمياه الزراعية المسكوبة، وتدهور البنية التحتية. كما أظهرت التغيرات الموسمية أن مستويات الكادميوم بلغت ذ

 . تويات الرصاص أعلى قيمها في الربيعالصيف ربما بسبب التبخر وانخفاض تدفق المياه، بينما سجلت مس 
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