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c Zonguldak Bülent Ecevit University, Department of Chemistry, 67100 Zonguldak, Turkey 
d Department of Chemistry, Tokat Gaziosmanpasa University, Tokat, Turkey 
e King Fahd University of Petroleum and Minerals, Research Institute, Center for Environment and Water (CEW), Dhahran, 31261 Saudi Arabia 
f Department of Chemistry, Sivas Cumhuriyet University, Sivas, Turkey   

A R T I C L E  I N F O   

Keywords: 
Lead 
Cadmium 
Solid phase microextraction 
Cationic polymer sorbent 
Vegetables and barbecue samples 

A B S T R A C T   

A green and efficient analytical approach was reported for simultaneous preconcentration, and separation of Pb 
(II) and Cd(II) in water, vegetables, and barbecue samples by dispersive solid-phase microextraction prior to their 
determination using flame atomic absorption spectrometry. A new poly-3-hydroxy butyrate-polyvinyl triethyl 
ammonium chloride comb-type amphiphilic cationic block copolymer (PHBvbNCl) was synthesized and char
acterized. Main variables such as pH, sorbent amount, adsorption time, eluent type, desorption time, and sample 
volume were optimized. Detection limits and working ranges for Pb(II) and Cd(II) were 0.03 μg L-1, 0.15 μg L-1, 
0.1–250 μg L-1 and 0.5–375 μg L-1, respectively. Enhancement factor for Pb (II) and Cd (II) were 114 and 98. The 
adsorption capacity of PHBvbNCl for Pb(II) and Cd(II) was 175.2 mg g− 1 and 152.9 mg g− 1. After the accuracy of 
the method was confirmed by the analysis of certified reference materials, it was successfully applied to real 
samples. Finally, the analytical performance of the present method was compared with other methods.   

1. Introduction 

Lead and cadmium are known as highly toxic metals and persistent 
pollutants in the environment (Qin et al., 2019). Prolonged exposure of 
toxic metals to contaminated water and food samples may cause adverse 
effects on human health. Trace analysis of lead, cadmium and other 
toxic metals is very important for food safety, environmental monitoring 
and pollution studies (Xiao, Wang, Pi, Cheng, & Xie, 2020). Lead and 
cadmium can cause both environmental pollution and hazardous for 
human and animal health. Cadmium is one of the most toxic metal and 
accumulates in liver and kidneys of human body (Feist, & Sitko, 2018). 
Cadmium toxicity may be long term because it has a half-life of 4–19 
years (Groten, & Van bladeren, 1994). Lead is dangerous cumulative 
poison for living organisms and it enters to human body from water, air 
and food samples (Aboufazeli, Reza, Zhad, Sadeghi, Karimi, & Najafi, 
2013). Tolerable weekly intake for lead and cadmium has been reported 
as 25 and 0.8 μg kg− 1 body weight, respectively (Nordberg, Sandstrom, 

Becking, & Goyer, 2002). According to World Health Organization 
(WHO) (2008), maximum tolerable levels of Pb and Cd in drinking water 
were recognized as 10 μg L-1 and 3 μg L-1, respectively. Therefore, it is 
very crucial to develop a precise, sensitive and rapid analytical pro
cedure for the determination of heavy metal ions in different samples. 
Toxic metals are found trace and ultra-trace levels in water and food 
samples. So, separation and preconcentration procedures are necessary 
to enhance the sensitivity and accuracy of their determination (Shirani, 
Habibollahi, & Akbar, 2019). 

Instrumental techniques such as optical emission spectrometry 
(Zhang, Cai, Yu, & Wang, 2017), inductively coupled plasma mass 
spectrometry (Arslan, Oymak, & White, 2018), anodic stripping vol
tammetry (Xiao, Wang, Pi, Cheng, & Xie, 2020), atomic fluorescence 
spectrometry (Lei, Chen, Hu, Yang, & Wen, 2018), electrothermal 
atomic absorption spectrometry (Shirani, Habibollahi, & Akbar, 2019), 
liquid chromatography (Werner, 2018), flame atomic absorption spec
trometry (Rajabi, Abolhosseini, Hosseini-Bandegharaei, Hemmati, & 
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