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ABSTRACT 

This research work aimed to achieve highly sensitive, selective and economically 

feasible multi-residue technique for quantification of selected acaricides in honey by GC-

μECD and GC-MSD. The two extraction procedures QuEChERS and SPE were 

compared and SPE was found more suitable for selected acaricides with recoveries 

ranged from 76% ± 1.3 - 122% ± 2.1 as recommended by SANCO. The Limits of 

quantification of both in-hive treated and environmentally extracted acaricides (LOQ) 

were lower than their MRLs which indicates that method was sufficiently sensitive. To 

make the clean-up process satisfactory, potential matrix effects and decrease in ion 

suppression/ enhancement was minimized by reducing the organic layer from 3 ml to 0.5 

ml in SPE. In MSD, an enhancement of the signal was found for chlorpyrifos –methyl 

(ME > 200%). The Intra-day repeatability (RSDrwd) and inter-day repeatability (RSDrdd) 

for the selected acaricides by proposed method was observed to be lower than 16%. This 

was found to be within acceptable range as set by SANCO and Codex Alimentarius 

guidelines. The optimized chromatographic multi-residue method was practiced to assess 

pesticide residues in honey samples from different apiaries of Pakistan. Monitoring 

results indicate that 12% of the samples contained no detectable residues of the target 

acaricides while 88% of honey samples from different geographical regions of KP and 

Punjab were contaminated with at least one of selected acaricides. 6 selected acaricides 

residues were detected in the collected honey samples and only 5 honey samples had 

residues level above MRLs. In-hive treated acaricides i.e. coumaphos, t-fluvalinate and 

malathion were not detected in honey samples from any selected area while fipronil and 

mirex were detected in only two and one selected region respectively. Thus to provide 

safe honey to the consumers, it is essential to monitor it occasionally to eliminate the 

possibility of the presence of the residues of pesticides above prescribed levels. 

 

 

 



ii 
 

ACKNOWLEDGEMENTS 

Foremost, I would thank Almighty Allah for providing me the opportunity and the 

strength to complete my MS degree. I would like to express my gratitude to my 

supervisor Prof. Dr. Mohammad Zafar for his continuous support, patience and 

motivation to carry out my MS research. His guidance and immense knowledge helped 

me a lot throughout the writing of this research work. My thanks are extended to my co 

supervisor Dr Nazia Rafique for her guidance and support to carry out my research work 

successfully. I could not have thought having a better advisor and mentor for my MS 

study. I am thankful to her for her consideration and concern towards my work. I am also 

thankful to Prof. Dr. Tahseenullah Khan, Head of Earth and Environmental Science 

Department for providing help and guidance during my research.   

My sincere thanks also goes to Sir Karam Aahad, Director Ecotoxicology 

Research Institute, NARC for allowing me the research opportunities in his well-

equipped lab and leading me working on diverse exciting projects along with my research 

work. Particular thanks go to all staff members of Ecotoxicology Research Institute, 

NARC for their support throughout my analytical work. They always welcomed me and 

encouraged me to take part in their activities and made me feel part of their big team. I 

want to acknowledge support of Mr. Khalid, Scientific Officer, Honeybee Research 

Institute, NARC for providing me the honey samples. I am also thankful to Mr. Khubaib 

and Dr. Said Akbar from Bahria University for their valuable suggestions and feedback.  

My deepest gratitude goes to my husband, brothers and sister for their unflagging 

love and unconditional support throughout my life. No matter where they are around the 

world, they are always with me. My forever interested and always enthusiastic kids Basal 

and Hadiya: they were always keen to know what I was doing and how I was proceeding, 

although it is likely that they never grasped what it was all about! My new born kid Hira 

whose patience and fascinating smile always removed my tiredness when I was back 

home. Last but not the least important, I owe more than thanks to my mother for her love 

and support throughout my life. Without her, it was impossible for me to finish my 

education seamlessly. 



iii 
 

ABBREVIATIONS 

DDT   Dichlor-Diphenyl-Trichlorethylene 

EFSA   European Food Safety Authority 

EU   European Union 

FPBC   4-Fluoro-3-Phenoxybenzaldehyde Cyanohydrin 

FPB    4-Fluoro-3-Phenoxy-Benzaldehyde  

GC-ECD  Gas Chromatography – Electron Capture Detector 

GC*GC-TOFMS        (GC × GC) two-dimensional Gas Chromatography -Time-of-Flight 

Mass Spectrometric Detector 

 GC-MS  Gas Chromatography–Mass Spectrometry 

GC-MS/MS  Gas Chromatography–Mass Spectrometry/ Mass Spectrometry 

GC-NPD  Gas Chromatography – Nitrogen Phosphorous Detector 

HPLC   High performance Liquid Chromatography 

LC-APCI-MS              Liquid chromatography– Atmospheric pressure Chemical 
Ionization–Mass Spectrometry  

LLE                             Liquid-Liquid Extraction  

 LC-MS  Liquid Chromatography–Mass Spectrometry 

LC-MS/MS  Liquid Chromatography–Mass Spectrometry/ Mass Spectrometry 

MRLs                          Maximum Residue Levels 

MSPD                         Matrix Solid Phase Dispersion 

PCB’s                          Polychlorinated Biphenyls  

QuEChERS   Quick, Easy, Cheap, Effective, Rugged and Safe method 
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SBI   Sterol Biosynthesis Inhibitor      

SBSE                          Stir Bar Sorptive Extraction  

SFE                             Supercritical Fluid Extraction  

SPE                             Solid Phase Extraction 

SPME                          Solid Phase Micro Extraction  
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