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ชื่อวิทยานิพนธ์ เซนเซอร์ทางแสงและเทคนิคการเตรียมตัวอย่างส าหรับการวิเคราะห์ยา
ปฏิชีวนะท่ีใช้ในสัตว์และยาฆ่าแมลง  

ผู้เขียน นางสาวกชพร จุลสัตย์ 
สาขาวิชา เคมี 
ปีการศึกษา ๒๕๖๑ 

บทคัดย่อ 

วิทยานิพนธ์นี้มีจุดประสงค์เพ่ือพัฒนาเทคนิคการวิเคราะห์ส าหรับตรวจวัดปริมาณยา
ปฏิชีวนะที่ใช้ในสัตว์และยาฆ่าแมลงที่ตกค้างปริมาณน้อยในตัวอย่างสิ่งแวดล้อมและอาหาร โดยแบ่ง
ออกเป็น ๒ ส่วนคือ การพัฒนาเซนเซอร์ทางแสง และเทคนิคการเตรียมตัวอย่าง 

ส่วนแรกเป็นการพัฒนาตัวตรวจวัดทางแสงฟลูออเรสเซนต์ที่มีความจ าเพาะเจาะจงต่อ
สารที่ต้องการวิเคราะห์ โดยการประยุกต์ใช้ควอนตัมดอทคอมโพสิทร่วมกับพอลิเมอร์ลอกแบบ
โมเลกุลเพื่อตรวจวิเคราะห์อะมอกซิซิลลิน ซาบูลทามอล เซฟไตรอะโซน และเซฟาเลกซิน ตัวตรวจวัด
เตรียมได้โดยอาศัยกระบวนการการเกิดโซล-เจล โดยใช้ ๓-อะมิโนโพรพิลเอทอกซีไซเรนเป็นมอนอ
เมอร์ เตตระเอทอกซีไซเรนเป็นสารเชื่อมขวาง และสารที่ต้องการวิเคราะห์เป็นโมเลกุลต้นแบบ 
หลังจากที่ล้างโมเลกุลต้นแบบออกจากชั้นพอลิเมอร์จะได้ควอนตัมดอทคอมโพสิทร่วมกับพอลิเมอร์
ลอกแบบโมเลกุลที่มีช่องว่างที่จ าเพาะเจาะจงต่อสารที่ต้องการวิเคราะห์ด้วยขนาด รูปร่างและหมู่
ฟังก์ชัน โดยควอนตัมดอทคอมโพสิทร่วมกับพอลิเมอร์ลอกแบบโมเลกุลที่สังเคราะห์ได้มีความจ าเพาะ
เจาะจงเมื่อเทียบกับควอนตัมดอทคอมโพสิทร่วมกับพอลิเมอร์ไม่ลอกแบบโมเลกุลต่ออะมอกซิซิลลิน  
๔๓.๖ เท่า ต่อซาบูลทามอล ๗.๑๔ เท่า ต่อเซฟไตรอะโซน ๓๐.๐ เท่าและต่อเซฟาเลกซิน ๒๖.๕ เท่า 
แสดงให้เห็นว่าพอลิเมอร์ลอกแบบโมเลกุลที่สังเคราะห์ได้มีความจ าเพาะเจาะจงสูง และให้ ค่าการ
ตอบสนองเชิงเส้นในช่วงความเข้มข้น ๐.๒๐ – ๕๐.๐ ไมโครกรัมต่อลิตร และขีดจ ากัดการตรวจ
เท่ากับ ๐.๑๔ ไมโครกรัมต่อลิตร ต่ออะมอกซิซิลลิน และ ๐.๑๐ – ๒๕.๐ ไมโครกรัมต่อลิตร และ 
๐.๐๓ ไมโครกรัมต่อลิตร ต่อซาบูลทามอล และตัวตรวจวัดควบคู่ทางแสงฟลูออเรสเซนต์ควอนตัม
ดอทคอมโพสิทร่วมกับพอลิเมอร์ลอกแบบโมเลกุลให้ค่าสัญญาณตอบสนองในช่วงความเข้มข้น ๐.๑๐ 
– ๕๐.๐ ไมโครกรัมต่อลิตร ต่อเซฟไตรอะโซน และต่อเซฟาเลกซิน โดยมีขีดจ ากัดการตรวจวัดเท่ากับ 
๐.๐๖ และ ๑.๐๐ ไมโครกรัมต่อลิตร ต่อเซฟไตรอะโซน และต่อเซฟาเลกซิน ตามล าดับ ไดป้ระยุกต์ใช้
ควอนตัมดอทคอมโพสิทร่วมกับพอลิเมอร์ลอกแบบโมเลกุลเพ่ือตรวจวิเคราะห์อะมอกซิซิลลินใน
ตัวอย่างนม ไข่ และน้ าผึ้ง พบว่าได้ร้อยละการได้กลับคืนอยู่ในช่วง ๘๕ ถึง ๑๐๒ และมีร้อยละค่า
เบี่ยงเบนมาตรฐานสัมพัทธ์ต่ ากว่า ๖ และไฮบริดควอนตัมดอทคอมโพสิทร่วมกับพอลิเมอร์ลอกแบบ
โมเลกุลเพ่ือตรวจวิเคราะห์ซาบูลทามอล ในตัวอย่างเนื้อสัตว์ และอาหารสัตว์ พบว่าได้ร้อยละการได้
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กลับคืนอยู่ในช่วง ๘๕ ถึง ๙๘ และมีร้อยละค่าเบี่ยงเบนมาตรฐานสัมพัทธ์ต่ ากว่า ๘ และตัวตรวจวัด
ควบคู่ทางแสงฟลูออเรสเซนต์ควอนตัมดอทคอมโพสิทร่วมกับพอลิเมอร์ลอกแบบโมเลกุลเพ่ือตรวจ
วิเคราะห์เซฟไตรอะโซน และเซฟาเลกซินในตัวอย่างนม พบว่าได้ร้อยละการได้กลับคืนอยู่ในช่วง ๘๓ 
ถึง ๙๙ และร้อยละค่าเบี่ยงเบนมาตรฐานสัมพัทธ์ต่ ากว่า ๘ นอกจากนี้เมื่อน าตัวตรวจวัดทางแสง
ฟลูออเรสเซนต์ควอนตัมดอทคอมโพสิทร่วมกับพอลิเมอร์ลอกแบบโมเลกุลที่พัฒนาขึ้นมาทดสอบ
เปรียบเทียบกับวิธีวิเคราะห์มาตรฐานโครมาโทกราฟีของเหลวสมรรถนะสูงพบว่าผลการวิเคราะห์ทั้ง
สองวิธีสอดคล้องกัน แสดงว่าวิธีที่พัฒนาขึ้นมีความน่าเชื่อถือและสามารถน าไปประยุกต์ใช้ในการ
ตรวจวิเคราะห์ปริมาณอะมอกซิซิลลิน ซาบูลทามอล เซฟไตรอะโซน และเซฟาเลกซินในตัวอย่างนม 
ไข่ น้ าผึ้ง เนื้อสัตว์และอาหารสัตว์ได้ นอกจากนี้ตัวตรวจวัดทางแสงฟลูออเรสเซนต์ควอนตัมดอทคอม
โพสิทร่วมกับพอลิเมอร์ลอกแบบโมเลกุลที่พัฒนาขึ้นมีข้อดีคือสามารถท าได้ง่าย ตรวจวัดได้รวดเร็ว 
ราคาถูก ให้ค่าความไววิเคราะห์สูงและมีความจ าเพาะเจาะจงต่อสารที่ต้องการวิเคราะห์ที่ดี  

ในส่วนที่สองเป็นการพัฒนาเทคนิคการเตรียมตัวอย่างส าหรับสกัดยาปฏิชีวนะและยาฆ่า
แมลงก่อนการวิเคราะห์ด้วยเทคนิคโครมาโทกราฟี โดยประกอบด้วยสองงาน งานวิจัยแรกคือการ
พัฒนาตัวดูดซับของแข็งชนิดใหม่ในลักษณะครัยโอเจลคอมโพสิทระหว่างพอลิไวนิลแอลกอฮอล์และ
แกรฟีนออกไซด์เคลือบด้วยพอลิไพโรลส าหรับประยุกต์ใช้ในเทคนิคการสกัดด้วยตัวดูดซับของแข็งใน
การสกัดและเพ่ิมความเข้มข้นของซัลโฟนาไมด์ในตัวอย่างน้ า โดยการประยุกต์ใช้พอลิไพโรลและแกร-
ฟีนออกไซด์เพ่ือเพ่ิมพ้ืนที่ผิวสัมผัสในการดูดซับซัลโฟนาไมด์โดยสามารถเกิดพันธะไฮโดรเจน อันตร
กิริยาแบบ π-π และไฮโดรโฟบิก พอลิไวนิลแอลกอฮอล์ครัยโอเจลซึ่งมีรูพรุนมากสามารถช่วยลด
ความดันต้านกลับของตัวดูดซับ ภายใต้สภาวะที่เหมาะสมวิธีที่พัฒนาขึ้นให้ช่วงความเป็นเส้นตรงตั้งแต่ 
๐.๒๐ ถึง ๑๐๐ ไมโครกรัมต่อลิตร และขีดจ ากัดการตรวจวัดเท่ากับ ๐.๒๐ ไมโครกรัมต่อลิตร ส าหรับ
การตรวจวิเคราะห์ซัลฟาไดอะซีน ซัลฟาไทอะโซล และซัลฟาเมอราซีน และให้ช่วงการตอบสนองเชิง
เส้นความเป็นเส้นตรงตั้งแต่ ๐.๑๐ ถึง ๑๐๐ ไมโครกรัมต่อลิตร และขีดจ ากัดการตรวจวัดเท่ากับ 
๐.๑๐ ไมโครกรัมต่อลิตร ส าหรับการตรวจวิเคราะห์ซัลฟาเมทาซีน ซัลฟามอนอเมทอกซีน และซัลฟา
ไดเมทอกซีน ตัวดูดซับที่พัฒนาขึ้นมีประสิทธิภาพในการสกัดที่ดีโดยให้ค่าร้อยละการได้กลับคืนอยู่
ในช่วง ๘๕.๕ ถึง ๙๙.๐ และมีค่าร้อยละเบี่ยงเบนมาตรฐานสัมพัทธ์น้อยกว่า ๕ ตัวดูดซับที่พัฒนาขึ้น
ให้ค่าการเตรียมซ้ าที่ดี และสามารถใช้ซ้ าได้อย่างน้อย ๑๐ ครั้ง แสดงให้เห็นว่าตัวดูดซับที่พัฒนาขึ้น
สามารถน าไปประยุกต์ใช้ในการสกัดและเพ่ิมความเข้มข้นของซัลโฟนาไมด์ในตัวอย่างน้ าได้ งานวิจัย
สุดท้ายคือการประยุกต์ใช้เทคนิคการสกัดด้วยตัวท าละลายที่มีฟองในหยดเดียวส าหรับการสกัดและ
วิเคราะห์หาปริมาณของยาฆ่าแมลงในกลุ่มคาร์บาเมตในตัวอย่างน้ า การกักฟองอากาศไว้ภายในหยด
ตัวท าละลายอินทรีย์เป็นการเพ่ิมพ้ืนที่ผิวของตัวท าละลายส่งผลท าให้สามารถเพ่ิมประสิทธิภาพการ
สกัดได้ ภายใต้สภาวะที่เหมาะสมวิธีที่พัฒนาขึ้นให้ช่วงการตอบสนองเชิงเส้นส าหรับการวิเคราะห์คาร์
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บาเมตในช่วง ๐.๐๕ ถึง ๒๐.๐ ไมโครกรัมต่อลิตร และขีดจ ากัดการตรวจวัดอยู่ในช่วง ๐.๐๒ ถึง ๐.๐๔ 
ไมโครกรัมต่อลิตร ไดป้ระยุกต์ใช้วิธีพัฒนาขึ้นในการวิเคราะห์หาปริมาณยาฆ่าแมลงกลุ่มคาร์บาเมตใน
ตัวอย่างน้ าโดยให้ค่าร้อยละการได้กลับคืนที่ดีในช่วง ๘๒ ถึง ๙๙ และค่าร้อยละเบี่ยงเบนมาตรฐาน
สัมพัทธ์น้อยกว่า ๙ อีกทั้งวิธีที่พัฒนาขึ้นมีข้อดีคือสามารถท าได้ง่าย ใช้ปริมาณตัวท าละลายอินทรีย์
น้อย เป็นมิตรกับสิ่งแวดล้อม และราคาถูก  

โดยสรุปผลของการศึกษาแสดงให้เห็นว่าเซนเซอร์ทางแสงและเทคนิคการเตรียม
ตัวอย่างที่พัฒนาขึ้นสามารถประยุกต์ใช้ในการตรวจวิเคราะห์การตกค้างของยาที่ใช้ในสัตว์และยาฆ่า
แมลงในตัวอย่างจริงได้อย่างมีประสิทธิภาพ สามารถท าได้ง่าย ราคาถูก รวดเร็ว มีความไววิเคราะห์สูง 
ความจ าเพาะเจาะจงที่ดี มีความน่าเชื่อถือและถูกต้องแม่นย า สามารถใช้เป็นวิธีทางเลือกส าหรับ
ประยุกต์ใช้ในการวิเคราะห์ยาที่ใช้ในสัตว์ ยาฆ่าแมลง และสารอ่ืนๆ ในตัวอย่างชนิดต่างๆ ได้ 
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Determination of Veterinary Drugs and Pesticides 

Author Miss Kochaporn Chullasat 

Major Program Chemistry 

Academic Year 2018 

Abstract 

This thesis aimed to develop new analytical techniques for the 

determination of trace veterinary drugs and pesticides in environment and food 

samples.  It consist of two-part including the optosensor and sample preparation 

techniques.  

The first part focused on the development of novel fluorescence probe using 

molecularly imprinted polymer composited with quantum dots nanoparticles. The facile 

method for coating a molecularly imprinted polymer onto quantum dots ( MIP-QDs) 

which are CdTe QDs and graphene quantum dots (GQDs) were successfully formulated 

and used for the first time as a highly selective and sensitive fluorescence probes for 

the determination of trace amoxicillin, salbutamol, ceftriaxone and cephalexin.  The 

nanocomposite MIP-QDs fluorescence probes were prepared via a sol-gel process with 

3-aminopropyl-ethoxysilane as a functional monomer, tetraethoxysilane as a cross-

linker and the target analyte as a template molecule.  After removal of the template 

molecules from the polymer layer, MIP-QDs containing cavities specific to the target 

analyte were obtained. The obtained cavities of MIP-QDs were specific to target analyte 

(amoxicillin, salbutamol, ceftriaxone and cephalexin) by size, shape and functional 

group.  The fluorescence intensity of MIP-QDs was more strongly quenched by target 

analytes by comparing with the non- imprinted polymer ( NIP-QDs)  with high 

imprinting factor of 43.6 for amoxicillin, 7.14 for salbutamol, 30.0 for ceftriaxone and 

26.5 for cephalexin, respectively.  The synthesized nanocomposite MIP-QDs showed a 

high sensitivity and good selectivity toward to amoxicillin in the concentration range 

of 0.20 - 50.0 µg L-1 with a low detection limit of 0.14 µg L-1 and 0.10 - 25.0 µg L- 1 

with a low detection limit of 0. 03 µg L- 1 for salbutamol detection.  The dual 

nanocomposite fluorescence probe showed a good linearity from 0. 10 to 50. 0 µg L- 1 

with a low detection limit of 0. 06 and 1. 00 µg L- 1 for cephalexin and ceftriaxone, 
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respectively. The developed nanocomposite MIP-QDs was successfully applied toward 

the determination of amoxicillin in milk, eggs and honey with a good recovery of 85 – 

102 % and the relative standard deviation of less than 6 % being achieved. The hybrid 

MIP- QDs fluorescence probe was effectively applied for the determination of 

salbutamol in animal feed and meat samples with a satisfactory recovery of 85 to 98 % 

(RSD < 8) .  The developed dual nanocomposite MIP- QDs fluorescence probes were 

applied for the detection of ceftriaxone and cephalexin in the milk sample with a 

satisfactory recovery of 83 - 99 % and RSD lower than 8 %. Furthermore, the accuracy 

of the developed nanocomposite MIP- QDs fluorescence probes were investigated by 

comparing with HPLC method with the results obtained using the two methods 

agreeing well with each other.  It demonstrated that the developed method is reliable 

and can be applied for real sample analysis.  The advantages of the developed 

optosensor are simplicity, rapidity, cost- effectiveness, high sensitivity and good 

selectivity.  

The second part focused on the development of sample preparation 

techniques for the determination of veterinary drugs and pesticides using 

chromatography analysis.  Two sub- project were carried out.  The first one is a hybrid 

monolith sorbent of polypyrrole coated graphene oxide incorporated into a polyvinyl 

alcohol cryogel. It was successfully synthesized and used as a sorbent in solid- phase 

extraction technique for extraction and preconcentration of trace sulfonamides.  The 

large surface areas with many adsorption sites of polypyrrole (PPY) and graphene oxide 

(GO) facilitated the high adsorption ability of sulfonamides via hydrogen bonding, π-π 

and hydrophobic interaction. The high porosity of the polyvinyl alcohol (PVA) cryogel 

helped to reduce the backpressure that occurs in a conventional packed SPE cartridge. 

Under the optimum conditions, the developed method provided a wide linear range 

from 0. 20 to 100 µg L-1 with a low detection limit of 0. 20 µg L-1 for sulfadiazine, 

sulfathiazole and sulfamerazine and from 0.10 to 100 µg L-1 with a low detection of 0.10 

µg L-1 for sulfamethazine, sulfamonomethoxine and sulfadimethoxine.  The developed 

hybrid monolith polypyrrole-coated graphene oxide embedded in the polyvinyl alcohol 

cryogel sorbent provided good recoveries in the range of 85.5 - 99.0 % with RSD less 

than 5 %. The sorbent offered a good reproducibility and can be reused at least 10 times. 

It was successfully applied for the extraction and preconcentration of trace amount 
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sulfonamides in the environmental water samples.  The last project is an application of 

bubble-in-single drop microextraction (BI-SDME) for the extraction and analysis of eight 

carbamate pesticides from the environmental water sample.  The increasing of the 

extraction solvent surface area when encapsulated air bubble in the microdroplet caused 

the greater extraction efficiency with still less volume of extraction solvent. Under the 

optimal conditions, the developed method showed a wide linearity in the range of 0.05 

to 20.0 µg L-1 with the low limit of detection in the range of 0.02 to 0.04 µg L-1.  This 

method was successfully applied for the determination of carbamate pesticides in the 

environmental water samples with good recoveries of 82 - 99 % and RSD less than 9 %. 

The advantages of this method is solventless, environmentally friendly, low cost and 

simple to operate. 

In conclusion, the optosensor and sample preparation techniques were 

successfully developed and applied for determination of trace veterinary drugs and 

pesticides in real sample with a satisfactory performance.  There are many advantages 

such as simple to prepare, cost-effective, rapid, high sensitivity and good selectivity. It 

provided good accuracy and precision.  These developed method can be used as an 

alternative method for the determination of other organic compounds in a various 

samples. 
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The Relevant of the Research Work to Thailand 

The purpose of this Doctor of Philosophy Thesis in Chemistry is to develop 

optosensor and sample preparation techniques for determination of trace veterinary 

drugs and pesticides residues in the environment and food-products.  These developed 

methods provided a high efficiency, high sensitivity, good selectivity, simple to use and 

cost-effective. It can be used for determination of amoxicillin, salbutamol, ceftriaxone, 

cephalexin, sulfonamides and carbamate pesticides in real sample i.e. milk, egg, honey, 

meat, animal feed and the environmental water.  In addition, it can be used as an 

alternative method for determination of veterinary drugs, pesticides and other organic 

compounds in various governmental agencies and private sectors in Thailand.  
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1. Introduction  

1.1 Background and rationale 

In the recent years, the contamination of veterinary drugs and pesticides in 

food and environment have become a growing problem. The veterinary drugs, the 

antibacterial drugs are widely used for treatment and prevention infectious disease in 

animal and also used as a growth-promoting feed while the pesticides are extensively 

used for protection crop from pest (Bargańska et al., 2018; Chen et al., 2016). However, 

the overuse or misuse of veterinary drugs and pesticides in agriculture industry led to 

the residue and accumulate in the environment and food-producing animals through the 

food chain (Farré et al., 2014; Marazuela and Bogialli, 2009; Masiá et al., 2016). The 

accumulated and bioamplification of these compounds in the food chain can cause 

severe side-effects to human health (Peixoto et al., 2016; Santos and Ramos, 2016). For 

example, the exposure of a veterinary drugs in food product such as β-lactam antibiotic, 

sulfonamides and cephalosopin antibiotics can cause hypersensitivity in humans such 

as headache, vomiting, stomach upset, diarrhea and nausea (Gamba et al., 2009; Kılıç 

et al., 2018; Kumar et al., 2017; Raksawong et al., 2017). Some carbamate and their 

metabolites are suspected to be carcinogen and mutagen (Saraji and Esteki, 2008; Woo, 

1983) and the exposure of carbamates can cause some adverse effects i.e. vomiting, 

headache, diarrhea, urinary incontinence, bronchospasm, and dyspnea (Jin et al., 2004; 

Rosman et al., 2009).  

To assure the human health, many countries have been set the maximum 

residue limits (MRLs) for veterinary drugs and pesticides. There are more than 1000 

active substance indicated as pesticides and a group of veterinary drugs which have 

been set MRLs in food and environment (Masiá et al., 2016). For instance, the 

European Union (EU) set the MRLs for sulfonamides of 100 μg kg-1 in animal tissues 

and 4  μg kg-1 in milk and egg, for amoxicillin of 50 μg kg-1 in animal origin and 4  μg 

kg-1 in milk, cephalexin of 200 μg kg-1 in animal tissues and 100 μg kg-1 in milk, for 

individual pesticides of 0.1 μg L-1 and for total pesticides of 0.5 μg L-1 in drinking water 

(European Commission, 1990, 1998, 2010). Therefore, the monitoring of veterinary drugs 

and pesticides in environment and food is an important. 

Various analytical methods have been developed for the determination of 

veterinary drugs and pesticides such as chromatography (Karageorgou et al., 2016; 
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Masiá et al., 2016; Sun et al., 2016), electrochemical methods (Balooei et al., 2017; 

Yang and Zhao, 2015), surface plasmon resonance (Tomassetti et al., 2015; Yola et al., 

2014), and spectrophotometry (Al-Abachi et al., 2005; Shahrouei et al., 2018).    

For the determination of single or two target analytes, spectrofluorometry 

is an interesting alternative method because of it has a short analysis time, easy to use, 

low-cost equipment and required a small amount of sample (Lobnik et al., 2012; 

Szulczyński and Gębicki, 2017). For the determination of analytes, it measures the 

enhancement of the quenching of fluorescence intensity when the chemical formation 

was occurred (Wolfbeis, 1985). Several organic dyes have been used as a fluorescence 

probe for the detection of various target analytes (Sorouraddin et al., 2009). However, 

it still have some drawbacks i.e. broad and asymmetric band (Resch-Genger et al., 

2008). Instead of organic dyes, quantum dots (QDs) is an attractive fluorescence probe 

due to its exhibit a wide adsorption range and a narrow emission band with symmetric 

shape (Hezinger et al., 2008; Resch-Genger et al., 2008). In addition, QDs are 

photochemical stability, long fluorescence lifetime and good water dispersibility 

(Hezinger et al., 2008; Wei et al., 2016). There are several works used quantum dots as 

a fluorescence probes for determination of various analytes such as copper ion (Cu2+) 

(Nurerk et al., 2016), silver ion (Ag+) (Cai et al., 2014), salicylic acid (Bunkoed and 

Kanatharana, 2015), ciprofloxacin (Yuphintharakun et al., 2018), protein (Zamora-

Gálvez et al., 2018) and cancer cell (Dutta Chowdhury et al., 2018; Phan et al., 2018).  

To improve the selectivity of QDs (as a fluorescence probe), the surface of 

QDs can be modified or composited with some specific materials (Nurerk et al., 2016). 

Molecularly imprinted polymers (MIPs) are an attractive material to modify on the 

surface of quantum dots due to its easy to prepare, inexpensive, good stability and high 

selectivity (Niu et al., 2016; Turiel and Martín-Esteban, 2010). MIPs are affinity 

polymers and can be synthesized to be specific to a target analyte (template) (Garcia et 

al., 2011). This material is highly cross-linked three-dimensional network polymers, 

formed by polymerization between a functional monomer, cross-linker and template 

molecules (target analytes) (Beltran et al., 2010; Turiel and Martín-Esteban, 2010). 

After the polymerizations were completed, the template molecules were removed and 

the specific cavities were obtained (Chao et al., 2016). Then the first part of thesis was 

focused on the development of optosensor based on the fluorescence quenching of 
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quantum dots composited with molecularly imprinted polymer for the determination of 

amoxicillin (Paper I), salbutamol (Paper II), ceftriaxone and cephalexin (Paper III).  

For multi-analyte determination, the analytical method that widely used is 

chromatography which can separate analytes using analytical column (Masiá et al., 

2016; Villaverde et al., 2016). However, the residue and contamination of target analyte 

at trace levels in real sample and high matrix interferences, generally requires a suitable 

sample preparation to preconcentrate the target analyte and clean up the sample before 

instrumental analysis (Li et al., 2015; Santaladchaiyakit et al., 2012).  

Many sample preparation methods have been developed and applied for the 

extraction of veterinary drugs and pesticides such as solid phase extraction (SPE) (Chen 

et al., 2015; Dmitrienko et al., 2015; Tian et al., 2013), matrix solid phase dispersion 

(MSPD) (Wang et al., 2015), magnetic solid phase extraction (MSPE) (Ibarra et al., 

2014; Shi and Ye, 2015; Sukchuay et al., 2015), stir bar sorptive extraction (SBSE) (Yu 

and Hu, 2012), liquid-liquid extraction (LLE) (Premarathne et al., 2015), liquid-liquid 

microextraction (LLME) (Arroyo-Manzanares et al., 2014; Song et al., 2014), hollow 

fiber-based liquid phase microextraction (HF-LMPE) (Ramos Payan et al., 2011) single 

drop microextraction (Amvrazi et al., 2012; Pano-Farias et al., 2017; Xiao et al., 2006) 

and bubble in single drop microextraction (Guo et al., 2016; Williams et al., 2014). 

Among these sample preparation method, solid phase extraction (SPE) and bubble-in-

single drop microextraction (BI-SDME) are interesting methods due to its use less 

amount of organic solvent, easy to use, and can be applied for high-throughput 

determination (Farajzadeh et al., 2014; Samsidar et al., 2018; Xu et al., 2007).  

Therefore, the aim of the second part of this thesis is to develop sample 

preparation method for the determination of veterinary drugs and pesticides using solid 

phase extraction (Paper IV) and bubble-in-single drop microextraction (Paper V).    
 

 

1.2 Objective 

The objective of this thesis is to develop an optosensor and sample 

preparation techniques for trace veterinary drugs and pesticides detection. To achieve 

this objective, two part which consists of the development of novel fluorescence probes 

and a sample preparation techniques were carried out as follows. 
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A facile optosensing was synthesized based on molecularly imprinted 

polymer composite with quantum dot and used as a selective and sensitive fluorescence 

probe for detection of amoxicillin (Paper I), salbutamol (Paper II) and dual detection 

of cephalexin and ceftriaxone (Paper III). This optosensors were successfully applied 

to determine the residue of veterinary drugs in food samples.  

The hybrid monolith sorbent of polypyrrole coated graphene oxide 

incorporated into a polyvinyl alcohol cryogel was synthesized and used as a solid-phase 

extraction sorbent for the extraction and preconcentration of trace sulfonamides (Paper 

IV). The last work is an application of bubble-in-single drop microextraction for the 

extraction and analysis of eight carbamate pesticides from the environmental water 

samples (Paper V).  

2. Optosensor 

Optosensor or optical sensor is a group of chemical sensor in which 

electromagnetic radiation is used to generate the analytical signal in a transducer. The 

interaction of an analytes with a specific receptor cause the changing of radiation 

properties which is related to the concentration of the analytes. (Hulanicki et al., 1991; 

Janata, 2009). Optosensor can be based on various optical principles such as 

absorbance, reflectance, luminescence and fluorescence. It allow the measurement not 

only of the intensity of light, but also other related properties such as lifetime, 

refractive index, diffraction, scattering and polarization (Jerónimo et al., 2007). The 

common transducers used in optosensor are UV-visible spectrophotometer (Felton et 

al., 2018), and fluorescence spectrometer (Bunkoed and Kanatharana, 2015; Luo et al., 

2017). 

Among various transducer, fluorescence sensor is an attractive transducer 

due to it inexpensive equipment, high sensitivity, short analysis time and non-

destructive sample (Lakowicz, 2006; Lobnik et al., 2012). The fluorescence sensor 

directly measures the spectral property changing (i.e. intensity of excitation spectrum, 

emission spectrum, or lifetime) of the fluorescence probe. In analytical application 

generally measure the changing in enhancement or quenching of the fluorescence 

intensity (Lakowicz, 2006) (Figure I).   
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A 

 

B 

 

Figure I Spectra observation of fluorescence change. (A) The fluorescence 

enhancement for chlorpyrifos determination (reprinted from Zhang and coworker, 

2010; copyright with permission from ACS Publication) (Zhang et al., 2010) and (B) 

fluorescence quenching for amoxicillin determination (Paper I) (reprinted from 

Chullasat and coworker, 2017; copyright with permission from Elsevier) (Chullasat 

et al., 2018). 

Various sensors based on changing of fluorescence intensity have been 

reported for veterinary drugs and pesticides detection such as chlorpyrifos (Zhang et 

al., 2010), kanamycin (Zhu et al., 2018), ciprofloxacin (Yuphintharakun et al., 2018), 

sulfamethazine (He et al., 2018), chloramphenicol (Wang et al., 2014), 
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organophosphorus pesticides (Luo et al., 2018), thiacloprid (Liu et al., 2018) and 

carbamate pesticides (Wei et al., 2018). 

3. Sample preparation method for the determination of veterinary 

drugs and pesticides  

Sample preparation is a key step which used prior to instrumental analysis. 

Normally, the residues of veterinary drugs and pesticides in environment and food 

sample are lower than the detection limit of instrument. Herein, the sample preparation 

procedure is required for clean-up, elimination of the matrix interference in sample, 

analyte-preconcentration and sensitivity enhancement (Barchanska et al., 2018; 

Hashemi et al., 2018; Peixoto et al., 2016).  

Trend in sample preparation for determination of veterinary drugs and 

pesticides have evolved toward to reduce or eliminate of organic solvent, use a small 

sample size, generally strategy extract for multi-compound and able to apply for high-

throughput determination (Dmitrienko et al., 2014; Marazuela and Bogialli, 2009).  

Among various sample preparation method, solid phase extraction (SPE) and bubble-

in-single drop microextraction (BI-SDME) are interesting method due to its use less 

amount of organic solvent, easy to use and can apply for high-throughput determination 

(Farajzadeh et al., 2014; Samsidar et al., 2018; Xu et al., 2007).  

Solid phase extraction (SPE) is the most frequently used sample preparation 

technique for the extraction of various analytes in environment and food (Ha et al., 

2016; Kılıç et al., 2018). The principle of SPE is based on the partition of analytes 

between the liquid phase (sample solution) and the solid phase (sorbent). The analyte 

enrichment was obtained from the adsorption of analyte on the solid sorbent, in this 

step the interference can be eliminated by un-retaining on a solid sorbent (Figure II) 

(Hashemi et al., 2018; Moldoveanu and David, 2015). Afterwards, the small amount of 

suitable organic solvent was used to elute the analyte and following analysis with 

instrument.  
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Figure II Solid phase extraction procedure.  

For SPE technique, the appropriate of sorbent is significant factor to 

improve the selectivity, capacity and extraction efficiency. The sorbent not only interact 

specifically with the target analyte but also eliminate some interferences from the 

sample (Hashemi et al., 2018). The commercial sorbent normally is a silica bonded 

with various functional group which packed in a cartridge. However, the commercial 

sorbent have the main drawback about the cartridge clogging when used high 

throughput of sample (Gong et al., 2015; Vergara-Barberán et al., 2016). The 

commercial cartridges are also expensive and cannot be reused (Bunkoed et al., 2016). 

To overcome these problem, the high porosity materials can be applied as solid sorbent 

such as cryogel (Figure III) (Kueseng et al., 2010; Noosang et al., 2015), cellulose 

acetate filter (Bunkoed et al., 2016).       
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Figure III SEM image of high porosity (cryogel) apply as a solid sorbent for 

sulfonamides determination (Paper IV), the PVA cryogel (a), composite GO/PVA 

cryogel (b), hybrid monolith PPY/GO/PVA cryogel (c) and cross section of hybrid 

monolith PPY/GO/PVA cryogel sorbent (d). (Reprinted form Chullasat and 

coworkers, 2017; copyright with permission form Elsevier) (Chullasat et al., 2017).  

Bubble in single drop microextraction (BI-SDME) is the developed 

technique from single drop microextraction (SDME). SDME is a simple microextraction 

technique which does not require any special device or instrument. It consist of hanging 

drop of solvent, mostly less than 5 µL, over the headspace in equilibrium with the 

sample which call headspace single drop microextraction (HS-SDME) or in total 

immersion in the analytes containing sample solution which call direct immersion 

single drop microextraction (DI-SDME) (Figure IV) (Kokosa, 2015; Nerín, 2016; Xu 

et al., 2007). The extraction procedure is performed by the partition coefficient between 

two phases, the liquid phase of microdroplet (extraction solvent) and the gas phase over 

sample solution for HS-SDME or the liquid phase of a sample solution for DI-SDME. 

The advantages of this technique are easy to handle and the derivatization reaction can 
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be carried out in the same time with the extraction step (Jeannot et al., 2010; Pakade 

and Tewary, 2010).     

A 

 

B 

 

Figure IV Direct immersion single-drop microextraction (A) and head single-drop 

microextraction (B). 

 Bubble-in-single drop microextraction can be performed by adding the 

bubble in the hanging microdroplet of extraction solvent. The certain volume of air 

bubble introduce into the microdroplet resulting a bubble in the microdroplet  which 

can improved the extraction efficiency due to its increase the surface area of 

microdroplet and occur the thin film phenomena (Figure V) (Guo et al., 2016; Williams 

et al., 2011; Xie et al., 2014).  

 

Figure V The photograph showing the “bubble in single drop” microextraction (BI-

SDME) (reprinted from William and co-worker, 2011; copyright with permission 

from ACS Publications) (Williams et al., 2011). 
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The BI-SDME technique has been developed and used for the extraction of 

atrazine and metolachlor (Williams et al., 2014; Williams et al., 2011), nitro musk (Guo 

et al., 2016), hexestrol and diethylstilbestrol (George, 2016) and some growth 

hormones (George et al., 2015). 

4. Quantum dots nanoparticles 

Quantum dots (QDs), colloidal semiconductor nanocrystals, are one kind 

of fluorescence materials with physical dimensions smaller than the Bohr exciton radius 

which is the distance between electron and hole pairs (Frigerio et al., 2012; Vasudevan 

et al., 2015). As a nanometer size of QDs, it provids an advantage as a high surface-to-

volume ratio. Moreover, there are unique optical properties i.e. size-dependent, long-

term photostability and photoluminescence (Reiss et al., 2009; Trindade et al., 2001).   

QDs are small size in the range of 1 to 10 nm (10 – 50 atom), cause the 

energy levels are separate to the valence and conductance band. The band gap between 

the valence band (the lower energy level) and conductance band (the higher energy 

level) depends on size of quantum dots (Bera et al., 2010; Drbohlavova et al., 2009). A 

small size provides a large band gap than a larger size (Figure VIA). The larger band 

gap, a larger separation of the energy level of valence and conductance band, result in 

the shorter emission wavelengths (blue shift) while a smaller band gap results in the 

longer emission wavelength (red shift) (Figure VIB) (Costa-Fernández et al., 2006; 

Frasco and Chaniotakis, 2009).  
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A 

 

B 

 

Figure VI The energy band gap of quantum dots (A) and size-dependent of emission 

spectra (B) (reprinted from Frasco and coworker, 2009 copyright with permission 

from MDPI Publisher) (Frasco and Chaniotakis, 2009). 

Various types of QDs have been synthesized which normally consist of  a 

couple of group II-VI, III-V or IV-VI such as CdTe (Bunkoed and Kanatharana, 2015; 

Wan et al., 2018; Yuphintharakun et al., 2018), CdSe (Boonmee et al., 2016; Eftekhari-

Sis et al., 2018; Tang et al., 2014), ZnS (Koneswaran and Narayanaswamy, 2009; 

Mandal et al., 2012), InP (Micic et al., 1997; Micic et al., 1994) and PbSe (Maikov et 

al., 2010). For the synthesis of QDs, the colloidal chemistry method is a good strategy 

to prepare QDs which provided high luminescence efficiency, narrow and size 

distribution (Frasco and Chaniotakis, 2009; Frigerio et al., 2012). Apart from 

controlling QDs size, the colloidal chemistry method able to modify their surface with 

ligand which increase the solubility of QDs in the solution and prevent the 

agglomeration (Bera et al., 2010; Vasudevan et al., 2015). Several ligands have been 

modified on the surface of QDs such as thioglycolic acid, TGA (Nurerk et al., 2016; 

Wang et al., 2018), mercaptopropionic acid (Bunkoed and Kanatharana, 2015; Zhang 
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et al., 2017), cysteamine (Boonmee et al., 2016; Ding et al., 2015), glutathione (Chang 

et al., 2017; Peng et al., 2018) and Mercaptosuccinic acid (Cai et al., 2014). However, 

short-chain thiol with another functional group such as amino, carboxylic acid, or 

hydroxilic provides bright color of QDs with a flexible surface chemistry, provide a 

stable for years (Frigerio et al., 2012). 

QDs have been applied as photoluminescence probe for determination 

various analytes such as ions, molecules, proteins and cells (Bunkoed and Kanatharana, 

2015; Montoro Bustos et al., 2015; Nurerk et al., 2016; Rocha et al., 2016)    

5. Graphene oxide and graphene quantum dots  

Graphene oxide (GO) is a two-dimension (2D) single-atom of carbon sheet 

(sp2 hybridized) with O functional group (hydroxyl, carboxylic, and epoxide) (Figure 

VII) (Perrozzi et al., 2015) which have been fascinated because its high surface-to-

volume ratio, high flexibility and outstanding thermal/chemical stability (Chen et al., 

2012; Zhang et al., 2012). GO is a hydrophilic and can interact with the carboxylic, 

hydroxyl functional compounds via hydrogen bonding (Pan et al., 2016). Furthermore, 

GO has strongly interacted with hydrophobic and carbon-based ring substance via π-π 

interaction. (Chen et al., 2012; Liu et al., 2012). GO was used as an adsorbent for 

extraction of various compounds. For example, the 3D urea-based porous organic 

polymer hybrid with graphene oxide (Urea-POP/GO) was used as an adsorbent for 

serum albumin extraction (Miri et al., 2018) and composite of graphene oxide and gold 

nanoparticle was used as an adsorbent for mycotoxin determination (Jiang et al., 2018). 
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Figure VII GO structure  

Graphene quantum dots (GQDs) are a single or few layers of graphene with 

a tiny size in a zero-dimension (0D) which associated with quantum confinement and 

edge effect (Zhang et al., 2012). There are biocompatibility, intensively luminescence 

and well disperse in various solvents (Mehrzad-Samarin et al., 2017; Zhou et al., 

2015). GQDs structure as shown in figure VIII, exhibited the high surface area with 

the carboxylic and hydroxyl moieties, thus it can be dispersed in water and interacted 

with several compounds (Zor et al., 2015).  

 

Figure VIII The graphene quantum dots (GQDs) structure (reprinted from Dong and 

coworker, 2012; copyright with permission from Elsevier) (Dong et al., 2012b). 

GQDs show the adsorption peak around 230 nm because of the π  π* 

aromatic transition sp2 domains and the wavelength between 270 and 390 nm which 

related with the n  π* transition of C = O (Pan et al., 2010; Zhu et al., 2012). After 

the adsorption of GQDs though the graphene π  π* and n  π* transitions lead to 

the strong photoluminescence stability of GQDs (Zhang et al., 2012).  
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Several fluorescence sensors based on graphene quantum dots have been 

reported for some substances such as metronidazole (Mehrzad-Samarin et al., 2017), 

tributyltin (Zor et al., 2015), dopamine (Zhou et al., 2015) and chlorine (Dong et al., 

2012a). 

6. Molecularly imprinted polymers (MIPs) 

The most important part for the sensor which greatly considered for 

determination of target analyte is recognition part. Molecularly imprinted polymers 

(MIPs) are attractive materials as a recognition site for specific analyte due to its easy 

preparation process, good stability and high selectivity (Niu et al., 2016; Turiel and 

Martín-Esteban, 2010). MIPs are the affinity-synthesized polymer with created 

recognition sites able to specifically rebind to a target analytes. The preparation 

procedure of MIPs is showed in Figure IX, the copolymerization of the functional 

monomer and cross-linker in the presence of template molecules. After 

polymerization, the template molecule was removed and a binding site which specific 

with shape, size and functionalities complementary to a target analyte were obtained 

(Turiel and Martín-Esteban, 2010).      

 

Figure IX The preparation of molecularly imprinted polymers (reprinted from 

Iskierko and coworker, 2017; copyright with permission from Elsevier) (Iskierko et 

al., 2016). 

MIPs based on fluorescence sensors have been reported for determination 

of veterinary drugs and pesticides. For instance, MIP composited with QDs was used 
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as fluorescence probe for determination of amoxicillin (Paper I) (Chullasat et al., 2018) 

and salbutamol (Paper II) (Raksawong et al., 2017), thiacloprid (Liu et al., 2018), 

dimethyl methyl phosphonate (Zhang et al., 2016) and tributyltin (Zor et al., 2015). 

The characteristic of fluorescence changed (Figure X) when the recognition site in 

MIPs construction interact with the target analyte including either fluorescence 

brightness (enhancement or quenching), wavelength characterizing (blue or red shift), 

and lifetime via signal transduction mechanism (Yang et al., 2018).   

 

Figure X The optosensor based on fluorescence quenching of composite QDs and 

MIP probe (reprinted from Yang and coworker, 2018; copyright with permission 

from Elsevier) (Yang et al., 2018) 

7. Cryogel 

Cryogels are an attractive supporting material due to its an extremely high 

porosity sponge-like material and high flexibility (Gun'ko et al., 2013; Kueseng et al., 

2010). It can be made in any desired shape i.e. block, disk, tube and rod (Lozinsky et 

al., 2003; Noosang et al., 2015). Cryogels are fabricated in moderately frozen solutions 

of gel precursors (Hixon et al., 2017; Lozinsky et al., 2003). In the process (Figure 

XI), the mixture of polymer (precursors) solution, which was contained in the desired 

container and added gel-forming (cross-linker) agent, is frozen at temperature leading 

to gelation occurs during this period (between -5 and -20 C). The solvent crystals act 

as a porogen while the solution remains in liquid micro-phase surrounding them. After 

frozen with sufficient time, the cryogel was formed and thawed at room temperature. 
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The obtained macroporous structure of cryogel results in a network in sponge-like and 

mechanically stable which can be applied as supporting materials (Hixon et al., 2017; 

Lozinsky et al., 2003).         

 

 

Figure XI Cryogel preparation stage resulting a formation of a macroporous sponge-

like structure. 

Cryogel material has been applied in various field such as bioreactors (Jain 

et al., 2011), cell preparation (Aliperta et al., 2017), tissue engineered scaffolds 

(Fassina et al., 2010), and separation matrices (Kueseng et al., 2010; Noosang et al., 

2015).  

8. Polypyrrole 

Polypyrrole (PPY) is a conducting polymer with poly-conjugation in the π-

system of their backbone (Figure XII), have been attractive material due to its good 

stability and easy to synthesis (Sukchuay et al., 2015; Wang et al., 2001). PPY can be 

synthesized chemically or electrochemically through oxidative polymerization of 

pyrrole monomer. The chemical synthesis of PPY performed through the oxidation of 

pyrrole monomer with an oxidant such as ferric chloride (FeCl
3
), ammonium persulfate 

((NH
4
)
2
S

2
O

8
) or hydrogen peroxide (H

2
O

2
) (Tat'yana and Oleg, 1997).    
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Figure XII Structure of polypyrrole 

Since, PPY structure has π- conjugated backbone and amine functional 

group which can adsorb benzenoid compounds via hydrogen bonding, hydrophobic 

and π-π interaction (Sukchuay et al., 2015; Zhao et al., 2016), PPY is attractive 

materials for sorbent preparation to improve the extraction efficiency. Several works 

used and applied PPY as enhancing materials for extraction and determination of 

veterinary drugs and pesticides such as sulfonamide (Paper IV) (Chullasat et al., 

2017), endocrine-disrupting compounds (Bunkoed et al., 2016), phthalic acid esters 

(Zhao et al., 2016), linezolid, daptomycin and moxifloxacin (Szultka et al., 2010)    

9. Analytical performance  

The method performance of the developed method must be validated. The 

analytical validation characteristics which should be considered including selectivity, 

linearity, limit of detection (LOD), limit of quantification (LOQ), sensitivity, accuracy 

and precision (APVMA, 2004; Magnusson and Örnemark, 2014).   

9.1 Selectivity  

Selectivity of the method refers to the point which can estimate particular 

analyte(s) in a complex sample without interferences from other components in the 

sample (APVMA, 2004). The selectivity of the analytical method can be tested with a 

structurally similar to target analyte which should be negative or less response 

(Taverniers et al., 2004). In this thesis, the selectivity of the developed fluorescence 

sensor based on molecularly imprinted polymer composite with quantum dots (MIP-

QDs) (Paper I-III) was investigated by comparing the intensity of MIP-QDs after 

interacting with the target analytes and other compounds. As shown in Figure XIII, the 

selectivity of hybrid MIP-coated QDs was investigated by comparing the sensitivity (in 

term of K
sv

) of hybrid MIP-coated QDs after interacted with salbutamol and other 
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antibiotics. The results indicated that this fluorescence probe is high selectivity to 

salbutamol (Raksawong et al., 2017).    

 

Figure XIII The selectivity of hybrid MIP-coated QDs for salbutamol determination 

(reprinted from Raksawong and coworker, 2017; copyright with permission from 

Springer) (Raksawong et al., 2017) 

9.2 Linearity 

Linearity is the ability of the analytical method to encourage response 

which is directly proportional to the concentration of the target analytes in samples 

within the certain range (Magnusson and Örnemark, 2014). In general, the linearity is 

assessed by determining 3 to 6 replications of at least 4 different concentration of 

analytes. The linearity was plotted between the response (y-axis) and the concentration 

of the analyte (x-axis) and a linear regression was obtained with a coefficient of 

determination (R2) more than 0.99 (APVMA, 2004). In this thesis, the linearity was 

plotted between the fluorescence intensity (F0/F) and concentration of amoxicillin (in 

µg L-1 range) (Paper I), salbutamol (in µg L-1 range) (Paper II), ceftriaxone (in µg L-

1 range) and cephalexin (in µg L-1 range) (Paper III) for optosensor and the peak area 

and the concentration of sulfonamide (in µg L-1 range) (Paper IV) and carbamate 
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pesticides (in µg L-1 range) (Paper V), all sub-projects provided a coefficient of 

determination higher than 0.99.    

9.3 Limit of detection and limit of quantification 

Limit of detection (LOD) is defined as the lowest concentration or quantity 

of the target analyte which can be reliable detection using a given analytical method 

while limit of quantification is defined as the lowest concentration or quantity of the 

target analyte in the sample which can be measured with a reasonable statistical 

certainty (Magnusson and Örnemark, 2014). There are several methods for estimating 

LOD and LOQ, depended on the analytical technique. In this thesis, two methods were 

used to estimate the LOD and LOQ.  

For optosensor based on the fluorescence quenching of molecularly 

imprinted polymer composite with quantum dots for the analysis of amoxicillin (Paper 

I), salbutamol (Paper II), ceftriaxone and cephalexin (Paper III), LOD and LOQ were 

evaluated based on the International Conference of Harmonization (ICH) as following 

equation: (ICH, 2005; Taverniers et al., 2004). 

LOD = 3S
bl

 /m 

LOQ = 10S
bl

 /m  

Where S
bl

 is the standard deviation on the measurements of blank (n = 20) 

and m is the sensitivity of the method or the slope of the linearity.  

For the development of sample preparation technique for determination of 

sulfonamides (Paper IV) and carbamate pesticides (Paper V) using the chromatography 

technique, LOD and LOQ were estimated using the signal-to-noise ratio (S/N) or the 

peak-to-peak noise around the retention of analyte (Figure XIV) as a recommendation 

of EURACHEM guideline (Magnusson and Örnemark, 2014).   
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A 

 

B 

 

Figure XIV The measurement of the limit of detection (A) and limit of quantification 

(B) based on signal-to-noise (S/N) 

9.4 Sensitivity 

The sensitivity of a method is referred to the changing of the response of an 

instrumental measurement which divided by the corresponding change in the stimulus 

(Taverniers et al., 2004). In this thesis, the sensitivity of the developed method was 

evaluated from the slope of the linearity.  

9.5 Accuracy  

The accuracy of the analytical method is defined as the degree to which the 

determined value of the analyte in a sample relates to the true value (APVMA, 2004). 

The accuracy can be measured in different ways and the method should be suitable to 

the matrix. Recovery was evaluated to express the accuracy of the developed method. 

The recovery (%) was carried out by comparing the obtained response form the spiking 

sample and the standard solution at three concentration (at least three replicated) with 

follow equation (Magnusson and Örnemark, 2014). 

Recovery (%) = 
x' – x 

× 100 
x

spiked
 

Where x' is the mean value of the concentration or amount of the spiked 

sample, x is the concentration or amount of analyte in the sample and x
spiked

 is the added 

concentration or amount of the target analyte(s). 
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The acceptable recovery is depending on the concentration which added to 

the sample, the purpose of the analysis and types of sample. In this thesis, the 

concentration range of the detected analytes was in µg L-1 level which the acceptable 

range is 70 – 125% (Magnusson and Örnemark, 2014). The achieved recoveries of the 

spiked sample were in the range of 82 to 102 % which were acceptable (Paper I – V).    

9.6 Precision 

The precision is defined as the degree of agreement of replicate 

measurements under the optimum condition. Precision of an analytical method is 

usually expressed as the standard deviation or relative standard deviation of the 

measurement. The acceptable recommendation for precision at µg L-1 level is the 

relative standard deviation less than 21 % (Magnusson and Örnemark, 2014). In this thesis, 

the determination of amoxicillin, salbutamol, ceftriaxone and cephalexin was 

performed five replication measurement using the synthesized fluorescence probe (MIP 

composite with QDs). Under the optimum conditions, the relative standard deviations 

were obtained less than 10 % (Paper I-III). The determination of carbamate pesticides 

(Paper V) using bubble-in-single drop microextraction, the precision was reported as 

the intra-day and inter-day precision. The intra-day precision of the developed method 

was investigated by analyzing spiked water sample (n = 6) at 10 µg L-1 of carbamate 

pesticides within the same working day, the obtained relative standard deviations less 

than 7. The inter-day precision was carried out by analyzing spiked water sample (n = 

6) at 10 µg L-1 of carbamate pesticides, the obtained relative standard deviation of less 

than 8. The precision was acceptable with RSD lower than 15 for the spiked 

concentration of 10 µg L-1. 

9.7 Reproducibility 

Reproducibility refers to the point of agreement of the results when 

operative conditions are different times. Reproducibility usually refers to the standard 

deviation (SD) or the relative standard deviation (RSD) of the same samples at different 

times. In this thesis, the reproducibility of the developed method was evaluated by 

preparing six different batches of each fluorescence probe or sorbent under the optimum 

conditions. The acceptable recommendation from the Association of Official 

Agricultural Chemists (AOAC) of reproducibility in the µg L-1 level is the RSD less 
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than 16 % (Magnusson and Örnemark, 2014). For this thesis, the obtained RSD for the 

synthesis of fluorescence probes were less than 6% (Paper I –III), and the hybrid 

monolith PPY/GO/PVA cryogel sorbent was less than 10% (Paper IV).  

10.  Concluding remark 

This thesis successfully developed analytical method including optosensor 

and sample preparation techniques. Optosensor is based on the fluorescence quenching 

of molecularly imprinted polymer embedded within quantum dots and sample 

preparation techniques are solid phase extraction and bubble-in-single drop 

microextraction for the analysis using chromatography technique. These methods can 

improve the analytical performance for the determination of trace veterinary drugs and 

pesticides.     

In the first part, the optosensor using nanocomposite fluorescence probes 

which combined the excellent optical property of quantum dots nanoparticles and high 

selectivity of the molecularly imprinted polymer. Under optimum conditions, the 

developed fluorescence probes (MIPs-QDs) were applied for the determination of the 

veterinary drugs. It exhibited linear fluorescence quenching for amoxicillin in the 

concentration range of 0.20 – 50.0 µg L-1 with a low detection limit of 0.14 µg L-1 

(Paper I) and 0.10 – 25.0 µg L-1 with a low detection limit of 0.03 µg L-1 for salbutamol 

(Paper II). The dual nanocomposite fluorescence probe showed a good linearity from 

0.10 to 50.0 µg L-1 with a low detection limit of 0.06 and 1.00 µg L-1 for cephalexin 

and ceftriaxone, respectively (Paper III). The results of these developed optosensors 

were compared with a conventional method (HPLC) for veterinary drugs determination, 

it showed agree well with good correlation between two methods. The advantages of 

these methods are simple, rapid, cost-effective, high sensitivity, selective and reliable 

fluorescence sensing protocol. The developed methods were successfully applied to 

the determination of the veterinary drugs in complex sample i.e. milk, egg, honey, meat 

and animal feed samples. It showed a facile and versatile sensing preparation which 

can be used as an alternative procedure for the sensitive and selective recognition 

method of the target analyte.  

For the second part, two sub-project of sample preparation techniques were 

developed for the determination of veterinary drugs and pesticides. The first one is a 
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hybrid monoliths of polypyrrole-coated graphene oxide incorporated into a PVA 

cryogel which was successfully prepared and applied for the extraction and enrichment 

of six sulfonamides from the environmental water sample (Paper IV). The 

combination of polypyrrole and graphene oxide can help to improve the extraction 

efficiency of trace sulfonamide due to their high specific surface area and the greater 

adsorption by the sites for the target analytes and the high porosity of PVA cryogel can 

help to prevent high backpressure that normally occurs with conventional packed SPE 

cartridges. The results showed that the developed method offering a high extraction 

efficiency, good sensitivity, accuracy and precision. The other one is a development 

and application of a bubble-in-single drop microextraction (BI-SDME) for 

determination of trace amount of eight carbamate pesticides in the environmental water 

sample (Paper V). This developed method used less amount of extraction solvent (1.0 

µg L-1) which demonstrated that it is environmentally friendly method. It showed a 

good linearity in the range of 0.05 – 20.0 µg L-1 with high sensitivity, acceptable 

precision and accuracy. Furthermore, this developed method is easy to handle using 

simple and low-cost equipment and short analysis time.   

The results indicated that these developed methods can be applied for the 

determination of trace veterinary drugs and pesticides in real sample such as milk, egg, 

honey, meat, animal feed and environmental water samples with a good analytical 

performances. In addition, these developed method can be used as an alternative 

method for determination of some other organic compounds in a various sample.         
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Abstract 

 Solvent less bubble-in-single drop microextraction (BI-SDME) coupled with 

gas chromatography-mass spectrometry was developed and used for the extraction of 

carbamate pesticides from environmental water samples. The desirable condition 

affecting the BI-SDME performance including type of extraction solvent and its 

volume, volume of air bubble, extraction time, stirring rate, ionic strength and sample 

pH were optimized. In BI-SDME, the increasing of surface area of extraction solvent 

when encapsulated air bubble in droplet causing the greater extraction efficiency. Under 

the optimal condition, the developed method showed good linearity in the range of 0.05 

to 20.0 g L-1 with the coefficients of determination (R2) higher than 0.99. The limit of 

detections and limit of quantifications were obtained in the concentration range of 0.02 

- 0.04 g L-1 and 0.05 - 0.13 g L-1, respectively. This method was successfully applied 

for the determination of carbamate pesticides in water samples with good recoveries 

were achieved from 81.7% to 99.0% and the relative standard deviation less than 9%. 

This developed method was demonstrated to enhance the enrichment factor for the 

determination of trace carbamate pesticides in water sample. The advantages of this 

method are solvent less, environmental friendly, low cost and simple to operate. 
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1. Introduction  

 Carbamates are a group of pesticide that have been extensively used as 

insecticide or herbicide to improve agriculture products in many countries [1, 2]. The 

extensively used of carbamates leading to the residue in environment and agriculture 

products. Although carbamates are a broad biological activity with relatively short 

persistence lifetime under natural condition comparing organochlorine and 

organophosphate, however, some carbamates and their metabolites are suspected to be 

carcinogens and mutagen [3, 4]. The structure of carbamates are derived from carbamic 

acid which act as inhibitors of acetylcholinesterase activity (AChE) and prevent 

acetylcholine to build up [5, 6]. The exposure of carbamates can cause some adverse 

effects in human such as headaches, vomiting, diarrhea, urinary incontinence, 

bronchospasm, and dyspnea [7, 8]. The European Union directive on drinking water 

quality established a maximum permissible concentration for individual pesticides of 

0.1 g L-1 and 0.5 g L-1 for total pesticides [9]. Therefore, the monitoring of 

carbamates is an important.  

Several method have been reported for the determination of carbamates such as 

high performance liquid chromatography [10-12] and gas chromatography with a 

various detector [13-15]. However, the residue of carbamates in environment are at 

trace level and presented of various matrix interferences, the sample pretreatment and 

preconcentration steps are normally required prior to instrumental analysis. Several 

sample preparation methods have been developed for the extraction of carbamate 

pesticides such as stir bar sorptive extraction [12], hollow fiber liquid-phase 

microextraction [16], liquid-phase microextraction [13],  dispersive liquid–liquid 

microextraction (DLLME) [17, 18] and single-drop microextraction (SDME) [3, 19]. 

Among of these method, SDME has attracted much attention due to it provided high 

extraction efficiency using small amount of extraction solvent and also simply operated 

with a common laboratory equipment, inexpensive and able to use a small amount of 

sample and compatibility with GC [20-22]. SDME has been developed in two modes 

depending on the analyte and sample properties including direct immersion (DI-SDME) 

and headspace (HS-SDME). Carbamates are moderated polar, low vapor pressure and 

low water solubility [23, 24], appropriated analysis with DI-SDME. A microdroplet 

(normally less than 3 L) of water-immiscible solvent hanging on the needle tip of 
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syringe is directly immersed in the sample solution, and the extraction efficiency is 

generally achieved by the stirring. The target analyte can passive diffuse into the 

extraction solvent. After extraction, the microdroplet is withdrawn back into the 

microsyringe and directly injected to GC or HPLC [25, 26].  However, the sensitivity 

of method need to be improved for trace residue analysis. In recent year, the increasing 

surface area of microdroplet has been developed by introducing the known volume of 

air into the microdroplet resulting a bubble in the droplet which can improve the 

efficiencies [27, 28]. In addition, the increasing surface area, the occurring thin film 

phenomena also improved the extraction efficiency [29, 30]. This method called 

“Bubble-in-single drop” microextraction (BI-SDME). 

In the present study, we proposed BI-SDME for the determination of eight 

carbamate pesticides consist of propham, chlorpropham, promecarb, carbofuran, 

aminocarb, pirimicarb, carbaryl and methiocarb. The extraction parameters affecting 

the extraction efficiency such as extraction solvent, volume of extraction solvent and 

bubble, extraction time, stirring rate, ionic strength, and sample pH were optimized. 

The performances of this method were evaluated and applied to detect the residue of 

carbamates in environmental water sample. 

2. Materials and methods 

2.1 Chemicals and reagents 

 Propham, chlorpropham, promecarb, carbofuran, aminocarb, pirimicarb, 

carbaryl and methiocarb were purchased from Chem Service (West Chester, PA). All 

of organic solvents were high performance liquid chromatography grade. 

Trichloromethane and cyclohexane were purchased from Tedia Company (Fairfield, 

OH, USA). Toluene and butyl acetate were purchased from Fisher (Loughborough, 

UK) and iso-octane was obtained from Merck (Darmstadt, Germany). Sodium chloride 

was supplied by Goodrich Chemical Enterprise (Singapore). Ultrapure water was 

produced on a ELGA Purelab Option-Q (High Wycombe, UK). 

 The individual stock solutions of each standard carbamates were prepared by 

dissolving in methanol at 1000 mg L-1 and stored at 4 C. Working standard solution 

were prepared daily by mixing all of stock standard solution in methanol.  
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2.2 Instrumental 

 Gas chromatographic analysis was carried out using a Shimadzu QP2010 GC-

MS system (Kyoto, Japan) and a DB-5MS fused silica capillary column (30 m  0.25 

mm. i.d., 0.25 m film thickness) (J&W scientific, Folsom, CA). High purity 

(99.999%) of helium gas was used as the carrier gas at constant flow rate of 1.0 mL 

min-1. The injection (1.0 L) were carried out in the splitless mode; after 1 min, a split 

ratio of 1: 10 was maintained throughout the run. The injection temperature was kept 

at 270 C. The oven programming included an initial temperature of 60 C (held for 3 

min), the temperature increased by 10 C min-1 to 140 C, then ramped by 8 C min-1 

to 200 C, following ramped by 15 C min-1 to 230 C and held for 2 min. The total 

time for one GC run was 22.50 min. The MS system was operated in the electron impact 

ionization mode, and the interface temperature was set at 280 C. A mass range of m/z 

50 – 350 was scanned to confirm the retention time of the analytes and selective ion 

monitoring (SIM) mode was performed with the molecular ion and one to two 

characteristic fragment ions of each compound as follow: m/z 41, 43, 93 for propham; 

m/z 43, 127, 213 for chlorpropham; m/z 135, 150, 91 for promecarb; m/z 164, 149, 57 

for carbofuran; m/z 151, 150, 136 for aminocarb; m/z 166, 72, 238 for pirimicarb; m/z 

144, 115, 116 for carbaryl and m/z 168, 153, 109 for methiocarb.   

2.3 Bubble in drop microextraction procedure 

 A 10 L Hamilton GC microsyringe with bevel tip (Reno, Nevada) was used to 

perform the BI-SDME experiments for the extraction of carbamates from water sample. 

Before extraction, the microsyringe was washed three times with methanol and the 

extraction solvent. Firstly, a specific volume of air was drew into the microsyringe, 

following the known volume of organic solvent; the plunger is depressed. The 

microsyringe held with a stand and clamps then insert through the septum of the sample 

vial and immerse into the sample solution. The bevel tip of the extraction needle 

protruded to a depth of 1.0 cm below the surface of the sample solution (Fig. 1a). Then, 

these contents were introduced into the aqueous solution by gentle depression of the 

plunger, resulting the air to form a bubble contained within the microdroplet (Fig. 1b). 

The sample solution was agitated with magnetic stirrer for extraction. After extraction, 
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the organic solvent was retracted into the syringe and directly injected into the GC-MS 

(Fig. 1c).   

 

Fig. 1. Schematic of bubble-in-single drop microextraction (BI-SDME): (a) the 

obtained air following with extraction solvent in the syringe was moved to the sample 

solution, (b) the bubble-in-drop microdroplet was hold on the bevel tip for extraction 

step and (c) the extracted carbamates in extraction solvent was withdrawn by 

depressing of the plunger. 

2.4 Sample preparation  

 The water samples including tap water, river water and waste water were 

collected from residential area in Singapore. The water samples were filtered through a 

0.45 m nylon membrane filter (Millipore Corporation, Billerica) to remove all 

particulate materials, which may cause unstable microdroplet. 

3. Results and discussion 

To achieve the best extraction efficiency, the extraction parameters including 

the types of extraction solvent, the volume of extraction solvent, volume of bubble in 

drop, extraction time, stirring rate, ionic strength and sample pH were optimized. Three 

replicate tests of the water samples (10 g L-1 for each carbamate pesticide) were used 

to perform the extraction efficiency of the method. The extraction efficiency of the 

developed method was evaluated in term of enrichment factors (EFs) which can be 

calculated by the ratio between the concentration of analyte in organic solvent phase 

(Ca, final) and the initial concentration of analyte in the water sample (Cs, initial) according 

to the following equation.  

EFs = Ca,final / Cs,initial 
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The initial experiment was performed using 1.00 L of extraction solvent, 0.40 

L of bubble, extraction time 15 min and stirring rate was 100 rpm.  

3.1 Type of extraction solvent  

 The principle for selection of the extraction solvent is based on “like dissolve 

like”. The extraction solvent using in BI-SDME technique should be low solubility in 

water, less toxicity, low vapor pressure and provide good drop stability [31, 32]. 

Various types of organic solvent including trichloromethane, iso-octane, toluene, butyl 

acetate and cyclohexane were investigated. The highest enrichment factors of propham, 

chlorpropham and pirimicarb were obtained when using toluene as the extraction 

solvent while the butyl acetate exhibited the highest enrichment factor for promecarb, 

carbofuran, aminocarb, carbaryl and methiocarb (Fig. 2). Therefore, the combination 

of toluene and butyl acetate were investigated. Fig. 3. indicated that a mixture of toluene 

and butyl acetate in the ratio of 3: 2 (v/v) exhibited a good extraction efficiency. 

Therefore, the mixture of toluene and butyl acetate (3: 2 v/v) was chosen for subsequent 

experiment.  

 

Fig. 2. Effect of extraction solvent on the extraction efficiency of carbamate 

pesticides using bubble-in-single drop microextraction 
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Fig. 3. Effect of a mixture of toluene and butyl acetate on the extraction efficiency 

of carbamate pesticides using bubble-in-single drop microextraction 

3.2 The volume of extraction solvent and bubble  

 Mostly, the use of large volume of extraction solvent provide the high response 

for single drop microextraction technique [32]. However, the large extraction droplet 

caused buoyancy under stirring. In diffusion process, the larger volume of droplet 

results the longer time to reach the analyte equilibrium in extraction solvent. Then, the 

effect of volume of extraction solvent was investigated in the range of 0.50 – 2.00 L. 

Fig. 4. showed that the extraction efficiency increased with increasing of volume of 

extraction solvent. However, the large volume of droplet was become unstable and 

buoyancy which are less reliable (the relative standard deviation increased), 1.00 L of 

extraction solvent was chosen. The bubble volume within 1.00 L of extraction solvent 

was also investigated. The addition of bubble to improve the extraction efficiency; 

however, the large bubble becomes unstable with excessive buoyancy. 0.40 L of 

bubble in 1.00 L of extraction solvent provided a good extraction efficiency with the 

stable droplet (Fig. 5.). Then 0.40 L of bubble was selected for subsequent experiment.  
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Fig. 4. Effect of extraction solvent volume on the extraction efficiency of carbamate 

pesticides using bubble-in-single drop microextraction 

 

Fig. 5. Effect of bubble volume on the extraction efficiency of carbamate pesticides 

using bubble-in-single drop microextraction 

3.3 The effect of extraction time and stirring rate  

 The effect of extraction time on the extraction efficiency of carbamates was 

investigated and the results are showed in Fig. 6. The extraction efficiency increased 

with increasing the extraction time from 10 min to 30 min. The extraction efficiency 

decreased when the extraction time longer than 30 min due to the droplet tend to 

dissolve, unstable and easily dislodged. Therefore, 30 min of extraction time was 

chosen for next experiment. The stirring of sample solution facilitates the diffusion of 
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the analyte into droplet, however, the faster stirring can cause buoyancy droplet and led 

to dislodged droplet [20, 33]. The evaluating of the stirring rate was studied at 100, 200 

and 300 rpm (Fig. 7). The extraction efficiency increased with increasing the stirring 

rate from 100 to 200 rpm due to the increasing of mass transfer of the analytes from the 

sample solution into the droplet. The extraction efficiency decreased at the stirring rate 

higher than 200 rpm due to unstable of bubble in droplet led to dislodge. Thus, 200 rpm 

of the stirring rate was used for subsequent experiment.  

 

Fig. 6. Effect of extraction time on the extraction efficiency of carbamate pesticides 

using bubble-in-single drop microextraction 

 

Fig. 7. Effect of stirring rate on the extraction efficiency of carbamate pesticides 

using bubble-in-single drop microextraction 
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3.4 The effect of ionic strength 

 The effect of ionic strength on extraction efficiency depend on the solubility of 

analyte in water [32]. The effect of ionic strength was evaluated by addition of different 

amount of NaCl in sample solution (0 - 30% w/v). The addition of salt into the sample 

solution generally enhance the ionic strength of the water sample. The increasing of 

ionic strength leading to low solubility of less polar analytes in the sample solution, it 

enhances their partitioning into the extraction solvent [2, 34]. As shown in Fig. 8, the 

extraction efficiency of carbamates increased when the concentration of salt increased 

up to 20% w/v. Base on the organic extraction solvent/water distribution constant (Kow) 

of analyte, carbofuran, aminocarb, pirimicarb and carbaryl are dramatically enhanced 

the extraction efficiency, while propham, chlorpropham, promecarb and methiocarb are 

slightly increased with the increasing of ionic strength. The extraction efficiency of 

carbamates decreased at the concentration of NaCl higher than 20% w/v, it probably 

the occurrence of electrostatic interaction between the molecule of carbamates and salt 

ions in solution which may block carbamates move into the extraction solvent [35, 36]. 

Therefore, 20% w/v of NaCl was added in the sample for subsequent experiment.   

 

Fig. 8. Effect of ionic strength on the extraction efficiency of carbamate pesticides 

using bubble-in-single drop microextraction  
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3.5 Effect of sample pH 

 The change of sample pH effect to the properties of target analytes such as 

existence form, water solubility and extractability. Adjustment of pH intend to 

encourage the analyte to transfer into the organic solvent phase. The sample pH was 

evaluated from 3 to 9 by adjusting with 0.1 M HCl or 0.1 M NaOH. A good enrichment 

factor was achieved at sample pH 6 (Fig. 9) due to carbamates were in the neutral form 

[19].  At pH above 6 the molecule of carbamate pesticides may degraded [3, 15, 37], 

while at pH below 6 the amine group of aminocarb and pirimicarb may be attributed to 

the protonation [38]. However, the pH value of water sample is near the pH 6. 

Therefore, sample pH adjustment is not required. 

 

Fig. 9. Effect of sample pH on the extraction efficiency of carbamate pesticides 

using bubble-in-single drop microextraction 

3.6 Comparison with traditional direct immerse single-drop microextraction (DI-

SDME)  

 The encapsulation of bubble in microdroplet led to enlarge the surface area and 

thin film phenomena of the extraction solvent which helped to improve the extraction 

efficiency [27, 29, 30]. The developed BI-SDME method (using 1.00 L of extraction 

solvent containing 0.40 L of air bubble inside) was compared to traditional DI-SDME 

with different volume of extraction solvent (1.00 and 1.40 L). As shown in Fig. 10, 

the developed BI-SDME method showed much higher extraction efficiency than DI-
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SDME both using 1.00 and 1.40 L of extraction solvent. This result demonstrated the 

increasing of surface area by encapsulation of bubble in extraction solvent droplet was 

encouragement factor to enhance the extraction efficiency.      

 

Fig. 10. Comparison of the developed BI-SDME and traditional DI-SDME 

3.7 Analytical performance 

 The analytical performance of BI-SDME was evaluated by quantitative analysis 

of the spiked eight carbamate pesticides in water sample under the optimal condition. 

The linearity of this method were in the range of 0.05 – 20.0 g L-1 with coefficient of 

determination (R2) were higher than 0.99 and the relative standard deviations lower 

than 15 (Table 1). The limit of detection (LOD) and limit of quantification (LOQ) were 

determined based on signal-to-noise ratio of 3 and 10, respectively. The LOD and LOQ 

were in the range of 0.02 to 0.04 g L-1 and 0.05 to 0.13 g L-1, respectively.  The 

results indicated that this method can be used for the determination of trace carbamate 

pesticides. Compared to other methods (Table 2), the developed method showed a 

lower detection limit with a good recovery using the small amount of solvent (1.00 L). 

The intra-day and inter-day precision was behaved in order to evaluate the precision of 

the method. The intra-day precision of the method was investigated by analyzing six 

spiked water sample solution 10 g L-1 of carbamates within the same working day, the 

relative standard deviations less than 7. The inter-day precision of the method was 

carried out by analyzing six water sample spiked at 10 g L-1 of carbamates, the relative  
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standard deviation less than 8. The precision were acceptable with RSD lower than 15 

for spiked concentration of 10 g L-1 [39]. These results indicated that this method has 

a good precision for the determination of carbamates. 

3.8 Analysis of water samples  

 The developed BI-SDME method was applied to detect carbamates in water 

sample including tap water, river water and drain water. The results are showed in Table 

3, no carbamates were detected in tap water, river water and drain water. The accuracy 

of this method was evaluated by spiking standard carbamates in water sample at two 

concentrations (1.0 g L-1 and 10.0 g L-1) and then extracted and analyzed under 

optimum conditions. The recoveries of carbamate pesticides were in the range of 81.7% 

to 99.0% with the relative standard deviation less than 9%. The satisfactory recoveries 

were obtained within the acceptable range as recommended by the AOAC (70 - 120%) 

[39]. The typical chromatogram of water sample and spiked water sample after 

extraction with BI-SDME method are showed in Fig 11. 

 

Fig. 11. Chromatogram of water sample (a) and spiked water sample (b) after 

extraction with BI-SDME method 

4. Conclusion 

 A bubble-in-single drop microextraction (BI-SDME) was developed and 

applied to determine trace of carbamate pesticides in water samples. In extraction step 

used less amount (1.0 L) of extraction solvent (toluene and butyl acetate) which  
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indicated this method is environmental friendly. The sufficiency of analytical 

performance for carbamates determination in water sample were obtained with high 

enrichment factor of 952, 985, 807, 926, 574, 740, 1038 and 1025 for propham, 

chlorpropham, promecarb, carbofuran, aminocarb, pirimicarb, carbaryl and 

methiocarb, respectively. The method was demonstrated good linearity in the range of 

0.05 to 20.0 g L-1 with high sensitivity, acceptable precision and accuracy. The 

developed method was successfully applied for the determination of carbamate 

pesticide in different water samples including tap water, river water and drain water 

and desirable recoveries were obtained in the range of 81.7% to 99.0% with good 

precision (RSD in the range of 0.6 – 8.6%). Furthermore, this developed method is easy 

to handle using a simple equipment, short analysis time and inexpensive using less 

amount of solvent and low-cost equipment.  
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