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Abstract: 

In recent years, antibiotics have been used widely in intensive shrimp culture and this may lead to their 

contamination of the environment. Surveys on residues of Nitro furan metabolites [AOZ, AMOZ, AHD, 

SEM], Chloramphenicol in water and mud in shrimp ponds in mangrove areas were conducted in then or this 

well as in south of Viet Namin July and August,2002.The results show that these antibiotics are found in all 

samples in both shrimp ponds and surrounding canals. The highest concentrations 

ofNitrofuranmetabolites[AOZ,AMOZ,AHD,SEM],Chloramphenicolare1.04,2.39,6.06,and2.50ppm in waters 

amples;and734.61,820.49,2615.96,426.31ppm(based on wet mud weight), respectively. The comparison of 

antibiotics residues between study sites and types of shrimp ponds will be discussed in this paper. The results 

also suggest that antibiotics residues may cause harmful effect on ecosystems in the study sites. An analytical 

method based on LCMS was developed and optimized in order to determine the most useful antibiotics 

(Nitrofuranmetabolites [AOZ, AMOZ, AHD, SEM], Chloramphenicol) used in aquaculture. A simple 

extraction procedure, without any clean-up step, was evaluated in order to obtain maximum analyte recovery 

from shrimp samples (Machobrachiumrosenbergi, Machobrachiummalcolmsoni, Panaeusmonodo, 

Fenneropanaeusindicus, Litopanaeus Vannamei, and Litopanaeus). 
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Introduction: 

Veterinary drug residue analysis of meat and seafood products is an important part of national regulatory 

agency food safety programs to ensure that consumers are not exposed to potentially dangerous substances. 

Toussaint et al. (2005) established a method for determination of quinolone antibiotic residues in pig kidney 

using liquid chromatography-tandem mass spectrometry. Hammel et al. (2008) developed a multi-screening 

approach for monitoring potential chemical contaminants in honey by liquid chromatography –electrospray 

ionization tandem mass spectrometry. Draisci et al. (2001) created a new sensitive electrochemical enzyme-

linked immune sorbent assay (ELISA) for detection of two macrolides (erythromycin and tylosin) in bovine 

muscle. Okermanetal. (2003) analysed antibiotic residue of bovine and porcine kidney tissue by a solid-phase 

fluorescence immunoassay. However, pharmaceuticals identified as emerging contaminants are used in large 

quantities in human and veterinary medicine for treatment of different diseases. Among pharmaceuticals, 

antibiotics in the aquatic environment are a big challenge as prolonged exposure to low does may promote 

antibiotic resistance. The accelerated growth of aquaculture has resulted in a series of harmful effects to 

human health. The widespread and unrestricted use of antibiotics in this industry, to prevent bacterial 

infections, has leaded some excess amount of unutilized antibiotics to remain in the environment. The use of 

antibiotics and drugs in fish farms has prompted an investigation into the elimination of these residues from 

fish muscle. Won et al. (2011) analyzed both domestic and imported marine products in Korea for 14 

sulphonamide antimicrobials by UPLC-MS / MS and found out that the samples include flat fish, jacopever, 

sea bream, common eel, blue crab, shrimp and abalone. 

           Swapna et al. (2012) detected the antibiotic residues of farmed shrimps from the southern states of 

India. The results were showing that streptomycin, tetracycline and β - lactam could not be detected in any of 

the samples and sulfonamides and erythromycin were detected in farmed shrimps at a level <100 ppb. Such 

findings are not limited to abroad; there are many studies on detecting antibiotics in China too. The case in 

China is much more sensitive in compare to other regions as China is not just a big consumer but a large 

producer of antibiotics too. With the decline of fishery resources, aquaculture has gradually become a major 

food industry to partially solve the "food shortage" and to provide food safety. In the past three decades, 

aquaculture industry has developed rapidly, and the output value of aquatic products has increased from1.30% 

in 1952 to 11.19% in 2003. The aquatic productions ranks as first in the world's aquaculture production and 

has reached 35.97 million tons in 2006. These statistics are based on68%of total fisheries production 

and70%of the world’s total aquaculture production. 

           Antibiotics are widely used in aquaculture. The positive effects of antibiotics are mainly reflected in 

the prevention and control of aquatic animal diseases, promoting growth, saving nutrition and other aspects. 

Especially that it can efficiently control the occurrence of many aquatic diseases and promote the 

development of aquaculture. This paper mainly introduces the rapid detection of antibiotics in aquatic 

products in China. However, one of the major threats to the aquaculture industry worldwide is bacterial 

infection. More than USD 6 billion per annum is lost from the aquaculture industry due to 

disease(Stentifordetal.2017).Both extensive and intensive aquaculture farming have greatly enhanced the 

transmission opportunities for waterborne pathogens that can spread at faster rates compared with terrestrial 
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systems (McCallum, Harvell, and Dobson 2003). For example, Vibrioparahaemolyticus, the causative agent 

of acute hepato pancreatic necrosis disease (AHPND) and formerly known as early mortality syndrome 

(EMS) causes devastating losses that reached billions of dollars annually since its first outbreak in Southern 

Chinain2009 (Lightneret al.2012a, 2012b; Tran et al. 2013). This disease is rapidly spreading and has affected 

several countries in Southeast Asia consecutively, e.g., Vietnam in the year 2010, Malaysia (2011), Thailand 

(2012), Philippines (2013), and has even spread to the Americas e.g., Mexicoin2013 (Tranetal. 2013; Nunanet 

al. 2014; DeLaPeña      et al. 2015). 

         In order to treat and prevent bacterial diseases in aquaculture, antibiotics are commonly used as 

therapeutic and/or prophylactic agents. Tetracycline’s, sulfonamides, oxolinic acid and erythromycin are 

commonly used antibiotics in aquaculture farming (ASEAN, 2013). These antibiotics are permitted for use in 

food producing animal based on the recommended Maximum Residue Level (MRL) set by joint Food and 

Agriculture Organization of the United Nations and the World Health Organization (FAO/WHO), Codex 

Alimentarius Commission, and European Union legislation (FAO and WHO 2020). However, MRLs differ 

between geographic regions depending on the antibiotic usage profiles and local food safety regulatory 

agencies. Moreover, most Southeast Asian countries lack legislation, regulatory surveillance and monitoring 

systems on the use of antibiotics(Chuah et al. 2016;FAO2016).Antibiotic contamination continues to be found 

in the environment and aquaculture products(LeandMunekage2004;Lin,Yu,andLin2008;Oliveiraetal. 2014; 

Xionget al.2015; Lai etal. 2018).Although Malaysia has banned the use of nitro furans and chloramphenicol in 

aquaculture farming, the United States Food and Drug Administration (FDA) continues to detect both these 

residues in seafood from Malaysia, in which 44cases were reported between 2009 and 2018 (Food and Drug 

Administration2018). 

            Aquaculture waste has been identified as one of the main contributors of antibiotic pollution in the 

environment (DeJesus Gaffneyet al. 2016) as the infrastructure for proper aquaculture waste management is 

critically lacking. Furthermore, many countries, particularly those in the developing countries have yet to 

develop standards on concentrations of antibiotics discharge from wastewater effluents (Sasikaladevi, 

KiruthikaEswari, and Nambi 2020). Therefore antibiotics, antibiotic resistance bacteria (ARB) and antibiotic 

resistance genes (ARGs) from aquaculture are released directly to the environment. These chemical and 

biological pollutants can impact public health and marine ecosystems (World Health Organization (WHO) 

2018). 

      However, quantitative data on the residual levels of antibiotic and antimicrobial resistance in water 

samples from aquaculture remain scarce (Managaki et al. 2007; Suzuki and Hoa 2012; Shimizu et al. 2013; 

Yan et al. 2018). Current levels of antibiotic use in aquaculture worldwide are difficult to determine as 

different countries have different distribution and standards to assess the pollution levels (Romero, Feijoó, and 

Navarrete 2012). With limited information on the level of contamination of antibiotics in Malaysian 

aquaculture farms, the potential risk of residual antibiotic toward the ecosystem remains unclear. Hence, the 

aim of this study is to examine the distribution and composition of antibiotics in aquaculture farms, and their 

ecological risk, as well as determine the prevalence of ARGs in bacteria from aquaculture farms. 
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3.0. PROCEDURE 

3.1 Requirements 

3.1.1 Glassware 

 Volumetric flasks - 10 mL and 25 mL 

 Glass tray 

3.1.2 Consumables 

 Centrifuge tubes - 50 mL 

 Ria vials 

3.1.3 Chemicals 

 Ethyl acetate 

 Methanol 

 Type -1 water 

 2- Nitrobenzaldehyde 

 Sodium dihydrogen phosphate monohydrate 

3.1.4 Equipment 

 Analytical balance 

 Micro Balance 

 Micropipettes 20-200μL, 100-1000μL 

 Centrifuge 

 Cyclomixer 

 Nitrogen Evaporator 

 Vortexes 

 Shaking incubator 

 LC-MS/MS 
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4.0 Types of shrimps: 

 

 

 

 

Machobrachium rosenbergi 

 

 

Machobrachium malcolmsoni 
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Panaeus monodon 

 

 

Fenneropanaeus indicus 

 

Litopanaeus Vannamei 

 

 

Litopanaeus stylirostris 
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Histamine forming fish 

 

Shrimp Homogenization:- 

Procedure for sample peeling, Blending and Homogenization of shrimp; 

1. Thawing process:- Take out the sample portion marked s ‘for analysis’ from freezer and place it at 

room temperature which is less than 25ºC and place the sample pouch in a glass tray filled with water 

until they feel limber [soft/supple].care shall be taken to avoid sample contact with water used for 

thawing. 

2. If shrimp samples are received with head and tail, remove the head, shell and tail of the thawed shrimp 

sample 

3. Place the peeled shrimp sample in the blender 

4. Blend the shrimp sample with pulsed action until contents are uniform 

5. Label the pouch /container with the registration number provided 

6. Transfer the homogenized portion into the labeled pouch/container 

7. Store the homogenized sample in freezer at a temperature of not more than -18ºC until analysis 
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Nitro furan metabolites: 

Structure of Nitro furans metabolites 

 

 

Name of the compound Chemical formula Molecular weight 

AOZ C3H6N2O2 102.1 

AMOZ C8H15N3O3 201.22 

AHD C3H5N3O2 151.55 

SEM CH5N3O 111.53 

AOZ-D4 C3H2N2O2D4 106.1 

AMOZ-d5 C8H10N3O3D5 206.25 

AHD-13C3 C3H5N3O2 118.07 

SEM-13C15N2.HCl CH6ClNN2O 114.51 

 

MATERIALS METHODS AND RESULTS: 

AOZ, AMOZ, AHD, SEM, Standard of highest purity with traceability to 

National / International standards in suitable solvents as per the COA/ MSDS. 
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Reagents Preparation 

Preparation of diluent: 

Use Methanol as diluent. 

Preparation of Reagent Blank: 

Prepare reagent blank as per sample preparation without sample and standard. 

Preparation of Sample Blank: 

Prepare sample blank as per sample preparation without analyte. 

Preparation of Mobile phase blank: 

Use mobile phase as mobile phase blank 

Preparation of Mobile Phase: 

Pump - A: 0.05% Acetic acid in type-1 water 

Pump – B: 0.05% Acetic acid in Methanol 

Preparation of 0.05% Acetic Acid in Water: Take 0.5mL concentrated acetic acid in 1000mL of volumetric 

flask and make up with type 1 water, mix well and sonicate. 

Preparation of 0.05% Acetic Acid in Methanol: Take 0.5mL concentrated acetic acid in1000mL of 

volumetric flask and make up with Methanol. 

Preparation of 0.125M HCl: Take 10.4 ml of HCL in 1000 mL volumetric flask and finally make with type - 

1water, mix well and sonicate. 

Preparation of 50mM 2-Nitro Benzaldehyde: Weigh approximately 0.075g of 2 Nitro Benzaldehyde in 

10mL Methanol and sonicate 

Preparation of 0.2M Phosphate buffer: Take 17.42g of di potassium Hydrogen Phosphate in 1000mL type 

1 water. 

Preparation of 0.8M Sodium Hydroxide: Take Approximately 3.20g of sodium hydroxide in 100 mL. 

Preparation of Standard solutions: 

Preparation of Standard Stock Solutions 

Weigh and transfer equivalent amount of 10mg of standard into 10mL volumetric flask and dissolve in 

2 mL Methanol and make up the volume upto the mark with the same. Calculate the Concentration of stock 

by considering its purity. Label the stock solution (approximately 1000 mg/ L) and store the solution at -20 ± 

4 °C. 

Preparation of internal standard solution 

Weigh and transfer about 10 mg of AOZ D4, AMOZ D5, AHD C133, SEM C13N152, standard into 

10 mL volumetric flask and dissolve in Methanol. Make up the volume with the same. Calculate the 

concentration of resulting solutions by considering the purity of the standards. Label the solution and store in 

cold room at -20 ± 4 °C. 

Preparation of Standard Solution (working standard solution) 

Transfer each 0.100 mL of the stock solution into 10 mL volumetric flask containing 4 mL of 

Methanol and make up the volume up to the mark with the same. This standard solution concentration gives 
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10 mg/L. Label the solution and store at -20 ± 4 °C. Further dilute standard solution with Methanol. Shelf life 

of working standard is 6 months. 

CC alpha standard solution preparation: 

Table-1 

 

Stock conc. 

(mg/ L) 

Volume of 

Stock each(mL) 
Volume of diluent 

(mL) 

Final volume 

(mL) 

Final conc. 

(mg /L) 

1000 (AOZ) 1.000 9.000 10.00 10.00 

1000 (SEM) 1.000 9.000 10.00 10.00 

1000 (AMOZ 1.000 9.000 10.00 10.00 

1000 (AHD) 1.000 9.000 10.00 10.00 

10 (AOZ) 0.100 9.900 10.00 0.100 

10 (SEM) 0.100 9.900 10.00 0.100 

10 (AMOZ) 0.100 9.900 10.00 0.100 

10 (AHD) 0.100 9.900 10.00 0.100 

0.1 (AOZ) 0.200 0.800 1.00 0.020 

0.1 (SEM) 0.200 0.800 1.00 0.020 

0.1 (AMOZ) 0.200 0.800 1.00 0.020 

0.1 (AHD) 0.200 0.800 1.00 0.020 

 

Conc. of analyte 

(µg/L) 

Volume of 

stock(mL) 

Volume of 

Diluent(mL) 

Final Volume 

(mL) 

Final Standard 

Conc. 
(µg/ L ) 

1000.000 0.100 0.900 1.000 100.00 

100.000 0.100 0.900 1.000 10.00 

10.000 0.100 0.900 1.000 1.00 

 

Conc. of analyte 

(µg/L) 

Volume of 

stock(mL) 

Volume of 

Diluent(mL) 

Final Volume 

(mL) 

Final Standard 

Conc. 
(µg/ L ) 

500.00 0.080 0.920 1.000 40.00 

500.00 0.060 0.940 1.000 30.00 

100.000 0.200 0.800 1.000 20.00 

100.00 0.150 0.850 1.000 15.00 

100.00 0.100 0.900 1.000 10.00 

100.00 0.050 0.950 1.000 5.00 

AOZ(C1-20) 0.075 0.925 1.000 1.50 

AHD, 

AMOZ,SEM 
(C2,C3,C4-20) 

0.050 0.950 1.000 

1.00 

AMOZ,AOZ(20) 0.055 0.945 1.000 1.10 

SEM (20) 0.070 0.930 1.000 1.40 

AHD(20) 0.060 0.940 1.000 1.20 
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Internal Standard Preparation (Mix): 

Preparation of matrix calibration curve (CC) standards 

Prepare following concentrations ranging from 0 to 4.00 μg /kg in matrix using final concentrations from 

Table-9 and label them as CC0 to CC7. 

Concentration of the 

standard solution 

(µg/ L) 

Weight of 

matrix(g) 

Volume of 

Stock(mL) 

Volume of IS 

mix added from 

40µg/ L (mL) 

Final 

conc 

(µg/ kg) 

 

Label 

40 2.000 0.200 0.100 4.0 CC-7 

30 2.000 0.200 0.100 3.0 CC-6 

20 2.000 0.200 0.100 2.0 CC-5 

15 2.000 0.200 0.100 1.5 CC-4 

10 2.000 0.200 0.100 1.0 CC-3 

5 2.000 0.200 0.100 0.5 CC-2 

*AOZ1.5 2.000 0.200 0.100 0.15 AOZ0.15 

*AMOZ1.0 2.000 0.200 0.100 0.10 AMOZ0.10 

*AHD1.0 2.000 0.200 0.100 0.10 AHD0.10 

*SEM1.0 2.000 0.200 0.100 0.10 SEM0.10 

#AMOZ,AOZ1.1 2.000 0.200 0.100 0.11 AMOZ,AOZ0.11 

# SEM 1.4 2.000 0.200 0.100 0.14 SEM 0.14 

#AHD 1.2 2.000 0.200 0.100 0.12 AHD0.12 

 

Sample Storage and Procedure of sample extraction: 

On receipt, the sample should be stored below -18 0C 

Procedure of Sample Extraction: 

• Weigh homogenized sample (Shrimp) 2.00 g ± 0.1g into a 50 mL centrifuge tube. 

• Add 10mL of 0.125M HCl 

• Add 300 μL of 50mM 2-Nitro benzaldehyde. 

• Shake vigorously for few seconds 

• Keep in shaking incubator for 16 hours at 37 ºC with 80 RPM. 

• Wait for few minutes to reach to room temperature 

• Transfer the sample solution to a 50mL centrifuge tube 

• Add 15.0 mL of 0.2M Phosphate buffer and adjust the pH to 7.0 ±0.2 with 0.125M HCl, 0.8M NaOH 

• Add 10 mL of Ethyl acetate and vortex for 10 minutes 

• Centrifuge the sample at 4000 rpm at 20°C for 10 min 

• Collect 6 mL of the supernatant layer into aria vial 

• Keep for drying in Xcel Vap evaporator up to dry at 45°C under Nitrogen 

• Finally reconstitute with 0.600 mL of water 

• Clean-up with Iso-octane up to clear solution. 

• Then transfer to auto sampler vial for loading in LC-MS/MS instrument. 
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Instrument Conditions of LC-MS/MS 

LC-MS/MS LCwith triplequadrapolemass spectrometer 

IonSource ESI 

Polarity PositiveIonmode 

Columnoven temp 40 °C 

Mobile PhaseA 0.05%acetic acidinwater 

Mobile PhaseB 0.05%acetic acidinmethanol 

AutosamplerTemperature 15 ºC 

Column Shim-PAC-XR-ODSIII,2mmIDx150mm 

TotalRun Time 15 minutes 

FlowRate 0.300 mL/ min 

HeatBlockTemperature 450 ºC 

DLTemperature 280 ºC 

Dryinggasflow 15 L /mL 

 

Gradient Program: 

Time (min) Channel B % 

0.10 Pump-B 20 

2.00 Pump– B 20 

3.00 Pump– B 30 

10.00 Pump– B 50 

10.50 Pump– B 100 

13.00 Pump– B 100 

13.10 Pump-B 20 

15.00 Stop - 

MRM Conditions 

COMPOUND 

NAME 

PRECURSOR 

ION 

PRODUCT 

ION 

Q1* CE* Q3* 

AOZ 236.05 134.10 
-26 -13 -22 

  104.10 -26 -20 -16 

AOZ-D4 257.0 240.15 -13 -9.0 -24 

AMOZ 334.85 291.15 
-24 

-13 
-18 

  128.15 -24 -22 -21 

AMOZ-D5 340.25 296.25 -17 -12 -30 
 

AHD 
248.90 134.00 -26 

-12 -23 

  104.00 -17 -21 -17 

AHD-C13 251.90 134.05 -27 -11 -23 

SEM 
209.10 166.10 -10 -11 

-26 

  192.05 -10 -12 -19 

SEM-C13 212.05 168.10 -24 8 -10 
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Spike recovery 

% Recovery, = (S-U) X 100/ CSA 

S= Measured concentration of analyte in the matrix spike sample result 

U = Measured concentration of an analyte in the unspiked sample 

CSA = Spiking level 

Acceptance Criteria: 

 Relative Retention Time of analyte shall correspond to that the calibration solution at a tolerance of + 

2.5% 

 The signal to noise ratio for each diagnostic ion shall be > 3:1 

 The plot of peak area ratio versus concentration should be linear with a correlation coefficient (r) > 

0.990. 

 A minimum of 4 identification points shall be required. In this 1 precursor ion and 2 daughter ions 

shall be monitored. 

 Obtained recovery shall be within the limits of control chart. 

 Ion Ratios. 

The relative ion intensities (area ratio of qualifier and quantifier) shall be within the below mentioned 

Criteria. 

 

Relative intensity (%of 

base peak) 

LC-MS 
(relative) 

>50 % ±20 % 

>20 %to 50 % ±25 % 

>10 %to 20 % ±30 % 

<10 % ±50 % 

 

Final antibiotic residue levels will be estimated in μg/ kg 

Batch Sequence for LC-MSMS: 

 

Name of the Parameter Number of Injections 

Reagent Blank 1 

Matrix Blank 1 

Matrix Calibration Curve 7 

Matrix Blank 1 

Sample 1 

MatrixBlank 1 

Spike/QC 1 

 

Spike / QC sample shall be kept after every 10 samples in a sequence there is no need of considering Blank 

injections if injected before or after sample injections. 
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Data Processing 

Concentration of the analytes shall be generated through software auto-integration. Calculate the 

concentration of the unknown from the equation given below using regression analysis of spiked matrix 

calibration standard with the reciprocate of the analyte concentration as weighing factor is 1/C2. 

y = mx + c 

Where, y = analyte area, 

x = concentration of analyte 

m = slope of the calibration curve, 

c = y-axis intercept value 
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DISCUSSION: 

A quick and sensitive analytical method was developed, optimized, and validated for the simultaneous 

determination of four NF metabolites in fish samples by HPLC. When the sample was acidified and 

derivatized using ultrasound-assisted technology, under acidic conditions at 60 °C, acid hydrolysis and 

derivatization reactions proceeded quickly and completed within 2 h. During the pre-treatment process, a one-

pot method was used for acid hydrolysis and derivatization, which simplifies the pre-treatment steps, and 

constant-temperature ultrasound assisted derivatization is used, which shortens the derivatization time. For the 

determination of NF metabolites in fish, the HPLC detection method is cheaper and simpler than the LC-MS 

method, so this analysis method can be better popularized and used in developing countries and regions. 
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