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ABSTRACT

A hollow fiber-liquid phase microextraction coupled with gas chromatography method has been developed for the
determination of carcinogenic nitrosodiethylamine and nitrosodipropylamine in several food samples. In this
method, a small amount of toluene as the acceptor phase was introduced to fill-up the channel of a polypropylene
hollow fiber using a microsyringe while the hollow fiber was immersed in an aqueous donor solution. After
extraction, the acceptor phase was withdrawn and injected for gas chromatographic analysis. Parameters that
affect the extraction efficiency were studied including the organic solvent, length of fiber, volume of acceptor and
extraction time. The limits of detection for nitrosodiethylamine and nitrosodipropylamine were 330 ug L™ and 20 g
L respectively. This method was applied successfully for the determination of nitrosodiethylamine and
nitrosodipropylamine in sausage, corned meat, fresh meat, and salted egg.
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INTRODUCTION

Membrane can be defined as a semi-permeable thin layer that serves as a specific filter to separate a mixture of
components [1]. Application of membrane technology is growing very rapidly, i.e. applications in drinking water
treatment and biomedical analysis. The use of membrane separation has many advantages such as less energy
needs, does not alter the molecular structure of substances separated, can be operated at room temperature, and does
not require additional chemicals during the separation process [2]. Using hollow fiber membrane is more desirable
than a flat membrane: this is because the flat membrane has many drawbacks such as the frequent occurrence of
membrane fouling causing reduction in its performance.

A hollow fiber membrane has a larger area per unit volume; therefore it is more effective to perform the separation.
The surface area of hollow fiber membrane has a density of 3000 total M%/M° compared to flat membranes which
has a density of 400 totals M*/M". Hollow fiber membranes also have a more robust mechanical structure than a flat
membrane [3]. Hollow fiber membranes used for the extraction method is nonpolar fiber, so it is effective in
extraction of target compounds that have similar polarity like nitrosamine group. Therefore, this membrane is
widely used in the extraction process using a particular liquid phase microextraction (LPME) called Hollow Fiber-
Liquid Phase Microextraction (HF-LPME). The sample preparation step is very important in the analysis of target
compounds, especially for analyte in range parts per million (ppm) to parts per trillion (ppt) for example compounds
such as nitrosamines e.g. nitrosodiethylamine (NDEA) and nitrosodipropylamine (NDPA).

Nitrosamine compounds are carcinogenic and very harmful to human health [4]. Nitrosodipropylamine
nitrosodiethylamine are often found as food preservatives in several dietary items such as bacon, sausage, corned
beef and salted fish [5]. Furthermore, these nitrosoamines are used as refresher material in the preserved meat in
order to keep a steady red color during the ripening process. Antibacterial activity of nitrite has been proven and
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effective way to prevent the growth of Clostridium botulinum bacteria, known as pathogens causing food poisoning.
Nitrosamines compounds are nitrite reaction products which can damage to the liver and are carcinogens. Therefore,
areliable, validated and sensitive analytical method for the detection and determination of nitrosamines is essential
to establish food safety.

Cancer is one of the biggest killers in the world are caused by environmental factors (90-95%) and genetic factors
(5-10%). Knowledge of the cause of cancer is the most important thing that must be recognized in every society.
Environmental factors that cause cancer due to the consumption of harmful substances such as tobacco and food
additives and preservatives used in food and beverages (25-30%), obesity (30-35%), infections (15-20%), radiation,
stress, lack of physical activity and the impact of environmental pollutants [6].

This research investigates application of HF-LPME as efficient samples preparation method which supports the
principles of green chemistry for the determination of NDEA and NDPA in various diet samples obtained from the
local Indonesian market such as sausage, corned meat, fresh meat and salted egg. Separation and quantification of
analytes were performed by Gas Chromatography coupled with Flame Ionization Detector (GC-FID).

EXPERIMENTAL SECTION

2.1Reagents, chemicals, and materials

Organic solvents (n-hexane, toluene, and carbon tetrachloride) analytical grade were supplied by Fluka (Buchs,
Switzerland). Nitrosodiethyalmine and nitrosodipropylamine were purchased from Sigma Aldrich (Singapore).
Accurel Q3/2 polypropylene hollow fiber membrane (600 pm I.D., 200 pm wall tickness, and 0.2 pm pore size) was
purchased from Membrane (Wuppertal, Germany). Stock standard solutions (1000 mg L™") of cach analytes were
prepared in methanol and water and were stored in the freezer at about -18 °C.

2.2 Instrumentation

The GC system used Agilent 6890 Series with flame ionization detector (FID). The column used HP-5 non polar
(30m x 025 mm .i.d, 0.25 gm film thickness) was purchased from Berca (Jakarta, Indonesia) which is composed of
5% diphenyl and 95% dimethylpolysiloxane was used in the analysis of the nitrosoamines under study. Nitrogen
was used as the carrier gas at a flow rate 0.4 mL min~"

2.3 Liquid-phase microextraction procedure
The LPME device is shown in Fig. 1.

4 Syringe needle
Syringe o

needle Hollow fiber

Acceptor phase

p—— Acceptor phase
— Hollow fiber
—— Donor phase
—— Magnetic stirrer
Stirrer machine

Fig.1. Device of HF-LPME

A 10 pL microsyringe with a pointed blunt tip was used to introduce acceptor phase into the polypropylene hollow
fiber membrane. The hollow fiber was cut manually to short piece 1.5 cm. A new piece of hollow fiber was used for
each extraction to prevent the carry over effect. The polypropylene hollow fiber membrane was sealed on one edge
by sealer machine, and then dipped into acceptor phase (e.g. toluene) for 10 seconds to impregnate the pores of the
fiber with the acceptor phase. The needle of microsyringe that contained acceptor phase (3 pL) was then inserted
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into the hollow fiber segment and the assembly was immersed in the 20 mL sample solution. The sample was stirred
using a magnetic stirrer during the extraction process.

Liquid phase microextraction was developed as an alternative sample preparation method of the conventional
methods of liquid - liquid extraction [7]. LPME technique is one of the sample preparation techniques, in which a
single organic solvent microdrop can be used at the end of single microdrop microsyringe or placed in a
hydrophobic porous membrane that separate single microdrop of donor phase through the membrane interface [8].
Pedersen and Rasmussen [9] used the perforated membrane to protect the organic solvent. Extraction method which
stabilizes the organic solvent droplets with perforated membrane is called the HF - LPME technique. HF - LPME
extraction method has the following advantages 1) the use of the organic solvent in a very small amount which is
placed in the hollow fiber enabling stable organic solvent as the extractor, and ii) the hollow fiber can also act as a
filter. Accordingly, the HF - LPME technique is considered a simple, efficient and inexpensive technique for
analytes extraction [5]. LPME method provides good recovery for the analytes present in a complex matrix
selectively, which is ready for analysis without further treatment [10]. Liquid-phase microextraction represents a
mean of green chemistry. It can reduce the consumption of hazardous organic solvents used. Furthemore, it is an
efficient technique in sample preparation since it eliminates unwanted matrix components. Liquid-phase
microextraction involves the distribution of an analyte between two immiscible liquid phases (donor and acceptor
phase).

Polypropylene fiber has been widely used as mediator to transfer analyte from donor phase to acceptor phase [11].
Polypropylene has many advantages such as highly compatible with a broad range of organic solvents and with a
pore size of approximately 0.2 pum, it strongly immobilizes in organic solvents [12].

RESULTS AND DISCUSSION

3.1 Gas Chromatography

Separations and quantification of analytes were achieved by GC coupled with flame ionization detector (FID).
Helium and air as the carrier gas for FID and nitrogen as carrier gas through the column with total flow is 0.4
mL.min . An injection volume of 1uL with split less mode was used. The oven temperature program was as
follows: 60 “C held for 2 min then raised to 120 °C at a rate 20 °C /min, then 200°C was held for 2 min. The setting
parameters were 250°C for the injector and 300 °C for the detector. The analytes were completely separated within 6
min (Fig. 2).

1 3
2
e
T T |
0 5 min 10 min

Fig.2. Chromatogram of l}lmetharm]; 2) NDEA; and 3) NDPA
Conditions: Concentration of NDEA and NDPA mixture 20 mg L ; carrier gas: nitrogen; column flow: 40 mL min”’

3.20ptimization of HF-LPME parameters

Liquid phase microextraction is emerging as powerful sample preparation method prior to instrumental analysis.
Optimization of analytical parameters are investigated to determine the optimum extraction conditions using HF-
LPME which include extraction solvent, the volume of extraction solvent, length of hollow fiber and extraction
time. By applying the HF-LPME procedure, the presence of acceptor phase in the hollow fiber is maintained which
can be withdrawn for further analysis using GC-FID.
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3.2.1 Extraction solvent
The choice of organic solvent as acceptor phase or extraction solvent is essential in LPME to achieve the highest
enrichment factor. A successful extraction is dependent on the extraction solvent. Basically, extraction solvent must
have good affinity for target compounds, have low solubility in water to prevent dissolution into the aqueous phase,
and have low volatility which will restrict solvent evaporation during extraction [13,14]. On the basis of these
considerations, n-hexane, carbon tetrachloride and toluene were tested in preliminary experiments. Their
physicochemical characteristics are shown in Table 1 and considered to be appropriate acceptor phases,

The results of this optimization indicate that toluene can extract the analytes more efficiently than n-hexane and
carbon tetrachloride as shown in Figure 3. Therefore, toluene was used for subsequent extractions.

1000 4
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200 -
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cCl4

n-hexane

Acceptor phase

ENDEA ONDPA

Fig.3. Acceptor solvent effect for the NDEA and NDPA used in this study
Conditions: Length of fiber: 2 em; volume of extraction solvent: 3uL; sample volume: 20 mL; stirving rate: 300 rpm; extraction time: 15 min;
concentration of NDEA and NDPA: 30 ppm

Table 1Characteristics of organic solvents [3]

Organic solvents Log K. Boiling point ("C)
n-hexane 390 -4.11 69
toluene 269 1106
CCls 204 76.72
a) b)
100 1200
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80
800
60 ©
@ 2 600
< 40 400
20 200
0 0]
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Volume of Acceptor Phase (pL) Volume of Acceptor Phase (pL)

Fig4. Volume of acceptor phase effect for the a) NDEA and b) NDPA used in this study
Conditions : Length of fiber: 2 cm; acceptor phase: toluene; sample volume: 20 mL; stirving rate: 300 rpm; extraction time: 15 min;
concentration of NDEA and NDPA: 30 ppm
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3.2.2 Volume of extraction solvent

Enrichment factor value is dependent on the volume of acceptor and donor phase. Volumes of the donor and
acceptor phases should be selected by taking into account several considerations. The combination of small acceptor
phase volume and large donor phase volume will result in a high enrichment factor of the extraction. In this work, 1
to 4 pL of acceptor phase were tested. The peak areas of the analytes were found to vary with donor phase and
acceptor phase volume (Fig. 4).

3.2.3 Length of fiber

The dispersion of acceptor phase is dependent on the length of fiber. Therefore, different lengths of fiber (1, 1.5, 2
and 2.5 cm) were tested. It was found that the best length of fiber was 1.5 cm (Fig. 5) because it gave the highest
response factors. This length was used in subsequent extractions.

a) b)
70 800
60
50 600
@ 40 [
¢ 400
& 30 S
20 200
10
0 0
0 1 2 3 0 1 2 3
Length of fiber (cm) Length of fiber (cm)

Fig5. Length of fiber effect for the a) NDEA and b) NDPA used in this study
Conditions: extracting solvent volume: 3 ulL; acceptor phase: luene ; sample volume : 20 mL; stirring rare: 300 rpm; extraction time: 15 min;
concentration of NDEA and NDPA: 30 ppm

3.2.4 Extraction time

A series of experiments were carried out to determine the effect of extraction time on extraction efficiency using the
previously determined optimized conditions. The results show that the response for the analytes increased
significantly with increase of extraction time of up to 10 minutes as shown in Fig.6. Extraction times of more than
10 min showed slight instability in analyte response probably because the organic phase as acceptor phase was
saturated by the analyte and has reached equilibrium. Similar results have been reported by Shen and Lee [15] who
noted that although longer exposure times to the acceptor solution generally result in increased extraction efficiency,
it is not always practical to apply extended extraction times. As sampling times shorter than the total
chromatographic time are often chosen in order to ensure high sample throughput, 10 min was chosen as optimum
extraction time and used for subsequent extractions.
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Fig.6. Effect of extraction time for the a) NDEA and b) NDPA used in this study
Conditions: extracting solvent volume: 3 pl.; acceptor phase: toluene ; sample volume: 20 mL; stirring rate: 300 rpm; concentration of NDEA
and NDPA: 30 ppm
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3.3 Validation method

The optimal LPME parameters finally selected were as follows: toluene as extraction solvent, 1.5 cm for fiber
length, 3 pL for volume of acceptor phase, and 10 min for extraction time. The recovery, detection limits, linear
dynamic range and the calibration curves are listed in Table 2. Each measurement was performed in triplicate.

Table 2. Analytical performance of HF-LPME

Analyte Recovery | Enrichment factor Linearity l'il nge Corre lalionjcoef ficient L‘.‘.')DI RSD

(%) (EF) (mg L) (r) (wgl) | (%)
NDEA 101 20,000 5;10;15; 20 and 25 0.999 330 0.81
NDPA 100 20,000 5;10:15; 20 and 25 1.000 20 0.06

3.4 Real sample analysis

The developed extraction method was applied for the extraction of NDEA and NDPA from several food items e.g,
sausage, corned meat, fresh meat, and salted egg. This method was successfully applied to the determination of
NDEA and NDPA and the results indicated the presence of these hazardous NDEA and NDPA in sausage (3.25 and
0.06 ppm), corned meat (2.90 and 0.40 ppm), fresh meat (5.00 and 0.03 ppm) and salted egg (2.55 and 0.25 ppm)
respectively. Spiked samples or standard addition method has been performed to verify the NDEA and NFDA
peaks in the chromatograms.

a) 1 ?
2
—t—] — LN
T T T
0 5 min 10 min
b) 3
2
1
T T T
0 5 min 10 min
Peak
1 : Methanol

2 : Nitrosodiethylamine
3 : Nitrosodipropylamine
Fig.7: Chromatograms of: a) original real sample and b) spiked samples

CONCLUSION

Hollow fiber liquid phase microextraction technique coupled with GC-FID provides an efficient and simple cost
effective and environmentally friendly method for the identification and determination of NDEA and NDPA in
various dietary food samples. High extraction efficiency was achieved. The low LOD and low RSD indicate that the
technique is efficient for analysis of nitrosoamines

1279




Yanuardi Raharjo et al J. Chem. Pharm. Res., 2014, 6(5):1274-1280

Acknowledgements
The authors are grateful to Indonesia Ministry of Education for financial support, Faculty of Science and
Technology and Faculty of Pharmacy, Universitas Airlangga for the facilities.

REFERENCES

[1] T Mulder. Basic Principles of Membrane Technology, Kluwer, Academic Publishers ,USA, 1996

[2] ZF Cui, and HS Muralidhara. Membrane Technology First Edition. A Practical Guide to Membrane Technology
and Applications in Food and Bioprocessing, Elsevier, The Netherlands, 2010

[3] N Peng; N Widjoyo; P Sukitpaneenit; MM Teoh; GG Lipscomb; T Chung; J Lai, Prog. Polym Sci. 2012 (37),
1401-1424.

[4] G Drabi-Markiewicz; B Dejaegher; ED Mey; S Impens; T Kowalska; H Paelinck; YV Heyden, Anal. Chim.
Acta, 2010 (657),123-130.

[5] S Yurchenko; U Molder, Food Chem., 2007 (100), 1713-1721.

[6] P Anand: AB Kunnumaraka; C Sandaram; KB Harikumar; ST Tharakan; OS Lai; B Sung; BB Aggarwal,
Pharm. Res., 2008, (25),2097-2116.

[7] Y He: HK Lee, Anal. Chim. Acta, 1997,(69), 4634-4640.

[8B] AS Yazdi; A Amiri, Trends Anal. Chem., 2010, (29), 1-14.

[9] S Pedersen-Biergaard; KE Rasmussen, Anal. Chem. 1999, (71), 2650-2656

[10] JP Hsin; WH Ho, Anal. Chim. Acta, 2004, (527), 61-67

[11] Y Raharjo; MM Sanagi;: WAW Ibrahim; AA Naim: HY Aboul-Enein, J. Sep. Sci. 2009, (32), 623-629

[12] KE Rasmussen; S Pedersen-Bjergaard, TrAC- Trends Anal. Chem. 2004, (23), 1-10.

[13] E Psillakis; N Kalogerakis, J. Chromatogr. A 2001,(938),117-122.

[14] A Tor and M Aydin, Anal. Chim. Acta 2006 , (575), 138-143.

[15] G Shen and HK Lee, Anal. Chem. 2002 , (74, 648-654.

1280




The application of hollow fiber-liquid phase microextraction
based on green chemistry to analyze carcinogenic
nitrosamines in food samples

ORIGINALITY REPORT

20, 8.« 19 Ow

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

http://h-businessinsider.com.au/com.au 2
Internet Source %

2

Chen, C.C.. "Liquid-liquid-liquid 1 o
microextraction with automated movement of ’
the acceptor and the donor phase for the

extraction of phenoxyacetic acids prior to

liquid chromatography detection", Journal of
Chromatography A, 20060203

Publication

Sarafraz-Yazdi, Ali, Hakimeh Assadi, and Wan 1 o
Aini Wan lbrahim. "Determination of Triazole °
Fungicides Using Hollow Fiber Liquid Phase
Microextraction Prior to Gas

Chromatography-Mass Spectrometry

Analysis", Industrial & Engineering Chemistry
Research, 2012.

Publication

M. Marsin Sanagi, H.H. See, Wan Aini Wan 1 y
Ibrahim, Ahmedy Abu Naim. "Determination ’



of pesticides in water by cone-shaped
membrane protected liquid phase
microextraction prior to micro-liquid

chromatography", Journal of Chromatography

A, 2007

Publication

Tor, A.. "Application of liquid-phase
microextraction to the analysis of
trinalomethanes in water", Analytica Chimica
Acta, 20060804

Publication

T

M. J. Cardador. "Optimisation and comparison

of several microextraction/methylation
methods for determining haloacetic acids in
water using gas chromatography", Analytical
and Bioanalytical Chemistry, 11/21/2009

Publication

T

Mahaveer B. Melwanki, Shang-Da Huang.
"Three-phase system in solvent bar
microextraction: An approach for the sample
preparation of ionizable organic compounds
prior to liquid chromatography", Analytica
Chimica Acta, 2006

Publication

T

Wu, Jingming, and Hian Kee Lee. "Injection
Port Derivatization Following lon-Pair Hollow
Fiber-Protected Liquid-Phase Microextraction
for Determining Acidic Herbicides by Gas

(K



Chromatography/Mass Spectrometry",
Analytical Chemistry, 2006.

Publication

Mir Ali Farajzadeh. "Liquid-gas-liquid
technique for microextraction and
preconcentration of short chain fatty acids
from aqueous samples", Journal of Separation
Science, 04/2009

Publication

(K

Chao, Yu-Ying, Yi-Ming Tu, Zhi-Xuan Jian,
Hsaio-Wen Wang, and Yeou-Lih Huang.
"Direct determination of chlorophenols in
water samples through ultrasound-assisted
hollow fiber liquid-liquid-liquid
microextraction on-line coupled with high-
performance liquid chromatography", Journal
of Chromatography A, 2013.

Publication

T

Ebrahimzadeh, H.. "Simultaneous
determination of chloropheniramine maleate
and dextromethorphan hydrobromide in
plasma sample by hollow fiber liquid phase
microextraction and high performance liquid
chromatography with the aid of
chemometrics", Talanta, 20120530

Publication

T

docplayer.nl

Internet Source

T




scholarbank.nus.edu.sg

Internet Source

T

14

www.tdx.cat

Internet Source

T

Moreda-Pineiro, Antonio, Jorge Moreda- <1 o
Pifieiro, and Pilar Bermejo-Barrera. "Sample ’
Pre-treatment Methods for Organometallic
Species Determination", Speciation Studies in
Soil Sediment and Environmental Samples,

2013.
Publication

Wu, J.. "Automated dynamic liquid-liquid-liquid <1 y
microextraction followed by high- ’
performance liquid chromatography-
ultraviolet detection for the determination of
phenoxy acid herbicides in environmental
waters", Journal of Chromatography A,

20050805

Publication
i epreom <1y
Meenakshi Malhotra, Catherine Tomaro- <'I o

Duchesneau, Shyamali Saha, Satya Prakash.
"Systemic siRNA Delivery via Peptide-Tagged
Polymeric Nanoparticles, Targeting PLK1 Gene
in @ Mouse Xenograft Model of Colorectal



Cancer", International Journal of Biomaterials,
2013

Publication

Pardasani, D.. "In situ derivatization hollow <1
. . o . . %
fiber mediated liquid phase microextraction
of alkylphosphonic acids from water", Journal
of Chromatography A, 20070209
Publication
www.research-collection.ethz.ch
Internet Source <1 %
Hendriwan Fahmi. "Thermal Cyclic Resistance <1 o
Polyester Resin Composites Reinforce Fiber ’
Nut Shell", IOP Conference Series: Earth and
Environmental Science, 2017
Publication
Hou, L.. "Determination of pesticides in soil by <1
o : : %
liquid-phase microextraction and gas
chromatography-mass spectrometry"”, Journal
of Chromatography A, 20040604
Publication
Limian Zhao, Hian Kee Lee. "Determination of <1 %

phenols in water using liquid phase
microextraction with back extraction
combined with high-performance liquid
chromatography", Journal of Chromatography
A, 2001

Publication




Mohammad Bazregar, Maryam Rajabi, <1 o
Yadollah Yamini, Zahra Saffarzadeh, Alireza
Asghari. "Tandem dispersive liquid-liquid
microextraction as an efficient method for
determination of basic drugs in complicated
matrices", Journal of Chromatography A, 2016
Publication
Sanal, 1@?.S.. "Recycling of apricot pomace by <1 y
supercritical CO"2 extraction", The Journal of ’
Supercritical Fluids, 200412
Publication
nceicoup-com <7
de Santana, F.J.M.. "Chira.l qugid <1 o
chromatographic determination of
mirtazapine in human plasma using two-
phase liquid-phase microextraction for
sample preparation”, Analytica Chimica Acta,
20050906
Publication
Davarani, Saied Saeed Hosseiny, Leila <1 o

Masoomi, Mohammad Hossein Banitaba,
Hamid Reza Lotfi Zadeh Zhad, Omid Sadeghi,
and Azam Samiei. "Determination of N-
nitrosodiethanolamine in cosmetic products
by headspace solid phase microextraction
using a novel aluminum hydroxide grafted
fused silica fiber followed by gas



chromatographya€“mass spectrometry
analysis", Talanta, 2012.

Publication

Mohamed A. Korany, Hoda Mahgoub, Rim S. <1 o
Haggag, Marwa A.A. Ragab, Osama A.
Elmallah. "Green gas chromatographic
stability-indicating method for the
determination of Lacosamide in tablets.
Application to in-vivo human urine profiling",
Journal of Chromatography B, 2018
Publication
D <1w
Janet Benson. "The Uptake, Distribution, <1 y
Metabolism, and Excretion of Methyl Tertiary- ’
Butyl Ether Inhaled Alone and in Combination
with Gasoline Vapor", Journal of Toxicology
and Environmental Health Part A, 1/1/2003
Publication
Sara C. Cunha, José O. Fernandes, M. Beatriz <1 o

P. P. Oliveira. "Comparison of matrix solid-
phase dispersion and liquid-liquid extraction
for the chromatographic determination of
fenthion and its metabolites in olives and
olive oils", Food Additives and Contaminants,
2007

Publication




Taghizadeh, S.M.. "Determination of residual <1 y
monomers in latex by headspace hollow fiber ’
protected liquid-phase microextraction
combined with high-performance liquid
chromatography", Polymer Testing, 201204
Publication
eprints.ugd.edu.mk

IntErnet Sourceg <1 %
javanan.mop.ir

JInternetSource p <1 %

Farajzadeh, M.A.. "Solvent exchange using <1 o
hollow fiber prior to separation and ’
determination of some antioxidants by high
performance liquid chromatography",

Analytica Chimica Acta, 20070626
Publication

Mahaveer B. Melwanki, Wei-Hsun Hsu, Shang- <'I y
Da Huang. "Determination of clenbuterol in ’
urine using headspace solid phase
microextraction or liquid-liquid-liquid
microextraction", Analytica Chimica Acta, 2005
Publication

A MENEGARIO. "On-line preconcentration <1 o

flow system for multi-elemental analysis by
total reflection X-ray fluorescence
spectrometry", Spectrochimica Acta Part B:
Atomic Spectroscopy, 2003

Publication



Pourya Biparva, Amir Abbas. "Chapter 4 <1 o
Microextraction Techniques as a Sample ’
Preparation Step for Metal Analysis", InTech,

2012

Publication

Exclude quotes Off Exclude matches Off
Exclude bibliography On



The application of hollow fiber-liquid phase microextraction
based on green chemistry to analyze carcinogenic
nitrosamines in food samples

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7




