
Environmental and Food Analysis

Asst.Prof.Dr.Woravith Chansuvarn

http://web.rmutp.ac.th/woravith

woravith

woravith.c@rmutp.ac.th
Faculty of Science and Technology

Rajamangala University of Technology Phra Nakhon



View via FB Download PDF



Timeline: Analytical Process

Sampling /
Sample preservation

Measurement

Select 
method

Sample 
preparation

Evaluation



Sample 
Preparation
Perspective

What? Why? How?



Sample 
Preparation

What?

Why?

How?

• Standard method
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Sample Preparation Perspective

Sample preparation is a process required for the 
transformation of a sample to make it amenable 
for chemical analysis or to improve the analysis.

The major goal of sample preparation is to 
prepare the sample for the separation/ 

detection part of the analysis.



Sample preparation is the way in which a sample is 
treated to prepare for analysis. Sample preparation is 
carefully critical in analytical chemistry to accurately 
generate either a standard or unknown sample for a 
chemical measurement.

Sample preparation is common in many 
analyses and is developed to allow or to 
improve a specific analysis. This step may be 
the most time-consuming in an analysis and 
affects significantly the analytical information.

S.C. Moldoveanu, V. David,  Journal of Chromatography Library, 2002



• Transform analyte from a non-compatible environment 
into the instrumental compatible with analytical 
techniques

• Remove unwanted matrix components that may 
interfere with the analysis of the desired compound

• Improve limits of detection and/or quantitation 
(Enrichment analyte concentration) 

• Separate/isolate of individual components from complex 
mixtures or matrix

The Ultimate Goals



Standard methodStandard method

International
standard

Regional
standard

National
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ISO/TS 15495 | IDF/RM 
230:2010, Milk, milk products 
and infant formulae-Guidelines 
for the quantitative 
determination of melamine and 
cyanuric acid by LC-MS/MS
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วิธีมาตรฐานระดับนานาชาติ 
(International standard)

เป็นมาตรฐานที่ได้จากข้อตกลงร่วมกัน
ของประเทศสมาชิกต่างๆ ที่มีความ
สนใจร่วมกัน

• วิธมีาตรฐาน ISO 
(International Standards 
Organization)



EN 1233:1996 Water quality-
Determination of chromium-
Atomic absorption spectrometric 
methods

EN 14084:2003 Foodstuffs-
Determination of trace 
elements-Determination of lead, 
cadmium, zinc, copper and iron 
by AAS after microwave 
digestion
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วิธีมาตรฐานระดับภูมิภาค 
(Regional standard)

เป็นมาตรฐานที่เกิดขึ้นจากการ
ประชุม ปรึกษาหารือกันระหว่าง
ประเทศในภูมิภาคเดียวกัน 

• วิธีมาตรฐานของสหภาพยุโรป 
(European standard) 
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วิธีมาตรฐานระดับประเทศ 
(National standard)

เป็นมาตรฐานที่ได้จากการประชุมหารือ
เพ่ือหาข้อตกลงร่วมกันของ
ผู้เกี่ยวข้องหลายภาคส่วนในประเทศ 

• Japanese Industrial Standard (JIS)
• British Standard (BS)
• USEPA
• APHA
• AWWA
• NIOSH
• OSHA
• มอก.



AATCC 112:2014 
Formaldehyde release from fabric, 
Determination of: sealed Jar method 
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วิธีมาตรฐานระดับสมาคม 
(Association standard)

เป็นมาตรฐานที่ก าหนดขึ้นจากกลุ่ม
บริษัทที่อยู่ในวงการค้าเดียวกัน หรือ
เกิดจากข้อตกลงของกลุ่มบริษัท
หรือโรงงานที่มีกิจกรรมของ
อุตสาหกรรมเป็นอย่างเดียวกัน หรือ
มีการผลิตของชนิดเดียวกัน

• AATCC (American Association of 
Textile Chemists and Colorists)



ปัจจบุนัมีหลายองค์กรท่ีเป็นท่ียอมรับในระดบันานาชาติ

ASTM D5630–13 Standard test 
method for ash content in 
plastics

AOAC Official Method 999.10 
lead, copper, zinc and iron in 
foods: Atomic absorption 
spectrometry after microwave 
digestion

AOCS official method Ca 12-55 
Phosphorus 
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วิธีมาตรฐานรับรองโดยองค์กรทางวิชาการ

• ASTM
• AOAC
• AOCS
• APPA
• AWWA
• EPA

ปัจจุบันมีหลายองค์กรที่เป็นท่ียอมรับใน
ระดับนานาชาติ
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วิธีเผยแพร่ในต ารา/วารสารวิจัย 
(Publication method)

ส่วนใหญ่เป็นวิธีที่พัฒนาขึ้นใหม่

• วิธีมาตรฐานส าหรับการวิเคราะห์อาหาร 
โดยกรมวิทยาศาสตร์การแพทย์ 

• Analytical Chemistry
• Journal of Chromatography A
• Analytica Chimica Acta
• Food Chemistry
• Analyst
• Microchimica Acta
• Analytical Letters 



Source : http://files.foodmate.com/2013/files_2990.html

UV-Vis method



HPLC method





Source : AOAC Official

UV-Vis method



Paraquat

1,1'-dimethyl-4,4'-bipyridinium dichloride

EPA Method 549.2
Determination of Diquat and Paraquat in Drinking 
Water by Liquid-Solid Extraction and HPLC with UV 
Detection

AOAC Official Method 969.09
Paraquat in Pesticide Formulations.



Sample preparation protocols

>>
Measurement 

methods
Sample preparation

>>
Sample pretreatment

Depending on
• Analyte
• Sample states (liquid, solid, gas)
• Sample matrices
• Time consuming
• Representative sample
• Available devices
• Quantitative levels (trace/low/high contents)
• Detection techniques

Clean up



• Filtration
• Dialysis
• Size-exclusion

Separation and Extraction

Source : กรมควบคุมมลพิษ

1

Size

• Centrifugation
• Distillation
• Sublimation
• Recrystallization

2

Mass or density

• Precipitation
• Icon exchange
• Electrodeposition
• Volatilization

3

Change in 
chemical state

• Extraction
• Chromatography

4

Phase partition



Fusion / FluxDissolve/Filtration

Distillation/Precipitation
Recrystallization

Wet ashing
Acid dissolution

Acid digestion bomb

Microwave digestion

Leaching

Extraction

Speciation

Dry ashing

Sample
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Protocols
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Sample preparation protocols

• Wet digestion/Acid dissolution
• Microwave assisted digestion
• Dry ashing
• Extraction
• SPE
• Hydride generation
• Speciation

for metal analysis



Sample preparation protocols

"Acid plus heat can digest the complex food/environmental matrices to 
release metals into solution for chemical analysis.”

> Wet digestion/Acid dissolution

• Cheap
• No require advance equipment

1) Under atmosphere pressure (Hot plate digestion)
2) Control pressure (Acid digestion bomb)
3) Microwave digestion



• Long time consumption
• Corrosion and risk sample 

contamination 
• Harmful gas 
• Element loss by volatilization
• Unbalanced heating temp. 

Graphite block acid digestion



Source: Matusiewicz H. (2003). Chapter 13. Wet digestion method. (Online)





• Extremely strong oxidize
• React violently or explosively to oxidize 

organic compounds

Nitric acid, HNO3
68%w/w, d=1.42 g/cm3, bp122C

Hydrofluoric, HF
48%w/w, d=1.16 g/cm3, bp112C

Phosphoric, H3PO4
85%w/w, d=1.71 g/cm3, bp213C

Hydrochloric, HCl
37%w/w, d=1.19 g/cm3, bp110C

Perchloric, HClO4
70%w/w, d=1.67 g/cm3, bp203C

Sulfuric, HSO4
98%w/w, d=1.84 g/cm3, bp338C

Hydrogen peroxide, H2O2
30%w/w, d=1.12 g/cm3, bp106C

• Remove silicon and destruction of silicate
• Dissolve oxides of Nb, Ta, Ti, Zr

• Dissolve many carbonates, oxides, hydroxides, 
phosphates, borates, sulfides

• Dissolve cement

• Oxidize many metals and alloys to soluble nitrate
• Organic material oxidized slowly

• Dissolve oxides, hydroxides, carbonates, and 
various sulfide ores

• Hot acid will oxidize most organic compounds

• Dissolve Al2O3, chrome ores, iron oxide 
ores, slag

• Additive agent into another acid to 
increase oxidizing condition 

Aqua 
regia
(1:3v/v)

to remove 
noble metals 
such as gold, 
platinum and 

palladium from 
substrates



Dissolution



Microwave digestion 

To minimize the error from sample preparation. 
Under acid digestion (100 bar and 300°C), most 
matrices can be decomposed and dissolved, carbon 
content of organics can be reduced to less than 1%.

• Simultaneous heating of 8–12 samples
• Short digestion time 
• Require low volume of acid consumption 
• No loss volatile elements (Hg, As)
• No acid fumed
• No sample contamination
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digestion
Microwave 
digestion

Microwave 
extraction
Microwave 
extraction

Microwave 
synthesis
Microwave 
synthesis

Microwave 
ashing

Microwave 
ashing

Microwave digestion is a process that using acid 
to dissolve elemental metals under the high 
pressure and temperature with heating energy 
from microwave source. 



U.S.CPSC

AOAC

ASTM

EPA Method 3052
(Siliceous and Organically Based Matrices)

EPA Method 3051a
(Sediments, Sludges, Soils, and Oil)

EPA Method 3015a
(Aqueous Samples and Extracts) U.S.EPA

ASTM E1645-01
(Pb: Dried Paint Samples) 

ASTM D5513-99
(Industrial Waste for Trace Element)

ASTM D4309-96
(Total Metals in Water)

ASTM E1741-00
(Airborne Particulate)

US
Pharmacopeia

USP 232
(Elemental Impurities)
USP 233
(Elemental Impurities)
USP 2232
(Elemental Contaminants in Dietary 
Supplements)

AOAC Method 2015.01
(Heavy metals in Food: ICP-MS)

AOAC Method 984.27
(Heavy metals in baby foods: ICP-OES)

AOAC Method 2012.15
(Iodine infant/adult foods: ICP-MS)

CPSC-CH-E1001-08.1
(Pb in Children’s Metal Products)

CPSC-CH-E1002-08.1
(Pb in Non-Metal Children’s Products)

CPSC-CH-E1003-09
(Pb in Paint and Surface Coatings)

Microwave assisted digestion methods

Draft



Degree of Error

Error can be found at all
stages of the analytical 
procedure, however the 

error found within the 
actual analytical
method (laboratory 
test) is low in 
comparison to that 
found in sampling and 
sample preparation. 





A detection of 1 ppb of an impurity has been 
equated to finding the proverbial needle in a 
haystack and 1 ppt to finding a contact lens on 100 
miles of beach.

Sample preparation is the largest source of 
errors in trace analysis, and during sample 

preparation contamination is always a 
major concern.

“

“
Analytical Methods Committee, 2013



Source: Ellison and Hardcastle. 2012. Causes of error in analytical chemistry: results of a web-based survey of 
proficiency testing participants. Accreditation and Quality Assurance. 17:453–464.

111 respondents reported 230 
identified causes of error.

• Sample preparation (16%)
• Equipment failures (13%)
• Human error (13%) 
• Calibration (10%)
• 44 % could be attributed to 

simple operator errors

16%
13%
13%

10%

mailto:s.ellison@lgcgroup.com
mailto:s.ellison@lgcgroup.com


Source: https://www.elgalabwater.com/

“Phthalates leaching from a plastic wash 
bottle over a few days.”

Ultrapure water



Trace metals in human sweat

Zn     0.4-0.96 ppm
Cd     24  ppb
Pb 62  ppb
Fe     0.6-1.0 ppm 
Cu     0.3-1.42  ppm
Ni      57 ppb
Mn 23  ppb
Na     26.4 ppm

Source: https://www.elgalabwater.com/



• Cations (4º-ammonium 
and metal ions)

• Amines

• Reduce pH
• Add perchlorate ions
• Add competing ions

Inhibiting adsorption methodsEasily adsorbed components

• Anions
• Chelating components 

(alpha-hydroxy acids, 
beta-diketones, and 
tropolones)

• Add competing ions
• Reduce pH (or increase, in 
some cases)
• Add a metal masking agent

• Highly hydrophobic 
components

• Reduce polarity

Source: https://www.shimadzu.com

Potential of Target Components Adsorbing to ContainerPotential of Target Components Adsorbing to Container



Sample Preparation

Green sample preparation 
techniques are the alternative to 
classical sample preparation 
techniques. 

• To providing opportunities to 
reduce or eliminate the 
chemical solvent usage.

• To improving the quality of 
extract, efficiency of the 
methods, and extraction of 
products.Source: Gałuszka, Migaszewski, Namieśnik,TrAC Trends in 

Analytical Chemistry. 50(2013)78-84

Analytical Chemistry



Source: The Concept of Green Analytical Chemistry. 2012.



Green sample preparation for foods

• Solid phase microextraction (SPME) /(1990)
- headspace (HS-SPME)
- Direct extraction (DI-SPME)

• In-tube SPME (2002)
• Stir bar sorptive extraction (SBSE) /(1999)
• Liquid phase microextraction (LPME) /(1996)
• Single-drop microextraction (SDME) /(1996)

- direct immersion SDME (DI-SDME)
- headspace SDME (HS-SDME)

• Dispersive liquid-liquid microextraction (DLLME) /(2006)
• Hollow fiber liquid phase microextraction (HF-LPME) /(1999)
• Ultrasound-assisted extraction (UAE)
• Microwave-assisted extraction (MAE)
• Supercritical fluid extraction (SFE)
• Pressurized fluid extraction (PFE)
• Cloud-point extraction (CPE)



• Adsorptive μ-extraction (AµE) 
- Bar adsorptive μ-extraction (BAµE)
- Multi-spheres adsorptive μ-extraction (MSAμE)

• Stir-rod-sorptive extraction (SRSE)
• Microsolid phase extraction (µ-SPE) (2006)
• Stir cake sorptive extraction (SCSE) (2011)

Green sample preparation for foods



Transferred to another lab

Change the condition or 
some method parameters

Change the scope outside 
from original method

Method 
Validation

Before initial use in 
routine testingTesting a method 

to demonstrate it 
is suitable for its 
intended purpose 
and the results 
obtained are 
reliable, accurate 
and reproducible.

1

2

3

4



System suitability

Validation
Parameters

Limit of Quantitation 

Limit of Detection

Precision

Accuracy

Linearity

Specific

Robustness

Raggedness

Limit of Quantitation 

Limit of Detection

Precision

Accuracy

Linearity and range

Specific

USP ICH

Range
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USP ICH



Regulation and Quality standard

• US‐FDA 
– Current Good Manufacturing Practices (cGMP) 
– GLP regulation 
– FDA’s regulation for BA and BE Requirement

• PIC/S and EU 
– PIC/S or EU GMP

• ICH: GMP guide
• USP
• ISO/IEC 17025:2005 (5.4.5)



GSFA online

http://www.fao.org/gsfaonline/index.html?lang=en

ข้อก าหนดค่าปริมาณ 
สูงสุดของวัตถุเจือปน
อาหาร (Food Additives) 
ตามมาตรฐาน CODEX

http://www.fao.org/gsfaonline/index.html?lang=en


Contact Me

คณะวิทยาศาสตร์และเทคโนโลยี
มหาวิทยาลัยเทคโนโลยีราชมงคลพระนคร

ผศ.ดร.วรวิทย์ จันทร์สุวรรณ
Assist.Prof.Woravith Chansuvarn, Ph.D

Tel: 0846673969
Line: @woravith
E-mail: woravith.c@rmutp.ac.th
Website: http://web.rmutp.ac.th/woravith


