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Comparison of Techniques for Identication of Adulteration in

Andrographis paniculata Products

Siriwan Chaisomboonpan et al.

Introduction

The emergence of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) in 2019
triggered an unprecedented global health crisis,
culminating in the COVID-19 pandemic."”
This encapsulated, single-stranded RNA
virus spreads rapidly and primarily targets
the respiratory system, leading to a spectrum
of clinical manifestations ranging from mild
symptoms to severe pneumonia and acute
respiratory distress syndrome.”” In response
to the urgent need for effective therapeutics,
traditional medicinal plants have garnered
renewed attention due to their rich source
of bioactive compounds, such as flavonoids,
alkaloids, terpenoids, and polysaccharides, "
which exhibit antiviral, anti-inflammatory,
and immunomodulatory properties. Herbal
medicines are well-known for their antiviral,
anti-inflammatory, and immunomodulatory
capabilities. They are presently the focus of
research targeted at reducing SARS-CoV-2
infection.

Among these, Andrographis paniculata
(Burm.f.) Nees (AP) has long been utilized in
traditional medicine across Asian countries”
and has recently gained prominence as a
potential candidate for COVID-19 treatment.
Studies suggest that its active constituents may
disrupt the viral life cycle by interacting with
viral proteins and impeding viral entry into
host cells.” Furthermore, AP showed immuno-
modulatory effects that enhance host defenses
and regulate inflammatory responses, offering a
dual mechanism to mitigate both the symptoms
and complications of COVID-19.¢®

To reflect the therapeutic landscape
between 2019 and 2023, before the evolution
of current treatment guidelines, the following

M5815NTHANENFFATANTUWNE
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discussion highlights the exploratory role of AP
and related botanicals in antiviral research.
At that time, growing interest in the
pharmacological properties of AP and its
principal bioactive compound, andrographolide,
underscored the potential of these natural
agents to complement antiviral therapies.
While preliminary findings suggested promising
antiviral activity, particularly against respiratory
viruses, the clinical efficacy of AP remained
to be substantiated through rigorous trials.
Enhancing the bioavailability of andro-
grapholide was recognized as a critical step toward
optimizing its therapeutic value. The investi-
gation of phytochemicals such as AP continued
to represent a viable strategy for novel
antiviral drug development. Notably, the Ministry
of Public Health, Thailand, endorsed the use of
AP for the treatment of mild COVID-19 cases
during this period, further emphasizing its
perceived utility in pandemic response efforts.
However, the surge in demand coupled with
limited AP raw material availability has led to
widespread adulteration and substitution with
other bitter botanicals, including Momordica
charantia, Tinospora crispa, and Azadirachta
indica. Conventional quality control methods,
such as morphological, chemical, and genetic
analyses, each present limitations when applied
to processed herbal materials, raising serious
concerns regarding product authenticity,
efficacy, and safety."*"?

Microscopic examination allows direct
observation of diagnostic features; nevertheless,
it is less useful on processed materials, such as
powders or extracts, where important structures
are obscured."® Chemical profiling techniques,
such as high-performance thin-layer

chromatography (HPTLC), provide consistent
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fingerprints of marker compounds;”*'” however,
their analysis may be limited by the
availability of reference standards and the
similarity among closely related species."**®
Genetic profiling has emerged as a powerful
tool for plant authentication, particularly
when morphological and chemical methods are
inconclusive due to post-harvest changes or
species resemblance."® Recent advances, such as
the technique integrating Multiplex-PCR with
Matrix-Assisted Laser Desorption/Ionization
Time-of-Flight (MALDI-TOF Mass
Spectrometry) (MassARRAY),“” have
significantly enhanced botanical authentication
by enabling rapid and sensitive detection of
single nucleotide polymorphisms (SNPs).
The MassARRAY iPLEX assay is a sophis-
ticated, high-throughput platform used for
analyzing SNPs, making it ideal for accurately
authenticating botanicals. The technique
leverages the precision of mass spectrometry
to differentiate DNA based on minute changes
in molecular weight, thereby confirming
species identity.®* The process begins with
specific PCR amplification, where the initial
step isolates and amplifies the DNA region
containing the target SNP using specific primers.
Following amplification, the DNA fragments
proceed to the single-base extension (iPLEX),
where a single Extension Primer is designed to
anneal immediately upstream of the SNP site.
Using a modified DNA polymerase, a single,
mass-modified nucleotide (A, G, C, or T) is
incorporated into the primer, complementing
the template base at the SNP position. Because
each of the four bases has a unique mass, this
incorporation results in a precise, predictable
change in the overall mass of the primer
product. Finally, the extended products are
analyzed via Mass Spectrometry Detection
(MALDI-TOF MS), where the extended

products are dispensed onto a chip and
analyzed by a MALDI-TOF Mass Spectrometer.
The instrument precisely measures the
molecular mass of the extended primer. The
detected mass signal is directly translated into a
“Base Call” (EXT Call), revealing the specific
nucleotide present at that SNP location. This
ability to generate a clear mass signature for
each plant species, even from highly processed
or mixed samples, provides the definitive
molecular evidence necessary to detect and
identify adulteration that morphological or
chemical methods may fail to resolve.
However, their application in herbal
authentication is yet inadequately investigated,
especially in intricate compositions. When
used alone, each of these approaches has its
problems. For example, chemical adulteration
is difficult to detect with a microscope,
structural similarity is challenging to observe
with HPTLC, and MassARRAY technology
requires extensive validation.”'*” To ensure
accurate identification of herbal ingredients
in complex formulations, various analytical
techniques have been employed, each with
distinct advantages and limitations. Microscopic
characteristics offer rapid and low-cost
screening that aligns with pharmacopoeial
standards but are often unsuitable for processed
products such as powders or capsules, where
structural markers may be lost. HPTLC
provides reproducible phytochemical
fingerprints and is widely accepted in
regulatory quality control. Moreover, the
specificity of analysis may be limited in
polyherbal mixtures due to band overlap
among related species. MassARRAY technology
delivers high sensitivity and specificity,
particularly in processed or complex samples,
though it requires advanced instrumentation

and a comprehensive spectral library. An
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integrated approach, combining complementary
methods, could overcome individual limitations,
offering cross-validated evidence and enhanced
reliability.

This study aimed to compare a newly
developed MassARRAY -based single nucleotide
polymorphism (SNP) genotyping approach with
conventional methods, including microscopic
identification and high-performance thin-layer
chromatography (HPTLC) fingerprinting,
for the authentication of A. paniculata raw
materials and herbal products. The MassARRAY
technique was introduced as a novel molecular
tool designed to overcome the inherent
limitations of morphological and chemical
analyses. Through a systematic comparison of
analytical performance, this study sought to
establish an integrated and regulation-compliant
framework that enhances accuracy, reproduci-
bility, and reliability in herbal authentication.
Ultimately, the comparative evaluation not only
demonstrated the potential of the MassARRAY
platform as a robust complementary method but
also provided a reference model for improving

the quality control of herbal medicines.

Materials and Methods

Chemicals and Materials
Andrographolide, purity 98.5% w/w
(Chromadex, USA), toluene, AR (Merck,
Germany), ethyl acetate, AR (Merck, Germany),
dichloromethane, AR (Merck, Germany), formic
acid, AR (Merck, Germany), methanol, AR
and LC (Merck, Germany), chloroform, AR
(Labscan, USA), sulfuric acid, 95-98.6%, AR
(Merck, Germany), deionized water, ultrapure,
type I, and HPTLC glass plates, silica gel
60 F,,, (Merck, Germany), anisaldehyde
(Sigma-Aldrich, USA), DNA clean-up kit
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(BioFact Genomic DNA Prep Kit, Republic
of Korea), cetyltrimethylammonium bromide
(CTAB), molecular (Himedia, India), and
[B-mercaptoethanol (Sigma-Aldrich, USA).

Equipment

TLC densitometer (CAMAG, Switzerland),
Analytical balance (Mettler Toledo, Switzer-
land). Water bath (Memmert, Germany),
Nanophotometer N80 (Prima Scientific, USA).
Microscope (Olympus BX43 light, Japan),
Ultra-Performance Liquid Chromatography
(Waters, USA), MassARRAY-Matrix-Assisted
Laser Desorption Ionization Time-of-Flight
Mass Spectrometry analyzer (Agena Bioscience,
USA), Reverse-phase column, Acquity UPLC
BEH C18 2.1 mm ID x 50 mm, 1.7 um (Waters,
USA), and UPLC (Waters, USA).

Authentic Plant Specimens and Samples

Authentic plant specimens were collected
and identified [Herbarium at the Medicinal
Plant Research Institute, Department of
Medical Sciences, Thailand (DMSec)];
Andrographis paniculata (Burm.f.)
Nees, (AP) (DMSc number 5392) leaves,
Azadirachta indica A. Juss., (AI) (DMSec
number 5442) leaves, and Tinospora
crispa (L.) Miers ex Hook.f. & Thomson (TC)
(DMSc number 5356) leaves. One unknown
sample was received from the Consumer
Protection Police Division (CPPD), and 13
unknown samples in the form of capsules were
purchased from traditional drugstores and
herbal markets. The dried authentic samples
were powdered, passed through the 150 micron
sieve, and stored in airtight containers. All
14 unknown samples were passed through
the 150 micron sieve and stored in airtight
containers. The details and sources of the

sample are shown in Table 1.
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Table 1 Authentic specimens and unknown sample details, and sources of samples

Andrographolide
No. Sample name Detail Type Source
content (% w/w)

1 AP AP Powder DMSc 1.82+0.00
2 Al Al Powder DMSc n.d.

3 TC TC Powder DMSc n.d.

4 Unk o1 Herbal market Capsule Lop Buri n.d.

5 Unk 02 Drugstore Capsule Saraburi 0.9740.02
6 Unk 03 Drugstore Capsule Chumphon 1.06+0.00
7 Unk 04 Drugstore Capsule Udon Thani 1.33+0.00
8 Unk 05 Herbal market Capsule Suphan Buri 0.35+0.02
9 Unk 06 Herbal market Capsule Nonthaburi 0.41+0.02
10 Unk 07* Suspected capsule Capsule CPPD n.d.

11 Unk 08 Herbal market Capsule Suphan Buri 0.26+0.02
12 Unk 09 Herbal market Capsule Roi Et n.d.

13 Unk 10 Drugstore Capsule Bangkok 0.8540.01
14 Unk 11 Drugstore Capsule Bangkok 0.9440.00
15 Unk 12 Drugstore Capsule Lampang 1.00£0.00
16 Unk 13 Drugstore Capsule Songkhla 1.20£0.00
17 Unk 14 Herbal market Capsule Nonthaburi 1.33+0.00

Note: *Suspected sample received from the Consumer Protection Police Division (CPPD), n.d. (not detected) indicates

concentration of andrographolide below the LOD, 3.2 ug/mL

Microscopic Examination

The macroscopic and microscopic diagnostic
characteristics of authentic A. paniculata (AP),
as well as A. indica (AI), T. crispa (TC), and
suspected capsules from CPPD and 13 unknown
capsule samples, were analyzed. The samples,
2 mg each, were mounted with glycerin and
examined under a microscope. Microscopic
examination of the powdered samples was
conducted at 40x magnification, and photographs
were taken for documentation. Each slide
was prepared in 10 replicates. Key diagnostic
microscopic features of unidentified samples
were assessed under these conditions. The Thai
Herbal Pharmacopoeia (THP) monograph was
utilized as a reference for the identification of
AP. The physical characteristics of the sample
powders, including color, smell, and taste, were

also recorded.

High-Performance Thin-Layer Chromato-
graphy (HPTLC) Analysis

One hundred mg of the sample was
extracted with 1.0 mL of methanol for 10 minutes
in a water bath and then filtered through a
0.22 um filter before use. Two uL of the filtrates
was applied to the HPTLC plate as a 6 mm band
using a TLC sampler. The band was positioned
8 mm apart from other bands and 8 mm above
the bottom of the plate. HPTLC separation
using solvent system I consisted of a mixture of
dichloromethane, ethyl acetate, and methanol
(4:3:0.4,v/v/v), while solvent system II consisted
of toluene and ethyl acetate (3:7, v/v) was in
an unsaturated 20 cm X 10 cm Twin Trough
Chamber with a migration distance of 80 mm.
After development, the plate was dried with

cool air. The developed bands were detected

MNsEsasiinenenadasmsunngd
Ui 68 atiud 1 unnawn - Junax 2569 ©




Comparison of Techniques for Identication of Adulteration in

Andrographis paniculata Products

Siriwan Chaisomboonpan et al.

under 254 and 366 nm. Their hR; values were
determined, and the HPTLC chromatogram was
captured using the TLC Visualizer Documentation
System. The developed chromatogram was
sprayed with anisaldehyde-sulfuric acid reagent
and heated at 105°C for 5 minutes HPTLC
profiles were analyzed under white light
following derivatization with an anisaldehyde—

sulfuric acid reagent.

Ultra-Performance Liquid Chromato-
graphy (UPLC) Analysis

Approximately 500 mg of the accurately
weighed sample was refluxed with 50 mL of a
dichloromethane—methanol (1:1, v/v) mixture
for 30 minutes. The extract was filtered, and the
filtrate was evaporated to dryness. The residue
was reconstituted in methanol and adjusted
to a final volume of 25 mL. A 5 mL aliquot of
this solution was further diluted to 10 mL
with water and filtered prior to LC injection.
The quantification of andrographolide content
was conducted using the UPLC system equipped
with a binary pump, vacuum degasser,
autosampler, and column oven. The analyte
was detected by a 2996 photodiode array
detector and analyzed using Empower 2 software
(Waters, USA). A 2 uL. sample was injected into
a reverse-phase column, eluted with methanol
(solvent A) and DI water (solvent B). Isocratic
elution at a 50:50 ratio of solvents A and B was
performed at a flow rate of 0.6 mL/min for
2.5 minutes and detected at 226 nm, while the
column temperature was maintained at 35°C.
The andrographolide content was quantified
using the linear regression equation obtained

from the calibration curve.
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Single Nucleotide Polymorphism (SNP)
Identification Using the Matrix-Assisted
Laser Desorption/Ionization Time-of-
Flight Mass Spectrometry (MassARRAY-
MALDI-TOF)

Total DNA Extraction

Total genomic DNA was extracted from
authenticherbal powder samples (AP, Al, and TC)
and other unknown samples. For DNA extraction,
0.3-0.5g samples were used, employing the
modified CTAB method.®* The samples
were incubated with CTAB buffer and
B-mercaptoethanol at 55°C for 20 minutes.
Chloroform:isoamyl alcohol (24:1) was added
to separate the phases, and the mixture was
centrifuged at 12,000 rpm for 3 minutes at 4°C.
The aqueous phase was transferred to a new
tube, and 500 pL of absolute ethanol and 3 M
sodium acetate were added. The mixture was
centrifuged at 12,000 rpm at 3 minutes at 4°C.
Then, the supernatant was discarded, the pellet
was washed with 75% ethanol, and the mixture
was centrifuged at 12,000 rpm for 3 minutes
at 4°C. The supernatant was then discarded.
The pellet was air-dried at room temperature,
resuspended in the elution buffer, and purified
using a DNA clean-up kit (BioFact Genomic
DNA Prep Kit, Republic of Korea). The quality
and quantity of the DNA were analyzed using
agarose gel electrophoresis and the Nano-
photometer N80. The DNA samples were stored

at —80°C for further experiments.

Verification of Authentic Plant Materials
The identity of the authentic plant
materials [A. paniculata (AP), A. indica (Al),

and T. crispa (TC)] was initially verified using
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DNA barcoding prior to SNP analysis. The rbcL
gene was selected as the genetic marker and
was amplified using the universal primers
rbcLa-F (5'-ATGTCACCACAAACAGA
GACTAAAGC-3") and rbcLa-jf634R (5'-GAAA
CGGTCTCTCCAACGCAT-3")"** and
subsequently sequenced. Sequence homology
searches were performed by comparing the
resulting sequences with existing reference
sequences in the NCBI GenBank database
using the Basic Local Alignment Search Tool
(BLAST). Only samples showing a sequence
homology of >99% with the known species
sequences were designated as authenticated
references for the subsequent assay

development.

Development of MassARRAY-based SNP
Assay

Specific primers for SNP detection were
then designed to distinguish AP from the
potential adulterants Al and TC using the
MassARRAY-based assay. The design utilized
the online MassARRAY Assay Design software
(Agena Bioscience, https://ads.agenabio.com/
AssayDesignerSuite.html), based on the rbcL
gene sequences generated from the verified
authentic samples (Figure 1), which were
aligned against reference sequences from the
NCBI GenBank database. The resulting primer
sequences and their corresponding target SNP
positions are detailed in Table 2. The designed

primers were tested against the authentic AP,

Al and TC DNA samples in a crucial verification
step to establish the unique and definitive mass
signatures (EXT Calls) for each species at the
selected SNP positions, as shown in Figure 1.

Subsequently, the authentic and unknown
samples were assessed using the MALDI-TOF
MS method according to the manufacturer’s
protocol. Step 1: PCR reaction preparation. The
reaction consisted of 50 ng DNA, PCR buffer,
magnesium chloride, dNTPs, Taq polymerase,
and primers (rbcLa-F and rbeLajf634-R). Step
2: Shrimp Alkaline Phosphatase (SAP) reaction,
which involves dephosphorylating unincor-
porated dNTPs. The reaction included the PCR
reaction, SAP buffer, and SAP enzyme. Step
3: Extension reaction: the SAP reaction was
further processed with iPlex Pro buffer, iPlex
Pro terminator mix, iPlex Pro Enzyme, and
extension primers (Table 2). After PCR
reaction, the PCR products were transferred
to a 96-well plate, and 29 uL of Type I ultrapure
water was added before proceeding to the
analysis. Using the MassARRAY analyzer,
four PCR product samples were loaded onto
the SpectroCHIP (iPLEX Pro SampleID Panel
Set, Agena Bioscience, San Diego, USA) after
resin desalination (iPLEX Pro SamplelID
Panel Set, Agena Bioscience, San Diego, USA).
Then, the obtained mass spectrometry data
for the SNP targets were analyzed using the
Typer 4 Analyzer software (Agena Bioscience,
San Diego, USA).
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TC-HO042153
41 44TicoWaN
41 15TTicoNBF
41 165TicolDN
AI-MH3G0T40
T4 1AzinWAN
T4 286AzinMED
T4 28TAzinSA
AP-LCT44918
93 BIZAnpallDN
93 B3dAnpaSEN
93 835AnpaNON

TTC-RC042153
41 44TicoWAN
41 157TicoNBE
41 165TicoUDN
AI-MH260740,

T4 lAzinWAN

T4 286AzinMET
74 287AzinSA
AP-LCT744918

93 832AnpayoN
93 B34AnpaSEN
93 835AnpalON
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TC=NC042153
41 44TicoMAN
41 15TTicoNBR
41 169TicolDN
41 565TicoSsK
AI-MH360740.
T4 1As=inWAN
T4 286AzinMED
T4 28TAzinSR
AP-LCT44918
93 BIZAnpalDN
92 g34anpasKN
93 B3SAnpaloON

TC-NC042183,
41 44TicoWAN
41 157TicoNBE
41 165TicoUDN
AI-MH360740.
T4 1AzinWAN
T4 286AzinMET
T4 28TAzinSA
AP-LCT44918
93 B32AnpalDN
93 g34AnpaSKN
93 B3SAnpaNON

TC-NC042153,
41 44TicoWAN
41 157TicoNBE
41 169TicoUnN
AI-MH360740.
T4 1AzinWAN
T4 286AeinMED
74 28TAzinSAR
AP-LCT744918B
93 23ZAnpalDN
93 B34AnpaSEN
93 B3SAnpaNON

TC-NC042153.
41 44TicoWAN
41 157TicoNBF
41 165TicoUDN
AI-MH360740,
74 1lazinWAN
T4 286AzinMED
T4 28TazinsSn

TC-NC042183,
41 44TicoWAN
41 157TicoNBE
41 169TicolDN
AI-MH360740,
T4 lAzinWAN
T4 286AzinMEl
74 28TAzinsSA
AP-LCT44918
93 832anpayoN
93 B34AnpaSEN
93 B3SAnpaNON

Figure 1 Multiple sequence alignment of the rbcL gene region for species verification and SNP
marker selection. The alignment displays rbcL gene sequences obtained from the
authentic plant samples generated in this study: A. paniculata (AP; 93 832AnpaUDN,
93 834AnpaSKN, 93 835AnpaNON), A. indica (AI;, 74 1AzinWAN, 74 286AzinMEU,
74 287AzinSA), and T. crispa (TC; 41 44TicoWAN, 41 157TicoNBP, 41 169TicoUDN).
These sequences are juxtaposed with corresponding reference sequences from the NCBI
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GenBank database (NC042153, LC744918, and MH360740). The Sequence Identity

(Seq ID) values indicate the percentage of nucleotide similarity compared to the

closest reference sequence, thereby confirming the identity and purity of the authentic

materials. The seven positions (62 =TC1, 121 = Al2, 265 =Al7, 313 =AP14, 421 = AAT4,

and 478-479 = AP21), which are demarcated by red square boxes, represent the
functional SNP markers selected for the final MassARRAY-MALDI-TOF assay due to

their clear species-specific polymorphisms.

Table 2

Sequence, molecular mass, extension variant call (EXT Call), and read of extension

primers for SNP detection in a mixture powder of three herbal plants

Primer ID (5'53") Sequence Molecular EXT Call Read
mass
AAT4 F-gATTAAAACTTTCCAAGG 5507.6 No call UEP
F-gATTAAAACTTTCCAAGGC 5754.8 C TC
F-gATTAAAACTTTCCAAGGA 5778.8 A Al
F-gATTAAAACTTTCCAAGGT 5834.7 T AP
Al2 F-ccccACCAGGAGTTCCGCC 5695.7 No call UEP
F-ccccACCAGGAGTTCCGCCC 5942.9 C Al
F-ccccACCAGGAGTTCCGCCT 6022.8 T AP, TC
Al7 R-gAGGGTAAGCTACATAACA 5870.9 No call UEP
R-gAGGGTAAGCTACATAACAA 6142.1 T AP, TC
R-gAGGGTAAGCTACATAACAT 6197.9 A Al
AP14 F-AGAAGGTTCTGTTAC 4608.0 No call UEP
F-AGAAGGTTCTGTTACC 4855.2 C AP
F-AGAAGGTTCTGTTACT 4935.1 T AL TC
AP21 R-TTTAATAGTACATCCCA 5129.4 No call UEP
R-TTTAATAGTACATCCCAA 5400.6 AT AT, TC
R-TTTAATAGTACATCCCAG 5416.6 GC AP
TC1 R-ATCAGTATCTTTGG 4269.8 No call UEP
R-ATCAGTATCTTTGGG 4557.0 C TC
R-ATCAGTATCTTTGGT 4596.9 A AP, Al

Note: AP = A. paniculata, Al = A. indica, TC = T. crispa, UEP = un-extension primer

T 68 atiufl 1 ¥nT1aN - Tuney 2569
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Results

Microscopic Features

The unknown sample from CPPD (A)
displayed heterogeneous anatomical features
suggestive of mixed or non-Andrographis
paniculata (AP) plant tissues. Key structures
observed included: upper epidermis (i);
parenchyma cells (ii), some containing prismatic
crystals, as well as prismatic crystals in the
sectional view of lamina (iii), anomocytic
stomata (iv), starch grains (iii); xylem
parenchyma (iv); sclereids (v); lignified
parenchyma (vi); bordered-pitted vessels (vii);
reticulate vessels (viii); spiral vessels (ix); free
starch grains (x); parenchyma cells containing
prismatic crystals (xi); stone cells (xii); and
prismatic crystals features (xiii) inconsistent
with authentic AP (Figure 2A). In comparison,
microphotographs of authentic A. paniculata
(B) showed an upper epidermis with lithocysts
containing cystoliths and multicellular
glandular trichomes (i), cystoliths (ii), diacytic
stomata (iii), multicellular glandular trichomes
(iv), and parts of uniseriate multicellular
trichomes (v) (Figure 2B). Azadirachta indica
(C) exhibited an upper epidermis of polygonal
cells (i), some containing brown substances
(ii), associated with bulliform cells (iii), and
a lower epidermis composed of polygonal cells
with normocytic stomata, multicellular glandular
trichomes (iv), bulliform cells (v), and rosette
aggregate crystals (vi) (Figure 2C). Tinospora
crispa (D) showed an upper epidermis (i) and

parenchyma (ii) containing prismatic crystals,
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prismatic crystals in the lamina section (iii),
multicellular glandular trichomes (iv), and
papillae (Figure 2D). Further investigations
included authentic plant specimens of A.
indica (Al), and T. crispa (TC). The microscopic
analysis of the authentic Al and TC specimens
aligned with the AI and TC monographs in the
Thai Herbal Pharmacopoeia (THP). Moreover,
13 unknown samples were used for quality
evaluation. Photomicrographs of eight samples
(Unk 02-04 and Unk 10-14) acquired from
traditional drugstores corresponded with the AP
monograph, whereas microscopy of two samples
(Unk 01 and Unk 09) did not conform to the AP
monograph. Microscopic examination of sample
Unk 05 revealed polygonal epidermal cells, some
containing brownish intracellular deposits,
in association with bulliform cells within the
upper epidermis. The lower epidermis exhibited
polygonal epidermal cells, normocytic stomata,
multicellular glandular trichomes, bulliform
cells, and rosette aggregate calcium oxalate
crystals. The coexistence of multiple diagnostic
features suggests heterogeneous plant tissues,
indicating that Unk 05 may represent a mixture
of more than one herbal species; therefore,
definitive taxonomic identification could not be
concluded solely on microscopic examination.
Analysis of Unk 06 and Unk 08 identified
lithocysts containing cystoliths, multicellular
glandular trichomes, diacytic stomata, and
multicellular trichomes, consistent with the
AP monograph but present in mild to moderate

abundance.
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Figure 2 Microscopic photographs of powdered herbal samples and authentic plant materials
were used for comparative identification. (A) Unknown sample obtained from CPPD,
(B) A. paniculata, (C) A. indica, and (D) T. crispa.
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Phytohemical Analysis Using High-
Performance Thin-Layer Chromatography
(HPTLC)

The HPTLC of the samples was initially
undertaken by comparing their hR; values on
HPTLC and overlaying their UV spectra with
those of andrographolide as a marker. HPTLC
analysis was performed on 14 samples, which
were separated on a silica gel GF,,, HPTLC
plate and compared with authentic specimens
of AP, Al, and TC. Two chromatographic solvent
systems were employed for the analysis.

As shown in Figure 3A, the chromatograms
of authentic specimens of AP, Al, and TC (tracks
2—4) were compared with the unknown samples
(tracks 5-18), and standard andrographolide
(track 1) was used as a reference for identifying
AP. After developing the plate using the solvent
system I and performing derivatization, detection
under white light revealed seven purple bands
at hR; 8, 10, 25, 28, 56, 61, and 87, a pink band
at hR;42; and two brown bands at hR; 78 and 95
in the chromatogram of authentic AP (track 2).
Notably, a dark purple band at hR 56, identified
as andrographolide, was observed through
comparison with the standard (track 1). The
authentic AI chromatograms were observed in
track 3. After derivatization, three purple bands
at hRy 3, 13, and 62; a yellow-brown band at
hR; 26; three brown bands at hRy 70, 82, and
95; and a green band at hRy 35 were detected.
Similarly, the HPTLC profile of TC was examined
in track 4, where purple bands at hRy 3, 57, 61,
and 78 and three brown bands at hRy 86, 90,
and 95 were identified.

Figure 3B illustrates the HPTLC patterns
of the samples developed using solvent system
II. The chromatogram of authentic AP (track 2)
displayed seven purple bands at hRy 3, 5, 25, 28,
30, 56, 62, and 87, along with two brown bands
at hRy 78 and 95. The purple band at hRy 30
was identified as andrographolide based on its
hRy and color (track 1). The HPTLC pattern
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of Al (track 3) showed a greenish-brown band
at hR; 3 and a yellow-brown band at hR; 26.
Additionally, four bands at hR; 35, 62, and 70
with green, orange, purple, and brown colors
were observed and considered characteristic of
Al. The HPTLC profile of TC (track 4) revealed
four purple bands at hR; 3, 57, 61, and 78, along
with a grey band at hRy 35 and three brown
bands at hRy 86, 90, and 95. This region was
identified as a distinguishing feature of TC.
The chemical profiles of the suspected
sample from CPPD (track 11) and other samples
were analyzed and compared with the authentic
specimens under the previously described
conditions. The chromatogram of the suspected
sample developed using solvent system I revealed
four purple bands at hR; 3, 57, 61, and 78, along
with three brown bands at hR, 86, 90, and 95.
Similarly, its HPTLC profile developed with
solvent system II showed four purple bands at
hRy 3, 57, 61, and 78, a grey band at hRj 35,
and three brown bands at hRj, 86, 90, and 95.
Based on these results, the chromatographic
profiles indicated a dissimilarity between the
suspected sample and authentic AP; however,
the product exhibited a pattern similar to TC.
The HPTLC profiles of the eleven unknown
samples (Unk 02-06, Unk 08, Unk 10-14) as
shown in tracks 6-10, 12, and 14-18 of Figure
3A were analyzed under white light following
derivatization with an anisaldehyde-sulfuric
acid reagent. After developing the plate using
solvent system I, the chromatograms revealed
seven purple bands at hRy 8, 10, 25, 28, 56, 61,
and 87, a pink band at hRy 42, and two brown
bands at hRy 78 and 95. When solvent system
IT was used (Figure 3B), the chromatograms
showed seven purple bands at hR; 3, 5, 25, 28,
30, 56, and 87, along with two brown bands at
hRy 78 and 95. Notably, a dark purple band at
hRy 56 in system I and at hRy 30 in system II
was identified as andrographolide. Based on

these observations, the six unknown samples
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were identified as AP. However, the appearance
of grey and brown bands at hR; 35 and 70 in
samples Unk 08 and Unk 10 (tracks 12 and 14)
after developing the plate using solvent system
IT indicated potential contributions from other
species. In contrast, the HPTLC profiles of two
unknown samples (Unk 01 and Unk 09, tracks 5
and 13) demonstrated dissimilarities compared
to authentic AP (track 2) across both solvent

A hRe 1
20
80
70
60
50
40
30
20
10

systems. Based on the HPTLC results, the
fingerprint of the suspected sample did
not conform to the authentic AP, and the
andrographolide band was not observed in
the suspected sample. HPTLC enables the
development of unique chemical fingerprints for

herbs, effectively distinguishing authentic AP

from adulterants.

il | f ¥ T T 3T T T rrEY Tl Al

TC unk01 unk02 unkD3 unk04 unkD5 unk06 unkD7* unk08 unk09 unk10 unkll unk12 unk13 unkld

o —— G {03

Figure 3 HPTLC chromatograms of extracts observed under white light after derivatization

with anisaldehyde-sulfuric acid. The plate was developed using dichloromethane,

ethyl acetate, and methanol (4:3:0.4, v/v/v) (A) and toluene: ethyl acetate in a ratio

of 30:70 (v/v) (B). Tracks 1-18 represented the samples as follows: standard
andrographolide (0.1 mg/mL), leaf of AP, leaf of Al, leaf of TC, and Unk 01-Unk 14,

respectively. Each slot was loaded with 2 uL of the sample.

Additionally, to address this limitation
of the HPTLC technique, we employed Ultra-
Performance Liquid Chromatography with
Photodiode Array (UPLC-PDA) for quantitative
confirmation of andrographolide in selected
samples following the Thai Herbal Pharma-
copoeia monograph. UPLC-PDA served as a
feasible alternative, providing supportive
chemical evidence that aligned with HPTLC
results. The specific procedures and outcomes

of this analysis are presented in Table 1.

Analyzing SNPs Using MassARRAY-
MALDI-TOF

Prior to SNP analysis, the species identity
of the authentic plant materials (A. paniculata,
A. indica, and T. crispa) was rigorously
confirmed using DNA barcoding and sequence
homology comparison. The sequence alignments
showed a high degree of similarity (= 99%)
to established NCBI GenBank accessions,
confirming their purity and providing the basis
for SNP marker selection (Figure 4).
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A highly sensitive MassARRAY-based
assay was then developed to identify and
differentiate AP from adulterants Al and TC,
by targeting species-specific single nucleotide
polymorphisms (SNPs). The resulting mass
spectral data of nucleotides complementary to
the SNP positions revealed distinct Base Calls
that served as definitive spectral signatures
for each authenticated plant: T-T-T-C-GC-A
for authentic AP, A-C-A-T-AT-A for Al, and
C-T-T-T-AT-C for TC (Table 3 and Figure 4).

The MassARRAY-based assay yielded
conclusive SNP profiles when analyzing the
fourteen unknown samples. Six samples
exhibited a single spectral signature consistent

with an authentic plant species. Specifically,

Blank

three samples (Unk 02-04) showed a profile
identical to authentic AP, and two samples (Unk
01 and Unk 09) were identified as AI. Sample
Unk 07 exhibited a profile consistent with TC,
corroborating the HPTLC analysis findings.
In contrast, the remaining eight samples
(57.14%) were found to contain compound SNP
profiles (multiple peaks) indicative of complex
mixtures of two plant species (Table 3 and
Figure 5). Specifically, two samples (Unk 05
and Unk 08) exhibited compound signatures
matching the mixture of AP and TC, while
the other six samples (Unk 06, Unk 10-14)
displayed signatures confirmed to be a mixture
of Al and AP.
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Figure 4

Authentic AP, Unk 02-04

Authentic Al, Unk 01, Unk 09

Authentic TC, Unk 07

MassARRAY-MALDI-TOF SNP profiles of reference authentic plants and a subset of
unknown samples showing single-component identification, analyzed using the iPLEX
assay. The columns in the figure are labeled as follows: Blank (Negative Control);
Authentic Plant References [AP (A. paniculata), Al (A. indica), and TC (T. crispa)l;
and the specific unknown samples which are grouped according to the identified
single-species profile. The rows represent the specific SNP primer sets used for the
detection of the three plant species (AAT4, Al2, AT7, AP14, AP21, and TC1). Red dashed
lines indicate non-extension primer products (unincorporated primers), and blue dashed
lines indicate extension primer products (Base Calls). The single, clear spectral peak
observed across all unknown samples confirms single-species identification without

evidence of adulteration.
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Table 3 The MALDI-TOF MS results in the detection of SNPs in authentic AP and 14 unknown

Samples
Sample ID Nucleotide profile . Sp.ecies.
AAT4 Al2 Al7 AP14 AP21 TC1 identification
Authentic AP T T T C GC A AP
Authentic AI A C A T AT A Al
Authentic TC C T T T AT C TC
Unk o1 A C A T AT A Al
Unk 02 T T T C GC A AP
Unk 03 T T T C GC A AP
Unk 04 T T T C GC A AP
Unk 05 T, C T, T T, T C,T GC, AT A, C AP, TC
Unk 06 AT C,T AT T, C AT, GC A A Al AP
Unk 07* C T T T AT C TC
Unk 08 T, C T, T T, T C,T GC, AT A, C AP, TC
Unk 09 A C A T AT A Al
Unk 10 AT C,T AT T, C AT, GC A A Al AP
Unk 11 AT C,T AT T, C AT, GC A A Al AP
Unk 12 AT C,T AT T, C AT, GC A A Al AP
Unk 13 AT C,T AT T, C AT, GC A A Al AP
Unk 14 AT C,T AT T, C AT, GC A A Al AP
Blank No call No call No call No call No call No call -
Note: AP = A. paniculata, Al = A. indica, TC = T. crispa
Blank AP, Al AP,TC AL TC AP, Al, TC
L*JJN EM;J\AWI;J\J\VJ\V e

sample

Figure 5 MassARRAY-MALDI-TOF SNP profiles of unknown samples showing compound SNP
profiles indicative of adulteration, analyzed using the iPLEX sssay. The profiles reveal
compound SNP signatures (multiple peaks), which confirm the co-existence of DNA
from more than one plant species in a single sample, providing definitive evidence
of adulteration. Columns represent the Blank (Negative Control) and the specific
unknown samples, which are grouped according to the identified mixture patterns.
Rows correspond to the specific SNP primer sets used for the detection of the three plant
species. Red dashed lines indicate non-extension primer products, and blue dashed

Unk 06, Unk 10-14

Unk 05, Unk 08

line indicate extension primer products.

Not found

Not found

Al2

Al7

AP14

AP21

TP1
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Discussion

This study presents an integrated
authentication framework combining three
complementary approaches (microscopy, HPTLC
fingerprinting, and MALDI-TOF MS) for
the quality control of AP herbal formulations.
The efficacy of the present study is not derived
from the innovative use of well-established
individual techniques, but from an integrative
strategy that systematically addresses the
limitations in each platform. Despite being
the most accessible and aligned with WHO

(30-32)

recommendations, microscopy proved
insufficient for heavily processed or powdered
formulations. The comparison of the suspected
samples was conducted based on macroscopic
characteristics. The suspected sample from
CPPD showed differences in color and taste
compared to authentic A. paniculata. Moreover,
the suspected powder exhibited a light brown
color and a mildly bitter taste, which was less
intense than that of AP.

The microscopic evaluation of the
suspected sample was done by comparing
with the Thai Herbal Pharmacopoeia (THP)
monograph of AP. The suspected samples showed
cellular structures indicative of a plant leaf, such
as stomata and trichomes. However, the overall
cellular features of the suspected capsule did
not conform to the microscopic characteristics
of AP in the THP. Therefore, two bitter-tasting
medicinal plants, Al and TC, were selected
for microscopic examination to compare their
features with those of the suspected capsule.
Microscopy provided unequivocal identification
for raw or minimally processed samples,
particularly when diagnostic features such as
trichomes, starch granules, or xylem structures
were preserved. However, sensitivity dropped
in powdered formulations due to the loss of key
anatomical markers. This highlights microscopy
as a reliable yet limited tool for examining
finely ground or blended herbal ingredients
in polyherbal preparations. Microscopy
provides essential diagnostic features of plant

M5815NTHANENFFATANTUWNE
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tissues, including trichomes, stomata, and
mesophyll structures. However, its reliance on
observer expertise can lead to inconsistencies,
particularly when analyzing powdered samples
or identical plant parts, necessitating the use
of complementary techniques."*'®

The HPTLC technique provided chemical
fingerprints with rapid throughput and
reproducibility. The suspected sample from
CPPD and multiple unknown samples exhibited
banding patterns more closely aligned with
TC, suggesting substitution or adulteration in
commercial products. While HPTLC provided
reproducible fingerprints and allowed
discrimination between major species, it also
revealed challenges. Overlapping bands, such as
those at hRy 35 and 70, reduced specificity and
suggested the presence of mixed plant materials.
Furthermore, two samples (Unk 01 and Unk 09)
could not be confidently identified as AP, as
their chromatograms lacked the diagnostic
andrographolide marker. Moreover, UPLC-PDA
was used to quantitatively confirm andro-
grapholide in the samples, following the THP
monograph. This step reinforced the adapt-
ability of the framework in resource-limited
settings and highlights the importance of
HPTLC validation. These findings underscore
that HPTLC, though widely accepted in
pharmacopoeia monographs, may not provide
definitive results for heavily processed or
adulterated samples. It has an advantage
in generating comparative fingerprints,
but its limitations highlight the need for
complementary methods. In this study,
HPTLC results established preliminary
evidence of adulteration that required further
confirmation through molecular-level techniques
such as MassARRAY. While HPTLC provided
reproducible fingerprints for AP and enabled
preliminary discrimination from common
adulterants, its specificity was reduced in
complex or processed formulations. Moreover,

the overlapping bands with TC and the absence
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of the diagnostic andrographolide band in some
samples highlight the risk of misidentification.
These findings demonstrated the strength
of HPTLC as a screening tool and also
highlighted its limitations as a single method for
authentication.

The integration of microscopy, HPTLC,
and MassARRAY analyses produced highly
consistent results, particularly in samples
suspected of adulteration. Microscopic
examination revealed the absence of key
diagnostic structures of authentic A. paniculata
(AP), such as cystoliths and diacytic stomata,
in several samples. Instead, normocytic stomata
and bulliform cells were observed, suggesting
the presence of other plant species. These
findings were supported by HPTLC analysis,
which showed that the suspected samples lacked
andrographolide bands (hR, 56 or 30) and
exhibited chemical fingerprints similar to
T. crispa (TC). MassARRAY SNP profiling
further confirmed adulteration in 11 of 14
samples, identifying A.indica (AIl), TC, or
mixtures of AP with these species. The strong
agreement among the three analytical
platforms demonstrates robust cross-validation
and highlights the reliability of the integrative

approach, which improved the sensitivity
and specificity of adulteration detection to
approximately 96-1009.%°

The detection of AI and TC, both
bitter-tasting herbs, raises concerns regarding
raw material substitution, especially during
periods of heightened demand such as
the COVID-19 pandemic. Collectively,
the microscopy, HPTLC, and MassARRAY
results consistently indicated the presence
of non-AP plant materials in commercial
AP capsules, underscoring the importance
of multilayered analytical strategies for
quality assurance. In this workflow, Mass-
ARRAY served as the decisive confirmatory
method. Unlike HPTLC, which depends on
visible chromatographic bands, MassARRAY

generates species-specific SNP signatures
capable of distinguishing AP from adulterants
even in powdered capsule matrices, thereby
resolving ambiguities arising from morphological
distortion or overlapping chemical profiles.
This study recognizes an important
limitation: only two commonly reported
substitute species, A. indica (Al) and T. crispa
(TC) were included as reference adulterants.
Their selection was informed by market
surveillance data, pharmacognostic resemblance
to A. paniculata (AP), and their similarly bitter
taste profiles, all of which render them
plausible substitutes during periods of AP
shortage. Although AI and TC represent
documented adulterants in the commercial
supply chain, the botanical diversity of herbal
raw materials suggests that additional,
uncharacterized species may also be used as
substitutes. Given that the authentication
markers and SNP assays were specifically
optimized for AP, Al, and TC, adulteration
involving species outside this reference
set may evade detection, particularly when
phytochemical fingerprints overlap or the
targeted SNP polymorphisms are absent. Within
this context, the integrated analytical workflow
encompassing microscopy, HPTLC finger-
printing, and MassARRAY-based SNP genoty
ping demonstrated strong utility for clarifying
inconclusive findings, distinguishing true from
false positives, and providing mutually reinforcing
evidence across morphological, chemical, and
genetic levels. Minor inconsistencies observed
among the methods are attributable to the
inherent heterogeneity of herbal materials
rather than methodological deficiencies,
emphasizing the necessity of multi-tiered
verification.®"*® Overall, this framework
establishes a rigorous, evidence-based model
for enhancing the reliability of herbal
authentication, supporting regulatory
assessment, and strengthening quality

control practices by linking traditional
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pharmacognostic evaluation with modern
analytical standards, while underscoring
the need to expand reference databases
and explore future incorporation of chemometric
or genomic tools.®

Finally, the sensitivity of the integrated
technique was calculated based on the three
samples (Unk 02-04) classified as true AP by
all methods. According to standard diagnostic
definitions, the MassARRAY SNP assay
achieved 100% sensitivity in this dataset when

evaluated against the integrated framework.

The definitions of true positive (TP), false

analysis are consistent with internationally
accepted diagnostic metrics, such as those
described by Oehr (2025) in Diagnostics®.
The integration of microscopy, HPTLC,
and MassARRAY represents a significant
advancement in herbal product authentication
and provides a scientifically rigorous model
that can be adapted and expanded for
future applications. A comparative summary o
individual methods and the integrated workflow
is presented in Table 4 to illustrate how the
strengths and limitations of each technique are

balanced within the combined system.

negative (FN), and sensitivity used in this

Table 4 Comparative summary of the methods of microscopy, HPTLC and MassARRAY,

vs integration of the three methods

Outcome in

Method Strengths Limitations
this study
Microscopic - Rapid, low-cost - Not applicable to - Confirmed authenticity
identification - Microscopic characteristics powders/capsules in raw samples; inconclu
- Aligned with Pharmacopoeia - Structural markers sive in processed
standards are often lost during formulations
processing
HPTLC - Reproducible phytochemical - Band overlap with - Detected andrographolide
fingerprints related species in authentic AP; flagged 2
- Widely accepted in (e.g., T. crispa) ambiguous samples
regulatory QC - Limited specificity
in polyherbal
powders
MassARRAY - High sensitivity and - Requires a - Provided unambiguous
specificity comprehensive identification; resolved
- Works in processed or spectral library false positives/negatives
complex mixtures - Advanced from HPTLC
instrumentation
needed
Integrated - Compensates for individual - Requires - Achieved 96.4%
(z20r3 weaknesses multi-platform sensitivity, 100%
techniques) - Cross-validated evidence access and specificity®*";
- Transparent, regulator- coordination created an audit trail

ready for discrepant cases
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Conclusions

This study demonstrates that integrating
microscopy, HPTLC fingerprinting, and
MassARRAY technology into a structured
decision framework offers a robust and
regulator-ready approach for authenticating
A. paniculata herbal formulations. The strength
of this work lies not only in the novelty of each
method individually but also in their deliberate
convergence, which mitigates methodological
blind spots and ensures higher sensitivity,
specificity, and reproducibility than any single
technique alone. By converting disparate
tools into a coherent workflow, the study
advances herbal medicine quality control from
practice-based judgment to a transparent,
auditable, and evidence-driven process. This
framework has the potential to strengthen
regulatory enforcement, safeguard consumer
safety, and enhance trust in herbal products
deployed during public health crises. Its
adoption, coupled with future expansion of
spectral libraries and digital decision-support
systems, could set a new benchmark for herbal

product authentication worldwide.
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Comparison of Techniques for Identification

of Plant Adulteration in Andrographis
paniculata (Burm.f.) Nees Herbal Products
among Microscopy, High-Performance Thin-
Layer Chromatography, and MassARRAY-
Matrix-Assisted Laser Desorption Ionization

Time-of-Flight Mass Spectrometry

Siriwan Chaisomboonpan'®, Koravit Somkid', Pairin Thongkhoom', Nawarat Chadchen',
Sopidawan Wichienkul', Wareerat Kanjananuch', and Jiranuch Mingmuang’
'Medicinal Plant Research Institute, Department of Medical Sciences, Nonthaburi 11000, Thailand

’Bureau of Drug and Narcotic, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT The COVID-19 pandemic between 2019 and 2021 led to an increased demand for
Andrographis paniculata (Burm.f.) Nees (AP) products, resulting in rising prices and adulteration of
products with other herbal materials. This study aimed to authenticate A. paniculata capsule products.
Thirteen samples were purchased from traditional drugstores and local herbal shops, and one product was
obtained from the Consumer Protection Police Division (CPPD). Multiple authentication techniques were
applied, comprising microscopic identification, high-performance thin-layer chromatography (HPTLC)
analysis, and single nucleotide polymorphism (SNP) identification using the MassARRAY-MALDI-TOF.
Microscopic examination confirmed that 11 samples did not contain A. paniculata. The HPTLC method
was used to detect andrographolide, a marker compound characteristic of this herb. The results showed
that 11 samples exhibited chromatographic profiles consistent with authentic A. paniculata, while two
samples and one sample obtained from CPPD lacked andrographolide. The MassARRAY analysis further
revealed adulteration in 11 samples, identifying three as authentic A. paniculata, two as Azadirachta
indica A. Juss, eight as mixtures of A. paniculata, A. indica, and Tinospora crispa (L.) Miers ex Hook.f.

& Thomson, and the sample from CPPD as T. crispa. This study indicates that although HPTLC is
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suitable for preliminary chemical screening, the MassARRAY technique provides higher sensitivity and
specificity for confirming herbal authenticity. The integration of these three analytical approaches
(microscopy, HPTLC, and MassARRAY) enhances the reliability of species authentication and supports

consumer protection against adulterated A. paniculata products.

Keywords: Andrographis paniculata, Adulteration in herbal product, Microscopic identification,
HPTLC, MassARRAY
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Radiation Dose Received from the Treatment of Liver Cancer

Using TACE at Ubon Ratchathani Cancer Hospital

Kantinan Somjai
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Radiation Dose Received from the Treatment of Liver Cancer
Using TACE at Ubon Ratchathani Cancer Hospital

Kantinan Somjai

J

mMsdawamslddaanidssivg 6.

o9

mveasiimsldlyanlsezdvg ChatGPT
lunsduauuazilarssunssumenadssmne

Aeenssndsena

2920UAM AMzHUTITIsaNEIUIaNsLSY
guaneeil faduayumsianiaiasiiomsasiaia
HaUTINUNE aaanaueNNNNNBLAzEIBMERNN
Saduwng UnSeEmsunwng uazyaanslunienu
Seddmdnwifuasiuiindayansasagiae

[ I 4 a o Ao o ' v =
amﬂuwa‘lmmmﬂmwmLsaqmqmm

LG ARGANED

a 04 I o < S v 4 L% 9
1. AIUUN V\Iawum, E!'SWL!‘D: WNIADTT, WUTNT :

MAMUUN o AT, e 7301, Matlaeiu
UBZAIUANNELIGY. 2 sANz3 2562; 39(2):
64-74.

2. Hoe naeUszww, wisal andausaasy, g
FSwsrsludnsal. mizihutlsan luianmslesy

SAFDUMBUN. 2 FNSNSIFATALIEM TN 10.

RINENNSITINEN N ALEALAZTIFTINShE Ine
2553; 4(1): 18-20.
3. aninnuUsinauiadud. wnneanudasaneeu

971U 39579 TN NSIFIINTN. AFUNN: 11.

drinnulnngiladud; 2563.

4. Vano E, Miller DL, Martin CJ, Rehani MM,
Kang K, Rosenstein M, et al. Patient dose in
interventional radiology: a review of current
guidelines and practical recommendations.
Radiat Prot Dosimetry 2010; 139(1-3): 443-8.

5. NSNINGIAFASNITUNNG NTENTWNETITUF.
asuusedarsdelunisaraninsedifiane
Mansunngaaalssnalng. ngunwa: u3En
foaud Wuasds 100 2566.

12.

Hong CS, Ju SG, Choi DH, Han Y, Huh
Sd, Park W, et al. Dosimetric effects of
intrafractional organ motion in field-in-field
technique for whole-breast irradiation.
Prog Med Phys 2019; 30(3): 65-73.

Japan Network for Research and Information
on Medical Exposure (J-RIME). National
diagnostic reference levels in Japan. [online].

2020; [cited 2023 June 17]; [22 screens].

Available from: URL: https://j-rime.qst.
go.jp/report/Dri2020 Engver.pdf.

Health Information and Quality Authority.
Diagnostic reference level. [online]. 2021;
[cited 2023 June 26]. Available from: URL:
h ://higa.ie/si /default/files/2021-07/
diagnostic-Reference-Levels.

U13as inans, g3 ola, WBnsal fan, Fonsed
waady, NI guing. MIdadTunusag

]
v a o

sdeigihelasunnnsinwnzieaulasis
1888 Y99nUzUNNEFAM TS LSANEIVIFNINBUR
NYIMNENA8NHEna. Mahidol R2R e-Journal 2566;
10(2): 28-42.

sipghawal Adquzing. msdnmuTimded
Agtheldsunnmanmanedednudnmasuy
aen lsanennaddazaie. 1 Innendasgumn
asEdIIUFY a%ixglﬁm 2566; 3(2): 27-38.
McParland BdJ. Entrance skin dose estimates
derived from dose-area product measurements
in interventional radiological procedures.
Br J Radiol 1998; 71(852): 1288-95.
International Commission on Radiological
Protection. The 2007 Recommendations of
the international commission on radiological
protection. ICRP Publication 103. Ann ICRP

2007; 37(2-4): 1-332.

M5815NTHANENFFATANTUWNE
7 T 68 atUN 1 ¥n51AN - 1NAN 2569




USnasednlasunnmssnnnzeaulaaisieds
T5aneNNaNz599 U89 Tl nudtiun awla

Study of Radiation Dose Received by
Patient from Liver Cancer Treatment Using
Transarterial Chemoembolization

at Ubon Ratchathani Cancer Hospital

Kantinan Somjai

Interventional Radiology, Ubon Ratchathani Cancer Hospital, Ubon Ratchathani 34000, Thailand

ABSTRACT Hepatocellular carcinoma (HCC) is one of the most common cancers in Thailand. The
most effective treatment for HCC is surgical resection of the tumor; however, some patients are not
eligible for surgery. In such cases, interventional radiology plays an important role in patient management,
and Transarterial chemoembolization (TACE) has become one of the treatment options for HCC.
Since TACE requires the use of X-rays, which are ionizing radiation, patients are at risk of radiation
exposure and potential radiation-induced injuries. Therefore, it is necessary to evaluate the radiation dose
received by patients in order to study the radiation exposure associated with TACE and to compare these
values with diagnostic reference levels (DRLs) from previous studies. Such data serve as references for
assessing the quality of radiation usage in HCC treatment with TACE at Ubon Ratchathani Cancer Hospital.
This study was a retrospective descriptive study including 114 patients with HCC who underwent
TACE between January and December 2024. The average radiation dose received by the patients was
159.92 Gy-cm®. In conclusion, when compared with the national DRLs established by the Department of
Medical Sciences, Ministry of Public Health, Thailand (2023), as well as with international standards,

the cumulative radiation dose from this study was found to be lower than the reference levels.

Keywords: Hepatocellular carcinoma, Transarterial chemoembolization, Diagnostic reference level,
Dose area product (DAP)
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Development of a Chroma Lux Meter for a Beam Limiting

Device of an X-ray Machine

Natika Jitpinit and Rungrote Chansoong
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Development of a Chroma Lux Meter of
a Beam Limiting Device for

X-ray Machine Quality Testing

Natika Jitpinit' and Rungrote Chansoong’

‘Regional Medical Sciences Center 2, Phitsanulok, Department of Medical Sciences, Muang District,
Phitsanulok 65000, Thailand

’Regional Medical Sciences Center 1, Chiang Mai, Department of Medical Sciences, Muang District,
Chiang Mai 50180, Thailand

ABSTRACT A Chroma Lux Meter is a crucial instrument used to assess the brightness quality
of light emitted from the beam-limiting device of an X-ray machine, determining whether the light
brightness meets the standard. To be able to determine the lighting area in X-ray radiography accurately,
therefore, a Chroma Lux Meter was developed using the principle of measuring the color temperature of light.
By using a color detection device capable of high-resolution color recognition and detection to
distinguish red, green, blue, and colorless colors. A microcontroller was used to process the luminance
values measured of visible light according to the CIE 1931 standards, which define a system for representing
the colors of light perceivable by the human eye. The developed device provided numerical measurements
of light illuminance. When compared with the commercialized Chroma Lux Meter used as the reference
instrument, the developed instrument exhibited a maximum error of 4.5 percent, and the repeatability of

the measurement results had a coefficient of variation of 1.9 percent

Keywords: Chroma Lux Meter, X-ray machine, Beam limiting device

NsasnsEInenenaasmMsunng
T 68 aUUA 1 ¥NTIAN - HAN 2569 ©




Anusauatu 2 NININY W 2569; 68 (1): 42-60

MU NHUSLENEAINLATDIATINATZAUHIANS
ludanztinnnwzasmiisuinsugugd
1uﬁuﬁtwmqwﬂ1wﬁ o waz 7 agusziwnealng

Tuiiay eade’ wawmw Funsaanma’ uaz RANG asynmhana®’

‘aninsiduasaiaviiounne naninemansmsunng uumi3 11000

UG TVENNAIUTTAGNNUSEUITANTINNNHNUFUAM SN NN TUNNE AMTNOIZAMTAT NWIINGFEULTATT
aunadiay fivaslan 65000

MATEUNATAMIUNNE AU=INIMans nTIngaeusAIs annaiay wsalan 65000

UNAREa Lﬂ%m@l'ﬁ’m’?ﬂ%ﬁﬂl}l’lmﬁalulﬁaG]‘liﬁﬂ‘wﬂW’]ﬁU‘WUTV]&f’]ﬁ’mﬂumi%@m’l’ﬂiﬂL‘IJ’]‘WJ’]“LJ miﬁnmﬁﬁi’mqﬂizmﬁ
Wiassiivlssansmmwiaaeiasanaiassduihmaluden illumbeuimatguniluagumui 2 uas 7 saamadu
1,483 10399 91N 19 89D U8z 4 NANMIINOIY ﬂsstﬁummLﬁﬂmazmmgﬂﬁaq Tmaiﬁi’aaé’wﬁqﬁmmnﬂﬂa
3 5¥AUANNANAY (71-95 mg/dL, 125-143 mg/dL uas 163-227 mg/dL) mMuineusi Wisconsin State Laboratory
of Hygiene (a2 ISO 15197:2013 TogsuwuNIoaay 85 ﬂaqtﬂéaqﬁﬂuLﬂm%ﬁgﬂﬂaﬂuLﬁmuasmmgﬂﬁm Tﬂﬂﬁﬂ'ua?{a
%CV 0efluz 2 1.0-11.0% wax Bias aglunng -199 84 1206 Sauas 15 7 laishunasi wuamuduiusasnaiitad iy
AUBANNIIMNNU (p-value < 0.05) loananns Amperometry-GOx Hdadrumslithunaeigege (Soaaz 24.8)
mMNAe Photometry-GOx (5888¢ 15.6), Amperometry-GDH-FAD (Sa#az 15.2) (e Amperometry-GDH-PQQ
(50882 10.2) {Itymei"mmmLﬁmL‘TJL;T:hmqwé’ﬂﬂmmﬂﬂmummsﬁ ($onay 50.4) Tsmmsfiszauanandaguem
71-95mg/dL uaséﬁummQnﬁmﬁlﬁmummﬁ wumﬂﬁzjmﬁssé’ummtﬁuﬁu 163-227 mg/dL uazlinuanuuanena
athﬁﬁﬂﬁwﬁaﬁlmﬁﬂEhuﬂﬁlu'chummﬁswhmmqwmwﬁ 2 uaz 7 (p-value = 0.842) msdnniliFeniamuy
maifludunudssnns dasnniflumsdnwidsdnaluiuibiasildngudatsuuuadasla wasinaeiag
NadayaANuTINT0aauiild (Commutability data) #esiagsnds madnmlusmaaasimsmudey
adndeTaqaedefiiianzan Feunsna@ay commutability Auisaasgiuleslddagenngihense
swdaivdayauszianmsldnu ang LLasamwmﬁﬂLﬁmlaqqﬂnstﬁl,ﬁ'amﬁmswﬁﬁmamquﬁqﬁu

MEIAY: LAIINTINIATTAVININS LUERABTANNI, ANNLTEN, ANNYNABY

Corresponding author E-mail: wanpen.d@dmsc.mail.go.th

Received: 18 March 2025 Revised: 11 November 2025 Accepted: 3 December 2025

= Msaansinmemaasmsunwad
U9 68 atiui 1 anTAN - Hinan 2569




UsEENENMWLAIBIN5IIA5EA VNN LB ABTHANN I
panihausmalguiluwagunni 2 uas 7

Ty 929839 wazane

unin

T,'SﬂmemLﬂuﬂﬂujmmmsmqwﬁﬁwﬁ'm
yoslszndlng lasdayaanaunuslsnuinnu
w176 (International Diabetes Federation:
IDF)® 1wl a.a. 2024 Fwugithawivnu
Tudszmalnadszana 6.4 aruau waziiuualiy
\iingesuaedaiiias idhdnuszanndasas 33.3 909
fhedslaldsumsitads mlidenudssgede
M3AANILUNINTBUTUUTIUAEAIIENWWANIN
ABMIEAUAIT NIENTNEFITUFUATENUNTIAIIN
danrasdamasnan wazlemvuaulaamals
unugnsmaaslsalufododadeszdund Toad
figmamsiiiunussazenuivailosiuuazmuau
Tsatnyu Faiumswainssuuusmsgamwlii
Ussdnsmmasudssiulgugi® Fuflumheuins
ﬁlé’%’umi?ivuw::Lﬁﬂumuwssimﬂ'iytﬁasxuqumw
Ugngdl w.a. 2562 miheusmalguaiiliunuin
AsaUANAILAM T NgEW matlasiulsn
msdansesdumiithenslniwazngudss mslif
ﬁhﬂ%ﬂmLﬁaﬂ%’mﬂéﬂquaﬂssqumw N5QUA
Snwniasiu matiamugitheasudaiiiauiomun
anmsuazilasnuamzunsndau llaudamsguanuy
Uszautszaae™ luusunzasmsmiiiunuaanan
wassnaiassauihmaluidanaiownmniady
nasuruazmaluladmemsunndiiamusni
dmsumheuimslgugiiiieldlumsdansaihe
wivmunelyd madamussduihmaludanues
{ihe msUSuuaumssne wazmsldaiuuzin
iiamsdamsauaungiheldaiunaiuasasan
Fatumsdaidanuarlfindsianaiaszduiog
Tudessiannmillasumsiusasmnuanasyuang
ISO 15197:2013% whumstunsiioundofosi
\n3asilaunmednndinnuALNTIINIAIM AT
wariimslszfiulszansawiadasanainsedy
ihmaludessionnm suiuthioiuguidma
Tagns9aaUsz@N50INY8952UUUITNITFAIN

Ygugilunmsquacthanvnu Tuneasaiudu

mne3esiialufinnugndauazanuwiugio
SNNANTENUABNTLLIUM TINURUQUATNEETIEIE

nsNInENEaasNsuwng Aansnalumsnann
asdanuuazmalulodiimnzaniiiogunnizens
Uss?n sy wazaluayuamuITINITUaLaNAnINg
MUINENAIFNINMIUNNG LHUAYABINTVDIBIANS
magumunnmadiu lasdnindiduaziadasiio
unnd Tawaudduseifivenaiies (precision)
WazANNYNas (accuracy) 1DILATEINTIAIA
szeuthaaludeasiionnm Tasmsld Certified
Reference Materials (CRMs) %58 Materials
with Assigned Values finnuduazsansadau
faunsula (traceability) Fufludnniiauuina
N2 aN1MUAuad Clinical and Laboratory
Standards Institute (CLSI EP15-A3)® éwisu
WavUfUuan1smeamsunngviag ldauninis
asraduiiuiu (verification) @auLfiaauas
AIINYNHBI2BIIBNITATINIATELBIUTI ™

Y a

(Quantitative Measurement Methods) ﬁ@wam
spy Fufludueauiiddydaunmaineiasiiande
Basinldnuass wazlddemgiamnasguisms
mugauirisinlassduhmaludessionnm
dmsulsaanenvadaasuguaweva (Sw.a0.)
wasgUdgUNINYNIULADY (AEN.) W.A. 2565
nsuAngnmansmsunmd® iaduunmedniu
wihguinslgugiin luldiduisnsasiassu
fudulszansmniaiasanaiasrautnmaluden
gilawnw nawih lulFnulumihauinsniaaw
SOUTZHLIN UAZLAUAITHIENDAUUININAINEGT?
TiuAmbeuimsuguni 3usulasemsdianan
NINIFIUITNIIMIUFTBULAZAUINIEIUHUANS
mugauiAiasnTaiassuthmaludanaiannm
wAYAIININ NN SUNNGYen B UTNITUFNE
cauathulszana w.e. 2566 laafithwneiiely
wihauimsugugiihasdanugluldussTanily
MINAUAUMWNIATFINUTM IFEAWUFUNTUA

Usemnulununloaeruninzay loaaatdaaniun

NsasnsEInenenaasmMsunng
T 68 atiufl 1 ¥nT1aN - Tuney 2569




Evaluation of Blood Glucose Meters in the Primary Healthcare

Units in Health Regions 2 and 7

Wanpen Duangsawang et al.

isasluwagumwinugidnsailsaumvmugeiig
nndayaNnenulszatl 2565 navlsalidacs
nsuamuanlsa lanesnuaorumsainisiihszis
msideinvesgihanvnu wuhwaguamwi 7
(FaIsoeda 2oULAY WMANTANN LazMWFUT)
Noasmadediavesgthauivninudalssyns
wauAY sVl WA 2560-2564 gaiiga® uas
1n§IUTaya Health Data Center (HDC)
Yeudseana w.a. 2563-2565 wuannthanelv
aaslsavmuluiiuiiwegumwi 7 fuunTiu
Wingetuatadaliioa® nemuddamasanumsnl
aanay Tuthudszanm w.d. 2566 aninaduas
inansilaunndufugudinenmansmsunndi 7
YOUUAY UATHVMINGIFBULTAIT TBIEIENEN
NNIFIUITNIMUFDULIINBUITNIBNUJUANS
mudauriasnnaiassduihmaluidansionnm
WAYAAININNNI TUNNEYBINUIBUTNITUFNYH
Tuiufiagumnd 7 uasluihussanm w.a. 2567
diinfeduaziaiasilaunnduduaudinendans
mMsuwngd 2 Avalan nsuineeansasunng
Fermamamaaniunuluiuiiaganini o
iinsnnldfumsativayuuasanudiuiioaded
NNEUNNUIIFITUFVIINIAULBIANTUTNIS
dudanda TumsUssanunuuasanneanuasain
Tumaddueiasanaiassauimaludoanie
wnwlungduhaghamaameuimagugiluiud
wagawil 2 gidedeauladnmiussansniw
i3asaaiassauinmaludasionnmitldou
Wudszarwaamiasuinsdgugiihulasenis

aanan wiwaliuulanesasiiageaaiussansaw

Y A

MUTDMAUAYDINNAR

u
v

mMsdnwiiifaguszasdiiiosziiiy
Uszansmmadssnmaiassauihmaluidanyiia
wowilFnulszalumiheuimsugugi Tuiud
oguAi 2 waz 7 Aadiasladhiinlesemsausu
FeUfamsmuasuinieensiaiaszauiies

Tudaentionnwiiludmunulumsdnmn

M5815NTHANENFFATANTUWNE
7 T 68 atUN 1 ¥n51AN - 1NAN 2569

Matpsasenainssauhmaludassionnmn

iasniaszduihaaludaauiionnm
wianukuaTaTasmheimslgugd isdasladhim
TﬂsqmsamuL%ﬁﬂﬁﬂ’ﬁmsmuaauLﬂéaqmni’ﬂ
szduthaaludaasiionnm Teefhuedaeildn
dWuszarlumiauinsugugiivazwiuasiai
drlieaidloldnuviadaldlihiu 1 Wau s
wiheanuaanselidayanamsmusaulansudiu
Tuilufwaguawi 2 wos 7 I0N9aY 1,483 19309,
Swundy Wufwaguawil 7 w983 wades,
o Sawdamudug luiuil 16 unsew w.e. 2566
Woriuil 9 WQBMAN W.A. 2566 TN 158 LATAN,
Jvinfeeda Tuiuil 18-19 wnmAy w.a. 2566
Wor Uil 10 WOUAAN W.A. 2566 TN 347 LATaN,
Favioumansenn Tuduil 7 nuaiius w.a. 2566
Wor Uil 11 WOUAAN W.A. 2566 TN 154 LATaN,
Faowdamauunu lufuil s-9 numwWus w.e. 2566
WorTudl 12 WOUAAN W.A. 2566 MUY 324 (AP
woruiilagunwdl 2 $1uu 500 19389 SEUI
Juil 8-12 N3NIAN W.A. 2567 a1 Tawiaen glaiie
Wuaylan Lnysysol uazaashng MU 81, 88, 141,
115 udz 75 1A3DY NG

mssmswifaqgam‘%'a\‘lmmi’msﬁ'mfwmalmﬁam
AUANAN
MunutayaiiaiaiasniasEdumg
Twdeantionnm Tuwuuasnsidiau Google Form
waziufinnamsmuaautaisinsaiaszautnma

Tudaazfianamnsuuunsemsuas Google Form

= -~ <
tﬂia\‘mmtagqﬂﬂim
45 o a &
Lﬂﬁﬂﬂ’)(ﬂqmﬂ{]uua:ﬁﬂ]’mﬁu (608-H2,

Testo, Germany)

ANBINATZIY
NINIFIUITNITNIUFTIULATDINGIATA

SLAUUIOA LULEDABTANWAN FIUSUTSIWEI U



UsEENENMWLAIBIN5IIA5EA VNN LB ABTHANN I
panihausmalguiluwagunni 2 uas 7

U ANEIN LazAD

SUEENFMNWEIIUD (SW.T6.) WazFAUTFuMWENTY

<~ a 4 0‘(7)
LB (AFN.) W.F. 2565 NININBIENFNINITLNNEY

v
[ v a °

anandnnmangladludan
Sanaadahmangladluidan (WE Med Lab
Center Co., Ltd., Thailand) fidhmaluidan
agfludnenuiduduiiuaneeiu 3 ssdu fa 71-95
mg/dL, 125-143 mg/dL w8z 163-227 mg/dL
wazamdanlonien (Hematocrit, HTC) agluzgiv
26-30% Lunuuldasudimuaswionldnu uss
lunasanardanlafifithlavasnas 0.5 iadans
I 3 ¥aRA WSaNUHUMN TN vapanaa MUY
3 %40 ToslFnuusnmuiiazaeuaisnaiaseeu
thaaludeasiionnmn
MNTIIAIB19BIuarAANN Ll L ua U
71530 1egdotusNasINGILNIH aI8UannIs
Isotope Dilution-Liquid Chromatography Mass
Spectrometric (ID-LC-MS)®” wazlagniiedas

MATERIAL CALIBRATION

VALUE ASSIGNMENT

S o e Assigl
High purity glucose CRM: NIST SRM 917¢

Ags\g“

Glucose In frozen human serum: NIST SRM 965b |

pesio®

Processed Blood Material (PEMs)
Clinical Blood sample

i Callbrafe

ca”bra!e

Calip
- TP ra
\"

——
sl —

PNAIUTINBNBUATUTANTTHNNY U HUANS
PNMSUNNEG NMINEFEULTAIT IEITNINTFIU
a9 7ameauln Hexokinase lagld COBAS
Integra 400 Plus“” ugaaamad@aunaulamaanasinen
Fauaaslummii 1 shumsnadauananfhuiiaidendi
(homogeneity) @2uddas (stability) waz
ANNEINIOFSUTILS (commutability) ERGRIGHIG
2BNIFNINANANNANYA (equivalence) AUFIBEN
@oailithumsulsgy Tosguanuaaiuamsdnin
anuaansaaduilduasianandeiiiadeisinasgu
COBAS Integra 400 Plus®’ futaininsiaia
szduthmaluidaasiiownwlogls Preset criteria
+12 mg/dL Tufansndsiifanhmangladennh
100 mg/dL uaz +129 luiaqaredediienhaa
nglaadsud 100 mg/dL Gauanslugsed 1
JaufuTaaddenanuaiiguugilaiiu 30°C
mueuusihrarde tieinmanuasildu

180 M UUMMUNHEH

PROCEDURE

IMPLEMENTATION

NIST

NIST

NIMT

NU MDRL

M 1 ugesanuaaunaulamemnasinenzasmsiaannmanglealuisndda

¥aegin: NU MDRL = uvminenasutsms vinegdde iagendeuasuinnssuiaslfuamsmemsunnd,

NIMT = o uusnasinenunis@ waz NIST = National Institute of Standards and Technology

NsasnsEInenenaasmMsunng
T 68 atiufl 1 ¥nT1aN - Tuney 2569




Evaluation of Blood Glucose Meters in the Primary Healthcare

Units in Health Regions 2 and 7

Wanpen Duangsawang et al.

M3Nf 1 waaskansEnmanuasasauilarasiagdredaunmanglaaludaaiuiaissnsiaia

AU UL BABTANWNIN

LAIBINTINIASTLAUUINS

L v Vv L v = g’ <~
ISAUANNLYNYUYBNN HQB'NEN‘L!'] GI']aﬂQIﬂ ﬁﬂutaam

Twdanztiannm 71—95 mg/dL 125—143 mg/dL 163—227 mg/dL
#ann13 Amperometry-GDH-FAD
1. Gluco A C C C
2. Gluco B C C C
3. Gluco C C C C
4. Gluco D C C C
5. Gluco E C C C
6. Gluco F C C C
7. Gluco G N/A N/A N/A
8. Gluco H N/A N/A N/A
9. Gluco I C C C
10. Gluco J NC NC NC
11. Gluco K N/A N/A N/A
12. Gluco L C C C
13. Gluco M C C C
#ann13 Amperometry-GDH-PQQ
14. Gluco N C C C
15. Gluco O C C C
#ann13 Amperometry-GOx
16. Gluco P C C C
17. Gluco Q C C C
18. Gluco R NC NC NC
#ann13 Photometry-GOx
19. Gluco S C NC C

Winewe: C = Commutable, NC = Non-commutable, N/A = lifidays uaz Gluco A s S wanadia sWaunu

H y v
M DLAINATININ LAV ma“lmaamﬁmWﬂww

n1seaaANNNIaNnaurnsUsziuAT Y
aniaszaunmaludanziiownm
nunutayaivaleissenaiaszduihong
Tudeasiiawnwasaniheuimslgugiifiadasla
ithsammsmudau lawld Google Form Liiase
datagsredahmanglaaludeaiianuansg
a8uTile (commutable) SULASBIATINTATEFUINNS
Tudansiannmusazine uardnausu@agoams
mugauLAteInIiassduwhmaludensiannm

M5815NTHANENFFATANTUWNE
U 68 atiun 1 uns1au - ey 2569

U

wianinsuniginunasgiuisnsmuasuLaias
as2930sedutnaaluldanriionnwy samu
T3WeIUIAaLEINFUNIN UaLAsAUTFUNIN
FUPUNDY W.A. 2565 nIaINEIAEATNTUNNG "
LAENEATUADUNITNIUFBULASPINTIVIATE AL
wanalutdeesiiannw Taalddsidlavas
dinSeduaziaiasiiounnd nswdneramans
ASUNNG LLﬂQﬂejumwﬁﬁawmméaﬁﬂm’%sm
qwmam‘ga 9aiaENININMSUNNg nTzaIBy



UsEENENMWLAIBIN5IIA5EA VNN LB ABTHANN I
panihausmalguiluwagunni 2 uas 7

Ty 929839 wazane

LUUUUNNRANISMIUFBULAIDINTINIATEAVUINS
TUF 0B iaWNNILUUNTZAY AIUFAIUMWA 2
wazuaneIagandunmangledludase iy

3 srauenuEngy ldihnnmmsaaie

Y Y

NLENSINLASENLATDINTINIATEAUUINNS LU

U

LHAFHANNNILAEATIVFDULUN O DIUDILATD LI

wionlFnu wisnuHuama hemuaamw
(i) Tuiindeivanias NINELAYIUMITNENUBY
WHUATI MEmuanammw (i) worianseds
imangladludan soanmsuadaumanadauly

v
[ v Il

Naunniiagsenin 23+5°C WALANNBUTNNNS

50420 %RH Tuiinfaamiiuazanuuduims

& X o ) w § o -
LU ARREM T AR ULATEIRTITIRTE AU A L E AT ATAM

faminnau
1T I ) dwin el
1AMl fwRaau Hagmeaey duma wesflada
fathinfu winenAdes
Tt Uz=mAgHER
wrtiA [ ) Photometry { J Amperometry
weuleaiifld [ ) Qucose ceidase (GOO) { ) Gluccse dehydrogenase (GDH)
Treulwliiatas Chromogen { JPOQ  { JFAD { JHAD
Strip Lot No. _
sl myndudimimg aWhmAIEY
vsdvaunwstsudssdutmivauausmnm
level Lot No. Assay range AWIALA (merdL)

1

2

3

vzfiuaruiuasaruwivdnTandhala

Lot No. (Low) Target Value (Low) mag/dl
Lot Mo, (Medium) Target Value (Medium) ma'dL
Lot Mo. (High) Target Value (High) ma/dL
- 'faﬂ Lewvel
Lo Medium High

1

2

3

i

5

&

7

a

9

10

AN 2 AIPENLUVTUNNHANSMIUFIULATAINTINATEAULIMNA LULIDABLANAN

NsasnsEInenenaasmMsunng
T 68 atiufl 1 ¥nT1aN - Tuney 2569




Evaluation of Blood Glucose Meters in the Primary Healthcare

Units in Health Regions 2 and 7

Wanpen Duangsawang et al.

malsudiveiasnsaiassduhmaludansio
wnmé’mi’aqé’w‘ﬁaﬁmmnngﬂ,utﬁam
fithrvnmamudeauaissnainsedu
imaludansiionnwneeiansednhmanglad
Twden smsuaniagsdanaanglaaluiden
qudhudladendy Toglivanavaagatiuas S
5-10 A% szTensliiAanas neatagiednhema
nglaaludaauuusuwsildy mntwhmsasaia
feadasnnainssauinmaludeasiionnmuas

Tandrede /

g =ulow ¢
) .
:  dandiede
L ¥ 5iu Medium 4

Tdusiunsan
- ar y_ a
']HH"NEN
' 52U High ¢

) o
asludasvaunion
IG1GHIEDH

yenfandndeasuuuHuNT Y

UHUATID LOBLABZSEAUANNENIUNINGATIVIA
10 %1 Tufinwamsesiaiaasluwuutiuiinuans
MIUFIULAIBINTIATAsE UM a lulFaanila
WANILUUNSENE LHINM5ATITazauAsULE
favapanae Wi uazuHUn I lugees
Gadfaiiadenly wasUfiGuudeiuiuianseds
imanglagludandn 2 ssduanuduiy dauang
Tumni 3

S =
E ) ! !
. —_— —i=E=EI=E

¢

g1unamins9in waztuiinaslusuutudin
NANSIUABY

nﬂa"z’nﬁ'mm‘%mng'[nﬁmas’
BAZUAUATIY
“ygazszauaaududuliin
msasanda 10 aferr

MU 3 UFNIUABUMIMUTDULAIDINTININTZAVINME Ludsariiannmaleiandndanmanglag

Tutdae Muu 10 % TuwdazseauaNNNTY

mﬁtmwﬁﬁ’aa&auazaaﬁﬁiﬁ
SITINHEMINTIVIAVDIUATDINTIVIATERU
ihaaludensiionnmnlasld Google Form waz
Annzidayalealdlsunsn Microsoft Excel
Anan (Mean) @hL‘ﬁ'mmummgm (SD) Sagaz
Fulszansenuulsusiu (%CV) AANNBULDEN
(Bias) wazUseuiawairwiuvsalusiulos
Wisuiisusuinasimssansuiitwuamsusziiiu
ﬂ’J’lJJL“?iEN (precision) WUU within-run tneust
MseaNsum %CV iy 5.0% wazdszdiuanu
9neas (accuracy) NYINIFEBNIUA Bias b
AU NHAAINYIAILAAHYBIHANITNTINIA
fhoteinsnnaieszauihmaludensiiownnwiu
msedannludusasianandnnmanglaaluidon
TaitAu £15 mg/dL fienudaduanihmangladly
@00 < 100 mg/dL uazldiiy +15% Aenudngu

M5815NTHANENFFATANTUWNE
7 T 68 atUN 1 ¥n51AN - 1NAN 2569

apsihianglaaluiden > 100 mg/dL mugila
NasATMIMudauAIatnMatasEa U a
Tuidaefionnw dmsulsanenaduainganw
MIUALALAUITUMNYNBULEDY W.A. 2565 VD3
nsudngraaasnIsunnd® Fegredainaei
MIeaNSUA %CV  @aslitiu 0.25 (zesa
Allowable Total Error (TEa)"? waqfwmaﬂg‘[ﬂa
Tuaaeadanasudiu (whole blood) @e +20%
uLNIYee Wisconsin State Laboratory of
Hygiene" waztnaain1s8ausua) Bias 81989
MNMNATFIU ISO 15197:2013% 1hiausdayaee
ganFawssann laud S esar Auadsues
HaM5753930 A1 %CV waze Bias 209nauaIaeN
Lwiaz?iﬁ'aai’m,unmumeqwmw PUIULBLSDEDZYBN
wa3asi lalihutnaminssandulundazmnninasd

P a A a v ¢ o
‘Yl‘lJ‘sz&lu i’mﬂﬁﬂ’)’mﬂﬂﬁ’ﬂuN’lutﬂm‘?/lﬂ’liilBSJTU



UsEENENMWLAIBIN5IIA5EA VNN LB ABTHANN I
panihausmalguiluwagunni 2 uas 7

Ty 929839 wazane

Tuudazssduanuiduduasanhmanglaaluidan
wazitazdanuFunussznidadiuaioaiila
EutnaeimseaNsuRuna NI Azawaiaiie
warui@nu1e18d86 Chi-square test of

independence N3zauiadIAy p-value < 0.05

W

ﬁagaﬁugmmmﬁ’mﬂwtﬂéammﬁmzﬁuﬁwma
Tudaaziiannw
wamsAnndayaiadasanaiassduinma
lutdsagiiawnwizeanirsuinisugugiily
wagunwil 2 uar 7 Adhdnlasams suiady
1,483 10309 Wiy wagumwil 2 919w 500
1A3D9 UALLEAFMWI 7 DU 983 LATEY WUD

nieuinsugugiiinisldeiesasiaiaszau

NN 2 PIUIULBLIDEALYBILAIDINTININILAVUIA A LULdaarTawnwIvasnilsuInIsUgu

ihaaludaesfionnm 1oy 19 #ve wiady
4 nguvanms laun 1) ¥anns Amperometry
Fuusuasrainldaulysd glucose dehydrogenase
(GDH) wazlataulsd flavin adenine dinucleotide
(FAD) 2) %ann1s Amperometry NULKNUATIA
MFaulel GDH uwazlataulasl pyrroloquinoline
quinone (PQQ) 3) %ann15 Amperometry
ﬁ'mu;iummﬁiﬁmul%ﬁ glucose oxidase (GOx)
Waz 4) nanns Photometry AuULHUA5I9NE
sl GOx Tasngudradsdiulugifluinia
#ldndnm3s Amperometry-GDH-FAD 1171
1,021 1A3DY (68.8%) 59989N7 A MENNIS
Amperometry-GDH-PQQ a7uu 313 Lﬂ‘%‘lm
(21.1%) vanms Amperometry-GOx IUIU
117 Lﬂ%"m (7.9%) waznanms Photometry-GOx

o o o 4'
DU 32 1A (2.2%) AIUTAN UM TND 2

a

EARY

u

luwaguani 2 uaz 7 MMMsdny NuunmunanMsUasiva (n = 1,483)

UIULATINTINIATEAUMIAS

& ” - a4 EPLY
Svia Tudaaztiownn (1A3249)
WAFUNINA 2 wAFUAINA 7 n (%)

%#anmMs Amperometry-GDH-FAD 331 690 1,021 (68.8)
1. Gluco A - 189 189
2. Gluco B 157 161 318
3. Gluco C 91 108 199
4. Gluco D - 98 98
5. Gluco E 5 60 65
6. Gluco F 8 52 60
7. Gluco G - 12 12
8. Gluco H - 8 8
9. Gluco I 44 2 46
10. Gluco J 1 - 1
11. Gluco K 10 - 10
12. Gluco L 2 - 2
13. Gluco M 13 - 13
%#ann13 Amperometry-GDH-PQQ 118 195 313 (21.1)
14. Gluco N 118 191 309
15. Gluco O - 4 4

NsasnsEInenenaasmMsunng
T 68 atiufl 1 ¥nT1aN - Tuney 2569




Evaluation of Blood Glucose Meters in the Primary Healthcare

Units in Health Regions 2 and 7

Wanpen Duangsawang et al.

NI 2 PIUIULBTIDATYBILAIDINGININITAUUIA A LULdaarTawnwIasnirauInsugund

a

u

luwaguand 2 was 7 MMMsAN NuuNMNNENNTUEEND (n = 1,483) (6d)

IULATINTINIATLAVMIAS

: - - ] N
avia Tudansiownn (1A3a9)
mmqmmwﬁ 2 mmqwmwﬁ 7 n (%)

#anms Amperometry-GOx 19 98 117 (7.9)
16. Gluco P - 98 98
17. Gluco Q 2 - 2
18. Gluco R 17 - 17
#an3 Photometry-GOx 32 - 32 (2.2)
19. Gluco S 32 - 32

N 500 983 1,483

L0 : Gluco A B4 S Manady SWaUNUERBIATR9RTIVTRTzAUINMa luEaA AN

uanslssifiueiaennainszaunmaludan
wﬁmwnwmawﬁnzm’%msﬂgmgﬁ’lummqwmwﬁ 2

nnmsUssfiuanuiiisanazanugndas
raAspIniaszduthmaludanziionnmuas
wiuamasiheuinsugugilumaganmwi 2
defagsredanmangladludon 3 szduanaudy
PuunmMuRInMILazszaUANNENTULaNhMa
ngladluiden il

#anM3 Amperometry-GDH-FAD 1101
o fifa 99N 331 1A%PY WUNEWD Gluco K 111
9 1a309 luaansoudasnansnsaiaiissdu
AMNLENEY 84 mg/dL GeuUIIFADENIN
mstseiiivil wazuanisUszdfiuanuiiesuas
Anugndasual 322 (Adasfivda wulshunmi
mssaNSUAMATiEUAT AN T 272 190
(30882 84.5) WAMIATIVIANTEGUANNTNTUN
3 5vau fiemdeagluzig 72-87 mg/dL, 112-145
mg/dL uaz 142-204 mg/dL auaeu @ %CV
(a0 lug 2.0-11.0%, 1.1-7.29 UAE 1.2-2.6%
My @ Bias waseglugie -14 mg/dL A
0 mg/dL, ~19% N 3% W8z -18% TN 12% MUAIAU

¥anM3 Amperometry-GDH-PQQ 110U

1 89D 99N 118 1AIDY ENULNTANITHBNSUANNLNEN

M5815NTHANENFFATANTUWNE
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KTANNYNABY NI 101 1A309 (30892 85.6)
HAM3ATIVIATIsERUAMNT TN 3 sEau Sdnas
WNNU 78 mg/dL, 129 mg/dL uaz 181 mg/dL
UG @ %CV DALNAU 2.8%, 2.3% WAL 2.2%
MNTIGU @ Bias washiu -7 mg/dL, —1%
UaT 4% MNAIOU

Wanms3 Amperometry-GOx 31 2 &iva
5 19 10389 /unaTinseaNSUANNITBILeE
ANNYNABY Y 19 1A309 (3988 100) WAMS
aviafissduanudnduns s szdu Temdsaglu
%M 84-85 mg/dL, 140-145 mg/dL waz 187-226
mg/dL auadu @ %CV indsagluing 2.6-3.5%,
1.9-2.3% Wa¥ 1.5-2.1% NG A Bias (ndog
Tu229 -6 mg/dL &4 -2 mg/dL, -2% 049 7% uay
0% 04 1% MNAIAU

Wanm3s Photometry-GOx $117u 1 8¥a
590 32 1ARDY MIUNTMSEaNSUANNTIBaLaY
ANNYNGBY U 27 LA3a9 (Sa88z 84.4) HAMS
asianstauANNENEIN 3 St Hewasuhiy
87 mg/dL, 133 mg/dL was 157 mg/dL mMuaau
i %CV BB 3.29%, 2.8% Uat 2.39% MNAGU
@ Bias @auniu 5 me/dL, -3% waz -10%
NG Faudaslumad 3



UsEENENMWLAIBIN5IIA5EA VNN LB ABTHANN I
panihausmalguiluwagunni 2 uas 7

Ty 929839 wazane

HamsUsziiinteiainsataseautinmaliian
%ﬁmwnwwawﬂmu%msﬂgmgﬁ‘luwmqwmwﬁ 7

NamsﬂsmﬁummL“?imuasmmgnﬁawm
Linansiaiaszautnaaluidaasionnniuas
Lm'umawawmhﬂu'%msﬂgugmummqwmwﬁ 7
deTagsednnmangladludon 3 szduanaady
PIUUNAINRANNITUAETLAUAIIINLTNY U B
fwmaﬂgiﬂaclmﬁam WUNWANMST Amperometry-
GDH-FAD 5771 9 iWa 533 690 10384 shutnassins
alau%’umwL'ﬁ'aquazmmgﬂﬁm $1U9U 586 LASBA
(30882 84.9) WANTATIVIANTEAUANNENTUN
3 5¢@u Haadeagluing 75-102 mg/dL, 113-142
mg/dL uaz 162-241 mg/dL muaau @ %CV
Laﬁ'aafﬂu‘zj’aq 1.9-3.8%, 1.2—-3.4% L8 1.0-3.4%
MuMGU M Bias waseglutg 13 mg/dL
12 mg/dL, -13% 64 10% W8z -4% o4 10%
MO

¥anns Amperometry-GDH-PQQ uu
2 fite 39w 195 WSaY Ui sEaNSUANNLTIE
WATANNYNEBY NUIY 180 1A309 (30882 92.3)
HAMSOTITIANSETUANNENTU 3 52 aiade
agluz9 88 mg/dL, 130 mg/dL uas 217 mg/dL
a1 %CV wasagluing 2.3%, 1.5-2.0%
o 1.4-1.8% MNAGU M Bias nasagluzi
-5 mg/dL 89 -2 mg/dL, -1% 4 0% Waz -2%
04 8% euEGU

WanmM3 Amperometry-GOx 312U 1 &¥a
59 98 1A39 FUNAEINsEINSUANNLTBILSE
ANNYNGHBY U 69 1309 ($apas 70.4) WAMS
asianstauANNENELIN 3 ST Aty
84 mg/dL, 119 mg/dL wag 169 mg/dL muaIau
@ %CV a8y 2.5%, 2.6% Uas 3.4% MNAIGU
@ Bias nagwhiu s mg/dL, -6% W8z 206 MNEIU
auaaslumsad 4

uansUsziiulsEans e aaininsia

IASLAVUIND L ULFBATHANAWIYDINUIBUSANS

Uguniluwagenwil 2 wos 7 91U 1,474 1309
AMNSIUNUI R LAIeedi Ll i unasinisean Sy
s1u 220 wdas dadludesar 14.9 uaziae
aNEIR LSS NEadueSIR T RS Uhma
Tudaeziiannwiildsunasimssansuiunanms
nuaaeies lngramnagau Chi-Square Test of
Independence wuhdaduaiaei lishunaeins
gausu JanudunusnuadiitsdaunNgdanu
WENMIINNUB9LA389 (Chi-Square Test (3) = 5.52,
p-value < 0.05) laananms Amperometry-GOx
fdadrunisliiiunasinissauiuainige
J08aY 24.8 599843 A BanM3 Photometry-GOx
Ja8az 15.6, ¥anns Amperometry-GDH-FAD
S08az 15.2 LAzVNaNNMT Amperometry-GDH-PQQ
Zawar 10.2 Msldsuiiisudadivasaaiad
Tishunawimssansulumagunwd 2 uas 7 liwy
ANNUaNENaENTTEAYNNEDA (Chi-Square
Test (1) = 0.04, p-value = 0.842) wazdadIu
wiasilishuinaninissaniuluwaguaini 7
(Sa8z 15.1) qmﬁﬂummqwmwﬁ 2 (50882 14.7)
Eniies daudaslumaed s

i nevindudiadunisinsaiaszdy
fwmwahtﬁamﬁmwnwmawﬁaau‘%miﬂgugﬁ
Tuagumwil 2 way 7 fladiunarinssonsy
S 220 @dns wuhldunasinseaniu
mwmﬁmmﬂﬁqﬂ MU 111 1A389 (30882 50.4)
TN AR ANNYNABI NUIU 71 10 (3089 32.3)
wazwuil 38 1edee (Sazay 17.3) filaithuinom
msaau%’uﬁ”'qmmL*?'imuazmmgnﬁm naimu
duluglalhutnasinssaniuanuilsfiszau
ANMNLTNYY 71-95 mg/dL mﬂﬁqﬂ (Sp8az 29.6)
99891 AD hichumm%'msﬂau%’ummgﬂﬁmﬁ
JLAUANNINIY 163-227 mg/dL (5088 20.5)

AALFEAI UMD 6
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AN 5 HAMTIATIEHANNFNNUS IE NN ULATINTINATEA VLIS LULE D ABHAWA NN LB U B9

MILDNSUNUNANMTNNIUYDILAIDIUAZNUNANIAI8EDH Chi-Square Test of Independence

. nuAIas Snuasah ik Chi-square test
mads r ~ R o p-value
nusziiu (%)  thaminseansy (%) (df)
1,474 (100) 220 (14.9) - -

nanns 5.52 (3) < 0.05
Amperometry-GDH-FAD 1,012 (68.7) 154 (15.2)
Amperometry-GDH-PQQ 313 (21.2) 32 (10.2)
Amperometry-GOx 117 (7.9) 29 (24.8)
Photometry-GOx 32 (2.2) 5 (15.6)
i 0.04 (1) 0.842
WAFIMWN 2 491 (33.3) 72 (14.7)
WAFUAINN 7 983 (66.7) 148 (15.1)

M1399 6 udenINUAIaeT iU sEaNTUANNTNBILAZANNNABY WazaNNBYBINTS LN o9

msgansuluudazssauanundurannmanglagluden

o Snuasasilisig NUANNDYaINS iU NITEaNSY (%)
NITINLAAS . "
MNUNNITEBNIY (%) 71-95 mg/dL  125-143 mg/dL  163-227 mg/dL
ANUNEN 111 (50.4) 98 (29.6) 37 (11.1) 28 (8.4)
mmgﬂﬁm 71 (32.3) 28 (8.4) 42 (12.7) 68 (20.5)
ﬁ’qmmtﬁamasmmgnﬁaq 38 (17.3) 6 (1.8) 17 (5.1) 8 (2.4)
EREY 220 (100) 132 (39.8) 96 (28.9) 104 (31.3)

a 4
ERARIY)

nsdnuiiiagussasdiioUsziiiu
Uszanammneansnaiassauihmaluidanyiia
wamilFnuiulssinasmheuinslsugiily
wagenwil 2 wor 7 Teangudindniidnminan
anuasiaslazasmheauimsusugiluiuiidanan
Famsfnwilldnguiageiivanuanenimanms
yuuazine sanaay 1,483 1A3a9 Wi
lﬁﬁmimuquﬂﬁﬂﬁmadqmanszwwiaﬂizaw%mw
a9 laun laudalimhauimsdgugine
iw3asnsaiaszduinaaluidaasiiownwiuas
wumaainonldnu TFukuasamaeluaiidala
waaldnuniadaldlidiuy 1 Weu malssidiu

M5815NTHANENFFATANTUWNE
7 T 68 atUN 1 ¥n51AN - 1NAN 2569

didiumsmeldarmeanadexiiimsmuaugamgi
7 23+5°C uaTANNBUFNWNET 50420 %RH §ims
NEABUABUMSMUTIULASBINTITIATZTUINMA
Tuideasiiannninaunadauase laaiduns
Uszifiuanuiiios (precision) wazANNYNHDY
(accuracy) 29LA3D9ED T@ﬂiﬁ'ﬁ'aqé'wﬁqfﬂma
nalaaludaniifiesedandommmun (assigned
value) dusodaudaunaulanInuInsgIu
ISO 175119 wazkIUNINAFaULIEULY
commutability waﬁaqé’w%uﬁaaﬂmm
ABNALAADUTIDIIAN LN NANNUANEIIBINENMS
7579502891030 WANISANEY commutability
vasiaqgedainmangladluidon wuiiag
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81999 @ N15989UN e (non-commutable)
AULA38981e Gluco J waz Gluco R M9 3 52AU
v v a v a o v v
ANNYNTY uaz8re Gluco S NIzAUANNIYNIY
T Y =
137 mg/dL wazliidayanamsd@ne) commuta-
bility zesiagendanmangladludaniuinindve
Gluco G, Gluco H uaz Gluco K uainmzs33gdans
afiumsUszliudsedndnneaaa3aedianina?
walvladayanamsdsziivlunmsSauiisunay
Anwnansznunaanazuantateainan
NIMIUTLTUANUNBIUIEANNYN A DYDY
LA3B9AIIAINTEAUUINA LULT DATTANNWIZ DY
mhauimalgauiluaguaui 2 U 500 A8
ca A dy . 4
WUNHLATNEND Gluco K NUIU 9 1ATaN LEAN
v v Y A o @
DPANNINFYDNONIIN (error code) NUNIEAU
AMNANIUINANDDNNINNITANEIHU LHaNAITAN
Han15UsELUANNNEILaEAINYGNGHBY WUTIH
IR ¢ o 2 2
(329N Ll UNamIMSENIU 72 LATD9 N 491 LATBY
a I 1% a ~
dausasa: 14.7 lagnanisusziliunnuiies
wuhdulugiar »CV aglutnurinisaansy
(%CV < 5.0) Hia3a398%a Gluco K U 1 1A389
aasouaINanIsaNIIaanaanglagludan
3 L v v k4 1 = A =3
M 3 szauanNENiule uawuhiian %CV gads
lﬂ' L Vv vV
11.0% WaE 7.2% NILAUANNITNIY 84 mg/dL wae
141 mg/dL mMuaIaU B9ganine %CV vasiiviadu
pgNNtNga A (p-value < 0.05) WansUszLiu

=

Aanugnaes wuhadulvaiiian Bias agluinamin
ganuldmuanasgiu ISO 15197:2013 il
W‘IJ’JH?;ﬁIEl Gluco J #e Bias tiuau (negative bias)
W14 3 seduaNuENdY uaslien %Bias gaie -19%
WAT —18% MTAUANNITNTY 138 mg/dL waz
174 mg/dL eweeu waziive Gluco K wWu
%Bias gaie ~16% fiszduAMMENTY 195 mg/dL
Fadunaidrd Ao SIUIULATEIIBIN 2 BD
Tumsnmilfnuwiseiiulyililismunse
ayUUszansmniifludiunuzasieilldadi
indedia uazmsfiiand19de non-commutable
fuLa3esdie Gluco J fudndeiinisldan

Indicative value WNUAIDINDILTULABINULATDY

:c’sl'ﬁ’a Gluco R %qwm'ﬁaqé”w 84 non-commutable
whe3asiine Gluco R W 17 1das ’unasi
msaan%’ummLﬁmuaxmmgnﬁm wamsUsziiiu
Uszanamwlunsdiil anadadldmsuliauiauiv
5119551UB19D4 (Reference method) nNeaga
gursaseiiaidn uanainiinisliidays
commutability #asiaqarsdanmanglaaly
Baafue3ssdne Gluco K tiisennnihausnms
Ugunilildlidoyaiuvasaiasiiamsiaiza
lwliaainsaaglageiulahilameuamaniies
wazanwugndasiinuiliianndueiasiiananie
UfAzenszuiaaiasiieduiandeds uazdawih
fia Gluco K uaz Gluco F wdalagusimdaniu
14wanms Amperometry-GDH-FAD wutfiaanu
usishafuiitagu ueslumatssiiveseilldTaneds
JUNMIHANLDEINU WUIHA) %CV uazd) Bias
uanENNUaENIUEE AL (p-value < 0.05) §DAAADI
funs@nwzes Bukve T wazaas™® Fawuin
HanN1INA§aU commutability 289LA309 3 §98
findaarnussnidertulindnnisieuleiuasy
Tataulmiziiaferiuuaaegy ianuuanaeny
Fetunanisusziiiulszansainyes Gluco K
Tumsdnmnil JeldenanlulFhudaagiussansnw
zasiaiasiia arsfimamudauiiindndieia
swdnhmanglaaluidaaiiidaye commutability
funzauniawSsuiisusuisnnsgrugieds
windanamsusedivdseansmwaasdve Gluco J,
Gluco R oz Gluco K aaﬂmnmsﬁﬂmﬁy WU
fiegasiilisunanimseansu S1wu 70 1A3E9
N0 472 wdes dadludesas 14.8
tc'fm%umsﬂimﬁummLﬁmuazmmgﬂﬁm
P9l aen T3 RsEeuhmaludensiionnmans
mheumaUgugiluegunni 7910w 983 Ao
wuhiitedesiildmunaeiniseansy 148 1adag
Aodudazas 15.1 ToewamsUszivamuiios wuh
dulvajiidr %CV 1ndsdauiieaiaglugis
1.0% - 3.8% lagawzive Gluco B, Gluco F,
Gluco G, Gluco H, Gluco I, Gluco N waz Gluco O
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fifl %CV wagind 3% lunnszduanududy
wanedannuanisalunisldmanisnsiaion
saandastulumsins smdunamsuseifiuay
andies wuhauluaiie Bias aglunasimsaansy
wilwuiiie Gluco G uaz Gluco H Suamsusziiiy
mmLﬁﬂmazmmgﬂﬁmmummsﬁmsﬂaﬁmﬁau
yne3es wiazlifiteys commutability #893a0)
srdahaangladludeaduiaioss 2 da yn
fanamsUssiulszansmwansiins Gluco G uaz
Gluco H aannnmsanwii wuhiiedasdilairu
NATIMSEINSUTIUIY 147 LSBT TN 963 LASEN
Aalusesar 15.3 MnMIANRRaMTUTELEIY
L3aensraiaszautnanaludansiannmiie
Gluco G, Gluco H uaz Gluco K eeidqends
waranglaaluidaadliddayananisdn
commutability wuia3esine Gluco G uaz
Gluco H dwluajsnunanimsUszidiv udndas
fiva Gluco K Tshwnamimsdsziiuwaslisanse
waasahaaludaaiuiseduanuduiy 3
ANuLAnAITaINansUsziiusEnIueininsia
Saszauthaalu@aasiownmng s dve a1y
HanTayIeIu commutability 2893dq81989
ild Faprafidrlsznavnasigardeiineliiia
nssuniulfisereulad (Interference)
TunaunsIawauaiasine Gluco K atheiituddny
disdsuiiisuiuiaiasiine Gluco G uaz Gluco H
ﬁv’qﬁlmanszmwmmsmmﬁaga commutability
wliamsuszdiuilalaisansasziaudszansnm
WHe392891A399 Gluco K lumsasiaiadaga
daagiheld anuduiusszuiaiasnnaia
seduinmaludansiionnwfiliuinasinng
BaNSUAUNENNISTNNIULDILASEY WUTIRANM
FuNusnUaENINad AN INEDd (p-value < 0.05)
waael¥iiuuanmsauiinanadusdinans
Tomafitn3asas irhutnasinssansu mnmsannil
WuLA3eeiildwanns Amperometry-GOx &
51’@dauﬁlﬁmumm“ﬁmsﬂau%’ugaqﬂ (Spgaz 24.8)

Tagwummnzia Gluco P luwaguawi 7 i

M5815NTHANENFFATANTUWNE
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58498987 Ao Photometry-GOx (58882 15.6)
Faoatuwamnndannevasaulsy GOx way
UR85UNIUGIN ] NNEITBY FaAAABINUMSANE
289 Ekhlaspour L uazanuz"® ndnwilsauiiay
ANNUNUEZBIUATBINTIVIANIMA lUERN 17 U
NN 9 {ude NlEManmMInTIIaNNY TKans
FADNUNBANNT GOx HANNUNUEININIILATD
nldvann1sdu wenaniinsdnuzas George
K wazanz"” NUsziliuinsnansiiinseauiiana
TuidaasfiannnzalgrnannsasNNLeNAINNU
(GDH-PQQ, GDH-FAD uwaz GOx) (sauiigu
¥ aa . ' A Ay v o
NUIBNINTFIU Hexokinase wuesaeilsvanms
GOx #inamsniainaglunawinmvuama ISO
15197:2013 LNBN3DLAL 78.08 FNUSUANNTNNUS
SEVINLATAINTINATLA VUMD LULADATHANAN
PN UAUTANTEBNSUNUNUNANE WUNTEVIN
waguMWN 2 waz 7 LiinamsAnniuaneany
(p-value > 0.05) lagdadrumslisuinasivas
napsagumwlnaidsiu uaasldiuihlumwsu
UsLENSNNYDILATAINTIINTLA UMD LULADA
giiawnmlFlunsaasagumwiiuliuaneny
NANMSANIUNUIILATINTININTLAUUINS
TuidaasfiannnNlacunusinIseaNsy NUIU
a P v o P
220 1A389 NamaNNTymauaNNNEININGa
3880 50.4 WATWUINANFANTEAUANNTNTY 71-95
v v o =1
mg/dL (9889 29.6) d§AAINAUNIIANEIUDY
Pleus S uazanz"® wungNanNNaue (30-50
mg/dL uaz 51-110 mg/dL) uuliniaziiany
wUsHuraananIsindIgatiiatlSeutieaunuadig
AMMTNTUFY FUNNTENAINT AD AIINYNABY
v T 4 Y
(Sazaz 32.3) lagwulitunaminsaansuanu
ANEBBNNNFANTLAUANNINTU 163-227 mg/dL
d8AAaRINUNISANYIZEY 836 Wauded
o V(IQ) 1 1 d'o} 1 v d' % o %
wazaz® WUNAINMIALANNLATBINTININTEAU
YINIA LULBBABTANNNIINN AN NAIIALAADY
1 v td' % v v g,’v 1
ADUINFINTLAUANINLYNYUONUA 150 mg/dL
= dy 1 = = =
ASAnNEINGREBAIINNISANEILUSB UL U
UseENTNINLATIIANTINIATLAUUIA A I ULED R



UsEENENMWLAIBIN5IIA5EA VNN LB ABTHANN I
panihausmalguiluwagunni 2 uas 7

Ty 929839 wazane

gawnm lulssinalne Tagldiagaredaudsgy
NNEAY FeensrauamIUssiindseansmw
YBLATDINTINIATEA VA ludaaniannwly
naNBENNIMIIFNUASY wazm 5N Iand1eden
NIV commutability anlalunmsmudau aunse
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Evaluation of Blood Glucose Meters in
the Primary Healthcare Units in

Health Regions 2 and 7, Thailand

Wanpen Duangsawang', Pornthep Chuncunapas', and Wanvisa Treebuphachatsakul®’
'Bureau of Radiation and Medical Devices, Department of Medical Sciences, Nonthaburi 11000, Thailand
’Reference Material and Medical Laboratory Innovation Research Unit, Faculty of Allied Health Sciences,
Naresuan University, Muang District, Phitsanulok 65000, Thailand

’Department of Medical Technology, Faculty of Allied Health Sciences, Naresuan University, Muang
District, Phitsanulok 65000, Thailand

ABSTRACT Blood glucose meters are crucial for diabetes management. This study aimed to evaluate
the performance of blood glucose meters used in Primary Health Care Units in the Health Regions 2 and
7, Thailand. We assessed 1,483 devices from 19 brands and four measurement principles. Precision and
accuracy were evaluated using three glucose reference concentrations (71-95 mg/dL, 125-143 mg/dL,
and 163-227 mg/dL) in accordance with Wisconsin State Laboratory of Hygiene and ISO 15197:2013
criteria. Overall, 85% of the blood glucose meters tested met the acceptance criteria for both precision
and accuracy, with an average %CV range of 1.0-11.0% and a bias range of -19% to 12%. For the 15% of
devices that failed, a statistically significant correlation was found between the measurement principle
and the failure rate (p < 0.05). Amperometry-GOx devices had the highest failure rate (24.8%), followed
by Photometry-GOx (15.6% ), Amperometry-GDH-FAD (15.2%), and Amperometry-GDH-PQQ (10.2%).
Precision issues were the main cause of failures (50.4%), especially in the lower glucose concentration
range (71-95 mg/dL). Problems with accuracy occurred most frequently in the higher concentration range
(163—227 mg/dL). Notably, no statistically significant difference in error rates was found between Health
Regions 2 and 7 (p = 0.842). This study had limitations regarding population representativeness due to
its cross-sectional survey with voluntary participation in pilot areas, and some glucose meters lacked
commutability data for reference materials. Future research should focus on additional verification with
appropriate reference materials tested for commutability with reference methods using actual patient
samples. For a more comprehensive analysis, it is also recommended to collect detailed information on

the usage history, age, and storage conditions of the devices.

Keywords: Blood glucose meters, Precision, Accuracy
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¢ail szudann welasnnwierauann 8-9 Az,
JeAUR WOlANIBYBY 6-7 ATUUY, TLAUHBDNSU
18 4-5 azuuy wazszaudananwlinalanis
Tigansu Wasni 4 azuuy

MNP 1 Lﬂm‘ﬁﬂﬂiﬁfﬂﬂﬁmﬁﬂﬁihlﬁ’ﬂzLLHUﬂWSﬂSZLfJuY}'NﬂiSHWVIa’N WazavhH U U

SLAU B - dadnEauaz
d nau Y aNnaztaulaesIn
(AZHU) ANNIUBUR
fann wolaannwiozausnn  nAUVENMNGSSNER  Liaduid anudunile walasnnwianaumnn
(8-9) domnmannd yanhlanvmuuas Wuiiianalanie WeuE ndu Laduid
Tavmuuay dulsznauiily HOUNIN UALANNTUNILA
dulsznauiild
) wolavdareudadihma nauFmNssING nalavisenaune walandorau naghu
(6-17) yanihlanvmuuas yanihlanvmuuas eduia anutuviln d ndu eduid
dulsznauiild dulsznauiily UaLANNIUNIIR
gansu  wansulddadihma Tifinaumusssund  Liweudaiiaduia  luiwavudsandule
(4-5) yanihlanvmuuas yanhmvuuas ANNTURIIA Waeud nau iladue
dulsznauiild dulsznauiily uagansule UaLANNIUNIIA
wagansule
@onamu  fdeduvdaiimswasy naufiaundvied liwaudatiiodura Taigauuazlsizansu
Tinwelavda  dnldanansesansuld  nauduibifelszsd  anadunilauas waghud nau iedure
Tdzansu W nausuVSaitY Tzansu wazANNIUniia
(< 4) wazlaigansu

AMFIATISHNIAN MENIN
vaUsziiumsdsunlasneduluaadng

AINTTELIAINAINUA LaagnInIsIaaIUSNI

ddsz (Water Activity; a,)"? wunade daaiuin

d' n:l' 4:1' v = U

nensoedaud lowasiarusinlunszuiunmsma
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Frnwvidaiadl GrluSinanhdassiinadon o
FIUMENWEEID NS 12U ANNNTBUNTDA NN
wazEKHaGaNEMILAUSN YIS dIuMANN
Hunse e (pH) uilhsemueiifinadaans

Uanady 21gmsiiu uazammuwlassIngesenms
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MINTIVIATHENIIUIAUNIE

@388 Stock solution ANMANTY 0.25 M
Iﬂﬂ‘ffb\i potassium dihydrogen phosphate (Merck,
Germany) 34 n3u azaeluthnay 500 Hadans
USu pH 7.2 @2 1N Sodium hydroxide (CARLO
ERBA, France) Y5udsmasilu 1,000 §9ddns
shidafiiIasileshia gauvgdl 121°C WU 15 Wi
(HIRAYAMA, 3u HV 110, U380 tualng ngammw
gUnsalaiisned 116, Japan)

1®388 Butterfield’s phosphate buffered-
dilution water (BPB) anuuau 3.125 x 10 * M
Taetlile Stock solution 1.25 Nadans U5y
Usunasiy 1,000 Waddns My e
121°C WU 15 W7

Fihatha 50 N3N masazans BPB d w3y
Fevadnagha 450 Taaans uanlidhiulasldiadas
fnanamsazlamagiadeas 1:10 Yamete
fidaan 1:10 3 10 fadans ldlussazans BPB
§uSUIeNI0E 90 Hadans wenliidnnuazla
fraghaiaas 1:100 uuiideluaulddiada
(ABNDN 2 5TAU LA 1:1,000 az 1:10,000 Vie
fhaehafiszAUANET 1:10 B9 1:10,000 11U
1 §83505 aslunumzdassduanuidanay 2
mul,wmﬁya (duplicate) tn Plate Count Agar (PCA)
(Merck, Germany) Uszana 12-15 §adans avlu
Nuzdauazkanliidiu aane il uudud
WA DB ne U ﬁﬂﬂﬂuﬁg’f (BINDER,
34 KB400, U3t aaWd 9159 9110, Germany)
goumgil 35°C W 4822 Hlwe tusnulalai
Ty e PENUHETIUIUYAUNIHLTY Colony
Forming Unit (CFU) @aniu®?

MIANVATNHINOUTFALIZT)

#9698 50 NN (NETazAE 0.1% Peptone
water (Bacto™ Peptone) (Gibco, USA) &nsu
< L4 ] a aa Y v YV
1 3BANAIBENN 450 Hadans wanlinnulasld
LAIDIANENDIMT (Seward, 1 BA 7021, USHY
Sl waileea 919, United Kingdom) 3zl

fhata@Eans 1:10 Yuadmediiians 1:10 W
10 Hadans laluansezane 0.1% Peptone water
1SULIBNAIBENN 90 Hadans wehlhiinnuazle
10819139979 1:100 uiisn 1 szdumsiie
agle 1:1,000 Yadratheiszauanuidaas
1:10, 1:100 4a¢ 1:1,000 MNUIU 1 Fadan5 adbu
MUNITBDIEAUANNITDINGE 3 UL
(triplicate) tn PCA wWdn Chloramphenical
(Sigma, China) 100 #aansuaadans Uszue
20-25 Hadans aslumumzauazuanliihiu
gﬂﬁqlﬂﬁj:uuﬁq ﬂﬂﬂﬁuﬁ(ﬁ (BINDER, 31 KB400,
UHM Laaii® 2151 110, Germany) aavigi 25°C
wu 5 Su Teglidasanaumnziauazndouiy
Tty 3 mumwnzde Wansu 5 Su winlifinmseiy
yadeliindasn a8 $alae Tusaulalaiily
mmww::l,%ya enusaudadLazsiiy CFU

aansn‘Y

M3A5INIATIEY Escherichia coli (E. coli)
Fighata 50 3N masazans BPB dmsy
39219089 450 Nadans wanlinulesly
L3NNI sazladingadaans 1:10 Jua
fhaghaiidons 1:10 1 10 Hadans ldluasazans
BPB §%5U1382196078819 90 Hiaaans wehliinnu
azl@eathadons 1:100 uiian 1 szdumsEens
318 1:1,000 Yadageiiszauanadaans
1:10, 1:100 &g 1:1,000 IUIU 1 NadaNs
ldlu Lauryl sulphate tryptose broth (LST)
(Difco™, USA) 52AUANNLABMINGE 3 Vadn
iluvniigamgii 35°C wu 2442 #las su
waztunnuaviean LST lasuauin fe iy
Tunaaasnievsatianasigiiswegin q waau
aa ldinamalunaaasnime winlduaauluiia
24 $las Buuaztufinuad 4843 5119 10 1 loop
910 LST #lvinaunnudazwaangoaslu EC broth
(Ox0id, United Kingdom) %8206 211880 ﬁwlﬂﬂuﬁ'@
(Thermo, ju COL35, U3#n @0 fanstiadu

A, USA) aunndl 44.5°C wu 24+2 9l

NsasnsEInenenaasmMsunng
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HaUIN Av tamaluresndnie naau As LuHaM
Tunasadnig winliwaavuntiin 24 $2Tus
suaztufinua? 48+2 Hlae 1hvase EC broth
Al uauIndauy LEVINE Eosin-Methylene
blue agar (Merck, Germany) ﬂuﬁqmwgﬁ 35°C
WU 18-24 il lelaiifisdoasraiuiuualas
nagauljisengied tuiinanuuvasa EC broth
#lauanisasraiuduiniu E. coli uraly
WSsuieunum99 Most Probable Number
(MPN) senusaiy E. coli MPN @ansu®®

MI0IIIATIEH Salmonella sSpp.

Fedaghe 25 n3N nasazany Buffered
peptone water (Difco™, USA) dwmsutdnan
Gaothe 225 faaans wanliuhiulesldiedacd
wanas ihliinilgamnli 34-38°C W 1842
#las Vuladmeiiidenewdniuasumanm
0.1 Hiadans ldlu Rappaport vassiliadis medium
(RVS broth) (Difco™, USA) lddnmneide
"7;(5 (Julabo, Ju CD B1o9, u3Hn Aulna i,
Germany) auunil 41.5£1°C 11U 2443 #ala
waztliladage i a1 anaInnUNASUMNLIA
1 483305 8911 Muller- Kauffmann tetrathionate
novobiocin broth (MKTTn broth) (Merck,
Germany) ﬁﬂﬂﬂmw1zt§aﬁqmwgﬁ 34-38°C WU
2443 i?'”f[m wé’qmﬂﬁudwtﬁwﬂmﬂ RVS broth taz
MKTTn broth lagdauu Brilliant green agar
(Difco™, USA) waz Xylose lysine deoxycholate
agar (Difco™, USA) ﬁﬂﬂﬁmwwmﬁyﬂﬁqmwgﬁ
34-38°C 1Y 2423 T lalailfisadonsia
futunalaenadaujisendieiuazimdadine
enunaiiu Salmonella Spp. 619 25 N3N ATIANU
w3a lalwy“®

A11503293L1A312Y Staphylococcus aureus
(S. aureus)

Fihata 50 N3N maEsazans BPB dmsu
@eaadnatha 450 Hadans uanlidhiulagldiaag
fnguaImsazlamagradaas 1:10 Yamede
fidaas 1:10 an 10 fadans ldlussazans BPB

M5815NTHANENFFATANTUWNE
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1SULIBNAIBENN 90 Hadans wehlwiinnuazle
fhathedaa 1:100 Tulafmataiszduamuiaas
1:10 W8z 1:100 NUIU 1 JadaNT aNUUEININ
Baird-Parker medium (BPA) ((Difco™, USA)
10U 3 MUINEED NUWZEDIE 0.3, 0.3 UAE
0.4 fiadansaaszauanuFens vlvFEenszane
ToglFuriauisaindslimaunssnsinvihaasfuus
ﬁﬂﬂﬂuﬁ@f (MMM, 54 Incucell 707, U3HW sLud
W) e, Germany) aundil 36+1°C U
45-48 $lua hlalafiidianvasiamznioade
A58 UgUNaMIY Coagulase test uwIulaladi
vuiiamh BPA flsiuaasiaduiuinilu S. aureus
NenunaiuuIu S. aureus CFU aansu“”

N130197934A518% Bacillus cercus (B. cereus)
Fighata 50 3N masazans BPB d w3y
Foadagi 450 Tadans wanlighiulagldiada
fnanonsazlaniagiadons 1:10 Yiwaadaee
#3029 1:10 31 10 fedans ldluasazans BPB
1SUEIBNAIBENN 90 Hadans wehlwitnnuasle
fhathedaa 1:100 Tulafmataiszduamuiaas
1:10 w8y 1:100 MUY 1 NadaNT a9UURINI
Mannitol-Egg Yolk-Polymyxin (MYP)
medium (Oxoid, United Kingdom) auu 3
INUWIZED Uz FeseEaz 0.3, 0.3 UAz
0.4 fadansaaszauANNFanehlREanszne
TﬂﬂslﬁlwiqLLﬁ'NaLﬂﬁ'sﬂﬁﬁ"munsxﬁ"qﬁwﬁmaﬁuuﬁq
ﬁﬂﬂﬂuﬁ'ej (MMM, 3u Friocell 111, U38n 51l
tAllAda 31NA, Germany) aannidl 30°C
Wy 24 $lus ihlalaiifisedoasiaiudunalos
nadaulfnsendind duwiulaladivuiivih
MYP medium #ilsiuansaaduiuinily B. cereus
anuuailuiuiu B. cereus CFU adansu®

M5m5233tA18¥ Clostridium perfringens
(C. perfringens)

Fahaea 50 N3N NEsazaNe 0.19%Peptone
water §1MIULIDANAIDEN 450 NaDIANT WA
ThhiulaglFieissinanamsazlamaiadans
1:10 Tile Gragfi3oas 1:10 a0 10 Aadans
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laluasazars 0.1%Peptone water d1%5U
139919020819 90 Nadans werlwidnnuazle
fragraiaas 1:100 Juadradraiszduana
393N 1:10 UHz 1:100 MU 1 UadaNT auu
{2911 Tryptose—sulfite—cycloserine agar,
Egg yolk emulsion and Perfringens
Selective Supplement (TSCEY) (Oxoid, United
Kingdom) 117U 3 :Umeie Mutnzidoas
0.3, 0.3 WA 0.4 NADINTADILAUANNEDAN MW
Wanszaralasldurisudeanasliiaunszig
ENYINYBIIUUNN (NTIURIVT e Tryptose sulfite
cycloserine agar (Oxoid,United Kingdom) 1l
ﬂusluamazl%'aaﬂ%twﬁﬁ (BINDER, 3ju KB400,
U3t oaid 8157 16, Germany) aaunail 35°C
w24 Hilua i laladinsduamaiiuiunalagnagay
Ujnsenduadl duduulelafivuiionih TSCEY

Ao v Pl [ .
nlinansiaduduintu C. perfringens MENUKD
{Wluawu C. perfringens CFU gansu“®

MNLAITHENED A

MsIaNRUSn a, A pH uazauiu
qaundd hwuadwsilamenads mslssidfiud
Uszamduiamemasnngusaiiuig 10 au

MIANUDYNIAUYBIEAN I
mamwagmMsiiuinmeanamnu
memslaem Q,, Fudumimesnldvaslunms
pBemsiawIgamgiidesasinsiiadfazen
ansalszanaldnnmsnldsuulasznsnmmmn

WaaMNONWNAY 10°C @ Q,, NgnsmsmuIa™

v
=1

MU

reaction rate at (T+10 °C) Os(T) P
10 = , = gumMsh 1
reaction rate at (T °C) Os(T+10)
0.1 ;
Q: = Q1p auMsh 2
0
s(T) i
Q, &7 = T NN 3
s(T+AT)
- s @ ] a [
Wia O = EYMINUINNNYUNYN T (3u)
s @ a a [
95(T+10) = 2IEMINUINWINGUNYN T + 10 (W)
Qi = panduradaNMiaUisennliaun)ivineny 10 asmwaded
Qs = dandurNdaNMaUisenniaunnivineny 1 ssenwaded
AT = waazesaMu)iMnenuauvgil T
AG) o a v o
AMNINNINTEITINGIYBIDIMITUILINBULTN A
AuMWEanh a1 2193 ATUN 3 (W.6A. 2560) UseMANTENTNETITUY

WlmwnuGRaufaumMsnusHdaaW

PNYAUNTE (AN UAZMEMW ININATFIUNWUIA

AUUN 416 (W.A. 2563) UAZAUUN 444 (W.F. 2566)
pandaalumsed 2
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MINTN 2 HANITNATDUAMMNMUAT MEMW uazadunIdzasmiatnnlamunaumsnagau

F18NIINAFAU LNAUTNINIFIU WaNIINAFaU aqlea

AMMNNNYAUNTE

NIUaUNIE (CFU/nTN) "> 1Up8N 1 X 106 430 WU
NUdFduazs (CFU/n5u)? 1#penI 1 x 10 Hpend 10 WU
E. coli (MPN/n5u)"? Upan 3 N 3 gt
Salmonella spp. (25/n54)"® Tawu Taiwu B
S. aureus (CFU/n5u)"" Taiehu 10 Hpend 10 WU
B. cereus (CFU/n53)® Taifin 1 x 10° 50 U
C. perfringens (CFU/n5u)"? Taithu 1 x 10° Waen 10 WU
AMMNNILANUAZMININ

nsawwulgdn (Hadnsu/Alansu)e” Taidn 1,000 Taiwu B
nsawasin (Nadnsu/nlansu) @ Tsithu 1,000 Taiwu BN
USananhdase (a,)" not specific 0.75 WU
anailunsa-are (pH)® not specific 6.73 WU

wansldsudasmuad nenIw qﬁun’%t‘i’ was

= % L v < [
M5USSEUNNYSE A NN FILHINNITIUT I
Mag1Uaininu

a

g W H o g v od
Hamsusnsindamvnunnulinaamvgd
) ! g ' [ <
4, 30, 35 Uag 45°C guaTIAcdBENNN 5 T (Uu
nagare 41 Tu nnanapeluudazan Iz
DU 31 MIBEN NUIUIAUNIENAUNYHN 4, 35
o A o s v
waz 45°C imswldsuutasianipenasassaznm
s @ o v P a o
usnw dadiiiungun)il 30°C szaza)

MU 11 U4 PUIUFAUNTIEUANDIUIUYY

miSnadeMiindunauaud 11 audeiudl 41
ﬁ'qagﬂummeﬂmmgmﬁﬁmuﬂ U3 a, waz pH
finswasuwdasieudndeslugdieszning
0.74-0.76 WAZ 6.57-6.91 MINAIGU LUNNHIN

gauniimatiusnen asudaslumsni s dewmeil

e

A3 a, wuaz pH Feligniraniesiziaiy

@

wWusHINGamMImaIgmsausnlugniizisg

v
a I

il uasgunnil 45°C Msdseiliumuiszany

e o Re

v v
&

duEadugaas o Tui 16 anudelilaamiiums

NAFOUTIIUYAUNIE a, uas pH daludn

I 3 wamInadauNIUaUNTE (log CFU/NN) Mmvmnanndass (a,) wazAaNNunIa-69

(pH) wasdmpeghanlamvmuitiuiiaand 4, 30, 35 uaz 45°C ¢ Tuiens ) duanniuiiBuny

R 2EIA 5114114%;514%%27 MUSananhaase Aanalunsn-ane

animg () (log CFU/n3%) (ay) (pH)
4°C 1 2.63 0.75 6.73
6 2.54 0.75 6.83

11 2.57 0.75 6.84

16 2.57 0.76 6.68

21 2.68 0.76 6.81

26 2.65 0.76 6.79

31 2.72 0.76 6.79

36 2.49 0.76 6.79

41 2.84 0.75 6.82
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M50 3 wamsnaaauIUauNsE (log CFU/nSN) musmnanndass (a,) uazmanudunsn-ean

(pH) wasipeanUavmuiiiuniaagil 4, 30, 35 uaz 45°C a Jufiena 9 TunnuiGuAy (da)

R 2EZIA 5114’;14%;514%%27 MiSananhaase AaNalunsn-ane

anngn (M) (log CFU/n3%) (ay) (pH)
30°C 1 2.63 0.75 6.73
6 2.53 0.76 6.82

11 3.67 0.76 6.78

16 5.41 0.76 6.76

21 5.52 0.76 6.91

26 5.64 0.76 6.76

31 5.56 0.75 6.72

36 4.70 0.74 6.69

41 4.93 0.74 6.61

35°C 1 2.63 0.75 6.73
6 2.38 0.74 6.84

11 2.38 0.76 6.75

16 2.53 0.75 6.70

21 2.53 0.75 6.88

26 2.45 0.74 6.77

31 2.38 0.74 6.76

36 2.34 0.74 6.75

41 2.74 0.75 6.72

45°C 1 2.633 0.75 6.73
6 2.61 0.75 6.80

11 2.56 0.74 6.72

16 2.41 0.75 6.57

HaNISNAFauNIIUssaINdNldyaInladgg
Uanu
NINATBUAMNINNINUSEdINTNE S
Usenaume & nay (HadNNd ANNTUNLe was
ANNBaUlaesIN NASANNUITNSUTELTY FILaAa
o % v a
Tuer9199 1 vavnuazlansuuuanadtila
Wiaszazna lunsiivuuiy dedrnaannIn
4‘ v \ <~ \ ﬂ' ]
WaAzuUULaenI 4 dadndandniw liwala
= ] o £ 3; = 4 a I'd
winldgansu aenuidsldnisitessiauain
q; £ I £ da%'u/ dlay
naUszandunailuasiizioquawniugaeiy
mathusnezasnlavnu Tagananmsluigansu

YNENAFBY GauaalumsNd 4 wugungil

Tun15tiud 4°C azununisUsziiivdrulng
aglussaud walavdaneu weeu & nau ladude
ANuduniio wazanuraulassiy lasiinzuuy
W 4 NNFNMITONS Lﬁmﬁ'uqmwgﬁtﬁuﬁ
30°C WUsEezaMstiuaend 16 Suduly
uansUsziivalnajaglussaulireuudzaniule
ey § ndu aduis anatuvile uazenumey
Tagsiw ﬁqmwgﬁmﬂﬁu 35°C szazLIan
MsRudaLd 21 Ju 89 36 Su mansusziiy
agluszdulaivauudeaniuld Mg & nau
aduid anudunile wazauzaulassiy

wanszezIaIMstiy 41 Ju wamsusziiiveg
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Tuszavligansunieoru & ndu wazANzBU

Toasin azuuunsUsedin MINY 3.50+0.85,

3.80+1.23 WAL 3.60+0.97 MUMAU wazNamni
o & A [

45°C S2820@IMINUN 1, 6, 11 Uz 16 TU ANNFDU

To85INAAMMINAIGU LA8ENNNGNIN & 8BNS

]
= a

1 v o < 1911 o
wazligansu wwmuloNNauv)il 4, 30 uay 35°C

S2ELAIMNSHU 41 U aNNBUlAEIN WU

6.20+1.03, 4.30+1.34 Loe 3.60+0.97 MNBIAU

2.

manNroulagINNgun)il 35°C Waendn 4 Galy
Rforgnmanuinm 36 U uazfigungil 45°C
szE2MsiU 16 4 anwgaulessin Wiy

v ' = o s @ o] o
2.80+0.42 (uaﬂﬂ']’] 4) QQNB"IE!ﬂ']iLﬂ‘UiﬂHTVl 117U

<

MINN 4 wanINaFauNNUsEaMANAFaINAas YN IIUNNUTIRMN 4, 30, 35 way 45°C

a4 MENN U T UNSuAY

LI : iadua
auungil . d nau v anazdaulagsin
() AINAUBUR
4°C 1 8.50+0.53 8.7040.48 8.40+0.52 8.50+0.53
6 6.80+0.92 7.3040.95 6.60+1.51 6.90+1.29
11 6.90+0.99 6.5040.97 6.20+1.03 6.9040.99
16 6.00+1.49 6.20+1.32 5.70+1.34 6.30+1.16
21 6.2040.92 6.20+1.14 6.00+1.05 6.1040.88
26 6.60+0.97 6.30+1.16 6.30+1.25 6.40+1.07
31 6.80+0.63 6.60+0.97 6.10+0.99 6.8040.79
36 6.40+1.07 5.80+0.92 6.20+1.14 6.2040.79
41 6.80+1.32 6.20+1.03 6.30+1.06 6.20+1.03
30°C 1 8.50+0.53 8.7040.48 8.4040.52 8.5040.53
6 8.10+0.57 7.5040.85 7.00+1.33 8.00£0.67
11 7.4040.52 6.60£0.70 6.60+0.97 7.2040.79
16 6.40+1.35 5.90+1.60 5.80+1.23 6.10+1.52
21 6.2040.92 5.3041.42 5.80+1.14 5.80+1.14
26 5.80+1.69 5.90+1.45 6.00+1.41 6.00+1.49
31 5.00+1.05 4.70+1.06 5.10+1.29 4.80+1.03
36 4.70+1.16 4.60+1.17 4.90+1.37 4.80+1.23
41 4.20+1.14 4.40+1.51 4.70+1.57 4.30+1.34
35°C 1 8.50+0.53 8.70+0.48 8.40+0.52 8.50+0.53
6 8.00+0.94 7.1040.88 7.60+0.84 7.7040.95
11 7.2040.63 6.10+0.57 6.50+1.27 6.5040.97
16 5.90+1.60 6.00+1.49 6.20+1.55 6.10+1.79
21 5.40+1.35 5.00+1.41 5.40+1.17 5.30+1.34
26 5.20+1.48 5.00+1.33 5.60+1.58 5.10+1.10
31 4.3040.82 4.30+1.16 4.70+1.49 4.20+1.14
36 4.0040.82 4.30+1.25 4.40+1.17 4.00+0.82
41 3.50+0.85 3.80%1.23 4.40+1.78 3.60+0.97
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= T

MINTN 4 WaMINaFeUNNUTEIINANRFraINaaA MR NUNAUTIRMAT 4, 30, 35 WAz 45°C

a4 NN 7 U TUNSNAY (d)

- 2N . p Wadnia
BRAEEY . d nau v a ANNTaULTALTIN
(W) ANNAUBUR
45°C 1 8.5040.53 8.70+0.48 8.40+0.52 8.50+0.53
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Shelf-Life Evaluation of Food Products
“Nam Pla Wan” Using Accelerated
Testing Method

Patcharee Chittaphithakchai, Manita Looknampetch, Nuttacha Rujiwongsa,
Suleeporn Yeetrakoonrat, Wilasinee Hamniem, and Wachirapa Kheowrod

Regional Medical Sciences Center 5 Samut Songkhram, Department of Medical Sciences, Muang District,
Samut Songkhram 75000, Thailand

ABSTRACT “Nam Pla Wan” is a Thai ready-to-eat dipping sauce typically consumed with sour fruits.
The objective of this study was to evaluate the shelf life of Nam Pla Wan using Accelerated Shelf-life
Testing to understand the quality changes at elevated storage temperatures. Sixty jars of Nam Pla Wan
were stored at 4, 30, 35, and 45°C for 41 days. Samples were analyzed every 5 days to assess quality
parameters, including total microbial count, water activity (aw), pH, and sensory evaluation. After 41 days
of storage at 4°C and 30°C, the product quality remained within acceptable limits. Total microbial counts
were within specified limits, with only slight changes in aw and pH values. Sensory evaluation scores also
remained favorable to the testers. In contrast, samples stored at 35°C and 45°C exhibited decreased sensory
acceptability, reaching unacceptable levels after 36 and 11 days, respectively. The Q.o and Q: values were
calculated as 3.27 and 1.13, respectively, resulting in a predicted shelf life of 123 days at 25°C, which is
consistent with the manufacturers specifications. This study suggests that temperature can be used as a
basis for determining the shelf life of Nam Pla Wan. Additionally, due to the detection of initial microbial
contamination and microbial growth at 30°C, future studies should be focused on identifying sources of
contamination and developing methods to control and eliminate initial microbial contamination, thereby

achieving a longer and safer product shelf life.

Keywords: Food shelf-life evaluation, Nam Pla Wan, Accelerated shelf-life testing
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ANNFINLEND WazANNETesTEazansilaly ACR MRI Phantom laluszezen %qmaﬁﬂﬂgimmﬂmmﬂé"au
lumsﬂsmﬁuqmmwmém MRI l& ﬁqﬁumsﬁnmﬁ?ﬁqLﬂuﬁa;ﬂaﬁwﬁ'ﬂﬂumiﬁmumLmeqmuqmqmmw way
snsadagaagmaanmsarmenaspudmivldmelumheny saadunuuazaeanudsiulumsaugu
Qmmwm%’m MRI 2a9iszine

[y

w: fianaslse, ladanmaalsd, ACR MRI Phantom, ansuduiiatfienny, msanuan

o

AN
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T4 ACR MRI Phantom

WNUY WHINE UazADLE

unin

msanemneeaauiwanlWih (Magnetic
Resonance Imaging: MRI) Hhuedasiiaifass
mMensunndiddn deannsaldnimiiians
azdaagiloslidasandessdlosalud elasuana
fenateuwsnanalumenafingmsumsanailiane
suudszanm ndwtiie uazedenzamely anwwsiugh
YBIMIFTNMW MRI ﬁuagiﬁ’uﬂszﬁw%mwwmm‘%}aq
u,a::mmQnei"aﬂumsaauLﬁﬂmxuuaeiwasjnaua
Tastamznsusziivanssouseaaiadasludu
AMNNMW (image quality) LAZANNFILEND
yaedyanm SmSumsasuiieuiies MRI ag
WuszuuiisnldgunsaianasgiuiiiGeni ACR
MRI Phantom "Z!;\i‘ﬁ W leg American College of
Radiology (ACR) Lﬁalﬁlﬂum%ﬁamaauqmmw
Tudsmamwuasdaanaumn®? mealu ACR MRI
Phantom azussﬁ;msazamﬁﬁwaaqqmauﬁ'ﬁms
touamezaslsnaulilndidesiuiioidonasuywd
Usznaume Nickel (II) chloride (NiCL) wag
Sodium chloride (NaCl) %ﬂﬁummﬂumsmuau
@ T1 waz T2 relaxation times® agwdiUszandaw
ToamlUazlFanududy NiCl, 10 mM uaz NaCl
75 mM udarsazareainanazgnasnuuuli
afuasdionuadesmeldannznd udtayad
ANULEDYS (stability) wamwsa:mama’ﬁ'j’mﬂw
msvanuluszezendaiagadgning

Senunasatunuhmswasuulase pH
2ANFITATAYEINITOTINBNTENUDENN TN E ALY
daantamaaiiuaslonsulan: wu Niz* Fuiy
pedUsenaunanildenasad T1 uas T2 relaxation
times® UszfiuiZasfnsenlalasloda (hydrolysis)
299 Ni** TumsagmmfwLﬂuﬁqﬁwﬁmﬁﬁmﬁmim
maed Teemldugrlessy Ni7* fumnliniezie
Ujnsenlalaslaganalviio Ni(OH)" wazihllg
msanaznaurasiinialansanloe (Ni(OH)) 3
fhuwesdediden o pH aasnsazasgeu®

NNMSANILEIHUANUIINNTANALNDUYDY

1
=~

UNiageda 99.9% 9 pH 9 waz 50°C HaaAAADY

AUNUYDY Zhao CP uazamue™® ﬁszujﬂ Ni (II)
Tenausuiialalaslagasgeivadduiie pH
Uszanu 6.0-6.5 wazmianaznauzay Ni(OH),
%Lﬁmﬁuatiwaugiﬁﬁl,ﬁaﬁh pH Lﬁugﬁuﬁmszmm
9.0 M3asuulase pH ﬁgﬁvuﬁawa@mwmﬁuﬁ'u
209 Ni** daszluansazans Fazdenansznulagnse
GaUsz@N5MWNSIuYes MRI phantom poued]
MIanaduasa) pH queniiiuly (mswmh 4.0) NSNS
@edaanuddasyesssusznaudu q lussuy Wy
mMsalfdsemssaraaivasarsdunidusyiio
wiamsnaniauvasiagilimeu: Fuuiym
fwvlumnsazaneiinifodgaamngan® uanaNil
M pH &eildnswanemsUandassiiniialosau
nnfaguiziia Tasnuddedliifiui pH na

fimsudeslasautiasiign® mamuaue pH Tiag
Tugreimanzaniautasedrdalunssnem
l@dasMwaasasazaauazlszdnsninaay ACR
MRI Phantom nitdlulszidusdaiiaansznuaa
dussomwaasdsazargly ACR MRI Phantom
fa ANAEEYBINTANHENINEITAZANENT D
msanaznauifannilasememenn dainihedu
melaanmmewndoniliafies Wy maszeveh
vhasmaviagamgifigeiu nmadnmnuas King R
sz Mahapatra S, Mishra D wazamz"”
Wz Han X wazanie™’ fenzimsaasdise
AMN5auYad Nickel (II) chloride hexahydrate
(NiCl,-6H,0) "i’%qLﬂugﬂLLuuﬁﬁniﬁumsm%au
Msazany wun luanmizueeuia NiCl,-6H,0 3zL0a
magadsnednduiu g deldduenusou Tas
Euduiinamgivszana 100-110°C aznfasuluiiiy
NiCl,-4H,0 wazfiUseana 150-160°C azulasu
vy NiCl,-2H,0 mnﬁgmzﬂmmﬂugﬂuuuﬁhiﬁ
ﬁmﬁﬂ (anhydrous NiCl,) ‘ﬁqmwgﬁqqnﬂw 300°C
maasuulasgluuurasndnmaiiiegih Nicl,
fenuhdeaamail uazwinasazarely ACR MRI
Phantom azgniaifiufigamgiveadundn ud
mavintusasgampiluansilimmnsamuauld
wu msdadulugamnfigand 35-40°C (laiins
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wu&i\‘tiwiwmiaaﬂﬁuﬁﬂﬁﬂ’aamulﬂmwmém
MRI du15089WacdanuaINI50lunIsazaie
289 NiCl, Taganuaursalumsazaraiiiaiy
nnUszana 42.1% 9 40°C 1{lu 45.09% # 60°CT?
Feoasliiianisanwdnlndanarsazaraiiay
fhiaenaiiagunniionas uiafimssziveasdn
MazaEsINeIE a8y NSEUIUMSANKENT
T¥msmuanaungil @ 50-55°C W fiuaandi
20-25°C tialWtAaudn ™ nstasuudas
fananazanaNNENT e Ni?* iesdrlussazans
L EIHAR NG HNTTHMTTNIMNBIUATDI MRICD

MstugusneuHanLazaiinualasedsng
lawsamansamlemamaiin X-ray Diffraction
(XRD) Fesiuszansmulumsasaaouriinuandn
Tuszaun@aninen (Crystallographic phase) #u
NiCl,-6H,0 %38 NiCl,-2H,0"*® uanmﬂﬁﬁmﬂa
0 XRD ansohlldiieuiulqsgasasazans
UaLNUIINNANIIAAY ACR MRI Phantom 5y
msmuqnqmwgﬁuazmmﬁu mstanilnmzuy
aeguiumN wazmsUsue pH Tviagluga 6.0-7.0
Fatudnilimingaudamsinmanganaslasau
Tughsazarguazanlamansanu@n®” e Ni2'
Tussazans NiCl, Humnlindsulaseaaile
Fuilafuuss UV uazgamgiiaslugsamuemad
350-550 nm %qaamﬂﬁaqﬁ'n d-d electronic
transitions 289 Ni2* mufinenulas Nakamoto K
waz Lever ABP"® Faduwusiumsuwasuuias
Tassalamsafiasiaaauldrn XRD msdnw
AMFNTANNMEMWKIEANNETETUBITNTAZAY
Nickel (IT) chloride (NiCL,) 8¢ Sodium chloride
(NaCl) #l#lu ACR MRI Phantom 34fianu
sanaeheis e lvmnmsonanaspulumsades
msaahutazmsldnuleageiivsednsan dmsu
mhenugudinenenaasmsunng 15 wisnlssma
wazainSeduaziadasiiownnd nsuinenemans
Msunnd BnneiadieensEauA LN UEI2D
mi‘nwaaummgmqmmwLﬂ%}aq MRI luszéu

T5aneIuI8nIASgUazlansu a9uuIuIe il
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RiTagUssaedtiaienziauantianenmenn

waztadzavansazare NiCl, waz NaCl ﬁmi?«gag
lu ACR MRI Phantom (JM Specialty Parts,
34 ACR-PH1, USA.) WaUssiiuanudses
wazdnwazmsasuulasaasasazaraneld
annzuradanauanluiasfiansiuiie
quawil 10 zasnguaruiediadoiiounnd

AuIngansMIUNNgn 10 guaTIFaNl

S'aqu,azﬁﬁms

11928NUUUNIIANY

msanmiiunsisedmeass (Experi-
mental Research) fisnifiumsluwasuficions
2aaguEInemaninIsunngdl 10 guasIEeIil
Tagaanuuutlunisnaassnaldaniizaiuau
efnmumstasuulaswasarsazans Nickel
(11) chloride waz Sodium chloride m#lu ACR
MRI Phantom #8a@asz8zla)d@nt) MIngIaie
Fa3esiioinasgruiiumssauiiisuauman
ISO/IEC 17025:2017

d3taNuazmae N

sseiiildlumsanmn Usznaudae sazans
NiCl, uas NaCl fiaglu ACR MRI Phantom
asazareunsgiuly ACR MRI Phantom Wy
#iindudu (standard concentration) (USHN
N3N We NNe, uuny3, Ussnalng) lesidoya
ssyhasarmedududananiiadensdeinau
US1as 3,710 Taaans avliasazaansanldau
(working solution) ﬁﬁm’]mﬂlu"fllml a4 Nickel (IT)
chloride (NiCL) 10 #iaalua$ az Sodium chloride
(NaCl) 75 fiadlua1s a2e819d158ea8d 115U
msﬁﬂma%ﬁlé’mﬂ ACR MRI Phantom 'ﬁshu
msvatnumeldinasgrumsiiusnmvaguae
uasgﬂlﬁmulumimnﬂauQmmwLﬂéaq MRI
Wuszezian 1 U tusiudnsindaiasilas
quginenenaaimsunngi 10 guaTEeIil Fauaas
Tumni 1
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T4 ACR MRI Phantom

WNUY WHIWIE UaTAE

Mwii 1 ACR MRI Phantom

(Man: guaimenenaasmsumngi 10 guanzanil)

m‘%lmﬁauazqﬂﬂssﬁ

\n30sTngamgil FLUKE 52 IT Thermometer
(Fluke Corporation, USA), pH indicator paper
(Whatman, UK), wiasSamanuiiunsa-ms
(pH meter) 'i:u 1780001037086 (Metrohm AG,
Switzerland) w5830 Unitrode (Metrohm AG,
Switzerland), Lﬂ%lmg‘i—'iﬁtﬁa anlnslnlofiwas
5U4 G9865A (Agilent Technologies, USA.),
LA3DIFI0ELBHA (4 AIUKUY) BSA224S-1S
(Sartorius AG, Germany) ANZLDYA 4 LU
waztaiadinnzimsidmuurasidiend (X-ray
Diffraction: XRD) entfiun1sfignrtiuive

uagulasnsa (89FMINMNLY) WNAUATNTIN

MsmIaNMIBE NGz

gadsazane NiCl, uwaz NaCl 3on ACR
MRI Phantom lagl4la596 USanas 100 Hadans
nIBNEIaTAIENIUNIZMHNIAN No.1 tnarTazans
finspudradlumasisuiiazann Yadawsildy
Ltaz%’mﬁﬂuannzqquﬁﬁm (22-25°C) 9020
SLEEAIMINABDY TNMI0Z) 3 A% wsuuday

MIaaad (n = 3)

madsztiumnuadasasasazans (Stability
Assessment)

mﬁ’mqmwgﬁ (Temperature Measure-
ment)

1#in3nsingamgii FLUKE 52 IT Thermometer
Julnsvacludpgnasazsasudasya Tuiina)
qmwgﬁtﬁaméamamwamﬁ ¥Ms3e 3 A%
LﬁammLaﬁmmzﬁuﬁmmummgm

msiamanuilunsa-ae (pH Measure-
ment)

vmmsasrasauiiesdulasldnszer pH
indicator paper tilaUsziiuzeaanuiiunsa-es
9E19AT ) NS AN pH agsusiugnans pH meter
Tasvmsufuiiisuiadasdoulfarunnassdae
ssasaatlasinaspuiisien pH 4.00, 7.00 waz
10.00 M3z 3 A3 msuudaziIadha

NSIAAINITAANIUUEIAIBINATIAYI -
Jdda awnlnsIilawmns (UV-Vis Spectro-
photometry)

sazane NiCl, #il#an ACR MRI Phantom
LaZEIIAZAIBNINTFIU NIIATIEHlaamaiia
UV-Vis Spectroscopy Uiiﬁgmiaxmﬂaﬂu
cuvette Iﬂilqli’f"lj’ﬂﬂgu (deionized water) tfu blank
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reference MNTWNMIaUNUEN mMIganauuasludn
ﬂ')’]NEITJﬂa:u 350—-550 H’IIHLNGI‘S %ﬁﬂ'ﬁ'ﬂu@]quﬂ%nm
ﬁLLaﬂ\‘lﬁﬂwmzﬂaﬁ d-d electronic transitions 284
Ni*" enuseuead Nakamoto K'® uaz Han XV

MeNsinsasuulasasarsazans NiCl,
waz NaCl anmsaananisanuanloalimaiin
Mg Idend (Analysis of the NiCl,
and NaCl Solution Transformation through
Crystallization Observation using X-ray
Diffraction)
msanmmsanudniiflumsnasaduannzise
Taegwnasazare NiCl, waz NaCl avlunuseLne
gz udrnelilugganiuiifimsauauanin
WINFBNRUNNTYDY (22-25°C) AUATIEITTAE
WILLWEUNS MINTFILNAMSIAaNana18aILUan
Tuinmwiesasndniiasulusud 3, 5, 7, 9
wae 14 U WILIUNNIATATABALUNN 1TBYAIN
AR BIAUMNIIANBULYBINITANKAN UL
ANNFENBIAIITaTIE TeBNKANT Ldazgn
Fuhwiln nntuddiensviaiio asdlssneu uay
Tassahandn Toeldimefiamsiaeuurasisdiond
(X-ray Diffraction: XRD) & d01Uu3¢
waagulasasau (aedmsunn) lagade beamline
fisosfuinaiin XRD/GIXRD Lilassysiionas
Nan ¥u NiCl,-6H,0 %38 NiCl,-4H,0 814
wdug ' nagau XRD ludnnzuiasgiu
Usenaume WSNAULALNIELEYBINaRnsIdand
40 kV uay 30 mA ziievesviaansedend 1% Cu
Ko (fuunaaniiiaded wwiseasaiodyaio
D/tex Ultra 250 lnuansauny Continuous
ANNFIVBIMTAUNY 2.4225 deg/min ANNILLDER
YDINITHLAU 0.02 deg ﬁamwaamﬁm (20)
10.00-90.00 846N ZoaL RS F SR (Incident Slit)

5 4FN PBUNNATDIUASIFEINAY 10 mm

NMIIATRTaY
My Nsidayalsznaumemsdsziiiue
MaNMeMnaeasazag NiCl, waz NaCl filean
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ACR MRI Phantom laglenitialaandauysena
loun pH gamnil uazAmnMsganduus (Absor-
bance) andaneiideaddidasiy laun eean
Mgaan Mimas waseidsuuunasgu ieasa
dauANNEILaNazedays MstlFeuLiiaue
pH uaze1 Amax NUYBYAENBIINITIUNTIN®
anldiilediuduanugndasaasszuumsazansi
Nasanginssuveslosau Ni** uazasadauany
wigszasasdlsznaumely Mslenziidnaumn
MuMIEUMIRINAanEMeMIannan luusas
d19a1 Guit 3, 5, 7, 9 uay 14) leatuiing
V3o Wz uniayaan@n wianaanuaaguan
Wedlaszidismaia XRD a aoniuids
wasBulasnseu (asdmanmzu) tieasiadousiio
warlassaamandnluszdundnine Fadaya
Manuaiigninduensdsntuialssiuanu
\issmwansansazasiildlu ACR MRI Phantom

mmgmathmamqu

e

madnmilldhiauenamalianziaaeui
NMNMEMNLaztAizasdsazare NiCl, uar NaCl
14 ACR MRI Phantom mglaanmiziinaasaiuay
Tuwasuianis wiswamsanufulssidunan

v
=1

MU

msdsziiivanaatasuasarsazang (Stability

Assessment)

a

KansInguuaizaddIsazaly NiCl, waz

a v

NaCl fdanuluaungiivias (22-25°C) aaaa

u
[

2z IAIMSANNAARNY 24.0£0.12°C NaNITIO
meanudunsa-mezasansazary NiCl, fidinas
5.2940.02 Tmaﬁdwi"nqmﬁ 5.28 u,a::qqqmﬁ 5.31
Fauaasluaed 1 wazmsasrdauliasdude
pH indicator paper ugnzaeem pH danaaaaiy
auaalumni 2
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oA 1 pH uazgungiuasansazars NiCl, usz NaCl lu ACR MRI Phantom

UIUATINNINTNAFIU

YNINAFaU 2 3

A1 1 Asadi 2 a%adi 3 Mean+SD
pH indicator paper 5 5 5 5+0.0
pH meter 5.31 5.28 5.29 5.29+£0.02
Temp °C 23.9 24.1 24.1 24.0£0.1

wa,RSAL

\waICATOR PAPER

i

ol e Twas
el Vim

Yie d

i 2 anadauanuilunse-mezasansazare NiCl, uaz NaCl iiinsdumenszas pH indicator paper

(RUUANMW: UNENIUIYY WILWDE GUEImMNMIasMIUNNGN 10 auanzanil)

HAMTIAANMIGANAULTIIITaEAE NiCl
waz NaCl uaasaiunaiunisganauuaslugis
ANNETIAAY 350-550 1N TULNGIS s’fqmaumquu%nm
fiudndnuaeane d-d electronic transitions
289 Ni* dusuasazansanasguasanlos usen
n3n wa e aauaaslumni 3 wunauns
QANAUUEEI (\max) 71 395 nm Tasfidims
AANAULEN (Absorbance) gagaUszane 2.45 Abs
sUuvuaUneSuuansMsgandunssiigannluzng
UV (én 250 nm) uazduaumsganauuasningly

Usnanneiule saziansazare NiClL, waz NaCl

‘ﬁlﬁ'mﬂ ACR MRI Phantom é’maﬂﬂumw*ﬁ 4
Fohmaiad) 3 A% WuLOUMIRANALUEIFIFR
(Amax) # 394 nm Tﬂaﬁ@hﬂﬁ@ﬂnﬁuuaqmﬁﬂ
gegaUszanal 0.0273 Abs jUuuudnlnafud
Funalalussazmanisaalszan dauaaslummn
‘7; 3 uaz 4 uamsanuazlaras d-d electronic
transitions 289 NiZ* lasaufingroadsiy Tawil
peak nhalugieanueaaulseana 350-550 nm
E{‘gﬂﬂ"l Amax a8 Absorbance qqqm‘ﬁ'lﬁmﬂ
MIINATLH UV-Vis Spectroscopy 2898159918

NIFDUTELNN AT LU 2
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of the ACR MRI Phantom Solution Nongnuch Pringprao et al.

5.5000

5.0000 |-

4.5000 4t
4.0000
3.5000
<.5000 T A/
2.0000
1.5000
1.0000

ol \ S 1\
0.5000

0% o0 ~

500.000
Wavelength (nm)

Amax=395 nm

300.000 400.000 600.000 700.000

Sample 395.00 nm Y mode

Value

Std.Nacl2+Nacl 2.3872 Abs

awd 3 dnasy UV-Visible 2a9asazaraanasgiu NiCl, + NaCl w@3aulas usem nin we 9ne

Amax=394 nm
0.0300
0.0200
0.0100
5.0000
oo \\\
-0.0200 T
-0.0300 : : : i 1
340.000 360.000 380.000 400.000 420.000 440.000
Wavelenath (nm)
Sample 394.00 nm Y mode
Value
Sample 0.0273 Abs
Sample 0.0268 Abs
Sample 0.0266 Abs

MWt 4 @nesu UV-Visible 2agansazans NiCl, + NaCl (n = 3) #ilganéaghs ACR MRI Phantom

MINN 2 HaMTIOMIPANaULENEBIaNTazae NiCl,+ NaCl :1neia8a ACR MRI Phantom

PUIUATINMINGTIAAT

Wavelength Abs.
a15azans Absorbance BHNIYLYIB
(nm) 3 T 3 7 3 Max Value ¥
A9 1 AS9N 2 @Sad 3
NiCl, + NaCl (Std.)
wWIsnlag USHEN 1IN e NG 395 - - - 2.3827
393 0.0257 0.0259  0.0256 0.0259
NiCl, + NaCl (Sample) 394 0.0273 0.0268  0.0266 0.0273 Amax
lu ACR MRI Phantom
. ) o 395 0.0258 0.0260  0.0257 0.0260
YDIGUINANFATMTUNNEDN 10
U] 396 0.0256 0.0260  0.0257 0.0260
397 0.0255 0.0256  0.0254 0.0256
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WNUY WHINE UazADLE

mMaenzimswasuulasasasazansy NiCl,
waz NaCl 21nnsaananIsanuan
NaMIEINaMINNNan (Crystallization
Observation) MnmMstihasnaasazars NiCl,
ez NaCl fiszmalunussemeldgoaniu
wumsationdnlusui o Taslugrausnwuwdn
yuratdnuazivsuaes danwaziiuindae
Sdlensau Usinamdniinduadaiauilana
iulluaziiisssazarsssivsudaain lagd
szazIaUsENIl 14 W WUNMRNINIUIUNIN
ﬂﬂﬂquﬁ"ammsmﬂ aaudaslumsieit 3 mwee
AstnaNanzesdIsazars NiCl, waz NaCl
Tunussmamelamsseimeuine o 24290871619 9
HANRlaThvInTINmED 2.7584 nSN uaTdIBEa
HENTIAAIINMSANKENYasEsazats NiCl, uay
NaCl a1gly ACR MRI Phantom gnains1a
a9y o oI uaBulaTnTaU (BIAMTNINZY)
iipssyriiousslasaasnmdnloglfinaiin XRD
meldaamenasureuaiasiia wuhnaniliody
NNMIANKANTasaEsazate NiCl, uaz NaCl 3

anwaundnuan (Mixed Crystals) @53awu@)
ﬁ'tgmgmmslfgm (U (Diffraction Peaks) fidonndas
nulaseaseuanvadlaidanaaslsduaziinga (1)
aasalsdlusulanse laun NiCl,-6H,0 uaz
NiCl,-4H, O paudaeliiiudnswasuulas
TA598§57192 898 T8N EMANIINITTENE UWALANKEN
‘[maLawwﬂuu‘%nmﬁmmLﬁ'ﬂﬁuﬂaﬂaaauwﬁugﬁyu
Femadenaliiiamsasusaiuzeas Ni' uay
m'sLﬁﬂmﬁfﬂ,ugﬂLmulamsmﬁumﬂeiwﬁ'u 50579
Wuwan NiCl,-6H,0 uaz NiCl,-4H, O &@uguin
mswasuulasdenanduiusivanmznadan wy
ﬂﬁﬂu%uuaxqtuﬂgﬁ FeoaiinadannNFILEND
wazANNLEEsuaeaEsazaraiilaly ACR MRI
Phantom léluszazen manesauiisadudaya
deaiugaclifiudanginssumsiasuulad
Tassanasansazans NiCl, wos NaCl iilaagflu
dMznnasNUnd FFanAdaInUNAMINAFDUNS

Wanduastaiduq w@u @ pH uazmsganduus

T v
o 1A

v a s
NuaBw liivzasmsildsunlavupaasdisznau
ez AALFEAI UMW 5 WAz TN 4

MMM 3 FUNIMTANNINYDIFEITAEAY NiCl, uaz NaCl

N - -
o dousuaIEITaTans duaINdn BHHLYIG) Mwdsenau
daLnem ’
3 wpuvadladden ludindn - galaitinmMsane@n
AKRSNUSINYDUIIUTLLIEY
5  wazasaragdandueaan  dumld  Suhendnege g

NN 80% luUSELY

AIazaneaNUNNYuan
9 HuEaEUMNUTTE denaau
wesaRuaraINTzwe N

a =3 A' o v Id [~
NONANBNNaNEUIUUNEn
azLdem

\ 4
T
O

asasaaENUNNHHEN

o o Fidlen
WIUERLRAUMIUSELAE
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=3 I v [~}
NanUuRaULEN 9 nSEane
Tuaussve Wunda
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NIMITUNANMIANHENYBIT Tz NiCl,
uaz NaClmeldanmzmuauaamniivies (22-25°C)
wuhmsanuanEnunngluiud s eeiiudndenla
imzagiiuinaaunusse lusasiimsazans
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Physicochemical Stability and Crystallization
Tendency of the ACR MRI Phantom Solution

Nongnuch Pringprao, Kesanee Sriwan, Jantra Sopawan, and Peerapong Sangpradub
Regional Medical Sciences Center 10 Ubon Ratchathani, Department of Medical Sciences, Muang District,
Ubon Ratchathani 43000, Thailand

ABSTRACT The American College of Radiology (ACR) MRI Phantom is an essential standard device for
the calibration and quality control of Magnetic Resonance Imaging (MRI) systems, and its performance
depends significantly on the stability of the internal solution. This study aimed to evaluate the stability of
the Nickel (IT) chloride (NiCl,) and Sodium chloride (NaCl) solution after one year of use by examining
its physicochemical properties, including pH, temperature, UV-Visible spectroscopy, and crystallization
behavior using X-ray Diffraction (XRD). The results showed that the solution had an average pH of
5.2940.02 and an average temperature of 24.04+0.12°C. UV-Visible spectroscopic analysis revealed an average
absorbance of 0.027 at Amax 394 nm, indicating that the dissolved Ni*' ion concentration remained
chemically stable near the expected 10 mM level. XRD analysis of the crystallized residues identified mixed
crystals consisting of NaCl, NiCl,-6H,0, and NiCl,-4H,0, suggesting that solution evaporation induced
physical changes in both NiCl, and NaCl. In conclusion, although the dissolved Ni**ions retained chemical
stability, the structural transformation observed after evaporation and crystallization indicates sensitivity
to environmental conditions. Improper storage may affect the long-term homogeneity and stability
of the ACR MRI Phantom solution, potentially leading to inaccuracies in MRI quality assessment.
Therefore, the findings of this study provide important insights for establishing quality control guidelines and
support future development of in-house standard solutions to reduce costs and enhance the sustainability
of MRI quality control in Thailand.

Keywords: Nickel chloride, Sodium chloride, ACR MRI Phantom, Homogeneity, Crystallization
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Tumsanadauaumwilsziiu Hainsaasaia
Output, ANNNUGU (Flatness), ANNENNING
(Symmetry) WAL AU S9E (Field size)
uanmﬂfﬁiawmmaﬁqﬁ Elekta AQUA system
Failumendinsuaunionseoyma dvo Elekta
snsoldaradauammwiszariulagld Electronic
Portal Imaging Device (EPID) Wuainsed
lieIaUsased (Output) neRuiTNE uaz
Multi-Leaf Collimator (MLC) lotgunu ﬂzﬁﬁgﬁ
laisims@nen Elekta AQUA system §13n5als
HamInRFauANNAINTaIsInusElalngifes
v PTW QUICKCHECK""™ w3adu1501a0
Tnaunulalunsdiniaiasiielimumsaldoule
dialiiAaanuiulaldiniZnasedigiheldsu
Tuudaziugndasmuinamisnasgiv aealigie
lésumassnmiigndas madnmiliiagussasd
tiAnmANNALTaISINASE (Output Constancy)
wazmenuduiusuasmiialdnneisciia PTW
QUICKCHECK"""™ (152 Elekta AQUA system
ﬁaﬁlﬁ'ﬁaaugagmmﬁﬁ’ﬂh ANuAsinastFana

NsasnsEInenenaasmMsunng
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Daily Linear Accelerator Output Constancy Using PTW QUICKCHECK"*""™

and Elekta AQUA System

Wilaiwan Waiyawuttinan

39& (Output Constancy) saldneias PTW
QUICKCHECK"""™ (152 Elekta AQUA system
Tiuaneeiu wasadasiiafildiomassiuammmn
PTW QUICKCHECK"*"™ ya: Elekta AQUA
system H@NNFNWUSHUNNUINZBINMTInUSHw
SedededitadanNegdd (p < 0.05) dwnsold
wnudulalunsafiaiaciaiildnsragauiia
daunnsaeliaansoldnule

msAnwiflunis@awiuuudounas
(Retrospective Study) MIuUMsANE o4 AFINU
$ad3nw Tsanennauvmdnansasyi eiui
1 AN W.A. 2567 D9 31 WOHAAN W.A. 2568

ngufinde Usnasdiialdnniadasie
PTW QUICKCHECK"""™ uaz Elekta AQUA
system mMailagldgnsuat Yamane T Gaannms

N
1+Ne”

n =

n WY 2UN0YBINGNAIBEN
N uny uaudsedIns (@IUIUNMNS
Adlomasedly 1 7 whiu 241 Su)
e Wy @iwmmﬂawmﬂﬁlauﬁﬂau%lﬁ (0.05)
unua luaunsla n Ay 150 GeEN
waztiinauIungudagdndoeas 207 el
MTNAUNUVINANITFYLTENGNAIDEINTENTIN

iiunsiae (Drop out) tWINU 30 Fatuing
fhatheilduhiu 180 daaths

\nOiAALaBNNGNBEN (Inclusion Criteria)
Téud FayauBinasediialdnnmalssiuamnn
Nneiesils PTW QUICKCHECK™™ ™ yay
Elekta AQUA system

LN ANLEBNAIDEINBBNAINNITAN B
(Exclusion Criteria) lawn ﬁagaﬂ%mm%’ﬁ
fiavheiudu 1 $lw Huduly westayamsia
YSinassdliasudiu

msAnmasaildiEmadanngudiatauuy
ta1za9 (Purposive Sampling) MU 360 (aeN

wsasiiaiildlumsive

PTW 5u QUICKCHECK""'™ (PTW,
Freiburg, Germany) tiuta3asiiafildvinis
Uszfiuanmniaiasifeaymalszniuiivaiody
ionization chambers WU 13 WA HIzUU
mamaudaluiaaunemsimvual’ udasna
myIanufthuasudaina lindludasldaeduana
FENINMTIOTOYS 1M50TAUALIATISHAIN 9
lewn Output, Flatness, Symmetry wag Field size
fasdundsnue g meluedacld dayananua
andaiuludiniasuazdasiinadialoutaya
ifaldriullsunsy QUICKCHECK Software
fauaaslumwni 1

~

MW 1 PTW 34 QUICKCHECK"'"™ wasn15ta3engUnsnilunisia Output constancy

I'4 1

(@ s hendiiud ngunusadsne Tsanenuanvmdnainsasyyd)
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anuaeraslSnasidzeialeald PTW QUICKCHECK ™

wa Elekta AQUA System Tumsussnuasnnisziriuesaseaymea

4

Alanssa heneiviuy

Elekta AQUA system (Elekta AB,
Stockholm, Sweden) (Juzandursuaeiniag
\$9ayM@ ¥ Elekta ju AQUA 3.0 #il#lums
ﬂs:ﬁuqmmwm%amﬁiqaqmﬂ sanuuusnivelaly
msmmaauqmmwLﬂ%’mts'qaqmmmué'm‘[uﬂ&
dansodn lFurulisunsy Automated QA
1% EPID ({Judiased smnsadauazdiasiziian
USanaisad uazaneaSidfissaunasnuese g mely
Lﬂ%'ams'qmgmﬂ Tagnssunumsiouaziensidaya

To-Do List

Machins Trpe ke

(s O —m—

Linear Accelerator  Harmony (Elekta Harmony)

VAL L it Ponton LnacCcumect 8 ) -

o Lty 3 1A s Ewiy -

Ot Lty 31 et W

-

w— ki - e Clikcal

azeniiiumslagsalual uennniigianinsanaday
anugndasmavaiasstaymaludiudi g ldud
Geometric, Collimator, Gantry rotation isocenter,
Radiation field size, ML.C and jaws w8 Gantry
angle readout 59409 3@ isocenter YBINIW
kilo-voltage: kV taz mega-voltage: MV
(kV-MV isocenter) laagausiug) dayaain
1150533702 9NUTENIANAUDLANTNTIENIUNS

EUGUUT IS aauaaslumwi 2

i 2 Elekta AQUA system uazmstn3engunsaisumwdidannseiing Elekta iViewGT™

o

@ Al hendituy ngunusadsnm

Lﬂ%}a\i Li'\imémﬂg;ﬁ'a Elekta ’éu Harmony Pro
(Elekta AB, Sweden) wuassuduuuy Agility
fifigagunsaiisdudied 2w 5 Gedwes hunu
80 @ HzagUnsallunisadenInuuuLansse
ABNNIADS (XVI cone beam CT) WazasNmn
denIaaiaayma qu iView GT™ (Elekta AB,
Sweden) TUsunsnuszanana (i Version 5.0.7.1
H59dlWeaumuIu 2 wasu fa 6 MV waz 10 MV
MUY

aunsalSunmwdiannsaiing f%e Elekta
U iView GT™ (Elekta AB, Sweden) Hdusuaw
PUIN 41x 41 MITNIBUALNAT ANazLDYA
1,024 x 1,024 WNLYD S28LAINLHAINILHASIE
NEIFUMN LINAU 160 [FUALNAT

wuutundayam9I0SadUsza Ty [ums
mswaaummLﬁmm\u%m,ffam Item Objective

Congruence Index (I0C) t¥nU 1.0

TRNENUaNITNNNTUSYYS)

FBmsiudaya

mafudayadifesarnisifesiuuain
dwﬁugmﬁm%’mﬂwﬁﬁwﬁq (Reference) %ﬂdwﬁugm
Temnmstausinasidnasnnmssauiisuysune
59§ (Calibration) ﬁ'um‘%lmﬁaﬂs:ﬁ'uqmmw PTW
QUICKCHECK"™"™™ a2 Elekta AQUA system
Fuedausvoyumaldsumssauiiisuinasgu oy
@ Output YNV 1 centi Gray (cGy)/1 Monitor
unit (MU) flnafiudis $ed whau 10 x 10 M9
BURNGT FEENNNNURAMILTIATIFDIgaguUdnang
msmguwmm%’m (SAD) AU 100 LBUALNAT
Toemvuaswnfimad 6aii

PTW QUICKCHECK"™™ awisiieas
l#lumsnagau laud sunaiuiiasd whiu
20 x 20 MTNBUANAT SAD AU 100 LHUALNAT
Monitor unit thiiu 100 MU uazlailddnsasau
54§ (wedge) Elekta AQUA system Aw1513it083
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Daily Linear Accelerator Output Constancy Using PTW QUICKCHECK"*""™

and Elekta AQUA System

Wilaiwan Waiyawuttinan

flFlumsnagou laun swenuiiarsed whdu
20 X 20 MINFUALNNT WAUNT LAY 0 B9
ABAALNLABS LN 0 B9 AWK MV flat panel
a&uiehl,mﬁ\iﬁqnmq (center) Monitor unit AU
100 MU aa9USuused (Dose rate) tMnu
600 MU/min szuvazinneimnens (Open Field
images) #l#lumsnagau Output Constancy
sou 3 mu warldamasrasnasidnnmn
nlFauaenuSinased
mMnsTeusiaseduszariuainiaias
ifaymefisidTuaauwdsny 6 MV uaz 10 MV
Togldia3esila PTW QUICKCHECK™™ ™ yay
Elekta AQUA system luvnigh 538 180 Tu Uudin
mnmsiaatluwuuiuiindayansiaseduszaiu
wasdtasrzvidayanialusunsy IBM SPSS

version 30

nMyIAHdaya
Jiszdanuasizessinaded (Output
Constancy) Framnas (Mean) dudeaiun
N33 (SD) uasmanuuanaNaImslsenu
Qmmwﬁgq 2 1A3D9 GITNN3
ANNUAnGNZBIMIUsEAUAMMNUTIN U
Uszaiu = ehitiaann Elekta AQUA system - e
Saniaias PTW QUICKCHECK" ™

= = J d‘ a v o 1 J
wWisuieummdsUinasadsenin 2 ngu
MemEae Mann-Whitney U Test Niszautinaany
p<0.05 MANNFNNUSUBINGNFIDENNITBINGN

Y a £ v v g = I3 - [
Toglgmdussansanduiusuuvatesununszou
WedI ARy p< 0.05 ULATWIANNTDANIDIYBNYDYD

UsanaSeanialalagld Bland-Altman plot

A385554NI5IY
TaSUNISSUTDINNAUENTITNNITNIITAUD

a

Qﬁﬂﬁiﬁuﬂﬂiﬁ%ﬂiuﬂu Tiqwmmauma%‘namsm

[

SeyU3 NINMIUWNNE N3NNI laedienas

SUSD9LaYN MTH 2025-02 tH@UN 13 JuaN
W.6. 2568

We

1
1 =

mLaawaﬁaaazmﬂﬁ'mmuﬁvugmmﬂ
matiudayamsdsziugumnusinusedussaiy
ntaesiiiayninzesiedlnasundsay
6 MV waz 10 MV #3aldarniaiasile PTW
QUICKCHECK"®™ yas Elekta AQUA system
wuimsneasulsansanaaataiaeiionaaad
fidmagusinasidmetuliiudesaz 1 Tagms
SaUsmnasidiiunasineansule ae lihudseas 3
sauaaslumei 1

@999 1 udasaadauazdudssuuinasiIveesandsUsinased (Output) Malaaniasasie

Usziuammwlszaniu

ARaslTnasNdtazdulsauninasgiu (3agaz)

AMHLULENAINYD

Wa3U (MV) ,
PTW QUICKCHECK" """

Elekta AQUA system

19In (5088%)

6 0.996+0.000
10 1.003+0.002

0.9956+0.004 -0.001

1.003+0.004 0.000

mMstdsautieuranmsIaUsuasedlwaau
senaesasiie PTW QUICKCHECK ™™ yaz
Elekta AQUA system ¢medd® Mann-Whitney

o w

U Test Linuanuuananagiivadngmeada

M5815NTHANENFFATANTUWNE
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(p>0.05) NWaIIU 6 MV (U =17204.500,
p=0.277) UWBEWaNU 10 MV (U =17419.500,
p = 0.214) AaAluaTN 2



anuaeraslSnasidzeialeald PTW QUICKCHECK ™
wa Elekta AQUA System Tumsussnuasnnisziriuesaseaymea Alanssa heneiiu

3NN 2 wamnamIsautisumaiseIUUTINMSIEITHINIeIaNE 628 Mann-Whitney U Test

[

masagIe  Naaszwiemasing

WA LA3aiia ) U p
(Median) (IQR)
6 MV Elekta AQUA system 0.997 0.005 17204.500 0.277
PTW QUICKCHECK"*"® 0.996 0.000
10 MV  Elekta AQUA system 1.004 0.006 17419.500 0.214
PTW QUICKCHECK"*"™" 1.002 0.003

MINANAANNFNRUTIZAINMUTINANT  wuhinasnu 6 MV fanuduiusagluszaum
Maleaniasasiia PTW QUICKCHECK™™ ™  (r,=0.241) Tuzaeinaany 10 MV Janudunus
uaz Elekta AQUA system lagldaandseans  luszauaann (r. = 0.181) aauandlumni 3

anduwusuuvadesuuu (Spearman’s rho: r,)

B 6 MV

§ 1.005 —

§

2 1.000 -

< 0.995 -

hv3

Q

= 0.990 -

E o ! | I I [
- 0.995 0.996 0.997 0.998 0.999

MPTALlAIIN PTW QUICKCHECK"*P (sppat)
n.

B 10 MV
£ 1015

$

£ 1.010 -

&

g 1.005 —

5 1.000 - 8

= 0.995 - o

= 0.990 - °

= [ T T T 1
e 0.995 1.000 1.005 1.010 1.015

ATIALAIIN PTW QUICKCHECK™ ™™ (spuat)

A

i 3 noudasenuFuRuEsEr e USInasdnialdaniasasiia PTW QUICKCHECK" ™
oz Elekta AQUA system (n) Wasiu 6 MV (2) Wa 10 MV
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Daily Linear Accelerator Output Constancy Using PTW
and Elekta AQUA System

QUICKCHECK"*"™
Wilaiwan Waiyawuttinan

JiezianndannaasraeaUsanasedn
Salasznnaeisciis PTW QUICKCHECK"™
uaz Elekta AQUA system logl#nisitasizd
Bland-Altman wuhilanuaeaaaasfunisas
WAINU AW 6 MV Sidmasanuuanea (Bias)
WNAU -0.0006 (95% CI=-0.001 94 -0.000)

dannaanuaannaas (LOA) agludie -0.008 i 0.006
% = d‘ \J

UATWANIY 10 MV JaRdganuuane = -0.0002

(95% CI =-0.0008 §4 0.0003) AAMNAANNTDAAN

g lug9 -0.008 64 0.008 Gvuaaslumsnn 3

LATNIND 4

M5 3 UEMKNAMIIANTANNFanAaarasmUSinassdmale lagldnsiaszy Bland-Altman

WA WMNRHas amniale FNANNTDNY 95 %
6 MV Jonnaenudanaassul (Upper LOA) 0.006 0.005 149 0.007
2a6 (Bias) -0.0006 -0.001 §4 -0.000
IaNNeaNNTannastan (Lower LOA) -0.008 -0.008 94 -0.007
10 MV donnaenudanaasaul (Upper LOA) 0.008 0.007 84 0.009
2A6 (Bias) -0.0002 -0.0008 94 0.0003
FaNNaaNNFannastar (Lower LOA) -0.008 -0.009 ©4 -0.007
- 6 MV
g
P 0.010 ‘
S
T it > o= Upper LOA = 0.006
T L 0
% ° ° ¢
g E L] ° . * ° ¢
B & 0000 fomgmesngmnsasmengasssesassasgsnssnen prfomeseeeen@oneen®oneneny Mean difference = -0.0006
a B, e e S L e e ]
z3Z .
% 8 0.005 . ¢
£3 "™ .
£ pocoossoy (7 TSI DD OEESOISOICEIDEIOTS Lower LOA = -0.008
G °
2 -0.010 - 1
g 0.5;90 0.9’92 0.9‘94 0.9‘96 0.9‘98 1.0‘00
3
€ HANSIMTEVING PTW QUICKCHECK"P™ yag Elekta Aqua system
&
.
" 10 MV
g
‘_! 0.010 ke °
% Upper LOA = 0.008
i
g
= e
(o %!
E ES Mean difference = 0.0002
E @
3 £
2 o

Lower LOA = -0.008

T

1 1 I 1 1
0.998 1.000 1.002 1.004 1.006 1.008 1.010

ANAULANANHANITING

HAMIATEIN PTW QUICKCHECK*®"® yay Elekta Aqua system

.

MW 4 NM5IATLANNFBAAF I USINaSIENIalaaneSasiia PTW QUICKCHECK
oz Elekta AQUA system (n) Wasiu 6 MV () Wasu 10 MV
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ANNAINPBIUSINSIETNIn laald PTW QUICKCHECK ™

wa Elekta AQUA System Tumsussnuasnnisziriuesaseaymea

%

Fladssae lendidun

q

a 4
AU

Aiadzuasiosarmadssuuiuguiiiale
NnA3eeila PTW QUICKCHECK™ ™ yaz
Elekta AQUA system uaneanuliiiusaeas 1
diawdsuiiieudedd® Mann-Whitney U Test
Taiwuanuuaneeadaiideddymesdanszau
s 0.05 udesliiuheiasiiensdasanine
Jaemuimadidldlndidasiu uazegluinomid
gansuldmuuinmeas AAPM TG-142® fifhwue
@hmmﬂqﬁwaqﬂ%mm%ﬁwmm%aua"qm‘gmﬂ
Taithu +3% sanagasiunuisenaumh® ™ fiwuh
PTW QUICKCHECK"™™™ g315030a8a
29U UNF e uUNaIU 6 MV waz 10 MV
agﬂuwaummﬁﬁmu@ LALFDANE BN UTIENIUY DY
Letourneau D uazaniz finush Elekta AQUA
system lduamsSaanuafizaclsinasidinaay
fndanu 6 MV uaz 10 MV aglusauizaiimmug
wanenefuluiiy +3% anuduiusyasmisale
NNNIEDILATRIEANEINY 6 MV uaz 10 MV
NUNHANNFTNNUS LuAaMLdeIny (positive
correlation) wadaNNUBIUNTUTIBUGUDYlY
SERUMUBLMIIN MNAITU TITHANNAIALAEDY
wuugy (Random Errors) fAnzuaInNsEY
Fuanawes detector luudazass Tasamiziia
AUsinasditaiianulndidsssuanaannse
danaliaraudaya (ranking) wWasulaihe vl
MANNTNNUSIZBUI VAN dxriauliiiiudennu
wandisfuguantinugIuLazanuades
2BISTUUMSATIINTE Fail

Tudenalneiasiia PTW QUICKCHECK"
fi9Yafuniieo ionization chambers ‘?;va?fﬂ
nanmIaUsunasidanmsuanazeseInMaly
ionization chambers NFQUANMUIUMUNDE ENHE
Tidiitaldianuaissgs uaziimsaauauss

GANANIUADUAINAIN (energy independent)

Y
Y1 A

mlianialadianwingadagenazingnldiiy

1A3893881989 (Reference) lunumumsusznu

AW uaz Elekta Aqua system 19 EPID (ilu
(M58 1 1lA59§3NUUY amorphous silicon (a-Si)
fyatauduanubhgeuazainsoaaudyano
1a510157 weidanNneu energy dependence,
signal non-uniformity s3udenu asauandaay
(Artifacts) lumw Fafluthdadszuu (Systematic
Factors) fiaswalifiinanuulsaunasasuna
Ssdnsalalundazasadandoudisuiuiiauuy
Ionization Chamber mmﬂmmﬂﬁ'ammuz’ju
fitieanmssuduaraees EPID Tuudazass
TosmwziiaamUsinasidinialaianalndidaiy
nn ududanuaaaidauuuuduiisadniasi
wennduanusuniuly EPID snsaasuulas
dudaya (Ranking) lédhe Filusmaiivily
MANNFNNUSLZOUAU (Rank Correlation) anad
daeduanvizashunn

M3AnEYY Ma Y uazamz"? uaas litiiuh
msiaUsiausidala EPID ahansoiauldssle
fudimsnaspudaiaimsssuiiey mamsise
wuhmsiaUsinasedlnasunsuuy Flattening
Filter (FF) waz Flattening Filter Free
(FFF) Tagld EPID fishumsaautiieulinuay
wandfusdeiidedidy SnnagauninaasnIn
EPID finasamusmnnusedniols @il Norvill
CAJ"” wun Elekta AQUA system #7810
Fosnamwaasmwiialasld EPID Aenfuds
wdaniasn (Artifacts) wazanulidnianend
MW (Non-uniformity) FedradaaNMIuY e
Tsocenter Marunuilaliifuhilymanmmwans
mw EPID lilaninaguansm Isocenter il
uddanadomsiasinasd safumsldny EPID
lilpaaSaUsinassdaniuateisiasdaaiinmsg
IaMIaNNLUIHUIBIF Y UHIUNTZUIUNM SEDU
[Wisuaghansandauazasnan sandemsuSuuden
Dark Field tiaUuuddauanasumuiiaguly
yauiiliRSedannseny uaz Flood Field tiauSuud

ﬂ’J']NVL&iET&h LEUDBINMINBUFUBN LULARNNLTS UaY
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Daily Linear Accelerator Output Constancy Using PTW QUICKCHECK"*""™

and Elekta AQUA System

Wilaiwan Waiyawuttinan

ABANNMIFUTNBUMUNIINNY (energy calibration)
e l¥msnausuasdandsnuiianusinauadns
TimsiaUnnussdiinnugndauazutue)
HANSILATILHANNFTDAARBIBIAUS I
Sedsznaeisciionsans Tagld Bland-Altman
Plot iwdsu 6 MV wudiaraadideszuy
(Systematic Bias) t8n1a8 (¥1AU -0.0006
@ Bias fidnfuau usaslidiuilaswmasmniale
n Elekta AQUA system ﬁﬁh(ﬂg']ﬂ’j‘l PTW
QUICKCHECK"™™"™ (&4 0.06% A031N0
ANNaanAaad (LOA) agluzie -0.008 4 0.006
waeslWidiuimsianamue 95 Wadud mmsia
Hanuuaneanuluny -0.8% B4 +0.6% wazy
LOA isnnaldiiuauuazagmelunasineansuld
(uanenanuluhy 39) SIHSUNSINY 10 MV Wuh
HAaAfBaseuL (Systematic Bias) aniias wihnu
~0.0002 Tag@iisaladan Elekta AQUA system
fiehani PTW QUICKCHECK ™ 1iers 0.02%
dannaanuaannasy (LOA) agluzin -0.008
84 0.008 ugasliFuimsianavae 95 WasiEud
AMMsIadeNuuanaeanulitiy £0.8% wazdie
LOA fignnaldilunuuazagmelunamisoniuld
HAAINEIFINABNNULLIAAZEY Bland JM uag
Altman DG fingnaamsiusziivanuganaass
2891038931030 MsHTANMNAANNLANREE
(Bias) Lo 1930nNaaNudaanasd (LOA) mnm
ﬁqaaqaén181uwaUmeﬁﬂauﬁ"ulei"mmﬁﬁﬂ LAdasilo
s hileuaaaadastutisanaiazlinaun
fule Tumsdnnil 229 LOA fewaldiann
wavanniatSasudausunas +39% Fudlunoei
wasguildlunulssduauninneiidinm
MUULUINNYDI AAPM TG-142° Fauaaaliiiiui
in3asiiansaasiianuidedogeuaslinadws
fisudssiuld Seaguldinaiasiiansaas
1mNaanAdeeluNIsTAgININLALEINIT0
THununulaaeniivszansam lumsusznuganmn

Uszaniu
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asu
9

Ldasiiase PTW QUICKCHECK"
war Elekta AQUA system #nNd00A8040Y
ansalFnunaunuiuiingsnu 6 MV uaz 10 MV
Ieaehafiszamsnm miinaumsldnumsaautiiou
a3p9ilanldSa PTW QUICKCHECK ®!ne
MuasgIUiasljidnisaasaauaunsaisunn
didnnsaiing (EPID) @aaiimsusuun Dark Field
uaz Flood Field titaiiaanuasnauslumssumn
(Uniformity) waz@asmaauliisy (calibrate)
mundsnutiialmsnaususidandsny (Energy
Dependence) agheasnana wial¥msiaUsmnased
Tgashsgndauasuiug msdnmassilhmsdnm
ez SeETaaunasny 6 MV uaz 10 MV #iiai
uiunsa9en3ed (Flattening Filter) Fuilumdsny
l#vaglumendiin uddalinsaunquszdundanu
auq Aldlumssnngtheiigeani wu wiwnu
6 MV FFF (Flattening Filter Free), 10 MV FFF,
15 MV, 18 MV uazSedaidnnsou dauiemsd
Anwdisuiisuenuasiivazanudanndasyad
Ussnaddlasldiaieciiatarinauildlumanadin
[N AaanauNansENUBlatEWnADNEY 9 i
anuBuding anuduussnme gumgiluag
Lﬂ%'a\‘u,éamgmﬂ wazalaeda (warm-up time)
fionadawasamsiaUsinased msdnwulSeudau
Uszandmwaaaiaiasiatseiunumwlududu g
iy mswasuulas dose rate damsiaUSanased
(Dose rate dependent) mmmmin’lumﬁwgw

lussazen (Long term reproducibility)

mMsilawmanslddaandseivg

9

unanuatuiiimslieiesiietyandszavs
ChatGPT (OpenAl, ju GPT-4) tiaudlylennsal
Mdanguluunaags waz Gemini (Google, 3u 3
Flash) Lt dumnssanssuTitieTasin i
N ladFeuiuud wililomdanms msiened
waznsagUune ﬁgwumﬂumamuwaq@@ﬂu gale
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wa Elekta AQUA System Tumsussnuasnnisziriuesaseaymea

%

Fladssae lendidun

q

M5I9FBUAINYGNAD9YBYDYD UALTUNALDUGD

WIANINUHNA lUUNANNRL U

Aeeanssndsena

YOUBUAM E{BIUIEMIIHNNEIUIANNIET)
aNsSUTYUT AMENITUNITHIITUIATEEIT
a v a vaq ¥ o a v < v
mnyiagluay NeylalimmaiTauasiiudayalu
Tsanenwala zezauam Aaglsiny uiygiiy
ANALNT AaUNA UTEN PTW u3Em Bidneh ingan
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Daily Linear Accelerator Output Constancy Using PTW QUICKCHECK"*""™
and Elekta AQUA System Wilaiwan Waiyawuttinan

The Study of Daily Linear Accelerator Output
Constancy Using PTW QUICKCHECK"*""*

and Elekta AQUA System at
Mahavajiralongkorn Thanyaburi Hospital

Wilaiwan Waiyawuttinan

Department of Radiotherapy, Mahavajiralongkorn Thanyaburi Hospital, Pathum Thani 12110, Thailand

ABSTRACT Quality assurance (QA) of linear accelerators in radiation therapy is a critical process
that must be performed daily to ensure accurate and consistent radiation output within acceptable limits,
as recommended by the American Association of Physicists in Medicine (AAPM) Task Group (TG)-142.
PTW QUICKCHECK""™ and Elekta AQUA systems are commonly used for daily QA. This Retrospective
Study collected photon beam output data at 6 Megavolt (MV) and 10 MV over eight months. The results
showed that the average output measurements from both devices differed by no more than +1%, with no
statistically significant difference (p > 0.05). The Spearman’s rank correlation coefficient (r,) indicated
a positive but weak correlation for both energies: r,= 0.241 for 6 MV and r, = 0.181 for 10 MV.
The Bland-Altman analysis demonstrated good agreement between the two measurement systems,
with a mean difference of -0.0006 and limits of agreement (LLOA) from -0.008 to 0.006 for 6 MV, and a
mean difference of -0.0002 with LOA from -0.008 to 0.008 for 10 MV. In conclusion, both devices provide
reliable daily dose constancy checks and can be used interchangeably for daily linear accelerator quality

assurance.

Keywords: Output constancy, Linear accelerator, Daily quality assurance, PTW QUICKCHECK,
Elekta AQUA system
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Prevalence and Patterns of Blood Transfusion
in Head and Neck Cancer

Pavina Musikkapan and Naphatcha Thawong
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Hemoglobin Change (g/dL)
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naullann wasEnaIENINMsliEaaa wuh
nnmafiudayamsliidaadaunds oy 7 ads
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Transfusion Event Number
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Hemoglobin Change (g/dL)

=2 4

@ Patients
—— Regression Line

10 11

Pre-transfusion Hemoglobin (g/dL)

d' g o < J A= a J Y A QJ v k4 a k4
7N 3 anudgunusserieseaudlulnatunaulitdannu Hb change WIaNtdUDADDELENLEYU NIINOTDU

4 v ° o’cll Yo P 1 ' Y A g d'
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seavdlalnatu linvenudunusadaliadnymeadd (p>0.05) aauudeliihaulsnidas

whguuuinassanoaswyas (Multiple Linear Regression) tWaynwuee Hb change
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Hb_Change = 3.25+0.92(Units)-0.35(Pre_Hb)
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d‘ 4 = = 1 Y A
p< 0.001) zaziszavdlalnatunauliiiden
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(B = -0.35, -0.62 4 -0.09, p= 0.010) AIUFA
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(Adjusted R® = 0.317)

H 1 4 o 1 L U aa 1 4 = Q( 1
9N 3 daAmANNFNNUSTaNUaazaulsnU Hb change loaldaddemdudszandonons (B) e t

@ p UazAANNANALAFDUNINIFIU (Standard Error)

Variable  Coefficient Std.Err T-statistic p-value [0.025] [0.975]
Fhﬂﬂﬁ 3.25 1.38 2.36 0.020 0.54 5.97

RBC Units 0.92 0.19 4.76 < 0.001 0.54 1.30
Pre Hb -0.35 0.14 -2.60 0.010 -0.62 -0.09
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A Retrospective Study of the Prevalence
of Blood Transfusion and Post-transfusion
Hemoglobin Change Patterns in

Head and Neck Cancer Patients

at Mahavajiralongkorn Thanyaburi Hospital

Pavina Musikkapan' and Naphatcha Thawong®

‘Clinical Pathology and Medical Technology Department, Mahavajiralongkorn Thanyaburi Hospital,
Pathum Thani 12110, Thailand

*Medical Life Science Institute, Department of madical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Head and neck cancer has a rising incidence and is commonly associated with
anemia, for which blood transfusion remains an important therapeutic approach. However, data
on transfusion practices in this population remain limited in Thailand. The objective of this
study was to examine the prevalence of blood transfusions in head and neck cancer patients at
Mahavajiralongkorn Thanyaburi Hospital between 2021 and 2023 and analyze the patterns affecting
hemoglobin level changes after receiving blood transfusions. The results showed that the prevalence
of blood transfusions in this patient group was on 2.71% on average, with an increasing trend from
1.93% in 2022 to 3.56% in 2023, which may reflect an increasing trend of anemia in these patients.
Therefore, it is essential to continuously monitor transfusion rates in the future. Regarding the
analysis of patterns affecting hemoglobin level changes after receiving blood transfusion, the study
found that patients had an average increase in hemoglobin levels of 1-2.5 g/dL per transfusion.
Based on the multiple regression model that included the number of units transfused and the
pre-transfusion hemoglobin level as covariates, the amount of red blood cells transfused showed
a significant positive correlation with the change in hemoglobin, whereas the pre-transfusion
hemoglobin level exhibited a significant negative correlation. The model explained 31.7% of the
variance in hemoglobin changes. However, this study still had limitations, including its retrospective
descriptive study design, which may have resulted in the lack of control for confounding factors, and

its single-center setting. Further studies are needed in the future to confirm these research results.

Keywords: Head and neck cancer, Anemia, Prevalence of blood transfusion in head and neck,

Blood transfusion, Hemoglobin changes after blood transfusion
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Prevalence of Dyslipidemia among Healthcare
Personnel at Khong Chiam Hospital,
Ubon Ratchathani, Thailand

Sarayut Hyongsit
Department of Medical Technology, Khongchiam Hospital, Khongchiam District, Ubon Ratchathani
34220, Thailand

ABSTRACT Dyslipidemia is a major risk factor for non-communicable diseases, particularly
cardiovascular disease, and can be resulted from multiple determinants. Despite their health knowledge,
healthcare personnel may have risky behaviors due to stressful work conditions and limited time for
self-care. This study aimed to assess the prevalence of dyslipidemia and associated factors among healthcare
personnel at Khong Chiam Hospital, Ubon Ratchathani, Thailand, to provide evidence for health promotion
and prevention strategies for non-communicable diseases in at-risk groups. A cross-sectional descriptive
study was conducted among 161 staff aged 20-59 years who participated in the annual health examination
in 2025. Data collection included questionnaires, anthropometric measurements, blood pressure, and
fasting blood samples for lipid profile analysis. Descriptive statistics, Chi-square test, and t-test were used,
with a significance level set at p < 0.05. The overall prevalence of dyslipidemia was found 66.5%, higher in
females (72.0%) than males (63.9%). The prevalence was highest among those with diabetes (72.7%) and in
the age group 31—-45 years (66.0%). Regarding lipid abnormalities, elevated total cholesterol (= 200 mg/dL)
was found in 42.24%, hypertriglyceridemia (> 150 mg/dL) in 30.43%, high LDL-C (> 130 mg/dL) in
26.65%, and low HDL-C (< 40 mg/dL) in 15.53%. These findings indicated that healthcare workers were
at considerable risk for dyslipidemia despite their professional background. Therefore, proactive health
promotion, including regular screening, nutritional counseling, encouragement of physical activity, and
stress management interventions should be prioritized to mitigate long-term risks and reduce the burden

of non-communicable diseases among this population.

Keywords: Dyslipidemia, Total cholesterol, Triglycerides, HDL cholesterol, LDL cholesterol
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ISO 15189 and ISO 15190 Medical Laboratory Accreditation
by e-Accreditation Nattakarn Laieddee et al.

Enhancing the Efficiency of ISO 15189
and ISO 15190 Medical Laboratory

Accreditation by e-Accreditation

Nattakarn Laieddee', Awiruth Khejonnit', Saovanee Aromsook!,

Siriphan Saeng-aroon®, and Surasak Muenphon'

'Bureau of Laboratory Quality Standards, Department of Medical Sciences, Nonthaburi 11000, Thailand
’Bureau of Expert Advisory Panels, Department of Medical Sciences, Department of Medical Sciences,

Nonthaburi 11000, Thailand

ABSTRACT The Bureau of Laboratory Quality Standards (BLQS), Department of Medical Sciences,
Thailand, has accredited medical laboratories in Thailand according to ISO 15189 and ISO 15190 since
2003. To date, more than 300 medical laboratories have been required to submit paper-based quality
documentation for accreditation purposes, resulting in significant time consumption for both document
preparation and review. To address these inefficiencies, the BLQS launched an electronic program for
accreditation processes, namely e-Accreditation (e-Acc), in 2019. The system aimed to streamline
the accreditation process by digitizing all document submissions and reducing administrative burdens.
This study evaluated the effectiveness of e-Acc by comparing the average processing time of the manual
accreditation process with that of e-Acc during fiscal years 2019-2022. It includes 183 laboratories
under the manual accreditation process and 144 laboratories using e-Acc. The study found that laboratory
accreditation using the manual system and the e-Acc system, as required in the part managed by the
BLQS, averaged 123 and 90 days, respectively (t-Test, p < 0.001). The comparison was divided into three
processes (manual/e-Acc) as follows: submission of documents (62/47 days), correction (34/24 days),
and granting accreditation (27/19 days) were significantly reduced by 15, 10, and 8 days, respectively,
and all statistically significant reductions (t-Test, p < 0.001). These findings demonstrated that e-Acc not
only reduced accreditation time across every process but also enhanced the overall efficiency of
the accreditation process. Moreover, it aligned with quality improvement initiatives for laboratory
accreditation based on the Lean concept, supporting a more agile and responsive laboratory accreditation

system that enables it to promptly and effectively meet the needs of service users.

Keywords: ISO 15189, ISO 15190, Laboratory accreditation, Electronics laboratory accreditation
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The PT use for Assess Laboratories Analyzing Pesticide in

Cannabis, Hemp, and Related Products

Weerawut Wittayanan and Thoranit Chaimongkol
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mamsurmgluguuuueha 4 e ssadaden i
Aty wazenamuLNLng AN NUARENTINNS
pIMIsUazeEN laaannuaIesaIsunIsUanaon
nnamldainsosh lulFdudrunanluems
\3asdhan uaznanAnmianulnald®” Famsdansas
%mqﬁuiﬁeﬁ"qmmwmuﬁﬁmms anAMILEEY

SsananuazasUudaunauin N'ﬂ%‘luﬂiSU’JUﬂW‘i

M5815NTHANENFFATANTUWNE
7 T 68 atUN 1 ¥n51AN - 1NAN 2569

HANEILATHANNUANINNITUNNG NIDNAN N U9
gumwdu ) niklusemsnasauiiddaduiu
115092980 UANNUBDANEYDINTN YA @D
menzdasteiilasiumiadagiizande Tas
dnauMNLazANNUaBaN BB LAWMUIIE
Aezduazlduimenadauasiaddasnunman
AngizuUY multi-residue method JtAT1zvi6
1A389 GC-MS/MS $117U 106 %0 wazlAIad
LC-MS/MS U 26 %iia 538 132 #ie a vy

9/1:" vV o a L 4 qul Wts' £
I}‘\II‘VIGIBQﬂ']iH']’NIQG]UﬂﬂJﬂi’]l‘IJEL?iQ']u TINMIRNOBINT

1
sl W

aTadaunan s ity dudunan® (Juasd
Tasumssusasanuqamn ISO/IEC 17025:2017
wazladrananasdanuiliungudinerans
nsunndia3adig LﬁaﬁJ@m%miﬂiBUﬂquﬁ"a
nnpiimezastszna® vannnilfivasufiams
MAsy dontumsfny wazmaenzudlawmen
Warviwnziuazlvusmsanaiensdlusems
Fanandnnarsure deiuielduad s iaea
wonlgiansludsemalnefiguamwilviiiidy
Feandudasiinszurunsuszifiuanuainise
WU fidms leamsinumsilSauiiaunaszning
WaaUfUiems (interlaboratory comparison) %38
MSNINURUNAFDUANNEIUIY (proficiency
testing) udiilpannitatymiyzdasdaliii
entawdn luvanadsaneuazmsaudimagnadou
anngngszieUsanadludedaaiyg mlnlud
whenunslussdunnmauasssaulssnad i
USNMSUNUNAdauaNNBIUIlusIenIsIAsIEE
astaiillasnumidadagiiy gIdedelarinmsdne
wasannmMseIendagnagauananaiiiy
ﬁwﬁ'mumﬁzgmﬁqumﬁLﬂuﬁamamtazéqﬂu FINDN
PR

uaaA N iinaludiuman wu sayuluslng

[l
ol g

uazmeniinymludunanliiiguanidunsas
Toun emanduiladensunasanuasimuanasyu
ISO 13528:2017"° mstaseusiatheiiia3onan
é’]’aatiwﬁﬁmsmnﬁwa%iuﬁa (incurred sample)
waz/viawmssnlagmsi@nasuasgiuludadis

NLaN ntuE lUTEUsstiumnuaInise



Msld PT dsziliuviaslfudmaienziarsiisana
Tunamn Aamuasudad

AIN@ et uar 383 lreeaa

ﬁ'mﬂﬁﬁamﬁmeﬁﬁy’qL"?Nﬂ%mmuam%mmmw
asteilasnumiadagiizanan loadalvilasens
Wisuiiisunasznindesl fianstadulasems
111589 (pilot study) Tudl w.A. 2563 waIWmn
Tiuununagauanuinayfudd w.e. 2564
iyt wmasauamahnailldsumsiuses
ANNFNITDMNNNINIFIU ISO/IEC 17043:2010
wae ISO/IEC 17043:2023 A9UAT W.¢. 2566
audathgiu fandndhuminngudinanmans
msuwngd Melansainenenaasmsunng nienu
M3y SFIEMN dotuUMIANE waznIeNIUY
MABNEL TINEUNT 20 winhUszmalng
miteduihhauamsanniinsades
GIENUAZNITNLHUNULNUNAFTDIUANINTIUIDY
msitegiasiaiilesnumandasialuiymn
nyRuazkaanu adunslagaingaunnwuay
ANNUaaA8DI1¥Is 55 INY W.A. 2563-2568
Jaguszaediiioinlulddmiumsdseifiuvany
ansavaslfianisvestsanalnadiliuing
#5990 uahdayamnInNzilaslszanang
wialddmsunswanndnaawiasd jiansle
susaanadnnzdlaagiiivszansmwainniy
NUIBNLFUDMIRNUNITNSLATBNAIDE19THE
enuihuiladentuuasiinnunsdiimnsaudams
1 Hudathe PT mail lauansdunaunssuaumsms
sufiunuzetun PT yiumwadlannmsmiiiuan
Usznaude doyainunuaaniniiiniinmesudos
weu PT wiiaansihvansiildussdiu fayameadan
T msumsuUsziiumg wam z-score iaeUfams
161"%’1JNamﬂzmu,azwaa‘uawﬁswsmu‘[mﬂﬁ'amﬁﬁﬁms
wasEazdanidinnninvenljiansld doya
ganarnanIsa i ldFwauIauaINIsTauny
Wasljiansle leasRauny PT laldamuuziuay
AatduaLu LU SN UUNUNOTDUAN NN YUADE
atiu osufuiamamunsaidayamailuissend
T ldmuanauminggy uannniimsidisin PT
annsaihluldUsznaumsaamsdusasenuaansa

MuN351U ISO/IEC 17025:2017 laanee

MIUENAITNIBN

mssvanesaandnlulasenisinses (Pilot
study) MHUMSLAEMIAM IATIMSWAINANEAIN
WavUfudnisiaiadiageInsninendrans
NISUNNE NIENAIINAITEIENDABIAAIING
Tungudineneansmsunnduar gueinenenans
msunndidrulasimsazlasudadmasau
mmﬁwmmuLﬁ'aﬂsznﬁumwmmsaﬁauéuqm
1a59Ms SMSUMSENINUNUNATDUANNTIUIDY
aiunmslaansdaiada @y NLNUNa U
anunglugwasdjuamsithmng veslfiams
faulasuisoaiasidisindiunisaavaneg
aannsaiind wasiiuszmadszmaunusuiums
Auladuasdingamwuazanulasansainig
LAZNBINAFIUAINEIUIR NININLIAITAS
Msunwng ¥anl fuensaiasinINEIUNMeszUY
DMSc PT Online
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#151@d: acetonitrile, HPLC grade (Merck,
USA), toluene waz acetone, AR grade (RCl
Labscan, USA), n-hexane, Pesticide grade
(Burdick & Jackson, USA), ethyl acetate, HPLC
grade (Burdick & Jackson, Korea), QuEChERS
Extraction Packet, EN Method Part No:
5982-7650 (Usznauais MgSO, 4 n5u, NaCl
1 N5%, sodium citrate dehydrate 1 N3y Wa
disodium hydrogen citrate sesquihydrate 0.5
n15%) wae Dispersive SPE EN method (‘Uﬁﬂ‘ﬁl 1
Usznauaie MgSO, 150 Haan5u, PSA 50 §iadnsy,
graphite carbon black (GCB) 50 §adniu waz
C18EC 50 fiadnsn uazzilad 2 Usznause MgSO,
150 d8an3u, PSA 25 §i88n3% waz graphite carbon
black (GCB) 75 §i8an3u) (Agilent Technologies,
USA), DI water (Type I, resistivity > 18 m{.cm,
D-sorbitol AR, purity > 98%
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SINATFIU IFADNBITUIBN (Certified
Reference Material: CRM) (CPAChem, France)
ANNENTY 100 lulasnSunaiianans (with
traceability) naau 132 e

m‘%mﬁauasqﬂnszﬁ

w3asdslnihanuasziden 0.001 ndu (LC
6208, Sartorius, Germany) uaz 0.01 Haan5n (MC
210S, Sartorius, Germany), LA3DIsEIREEN Az
wuU Heating Box wazlaufalulasaulumsszne
d159na (REACTI-THERM III #TS-18824,
Thermo scientific, USA), Lﬂ%'awmﬁummﬁ
(RONIC, Poland), Lﬂéawquﬁumaumiaxma
(Vortex-2 Genie, Scientific Industries, USA),
\a309%atnge (FSo1, SGE, Thailand),
micropipette 2u1@ 2-20 lulAsans 2u1a
20-200 l1AAAT LazUUIA 100-1,000 LN1ASANS
(Eppendorf, Germany), LASBINIULUUNDLADS
(T25, IKA, Thailand), Lﬂ%ﬂﬂ%&!utﬂ%ﬂ\i
(Multifuge X Pro series, Thermo Fisher,

Germany) Nenuisau 4,000 RPM, amber vial

WA 4 1adanT, centrifuge tube UM 50 NN T
woz 15 finddns, quiudsgamgiionni -18°C
(SJ-P65M-SLG, Sharp, Thailand), certified
volumetric flask, {intnas, m%mﬁmn%ﬁmﬁw
@8 acetone 2 ﬂ%gq ae n-hexane 2 ﬂ%\‘t LLET’J?J!\‘II‘I%I
wianauhanlFnu, nssawatinines, geagfidiew
Woud, reclusudigiunszunn, 1aias GC-MS/MS:
(7890B, TQ7000C Triple Quadrupole MS/MS,
Agilent Technology, USA) a1 LC-MS/MS
(1260 Series, AB Sciex API 5500 QTRAP Sciex,
Agilent Technology, USA)

[

MBENN T NUBIUATHANN T

fMathanm numuazNanin Wumaee
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2563 Pilot DMSc PT CB 01-63 #oDNNYH v
2564 BQSF CB 01-64 M5uenuuiIne v
2565 BQSF CB 03-65 Tunaymuis v v
2566 BQSF CB 06-66 M undaUNENA B v
2567 BQSF CB 01-67 mqwamwauﬁ“ﬁym % v
2568 BQSF CB 01-68 M5uenuuine v

muuaUsanaasnasauliagug 0.03-1.0
faansuaanlansu (30-1,000 lulasnsuaanlansn)
Tagdzavdrezfiaarsiadidaaiunmdadagiy
132 %iia ¢ail

ssiienzdlagaias GC-MS/MS 106 %ila
1¢wn 4,4'-DDD (p,p’-TDE), 4,4'-DDE (p,p’-DDE),
4,4'-DDT (p,p’-DDT), acephate, alachlor,

aldrin, ametryn, azinphos-ethyl, azinphos-

M5815NTHANENFFATANTUWNE

138 U 68 atiun 1 uns1au - ey 2569

methyl, BHC-alpha (alpha-HCH), BHC-beta
(beta-HCH), BHC-delta (delta-HCH),
BHC-gamma (gamma-HCH), bifenazate,
bifenthrin, bromophos-ethyl, bromopropylate,
buprofezin, butachlor, cadusafos, chlordane-
alpha, chlordane-oxy, chlordane-gamma,
chlorfenapyr, chlorfenvinphos, chlorobenzilate,

chloroneb, chlorothalonil, chlorpropham,



Msld PT dsziliuviaslfudmaienziarsiisana
Tunamn Aamuasudad

AIN@ et uar 383 lreeaa

chlorpyrifos, chlorpyrifos-methyl, cyanophos,
cyfluthrin, cypermethrin, DCPA (Dacthal),
DEET, deltamethrin, demeton-s-methyl,
diazinon, dichlorvos, dicofol, dicrotophos,
dieldrin, dimethoate, dioxathion, disulfoton,
ditalimfos, endosulfan sulfate, endosulfan-alpha,
endosulfan-beta, endrin, EPN, ethion,
ethoprofos, etrimfos, fenchlorphos, fenitrothion,
fenpropathrin, fenthion, fenvalerate, fipronil,
folpet, fosthiazate, heptachlor, heptachlor
epoxide-cis, heptachlor epoxide-trans,
heptenophos, hexachlorobenzene, isofenphos,
isoxathion, A-cyhalothrin, malathion,
methacrifos, methamidophos, methidathion,
methoxychlor, metribuzin, mevinphos, naled,
parathion, parathion-methyl, permethrin,
phorate, phosalone, phosmet, phosphamidon,
picoxystrobin, pirimiphos-ethyl, pirimiphos-
methyl, profenofos, propachlor, propargite,
propetamphos, prothiofos, quinalphos,
quintozene, tecnazene, terbacil, terbufos,
tetrachlorvinphos, tetradifon, thiometon,
tolylfluanid, triadimefon, triazophos Laz
trifluralin

ssfienzilagiaias LC-MS/MS 26 %ila
lown aldicarb, atrazine, bendiocarb, bromacil,
carbary, carbendazim, carbofuran-3-hydroxy,
carbofuran, carboxin, fenobucarb, hexazinone,
isoprocarb, metalaxyl, methiocarb, methomyl,
metolachlor, monocrotophos, omethoate,
oxamyl, phenthoate, pyrimethanil, simazine,
tebufenpyrad, thiabendazole, thiophanate-
methyl tae tolclofos-methyl

MILEIINAIDHNNAFTIUAIINTIUIY
- ac = v ) ﬂ' 4 = s )
WanIsmstesanmative ldesanean
<~ E4 v a ao = QJ ] a Nld
Wrus laga1ed9a1nisnsiesanalnd e uni

madnasiaidesiumindnsizues National

Measurement Institute 289UszinAaansLae
(AQA pesticides in soil) naassauladanmanza
frateim fasauazransme uminUsean
600 N3N WIDMNANUUINZFN 1NINUNBLLDER A Y
blender waz mill machine saUMEALUATY Sieve
No. 18 (1 mm) Seesitiasduiamniiauay
ﬂ'%mmmsmﬂﬁwﬁﬁag"lué'hasiw (incurred sample)
Tagdafidautasan EN 15662:201800 1w
m‘immgmﬁﬁﬁﬁmLLaxﬂ%mmmmauﬂm‘ﬁ'ﬁmuﬂ
aslu acetone U3anas 800 ml fiussgagludinines
Fideghaihmiin 500 N3N Aaw ) tenadeasly
dsazany lusazmsiinaaeneazinmsniuuan
wBhiudseisanmuwuuNaeas Wunm 30 Wi
wanliifwiladeniu nedadhsly fume hood
Udos acetone TWszmauiefigumgivioszann
5 Su FnhwiindhetheSui 4 was 5 vdeauninhmiin
zuanaenulaitiy 1.0 N5y 1l lUsaude
U39 Sieve No. 18 (1 mm) 3033 titalieaaehs
wane ussylugenanadninunalvaiden 2 Fu
aneadnlihnulugememswemeiia Ny
60 A5 LWENUU-T1 (30 ﬂ%gq) Za-a (30 ﬂ%ﬁ)
W lifuiladeondu quiedmasauiiadew
M 330 (VU NN aN) AenzvigtiauasuTanm
thansnagaulndidssiulSinaiimuuauazig 3
90 {iA %RSD < 25% aMsutaussy loads

9

v
° t

wninUszana 10 05N ussylugeagiiianwasd

WiaguuMEAnMAtLaLaziuSN I INaTaU
Tugududs (gaumnil < - 15°C)

msienziasadidasiumindasiia

14358 Modified QuEChERS In-house
Method Based on BS EN 15662:2018"" ({Ju
A5ATILHLUY Multi-residue Method lag
Fagrethadaym dyzuazndasiue fuaazdee
1.0 N5% a9lu centrifuge tube 219 50 Tadans
fnh DI USinas 9 fiadans weihdreile Wunm
30 51t uddesiall una 30 Wil Mt
acetonitrile 10 #8305 wehmeia Wuna 1 A

NsasnsEInenenaasmMsunng
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(ANFITHEN extraction Packet, EN Method
(EN 15662) umweh linnumeiia Wune 1w
ﬁﬂﬂwqumﬁ'mﬁmmﬁﬁau 4,000 RPM {lunm
5 17 fhataziiamsuenty wisssatadinls
auvuilady 2 du dmSuamadenzdaia
wazdSaaaseidasnumIndagnsanaiaeis
ta3nsila TaeAaiien LOD = 0.02 fisdnsudanlansa
war LOQ = 0.05 §aan5Neanlansu

ssanadud 1 YwassezmeUszanm 1.5
findans i lvudgnieae Dispersive SPE (uth
117 wqum‘*ﬁmﬁmmﬁasau 4,000 RPM (flunan
5 Wi Yiaasazaamuui 1 89dans sevaund
meaunalulasiay umusudsnesiu 1 Ta880s
MEFITALNLNFNITENIN n-hexane : toluene 1:1
W@uasazae 3% D-sorbitol USinas 3 lulasans
i luamadwnzdmaiiouassnadisiniasie
GC-MS/MS aaunaila Matrix-Matched
Calibration

dsafadiui 2 YuwasrsazarsUszana
1.5 fiadans amhlusgniey Dispersive SPE
(e 1 W9 mgum%mﬁmm(%asau 4,000 RPM
Wuvar s i wartwaarsezarediulaaslu
micro-spin filters 0.2 um #%i@ nylon mglum%m
snase Ruasazansdula hluienesisiouas
Ysnmaasieiidasiumiadagiizanaeeigimnaiie
LC-MS/MS Jnsizviaanaiia Procedural

Calibration Curve

< ay = v .
‘nmﬂaummt‘dmuammnu (Homogenelty
test)

1 o ]

duGBEN 10 %89 IANLTIAE 2 2wy
random #1835 In-house method based on BS
EN 15662:2018 by GC-MS/MS and LC-MS/MS
AlesuMSUTRIANNEINIMNING3TIU ISO/IEC
17025:2017 ANEIUNNINTFIURAIUJUANS
ASMINENAFASMIUNNEG KM TIATILHRNNAFDU
anutluiiadansulasnsmudaanegdan

MNIEFNOIN ISO 13528:20229 nadau

M5815NTHANENFFATANTUWNE
U 68 atiun 1 uns1au - ey 2569

homogeneity test 78 Cochran’s test waz ISO
13528:2022 Annex B (B.2 & B.3) muua lvimiesaiuu
NINTFIUTEUINGI0EN (S,) ldhu 0.3 1hzee
oA o A
andsauumnasyuihving (c,,) nsdifiny S,
1 0.36,; senanavinssanivlasldeingd
(critical value, ¢) ®u ISO 13528:2022 Annex B
(B.2.3)

MINAFBUMINAIAND (Stability test)
Juiidachageliaindn dudagauuudas:
(random sampling) 3 %89 °lei°1uﬂeimﬁaq naly
Tuilimuaugamai Wuna 3 Su nnuheas
dhasaliifusnmnliiigamaii <-15°C Tasasih
MadrunagauaNnuaiaImely 7 Iunasan
Sugarhefitmuelvandnaouna TinnzinuEin
anstaddasiumiIndnginy (veeas 2 #) WUU random
14383512935 ennunisnadaum iy
Watdeafy iuan1siteseHilau sy
anue Tagldnseuiueimeadanmanzas
g x ISO 13528:2022 nadaU stability test lag
Wisuisusumnasasanzinagaua e
Susiedsmnmsnagauanuiiuiaifieniu mwue
manuanea (d) laiiiu O.SGptﬂ‘Siﬁ‘ﬁ'Lﬁu 0.30 ¢
Tvenanasisansumy Annex B (B.5.2)

113%W1A1 assigned value (Xpe) uazA) Standard

uncertainty of assigned value (u(xp D)

fnsandayenainnsivasaniniiianyosy
\{lu obvious blunder Wipanuiawaanfiulada
(gross error) lag blunder fasiAmILANAINAIN
amuua 10 whaull wesdasannnnguiiazily
AMUIUNA assigned value NIINUIULTBYININAN
WIBLNNU 12 ﬁﬂﬁulﬂ 1#@%W24 (consensus values
from participants) Taaldan robust average
MuIUNNTDH Algorithm A (ISO 13528:2022;
Annex C)*” asaiinudayarpend 12 a1 g
median %58 arithmetic mean (outliers removed)

A lUsunsudndagy Excel uasmmsnaaay
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outliers Tagl% Grubb’s test ¥3 Dixon’s test %38
The Interquartile Range
nsdisnnudayamnnnhviderhiy 12 aauld
fnamanubivivauesmvuennaumsi 1
N3l UIUTBYAURENTI 12 A1 AIUIUAIAIIY

TaiwiupurasmmMyuanaNmsh 2

*

S P
u(xpt) =125x — FuNITN 1
Jp
nlQR o
Uixyy) = 1.25 % gy 2

N

s* fin standard deviation 284%A7BYd
e assigned 9875 Algorithm A

p A8 MudaYs

nIQR @8 normalized interquartile range

@ [l

MsIndImag IvkasUfuRnsaansn
Tundaiagnlvaanin ussaegnaday
% o a ~ o
muiaguszasduasanFnaclugaslusudd
AUATLUND WIBNLANFISAILUSUILALLANENS
Anenastunnsvaaasanagaunas lviagunanluy
wuutuiindayasindn WalagealUsuddisausas
NVNTaNINFNNTEN wazindamalsudldaiunLaw
(EMS) melu 24 7l dasdawuulaifimsauan
gl andauasljiamslasudiadnanie
Taivigsnnaedasaual 3 u

mMsUsstiuuasaNIzn
Uszifiumanisitasiedilédsuarnanidn
ToaSauiisunue assigned value (Xpe) filean
AMWBNYBNEINTN (consensus value from partici-
pant results) la# Robust analysis: Algorithm A
wiafildann median waslFaidesuuinasgiuuas
MINAFaUANNTINY (standard deviation for
proficiency assessment, Gpt) 1% general model
Mmuaan Horwitz and modified by Thomson
equations™ GeaNMIsh 3 uar 4 nialdema
gadaufivancanmu ISO 13528:2022 tiathan

AU z-score MUMSUSELRUNAFNITN AIFNATN 5

Ot = 0.22¢ WIB ¢ < 120 ug/kg qunsi 3
O pt = 0.02¢™** (Wa ¢ > 120 ug/kg dNNSN 4
Xi—Xpt 4
Z=—FG— duMman 5
pt

Xi @n reported result
Xpt Ao assigned value

Opt @0 standard deviation for PT assessment

Tumsuszdiunaainanazlda z'-score 1iid
ATAIUIUAINVUA WUIAIA NN N LU UD B

\ ° = a \J Gl =
AINIVIUG (U(xpt) NAIINU 0.3 LMYBN O, NIBDNIU

p
AWUINOIBENNAFTOUNANAIA LN LNEIND

(instable)

Xi—Xpt

zZ = — qumMsh 6
/ 2 2
O-pt+u(xpt)

! xi_xpt ]
e Z = > > > guNIINn 7
\/O-pt+ustab+u(xpt)
u(xp ) Ao standard uncertainty
YBIPNVUA
Ustab Ao standard uncertainty

29A NN A

4 B 2 2
W Ustap = \/ Uzy T UGy
YViuaz Yo Ga anasupaualitnscinauas

MIDENLALVAIFINIDEN

Toatnamimsuszsiunaangn NasaNaadl

Izl %30 1z'1< 2.0 WA WAIATIEA
fansozansule
(acceptable)
2.0<lzIW381z 1< 3.0 UFAND HAIWATIEA
1a9d8 (questionable)
lzIn38lz' 1= 3.0 Wdnd WanIsItA=y
Tdansnsazensule

(unacceptable)
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mMInaunImadgauanding (PT report)

vasljuiimsaandnlasusvarasiasfuams
Taosaluddiiafinisdrszarusnisiiuszuy
paulay wazlasusanumsnagauanuiiuie
(PT report) atiuauysnineszuy DMSc PT online
289n50ANIAFASNITUNNE TudIUYDITIBY
WUFMNIANIZIR T HURNMSNUAT z-score
W3n z'-score MENUIMINATATNIFNTIBNURY
@ assigned value loguaadua lugumanuaznsm

MNUPNNLANIETY

We

ahtinaaumwuazaNilaaanyems lusms
UNUNAFBUANNIWIYMTINREsediTaeny
Maadagirlunye Numuasnannu serint
W.A. 2563-2568 TUNgaY 6 Wiy uiadu Taseims
111999 1 wwi 11l w.e. 2563 (Pilot DMSc PT CB
01-63) WALUHUNATOUANNE I 5 WK GIENaT]
w3sniumetedinuasiianymnayze (danan lu)
wazrdns ot dusunan (2 sy
enwiulng) Fanvastueanadnni 1.0 Nadwes
(18 mesh) Thwinsamdseana 500 N3y Aoums
KUIUSTIFNAIDENIN 3 90 WIUAILIANINTIA
3eed wanui %RSD 2asmsreniiaiasni
ooy 25 (lahmauiiussylugeagiiiisnwasd
wmiingeastszanas 10 n¥w lassanas 40-45 g9
namsnagauanuiuia@eriu wui S, va
NANEMTIANRRAUBENT 0.3 289A1 standard
deviation 289 PT (G ;) LEPINEDEhTLAT e
flanuduiladesufiminzan (adequately
homogenous) HAMINAFAUANNAIN LABAIDEN
agflusamsdenfumsaudedi lifimsmuauanmgi
daflgaumniilug 28-340C Hunm 3 Tu iy
andulsi < -15°C Senziansaiiilesiumin

Angiizinanadauanuasaimealy 7 Junasain
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Jugameiimuualianndnaauns udanidan
WaUTIUANNLANENSE AR REYINEIATIZT
nauaIaEN (y,) Felgannwamsianziana
fluilaifientu fuaimasyamaienziilewaan
Suiimwualdandnaauna (V) WuNHMUane
FEUIN Y, waz Y, (1Y, - Y, 1) daand 0.3 e
standard deviation 84 PT (G ;) uaaainaiasn
ganueeaiianzay (adequately stable)
TuuaszununadauanudngUszat w.d.
2563-2568 AWaNUfUANIIAITINIIUIU 6, 13,
21, 16, 13 WAz 11 WA MNSAU WvasUfuanms
aaunduinmelunafimvuesau e, 11, 19, 15,
13 ude 11wl muaeu wesufuamsaananiiu

dudinardrgasnisunng dasdjuanisuas

U

[

Figmia WasUjuaniseasniranulumnu

[ 4 o/ =

#9955 WaNURUANISANE0ITUNISANY) was
wasltamsmetenyy miliiResl fuAmsuuns
Tissnuuamaiezinlidayaihunlssiiu
finulduhduiunuiestfiams eflsdnu
ol fudnisidnsianuandrefuluwdaz il
awmananulaunamsldiymenisunngyas
magideliudvawmnlidasjuiansureuns
gALANMSIAUIMSATINIAEY TumsUsziliuna
dm5uuwY Pilot DMSc PT CB 01-63 l#fenimviua
(assigned value, xpt) Hifudmagyeimsnagauy
anuifluiladerfurasdrinauninuazanu
Yanafeaims druunuay g nerdiunisludl
w.6. 2564-2568 Fehmmuaiiilumwasesaanan
(consensus values from participants) FUa&1S
lFlumsUszifiuniondn assigned value: X,
standard deviation for proficiency assessment:
Opt > Uaz standard uncertainty of the assigned
value: Uy YUK UNAFIUANNN QUG TDU

AALFEAI UMD 2
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P v P! a v a va J o
OIINN 2 °z|agaﬂ%‘lumsﬂszmummmmimlawmﬂgummﬂmmammu‘n@ﬂaummmmm

. GAES Data point Xpt Opt Ux,)
(ng/kg) (p) (ng/kg)  (ng/kg)  (ng/kg)
Pilot DMSc PT CB 01-63 chlorpyrifos 6 85.6 18.8 17.1%
cypermethrin 6 32,520 3,129 3,252%
BQSF CB o01-64 chlorpyrifos 10 144.4 43.3 30.4
ethion 10 611.5 150.0 106.8
BQSF CB 03-65 chlorpyrifos 18 124.5 31.9 16.6
BQSF CB 06-66 chlorpyrifos 15 94.8 25.2 14.2
parathion 10 122.1 30.3 14.1
BQSF CB 01-67 chlorpyrifos 12 100.9 24.7 10.8
prothiofos 11 102.1 27.0 15.0
bifenthrin 9 169.3 46.0 29.4
BQSF CB 01-68 chlorpyrifos 10 311.3 59.4 24.2
fenitrothion 8 396.7 72.9 50.0

WANBLA: *U(y,,) AMamnmsUsanamanuliuiuaumy ISO GUM

Nan15UsstiUANNEINITONIUJURNIS
g0 daudalumsnd s Tesudazununadoy
anungissihvaneiiuu 1-3 #ie lunnua
nagauaNNIUIYAaS chlorpyrifos Faiflu
gsnansendnmMsldnumalseniansznsa
AINNITN 309 ﬁ’nﬁim%'ai’mqé'umm (aﬁ’uﬁ 6)
w.dl. 25630 [Humsiinasnsalinumnmnasms
gadnmslrnuiimstsauldeaadung wageasd
msmwuamanasguluisayulnslialabu o.2
fadnTudanlansn muemeanulnslveg (Thai
herbal pharmacopoeia 2020)"" ahum'iﬁ'uﬂ
Wuanslunguaasmluweanada laun ethion,
parathion, prothiofos Was fenitrothion waz
nanansaaaNilninsasd laun cypermethrin
waz bifenthrin tisUssiiuauaInisosas

E4 a wva 1 v a va a o
%E]Qﬂg]‘l.lﬂﬂ']i ‘W‘U'JTHBQU{]U@ﬂTﬁﬂNTﬁﬂ‘ﬂNNﬂﬂTﬁ

Ussiiivagluinawianansosaniulaszniniasas
0-100 aglutnaeinaidaszninsasas 0-22.2
wazaglunaeiliaansasaniuld Sawaz 0-100

& X a s vo v a wa a
‘VNuNaﬂ’]ﬁ’JLﬂi’]gﬂﬂlﬂiug\nﬂWaQﬂaU(ﬂﬂjiaujﬁﬂ

'
o

A58 “not detected, ND” lusramsansiadl

[ o

asnumindagizniduacluludragrnasau

e

Pl J v a va a v a < a
azdanviesdjiamsaandnlonanmsienziuianm
ATUU NNU “0” WINANUHUAMINENUNBAUSN
waziINIMIUINAT z-score W3ID z'-score EIU

a s Yo v a va a o
HANIIILAIEHN LesuaIniasUiAn1saudni
ey “tpani LOQ, < LOQ” lusamsasiai
Yasnumindagiandnadludagimagay 53N
v a vYa a N‘ 1l 1
sl fuansaundnilaisenuale 9 lusans

Y L o QJ =1 lﬂ' a e 1
anseitlasnumiadagiizndnacluimagnaday

HuszauunulimmsUszsiiusamnangnneau
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@NN 3 wamsUsziiuanuanIaaasviadlfuamsaansn

Laboratory’s Performance

o &3

INALULHU (301, n) acceptable questionable unacceptable
lzl,lz'1<s2 2<Ilz'l,1z"1<3 lzl,1z" 1> 3

Pilot DMSc PT chlorpyrifos (6) 4 (66.7%) 1 (16.7%) 1 (16.7%)

CB 01-63 cypermethrin (6) 0 (0%) 0 (0%) 6 (100%)

BQSF CB 01-64 chlorpyrifos (10) 7 (70%) 0 (0%) 3 (30%)

ethion (10) 7 (70%) 1 (10%) 2 (20%)

BQSF CB 03-65 chlorpyrifos (18) 13 (72.2%) 4 (22.2%) 1 (5.6%)

BQSF CB 06-66 chlorpyrifos (15) 12 (80%) 2 (13.3%) 1 (6.7%)

parathion (13) 8 (57.1%) 2 (14.3%) 3(21.4%)

BQSF CB 01-67 chlorpyrifos (12) 11 (91.7%) 0 (0%) 1 (8.3%)

prothiofos (11) 9 (81.8%) 0 (0%) 2 (18.2%)

bifenthrin (10) 8 (80%) 1 (10%) 1 (10%)

BQSF CB 01-68 chlorpyrifos (10) 10 (100%) 0 (0%) 0 (0%)
fenitrothion (10) 7 (70%) 0 (0%) 3 (30%)

nansUsstiuanuaInIsoieasljuanis
A o @ a ¢ . o
dNNBNEIVIUNITILATIEYIEIS chlorpyrifos Ny
asthminauaziimsdvatludagalunn 9 U laaiins
wasulFinandnluudszlinanasdauanuannse
E4 a va a o’l!' L4 e v l!'
walfuanslumsitenzinszauanuduiun
wanENNY dayainItensiulinnsnmun
dnamwaasissufudmssandnluudazsau nawun
Wl fuamsaangniunliynsnunamienz
d' " s 4 v Q' d?’ v
naglunawisnansosansulaiinau ansesas 66.7
= = ¥ =
1@l w.et. 2563 9 Soaaz 100.0 Tudl w.a. 2568 n5IN

100.0
90.0

80.0

Percentage of laboratories

=3

Pilot DMSc PT CB 01-63 BQSF CB 01-64

B acceptable

BQSF CB 03-65

UEMHANSUIZLENUAM z-score W38 z” -score VBN
chlorpyrifos 'Iul,wia:uwuwmaaumm‘*ﬁwmm
Faugaslumuii 1 waztilorhen z-score W3 z/-score
2939819 chlorpyrifos MnaUHUANIENTNYD
ununadauaNunluudarsavanasaiu
UWHUMWNEDY (box plot) UEAINITNIZNEAIVDY

v

FayalUTaIna WuNIMINIEANEIYIY BN
=~ ¥V d'a a . o 1 @

Ndayaniinund (outlier) a0ae uazliAisagIuyed
Han3Usei (median) Whlng “0” nnaulunn 91

AAULFO LUMWD 2

70.0

60.0

50.0

40.0

30.0

20.0

o ||| ]

- o N

BQSF CB 06-66 BQSF CB 01-67 BQSF CB 01-68

I questionable [l unacceptable

AN 1 598LYDIAN z-score 3D z'-score 2BNE1S chlorpyrifos TULARLULHUNAFDUANINTIUIY

M5815NTHANENFFATANTUWNE
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5.0

4.0

3.0

z-score chlorpyrifos

——

-5.0

]
o
o op X

e
oo oo o qor

2563 2564 2565

d' 1 J
MU 2 UNUNINNEDY (box plot) 2aN@Y z-score

nagauANNDIUIY

ANNFNNUSYDINANITNATDUAIINTIUIDY
laanne z-score LiaRealuamssandnieu

o

HaMFIATIANS 2 Biia Tuudazlgnihindeses

]
=

muuldunswawianusuise lealulng
asihvane 2 oiie laun wiy BQSF CB 01-64
Hansthwaneduy chlorpyrifos wae ethion WY
BQSF CB 06-66 fisnsithvaneily chlorpyrifos
ez parathion uazuny BQSF CB 01-68 i
asithuanedlu chlorpyrifos waz fenitrothion
AINTOMANUTUNUSIEVNINNEA z-score 289515 2 5HR
faglushashudendu shumsw3eudach msada
wazdtaneieaeinsiiandansy udihinas
Youden plot wawuigafisien z-score 4p9an3Ng
2 #ile luuwuidendiuaglunasiarnsosansula
(z-score, z’'-score < 2) MKW BQSF CB 01-64
Anusaeay 30.0 un BQSF CB 06-66 Antilusaaay
61.5 waziy BQSF CB 01-68 Aalluseeas
70.0 dauaaslumwd 3 Fedaduiigedulunn o Ui
udasteeNNEINIazasiasdfuamslumsnenu
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- EN 15662:2018

- AOAC (2023) 2007.1
- Journal of AOAC International Vol. 101 Issue 6 2018
- Bull Dept Met Sci 2005; 47(1): 26-36.

- Steinwandter, H. Universal 5 min On-line Method for Extracting

and Isolating Pesticide Residue and Industrial Chemicals
Fresenius Z. Chem. (1985). No. 1155
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the Agilent 8890/7010B Triple Quadrupole GC/MS System
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Competency Assessment of Laboratories
for Pesticide Residue Analysis in Cannabis,
Hemp, and Derived Products Through
Proficiency Testing Programs

During 2020 - 2025

Weerawut Wittayanan and Thoranit Chaimongkol

Bureau of Quality and Safety of Food, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Pesticide residues determinations in cannabis have become a major interest in Thailand
due to the recent legalization and decriminalization of cannabis for medicinal uses since February 2019.
To assure the reliability of the analytical results, the laboratories need to participate an interlaboratory
comparison programme for external quality control. The Bureau of Quality and Safety of Food (BQSF)
has organized a proficiency testing (PT) programme for analysis of multiple pesticide residues in
cannabis, hemp and products, and continuously developed for six consecutive years since 2020 to 2025.
The aim of the PT programmes is to gain information regarding the quality, accuracy, and comparability
of the testing results reported by government and private laboratories in Thailand, thus to help evaluation
and improvement of their performances. This study focused on the development of PT sample preparation
including cannabis, hemp and product sample, as well as their homogeineity and stability testings.
Moreover, the article summarizes the six years’ experience in processing and analyzing results for BQSF
PT for pesticide residues in cannabis, as herbal medicine ingredients and food products. It provides
an overview on the performance and progressive development of more than twenties laboratories throughout
the years. Results are highlighted in terms of the number of participants, target analyte, z-score,
false positive and false negative test results, and analytical methods used by laboratories. Overall, the
performance of participating laboratories in the BQSF PT has been increased over time. The results of
several rounds of PT programmes demonstrated the improvement of the measurement capability of the
laboratories, whereas more capability-building in traceability of PT item with uncertainty evaluation is

required for further improvement.

Keywords: Pesticide residues, Cannabis hemp and product, Proficiency testing, Interlaboratory comparison
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pertuzumab, docetaxel, carboplatin LLazmﬁlu‘”]
?j'aawﬁmmqmﬂmnﬁ'uﬁwmwmﬁu MYC uaz
KMT2A vuluana DM anusidennuy msgods
msvaoueaslusau pss sualmiamsiivsny
pasEueng  lussduiuaneafiuuy DM fivanvians
ihlganuiaundmaiugnasuiiGend “anuluidiu
L‘ﬁaLaﬂ’Jﬁlmlm double minutes” (double-minute
heterogeneity) TuadnzSafiodansn dau
szaindusniiudadnilanuiiandnedlus
Adudau Insnarawugedianiieans uasd
anuudsUsivzasdnurudurguuy DMCY
wananinisnarawuguasiuuaniaslulya
fignwugiun1sting 1uIu (amplification-
linked extrachromosomal mutations) &3
unuindraalunisdreliwaduziSearnnse
USuaalaaegreiidse@nSaindadnizuinaan
Fasunlas® el ansGeiiiinsiusiuau
eccDNA infianuguussuaziineinsoilsai
iNgatedNitedIAy 1NToYaNITIATIEY
Alunlugithe Mou 3,212 Mg wuniiadansSaiil
MIANTIIULES eccDNA Hanwmemsunsnszag
ﬁaqﬂammﬂ%u Togfiuuldumsunsnszaneluss
AONUIMEDIRIUATZEZI3NAUYDINISI TR
wastithenguilindsanmasaedialy 5 U anah
gitlaifimaifinduiueas eceDNA® dayamanil
Jeazrouliifiuil eccDNA funuinaanis
R3ULAULA2NTAIUALNITNBUTUBNADNITINE
Tagdaasunsiasuulaeatesiadimessiuiu
gasiunanzSeluiiosen wazflutasodan
fiendasiumsasnuazmsnennsailsafitanea

TunziEaunasiio

unumEas eceDNA lunsfludaisdmedinm
2a9l5ANIT

UnUmaae eceDNA Tumstfludivsdng
F1aw (Biomarker) 2a9lsanstSamadlasuany
suladuathann Tagmme eccDNA 2nadniia

M5815NTHANENFFATANTUWNE
7 T 68 atUN 1 ¥n51AN - 1NAN 2569

anvalluluenadas: fanuadesgs uazasany
Ignsluilaidouasnszuaidon midsemenaiiniinms
05790 eccDNA malunwanaanuasdiuuasgihe
Tsanzde® ™ Feawlnajwuiily eccDNA 2watEn
fifigamifieananudnndu fetaiu mansawy
eccDNA mnadniiigamifiennuineiu DOCKI,
PPIC, TBC1D16 waz RP11-370A5.1 ‘ﬁwulé'
winzEthenz39Uaenila adenocarcinoma W
eccDNA wighisswnlinlumsihinwanndmsums
mmﬁ'ﬂﬂsmpjﬂmsxﬁzéuﬁu (early diagnosis)
uaNIN# eccDNA unzfiasansaasianule
welugihalsauzduazaugunnd udwussdu
MIUFNBBNYBNEUUYN eccDNA guninedngaiau
Tunguithelsausds ahmsesasauiiiau
WuhszaumMsuaasaanuasdiulianuuanaenuly
fihaudaznedsduiusiudanmsseain® veh
eccDNA 2nadnmaniimaianldlumswennsel
1s@ (prognosis) laanmie eccDNA AN
maslasuanvaulasgeann loun lalasadue
Jouilu eccDNA mnaidniiwuanniige laswudadiu
geieszanafonas 84 upedBuDNNINTIVNG
lulasdduedulnagisindgamiiiemnnnuinadu
ﬁgﬂu‘uumsuamaan“?’iumﬂ@mﬁ’ulﬂiuudawﬁm
iada® warillassaeiiduendnuaiuaneaiu
Tuudaeniiawad dnenumsiSauisuanuen
vaslulasfidueiiadannwmamnsasgiheusise
Uaauazuz3959ldnauuaznaensiiae wuid
Tulasiduaiinnuenindsanasadeiioda
aen156100 " ugas lulasdidutauiazinng
uaasaaniuaneeiuluadudazyiia wazihas
ﬁmsmﬁvﬂuuﬂaﬁﬂwmmm‘[maqammmu:wm
Tsache lulastduedenadudvadmeimuiiil
dnamugedmsuldlumsanaitiadauasmsinau
mMs3nwlse uannnlulasatdutadal eccDNA
ynadngiinduiithaula wu spcDNA Fefianw
Aendaafuanaliiadeszedluy Taeinsnums
#99AWU spcDNA ﬂ%mmqﬂuL“daﬁl,wm?iymmlf%q
thnuagn ilaiblansdeild woswadlWlusumad



Aduennanuanlasyly

a

dA09050] §205 uar ANSHY uenguni

LYl

2a3g18lsa Fanconi anemia” daquudelaii
Ms5anNY speDNA snlFfluarusimezinw
SMSUMIITIRENIaNSNENNIAILSANE 13 1y
mMandtinasdslifimsnenumsdszandld spcDNA
Id L3 ] J’ = o @ aa 3 '~ 1
Wudmusdnmedimwansumsitanalsanzisa ue
PMNANNFNNUSNL NN UISATINAIINAY
Tsiadesasdlun vl speDNA i1 eccDNA
= 1 d! d‘d v L L4
dnnguuianfiunlinlumswaunuazyssgndld
FmsuaVItelsaNz5e1e luanea

malula@insnmaiteneimluana eccDNA
nsANIILAIIErlasIasINTeslulana
eccDNA lughusnandemsdanariunaasganssen
a o (8) = 1919/ :.[ v 4[
dlanasau™® #alvdayalaseasivzasluana
eccDNA luszauiane aasninmswauineila
Tunisuenuazane eccDNA lviuse@nsain
NINEIIU 1Y NSUUIBILUULOUTANSIRB UG
Togldanstdanmanlsd (Caesium chloride) iy
@119 wazmsdesdalsdbulaldunseale
taulndienlaiinndied (exonuclease) Lialiile
a < (2,3) & v ao
@WIZALBUINNANDD FIUNINSUENI1835 2D
wadtanlnslnsda™” wananiifinisUszand
T nafindu g ¥y naile Southern blot™®,
inverse PCR“” uaz Fluorescence in situ
hybridization (FISH)®** #sthelvianansansiassu
o % = = v Yo 1l L d‘ ] =
aauihealalnglawigsagluszaunliazidaninn
UBNAINNITVIUMSENAUENULAL I eccDNA
a £ v = a P @
U3gNsuad M3dnmn ez eccDNA diasaunay
BN ULUFRUUANINALBEAgIlUTEAY
ﬂEj:m?jaﬁ (bulk high-throughput sequencing)
tagiuiimaiiamsmarduiuananaisnasnsald
Tuauun eccDNA wuu bulk high-throughput
leaehadluszuu laun whole-genome sequencing
(WGS), genome-scale enrichment and detection
method for eccDNA (Circle-seq), circular DNA
enrichment sequencing (CIDER-seq), assay
for transposase-accessible chromatin using
sequencing (ATAC-seq) L1932 circulome sequencing

(Circulome-seq) 11n3509na11 WGS uaz

Circle-seq (Humailanlasuanuiisnuazgnlyd
atauwsuarglunuisetagiu meila WGS {lu
AENSNITETIIMINTUFgULUININugn TN
MWVNA 5IUD9 eccDNA laanmsmaiauiuduay
luanszge FlvdayananiugnIsufinsaungauLas
ansaaTIvmanNulsiumanugnssnlugluuy
2 ¥ < A Aoy o o o
auq la ashelsinaneiiniilidannalunsasiaau
eccDNA #il2inaidn Ml eccDNA veduaa
lignasranunialiaansossyansuslaadis
ATUBIUC?® 1natia Circle-seq tuineiiah
HrNNANNLLUEN TUNIATIAM eccDNA Tagan
eccDNA filaseasrallurenassanainddute
tdunse (linear DNA) vnlvianinsnszy eccDNA
k4 | £4 o U 1 YV =
laatngnaasuazanmzainnni WGS uaiidaide
fa Heunugauazbignnsoanamanuulsiums
WugnssuUsznndula > meila CIDER-seq tilu
dnuilsh lduanmsaaeaanu lasadalasease
NNANYDY eccDNA LiaiNUTINMuazULUNYDYD
MIiau50051988U eccDNA loasrsuaiveluy
ssaulaanatden®” Wallseuiisuiuis WGS
way Circle-seq mailailiinszuiumsngdudauni
waza s AagEey@wIzmalumsaniums
ansumaiia ATAC-seq lasumsnannialdszy
M eccDNA lagl#iaulsl Tns transposase 96
AduLUSIM open chromatin 99884 eccDNA
niimsoauiureslasuduies nSaudauinme
azualians nuudayanlannmsmarauLud
a ¢ Y aa . o o
A:9NILAIILYN8ID Circle_finder twaniune
n35iaguad eccDNA Tagdadannansusyas
1158714 UNATBUAQNUILINYALTDNG DY
'I a s (55) a .
UANOLULDNNIN T FIULNAUA Circulome-seq
WudsuuuysanmsfinaunszuIunstasaas
Adutduaseaaaulyyl exonuclease MISUEN
Tuanamemstumissuuueugansideud loald
o o Jd A a S & U
fstdanaanlsansaeidanlusludiduainais
uwazniIsrIaautudlasardataulasl Tns
2 aa v & g Q' a

transposase #IdvanltumINNUINIMUDE

NUUNBNBAULYDN eccDNA lapeaiUszansamwe®

NsasnsEInenenaasmMsunng
T 68 atiufl 1 ¥nT1aN - Tuney 2569




Extrachromosomal Circular DNA

Suchitraporn Sukthaworn and Suparat Tangchaiyaphum

Tugralifdfisusnlgimswannmalulad
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Extrachromosomal Circular DNA: Origins,

Biogenesis, and Functional Roles in Cancer

Suchitraporn Sukthaworn' and Suparat Tangchaiyaphum®
!Division of Research and Technology Assessment, National Cancer Institute, Bangkok 10400, Thailand
’National Center for Genetic Engineering and Biotechnology, National Science and Technology

Development Agency, Bangkok 10400, Thailand

ABSTRACT Extrachromosomal circular DNA (eccDNA) is a form of double-stranded circular DNA
that arises from genomic instability and exists independently of chromosomes. EccDNAs vary in size and
originate from loci distributed throughout the genome. Notably, several studies have reported that eccDNA
levels are significantly higher in cancer cells than in normal cells, and elevated eccDNA levels have been
shown to serve as effective indicators of cancer pathogenesis. Numerous studies have demonstrated that
the amplification of oncogenes and drug resistance genes located on eccDNA plays a critical role in driving
tumor evolution and heterogeneity, as well as being associated with drug resistance and poor prognosis.
Recent studies have also revealed that eccDNA can be released into the circulation as cell-free DNA,
exhibiting distinct genetic features that vary depending on the cell type. The expression levels of genes
on eccDNA have been associated with disease status and patient survival. Thus, eccDNA has emerged
as a promising biomarker for treatment monitoring and cancer prognosis. This review highlights current
knowledge of eccDNA detected in both tumor tissues and blood samples from cancer patients, focusing
on its origins, biogenesis, and functional roles in cancer, which may lead to more accurate diagnostic

approaches and more effective therapeutic strategies.

Keywords: Extrachromosomal circular DNA, Oncogene, Drug resistance gene, Biomarker
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