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Abstract

Proficiency testing materials are important in controlling the quality of the analysis.
However, proficiency testing materials used in public health hospitals are often imported from
abroad and are expensive, resulting in a high budget. In the preparation of proficiency testing
materials for their own use before being used, efficiency must be evaluated in actual use.
Therefore, the objective of this study was to evaluate the performance proficiency testing
materials for whole blood and artificial urine types in the laboratory in Nonthaburi Province,
which have been tested for homogeneity and stability by the Medical Laboratory Quality Control
Substance Development Research Unit, Department of Medical Technology, Faculty of Allied
Health Sciences, Thammasat University. Proficiency testing materials were sent for evaluation
from 76 public health hospitals in Nonthaburi Province. Two rounds of samples were delivered,
each containing 7 samples, for fingertip glucose (3 samples), packed red blood cell volume
determination (2 samples), and sugar, protein, and pregnancy in urine (2 samples). After that,
the results were calculated to find the Z-score and the percentage of compliance with the target
value. The results were evaluated with |Z| < 2 for the glucometer fingertip blood sugar analysis.
The average of both cycles was 95.95% (94.85% and 97.05% in cycles 1 and 2). In the evaluation
of the detection of packed red blood cell volume, the value of 1ZI < 2 averaged both rounds,
90.57% (90.57% and 90.57% in cycles 1 and 2). The assessment of the pregnancy test in urine
found that it was consistent with the average target value for both rounds by 95.72% (95.72%
and 95.72% in rounds 1 and 2). The urinary protein assay found that it was 96.05% consistent
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with the mean target values for both rounds (96.05% and 96.05% of rounds 1 and 2) and urinary
glucose analysis. It was found that it was consistent with the average target value for both rounds
by 94.40% (94.40% and 94.40% in rounds 1 and 2). From the results of the general information
survey, it was found that the Public Health Hospital used glucometers and urine testing Kits with
various brands of test strips, which did not affect the results of the quality control substance
evaluation. In conclusion, the proficiency testing materials are suitable for use in quality control

in the laboratory.
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Table 1 Homogeneity of whole blood quality control materials for fingertip blood sugar testing.

Level of glucose control materials (mg/dL)
Between-samples Round 1 Round 2
standard deviation
Level 1 Level 2 Level 3 Level 1 Level 2 Level 3
(n =10) (n=10) (n =10) (n=10) (n=10) (n =10)
Mean 63.10 131.20 389.70 63.00 130.10 390.0
Ss 1.630 2.297 6.041 1.629 2.295 6.040
opt 12.62 26.24 77.94 12.61 26.21 77.90
0.3 opt 3.79 7.87 23.38 3.78 7.85 23.32
Ss < 0.3 opt Accepted | Accepted | Accepted | Accepted | Accepted Accepted
Note: Ss < 0.3 Opt : accepted
Table 2 Homogeneity of hematocrit quality control materials by centrifuge.
Level of Hct control materials (%)
Between-samples Round 1 Round 2
standard deviation
Level 1 Level 2 Level 1 Level 2
(n=10) (n=10) (n=10) (n=10)
Mean 20 39 20 39
Ss 0.0 0.0 0.0 0.0
opt 3.0 3.0 3.0 3.0
0.3 opt 0.9 0.9 0.9 0.9
Ss < 0.3 opt Accepted Accepted Accepted Accepted
Note: Ss < 0.3 Opt : accepted
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Table 3 Homogeneity of artificial urine quality control materials for glucose, protein and hCG by testing

with strip tests.

Artificial urine quality control materials
Test Glucose Protein hCG
Round 1
Level 1 2 1 2 1 2
(n=10) (n=10) (n=10) (n=10) (n=10) (n =10)
Result negative 2+ negative 4+ negative Wegl.dy
positive
Agreement (%) 100 100 100 100 100 100
Interpretation Accepted Accepted Accepted Accepted Accepted Accepted
Round 2
Level 1 2 1 2 1 2
(n=10) (n =10) (n=10) (n=10) (n=10) (n=10)
Result negative 2+ negative 4+ negative Weglfly
positive
Agreement (%) 100 100 100 100 100 100
Interpretation | Accepted Accepted Accepted Accepted Accepted Accepted
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lutdendarsiiddtanzvinalagl¥aanauinaum
Yad ISO 13528 :
=S ] IS s A
9610 NUANINAIGT AD Iy —yI <

2022 Taginamimsgensy
0.3 opt
‘wm1 m Iy yI vaaldanadouANNFIUILY
thanatia 3 52 ﬂUIﬂﬁlﬂi’J%]ﬂLﬂui“’ﬂ 1 3 Aoy
‘wmw M ly -yl laviesndn 0.3 opt Nnszdy
a3 mauuammmmﬂmwanaﬂmaaumm
snm"mujmmammﬂmmmaq ISO 13528 : 2022
(Table 4)
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AMadeLANNAIvRITdaNAdeLAMNEINgUeY  Fewar 100 nﬂizﬁuﬁza 3 AU UAAIDIANN
Haemeiondmiunemmagen  msasInma AsdvesTaanadeuaNuinyaaiziien
Tsfunazmennainnzimsdansss 3 (Table 6)

faanzfmeuaunadey WuNAANNTIAAADINY

Table 4 Stability of whole blood quality control materials for fingertip blood sugar testing.

Level of glucose control materials (mg/dL)

Times (3 Month) Month 1 Month 2 Month 3

L1 L2 L3 L1 L2 L3 L1 L2 L3

Levels M=2|0=2|0=2|0=2|0=2|0=2|0=2| =2 | h=2)

Average mean of
homogeneity(y1) 63.1 | 131.2 | 387.7 | 63.1 | 131.2 | 387.7 | 63.1 131.2 | 387.7

Average mean of

stabilty (y,) 65.0 | 127.0 | 385.0 | 62.0 | 125.0 | 368.0 | 64.0 | 124.0 | 370.0
.y, 19 | 42 | 47 | 11 | 62 | 217 | 009 72 | 197
opt 12.62 | 26.24 | 77.94 | 12.62 | 26.24 | 77.94 | 12.62 | 26.24 | 77.94
0.3 opt 379 | 7.87 | 2338 | 379 | 7.87 | 2338 | 3.79 | 7.87 | 23.38

Iy1 _y2| < 0.3 opt pass pass pass pass pass pass pass pass pass

Note: Iyw—yzl < 0.3 Opt : pass

Table 5 Stability of hematocrit quality control materials by centrifuge.

Level of HCT control materials (%)

Times (3 Month) Month 1 Month 2 Month 3
Levels L1 L2 L1 L2 L1 L2
(n=2) (n=2) (n=2) (n=2) (n=2) (hn=2)
Average mean of
Average mean of
stabilty (y,) 20 39 20 39 20 39
Y, 0 0 0 0 0 0
opt. 3.0 3.0 3.0 3.0 3.0 3.0
0.3 opt. 0.9 0.9 0.9 0.9 0.9 0.9
ly,-y,I < 0.3 opt. pass pass pass pass pass pass

Note: Iy1—y2l < 0.3 Opt : pass
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NaNSNAda UVl TIAMS TW.da.
%3 76 ura aoundumsnagenaaluiden
Yareiia luseud 1 waz 2 wihAuie 76/76
(100%) m3iasrviadSinaudindenunsdauiiy
Froiseaifuios luseud 1 uaz 2 thfude
69/76 (90.78%), lngnamsisziiuiagnadeu
AU UIYAMUIUDINAT Z-score WUITNA
1ZI maﬁa@mﬂaaummsﬁmwmﬁwmm;l"/a 3
goddlundan 1 fisnou sw. A8 121 < 2
whiudesas 95.22, 94.46 waz 94.89 mumey
Tuadadi 2 fidwnu . 718 1Z1 < 2 whay
$awaz 96.75, 96.75 waz 97.66 MUAIAU uaz
M 1ZI vesTdanadeuaNuIg hematocrit
%42 52y szduiindad (10-30%) uac
s=euln@ (36-45%) Tupdait 1 H9mou .
& 171 < 2 ohAvYesaz 9420 uaz 86.95
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auaey Tupsan 2 9w sw. Ald 1ZI1 < 2
wihfudesay 92.75 uaz 88.40 muddy
(Table 7)

namsnaAdouYeIIlRIAMT TW.aa.
4 76 uve AoundumInageuidanadouANy
. - 2 e
Hrnevesifaamzinon Tuseun 1 way 2 iy
Ao 76/76 (100%) Lieyhmanadevidanadey
anuHrngvesifaanziion dwmiunsas
1haa TsAuuaznIngnadmsinsdanssa
(@393 uazihinmmaNNdoAndoIveItoyans
nagauYeIraIlfIANM SN INTIBNUNAMS

= s 1 U a I %
nadeufSeuisudiueanithvnedadudssazues
v A Y4

ANNFeAAdDd WUNIUATIN 1 waza3an 2 Uwa
ANNdeAndasTaanadauaNNTINURaiftaz
= 3 Y 1 a o = 1
tenna 2 dega lumsanvienzillsaveylu
$19 93.42-100% “lumimaﬁﬁmﬁ:ﬁngiﬂaag:
Tug19 90.78-100% wazMIATINILATIZHAT
v
Aan33s 1evTI aglugie 93.42-100% (Table 8)
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Table 7 Results of evaluating the performance of the laboratory that uses whole blood quality control

materials for hematocrit testing. The quality control materials in two samples were acceptable,

with IZI £ =+ 2 = acceptable and IZI > + 2 = not acceptable.

Finger-stick blood glucose meters determination
Acceptable (%), 1ZI < + 2
Method Round 1 (n = 76) Round 2 (n = 76) AV;;Sge
No.1 No.2 No.3 No.1 No.2 No.3
1 100 100 100 100 100 87.5 97.91
2 100 100 100 91.66 91.66 100 97.22
3 87.71 100 100 100 100 100 97.95
4 100 90 90 100 100 100 96.66
5 88.88 84.61 84.46 93.33 93.33 100 90.76
Hematocrit determination
Round 1 (n = 69) Round 2 (n = 69)
No.1 No.2 No.1 No.2
94.20 86.95 92.75 88.40

Table 8 Results of evaluating artificial urine quality control materials for glucose, protein, and hCG by

testing with strip tests and calculated agreement (%).

Artificial urine quality control materials
Test Glucose Protein hCG
Round 1
Level 1 2 1 2 1 >
Target negative 2+-4+ negative 2+-4+ negative positive
N 73 69 73 72 72 72
96.05 90.78 96.05 94.73 94.73 94.73
Agreement (%)
(73/76) (69/76) (73/76) (72/76) (72/76) (72/76)
Round 2
N 76 69 76 71 76 71
100 90.78 100 93.42 100 93.42
Agreement (%)
(76/76) (69/76) (76/76) (71/76) (76/76) (71/76)

Note: agreement (%) was calculated by comparing to + 1 of the manufacturer’s certificate of analysis.

#in52-2 28/06/67.indd 108

2/8/2567 BE 10:56



mstszduszansmmvasiaanagevanusnngyiaaeansudiuuasfaanziien

luiadguansdaniauunys

a 4
391501
msdsziiuiaanadgeuanusinynly
lumsidelunial Aeumsthdelilsaneina
daediugumweiuana 76 uva mmsdszidiue
v g & A
desnmanadeuanuduiiemeifiuuaznadey
ANuEdgsveuiomsnowhdaia 2 say 9
nuNwamsnadeidanadeuANNTIMIY AN
asudiuuaziagnadeuanunyadiziien
~ @ A A o ]
namnduiie@ifiunndediania 2 seuuas
IS = A’ A
ansianuddssenadevluszeziia 3 eu
namslszdiniganadeuanuuy
deansudiudiniunInstianziinman
2 L v a' = ¢
enlmeinmsiaTeinglalieinnlsingia
dadiugumwdiva 76 uvalimsl¥iaiednsie
a % A X do 2
Jenzihmalu@eanndmein 5 svieviavua
¥mdnms GDH lumsnadey imslHiaies
gvien 5 nfiga udluaviend acceptable (%),
1ZI < £ 2 degndmndvie udasliiiiu
Juasesdiensnadeuiinadensysziiuidn
o (14) = = X
nageuanuTny Y FamsAnmiuenams
¢<q v = o =
eulsinlduuuavasiaziensaziiannmsfinm
P’ 4‘ ' d'SJ
ueneALlsznoUveIULALATIIVBIATDIUADT YD
A o v o '
wiaiumsdumifadsnnsznudenamsnniuaz
v A a g0 ¥ '
fadenduvumaiiensilaminzandely waz
namslszidiuiian 1Z1 < 2 nndidesar 80
. v oo ¥ 2 Y4 a
nAszAvANMdNTURG 2 A% Tagasan | dwa
@avﬂﬁuafj‘lwﬁaunmcﬁﬂau%v M 1ZI < 2)
wavfesar 94.85 gagaiesar 95.22 luiag
nadeuaNNTINYrIIsaY 1 Tuvuziing
aounduliegluinamiveniy laslidn 121 > 2
waedevar 5.17 uaz A3aN 2 dnaneundvegly
Hranamieaniy (e I1ZI < 2) wasdewaz 97.05
degaiesar 97.66 luidagnadeunnusNy
< o Y1 ¢
ey 3 Tuvaziinansundubiegluinam

#in52-2 28/06/67.indd 109

9069

2.94
IS ¥ d‘ a 4 9: A
imslginsesanaimnzmhmalu@eanniay

gousy lawiien 1Z1 > 2 @wdsdevas

i1 5 #venarual¥dnms GDH lumsnaasy
umslfiasesdvien 5 nniigadevas 50 wazlu
1 sw.aa. Mnaneunduliegluinamisensy
14 Ui 308, 19 14 uriaiu [Hie30a99090a N
2 A X dy dqve Ay o
ihmaludennnlmetiavenlslugviemednu
iy sw.aa. Ninaneunduegluinaumiveniy
wannnidanuigmmsasivinnziheia
A g % 4' a (d' ]
nniaealmeindaienglaitneslisnsn
unald ATaN 1 1w 12 uva Gewaz 15.78)
ASaN 2 U 9 uvia (Gevaz 11.84) TasATed
a (g: A g d“l/ d' £
a5 aNzRhaalutdenandaetigvienls
I d“y = s s d'd s [l
Wugvieaafuiy sw.aa. Nnaneundueylu
inaivaniy datiumanounduilieglunami
@ A a e’d‘ ] J
vouiuuazfyminsesngladitaeinlimmnsasu
wala (E) naifgmdsnanihaziinnnyaains
dimanadgeunaanusing vielilasums
v A a ¢ A & o
ausumMslfinIeangladiaed 1374l 1ivsda waz
(]5) oV a a 4
aaz ) 1aUszidivanssausmMinid Ay
y “ 2 .
maludeanndaieiiz lungulsaneiva
waz sw.an. wuhdyviAanayaansiinms
nadev i At HneusuvisaaglasumseusHLA
I 1 Y
Wuszeznannuuazvarsuvisiiypanslvsidn
Y a oV 4 a wva ==
n3uiareuMUpslfiamsdnamsinousy
= o Y a a % 4‘ a I'4
mliRaanuidanaalumslsinsenglaines
Tumsfinmnasaiiidelinnudiuiifiendina
' A a ¢q v ~
wuiasesngladitneinlynamsaeuinevuas
QLLﬁ%ﬂM@dNﬁﬂLﬁﬂd MIAVIAYIULHUNAT DL
lugaginliminzanuazmstashununaaey
Ly vilAudunadeudonneuuvuaey
namsdsziiiuiaanageunnuduy
eaasudiudniumasiamilsnasdiaiaen

y v 4 o <
wadAUUUMIYLATTUMIBY nlsaneIuia

2/8/2567 BE 10:56



9070

daasugumndiva 76 uvs wuddiulvae
ﬂauag”lummcﬁﬂau%u Tagiian 1ZlI < 2
oy . v o 2 y
wmnniesar 85 NaszAuANNEdNTUTY 2 A3a
FA ~ o ' ' ¢
Tagasan 1 Awamaundvegluiacnmni
gouiu (f1 1ZI < 2) wdsiewar 90.57 gega
Jovaz 94.20 luiaanadeuanusiny Ny 1
Tuvaznaneundulisglutnamivensy Tnviie
1ZI > 2 wasdevay 9.42 way AN 2 Hwa
aoundueglumisnamiveniy (i 1ZI < 2)
waedevar 90.57 gegaiesaz 92.75 luidq
nadauANNTINarINea 1 luvasinanaundy
Tiegluinmaiveniy Tasiidr 121 > 2
wasdevar 9.42 dmiuwamsnevundvuhisgly
AANYNTUDIVAANATUABUAINATIY NI
HANIeE1 TuasumMInadeui ligndes sIuds
: - y ¥ d.aw
mseunamInsIe lumsaneadailifaymnmii
MINYNUNARANAINDIUAANNANNTIUNYVD
Vv ]
YAMNININMIATIvIATINNINMIdRULNBLLATEY
Fumdganlylumsnadgey nnMsANEINFHIUIN
w01 iz @uf wazamz'” Thhms
Anpnlulsanenyna 24 uvauas sw.ae. 132
1 s s = | a
undluwadaiameans Wumsdszdiuaamn
a < 5 A s [l ad
msnsnzilsinaudinpeaunidauwiulaeis
Thuganu imsasuieuipisatiunneSesa
88 wazdowaz 53 muady wuImMslszdiuna
Asnadaun lurIUN N LARIAAITUIANTT
I ‘3‘ A s 4 E%
doutiyuvaIATeIie tazamIdaeusHlvinLg
M3 AaAeaunIdauiulaeIs
tumisalrfuyaansedamanzas
namsdszidiuiganadeuanuIUIY
ifagnziiendiviunmnnadmnsillsauuas
malufaan: nalsanenadaadugunn
Mua 76 ure wunmsasrnanzillsauluy

HJaanzdiulvajaeveglurravesnnihvinea

#in52-2 28/06/67.indd 110

Ng oo
MUY MIYIA Uazhe

2 A5 Nnszdy lasinaneundueglugiavess
hvmnewdsiesar 96.05, gagaievaz 100.00,
mgaiesaz 93.42 luvazinansundulied
Tugrwesnnihmineasieva: 3.95, gaga
Sovaz 6.58, gajevar 0.00 wAZAIIATI
a 4 g: ) ] [ [ [l
Aanemhmaluifaanzarulvanoveglusia
oy y 2 e e
vasrthvinea 2 a3s Nnszdv Inslinaneundy
adlugrsvesanihvmneiadsiesaz 94.40,
gegalasar 100.00, Mgaiesar 90.78 luvmzi
naneunduliedlugisvesdnihvineiaae
fewaz 5.59, gagadesar 9.22, Mmgadesas
0.00 dmFunamsaeunduliegludiavess
Thrnedsmnannduneumsmagey msnagoun
liigndes MmdImssumamsnaiivieInh
NANNMYUA FIdoAAADINUMIANEIVEL UMW
eAfgwina wazanz'” 1dUszdiuanssous
v mea £ 4.
MIATIVMINBIURIAMS 4 oM WunamLums
a Tsangnnadadiugumwenua Tu 2 wagunm
A 4‘ a g a 4
mawile faymnifieduiannmslsuounadou
Haamznesgumsnaa vaerhuaunadeuifaan:
nenagumInaaiuInsIniu i bicnmnsanay
Junuae1gNgnaes 5INTIINITBIUTVEIUOY
nadeudgvIaNAanaIn 8191ANNYARINS
nhmsnadevldidinlludunsumsnadevuas
. du
mmanadeunligndes
nansdszidiuiganadeuaNNIUIY
Haanmziisndiviumanannzmsdeasiilu
HJaemz nnlsangnadadiuguaweiva 76 uvis
WUNMIATIVIATERANIEMIAIRTIA lutfaanaz
v Vv
drlnaaeveglusiwvesduthninedia 2 a3
nnszdy lasiinaneundueglugiavesaiihvineg
wmaesSesar 95.72, gegalevaz 100.00, figa
Fowazr 93.42 luvaziinansundulieglusives
suthmmnewmasievasz 4.28, gegaiesas 6.58,

2/8/2567 BE 10:56



mstszduszansmmvasiaanagevanusnngyiaaeansudiuuasfaanziien 9071

luiadguansdaniauunys

Ly . da
fmgajevaz 0.00 NATUIU IW.dA. NAWAM3
Yszdiunlieglugisvesduthmng ervdaan
¥V

grimsnadevliladgiamutenansmiuihe
G [ -7 s = o Y a
yie Lt landnnislumsnagevdamliia
aANNAanaIalunanIsNadoUFIdenndnany

= A aw a8y .
M3ANENUDY auAn 5903 uazaae' ™ Tansnuany
= dl = g T Y
AANANLAATUIINMMTNATIU WUNTBYaS 53.06
anngrimnadevli ldfidmuenasiiiu
e wazFesar 24.49 rinmnadeylivinlaly
nanmsvesmnadey Ndfymdindniinims
naaeuAITITIIlanITUABUNITNATOVUAY

. 4 4 ww 4
wanmslumsnadeuinenazlananisnagaun
gnéed
agll

mslsziiuiagnadeunNuHUIYN
eaasudiIudmiuMInTIIATLHINAIa N
- é’ £% A’ a I'4
wwenlmeiimeinieinglaiiaed MInsIIMm
Ysmasudiatdeaunsdauiy uazidanaden
anuHngfaamziiondiviumsase hea
5@y waznmzmIfanssn u sw.da. 76 wwa
v v = = v & 1
VoadanIauunys wamsanyiwanalvidiui
o o ~ & X a o
Jaanageuanunyianmduiiofeliu
s ] I'd

UAZANNAIGIAIULAUNINNIAIFIY ISO
13528 : 2022 wazianuaadl@inuda 3 heu

1 o | % IS = Q‘ a d‘ as
wAI Y UAINNITANY NN LANLABIADATT
UszidivTanmvauaumwaniesdgiamsdely
~ o ¥ a
weanuvInzanlumsinld1ge5a

ONA1591904

1. Royal Gazette Primary Health System Act.
2019.

2.  Ministry of Public Health. Office of the
Permanent Secretary Ministry of

Public Health. Development Plan of

#in52-2 28/06/67.indd 111

Sub-district Health Promoting Hospitals
2009-2012, Bangkok: Ministry of Public
Health; 2009.

Ministry of Public Health. Public Health
Resource Statistics Report, Bangkok:
Ministry of Public Health; 2021.
Ministry of Public Health Department of
Medical Sciences. Quality system and
laboratory standards in medicine and
public health (for sub-district health
promoting hospitals and urban health
centers), Bangkok: Ministry of Public
Health; 2014.

Cluster of Primary Health System Support,
Office of the Permanent Secretary
Ministry of Public Health. Guidelines for
the standard development of sub-district
Health Promoting Hospitals: Ministry of
Public Health, 2021. (in Thai)
Department of Medical Sciences, Bureau
of Laboratory Quality Standards. Medical
Laboratory Standards, Revision No. O1.
[Bangkok]: Department; 2016.

Ministry of Public Health, Department of
Medical Sciences. Ministry of Public
Health Medical Laboratory Standards 2019.
[Bangkok]: Department; 2019.
Siritunyanont R, Kaewkrajang W, Kamolrak
P. Evaluation of Laboratory Quality and
Service Standards in Primary Care Unit
According to the Ministry of Public Health
Standards, Fiscal Year 2014-2016. Journal
of Health Systems Research Institute
2018; 12: 113-23. (in Thai)

2/8/2567 BE 10:56



9072

10.

11.

12.

13.

14.

#in52-2 28/06/67.indd

Thaowto B, Sriwanichrak P, Kongkhum
S, Fongsupha S. Development and
Evaluation of a Glucose Control Material
with Red Blood Cells for Finger-strick
Blood Glucose Meters. J Med Tech Assoc
Thailand 2021; 49: 7656-73. (in Thai)
Kaedee N, Siripurkpong P, Sriwanichrak
P. The Quality Assessment of in
Urinalysis. J Med Tech Assoc Thailand
2021; 49: 7603-14. (in Thai)
International Organization for
Standardization. International standard
ISO 17043 Conformity assessment-
General requirements for the competence
of proficiency testing providers,
2" ed; 2023.

International Organization for
Standardization. International standard
ISO 13528 Statistical methods for use in
proficiency testing by interlaboratory
comparisons, 2™ ed; 2015.

Total allowable error table, Data
Innovations [internet]. [cite 2023 JAN 28]
Available from: https://www.datainnova-
tions.com/allowable-total-error-table/
Aurkanjananam N, Thuansri T,
Suranaphonchai S, Treebuphachatsakul W.
Study of Blood Glucose Testing Data:
Principles of Measurement and Technology.
J Med Tech Assoc Thailand 2018; 46:
6334. (in Thai)

112

15.

16.

17.

18.

Ng oo
MUY MIYIA Uazhe

Petchyang W. A survey of the quality
control system of blood glucose monitoring
with a fingertip glucose meter portable in
Thailand. The 38" National Graduate
Studies Research Conference 2016.
(in That)

Sakaew P. Qulity Assessment of
Micro-Hematocrit by Centrifugation
Method in The laboratory Networking of
Chiang Rai Province. Master of Science
degree Department of Medical Technology
Naresuan University 2019; 41. (in Thai)
Aphiratmatheekul N, Treebuphachatsakul
W, Piankarn P, Thosaeng S, Kongros K.
Performance Evaluations of Four Basic
Laboratory Tests Operated at Sub-District
Health Promoting Hospitals in Northern
Region of Thailand Through Proficiency
Testing Scheme by Following ISO/IEC
17043. J Med Assoc Thailand 2021; 49:
7797-809. (in Thai)

Thichak S, Yananto Y, Waneesorn J,
Thilaongam K, Veeraseatakul P.
Proficiency Tests of Pregnancy, Urinary
Protein and Glucose Testing in Primary
Care Units in Northern Thailand. J Med
Assoc Thailand 2021; 49: 7814-31.
(in Thai)

2/8/2567 BE 10:56



