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Lﬂ%’ﬂu61'3aaimigﬂﬂﬂmi@umsmmgmmﬁl’a wazwaadioy aslwhnay Ysumanudiunse-ea
1iid1aeniy 2 @28 conc. HNO, uanlifuidaieany ussyldzianwara@inyiia high density
polyethylene (HDPE) 2u1® 500 §addaf3 aﬂamn%ﬁzqiﬁ’amw Fadeghe EMIIATIET saUBEA

MINAFBY LhauNeseNLaziaiulATINS

msnagauanudluiiadan iy

Juiadaniieisundandelimindnin 10 10 udszmedeney 2 nuuudu Tasldis
Standard method for the examination of water and wastewater, 22" Edition. leun 353113 B (Gl:ﬁ"’s)
3111 B (uaatien) uaztheniildanuszdivmeaanlogls One-way ANOVA®

MasdamaglniaslfuanIs
fché’haziwﬁﬂﬁ'ﬁ'mﬂﬁﬁamst,wiamm“?iL“fh%’aum‘mmaaumﬂﬂsmﬁﬁ@huﬁmw (EMS) lagussy

efmaduidasinuaziunsmagaumssiduadlundasinseane ﬁi’aqﬁuﬂimmﬂw%uﬁgﬁuuuLanmi

Aferaslaud wuuasusufaia auusitaumsias uamumwamwamﬁmswﬁ%ﬁzmamﬁa

Uszviaslfuams Teevesufudmsusazuvisazlasudiade 1 2na

MyNidayannasljitinig
HaMFIATHNNTIUJUAMTLNININIANRMEITNNEAANINZEN tNBMYUAA assigned
oA 2 g ' d'b‘Lw a =.(8) v a va
values uazadeaiuwinaspuzatiuanldussiivanuainsazesdinin® uamsnagaunnvissdfians
nlilaszydudmiuiusuas lignUszidfivee

madszidiuannansazasiaslfifnisudazseu (Individual z-score)
(Lab result - X*)

Z—-8score = S

Labresult =  wallenziuasiasufuams

X* = assigned value U robust average MuInaIN algorithm A
s = robust standard deviation for proficiency assessment

lzl< 2 uaeaNWanIeNzaglunamihwela

2 <lzl<3 waeNNANIANa lunaemithaade

lz1> 3 uaasNuamAeNziaglunamiliwala

mssziiiuanusansauaaziaslfii@nsluszazen (Long-term evaluation)
mawSsuidfisuanummnsovasiasl famslundazUihug i Tasthdasazadindeaauy

MAIPIUTNNNS (%rsd) TUMINOTDULAIZIENMINATOULAZIDU e dagazduiisauy

MNASPIUFNINGTIN (srsd,,,p) wazthen srsd ., Pldanldamnamstuunesyu (s) Tuusazsey

MIAEA aele@ z-score T1al WaITUHN z-score WBITDUMN 9
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(Lab result - X*)

z-score =
Spooled

I‘Sdpooled x X*
Spooled = 100
Spooled = robust standard deviation for proficiency assessment Faldlumsuseiiiv

FLHZENIAIUIUIIN

T = ((n,-1) %rsd 2+ (n,-1)% rsd,? + .....(n,-1) %rsd.2/(n,-1) + (n,-1) .....(n,-1))""*
rsd,.... rsd, = @ndeniuumnasIudNnsy 2551 - U 2557

msuammsﬂizmﬂwmﬁagaﬁﬁﬁhmﬁﬂﬁumehqﬁ'u

% CV 38 %robust CV = (s/x*) x 100

G

MINAFUANNTINYY FeWINT w.é. 2551-2557 (atliumstlaz 1 580) DUIURBIUH{UANS
fthumageaunzm wazuaadlenluihudazsey (n519d 1) vasufuamsnanauvlilaihsiunasau
NNIBY el iamsEhsanmmadauasafieviadatnse Kesuansithiinmanasaunzii
waruaaanluthasy 7 soU S50 12 ur Uer 8 W MuTIe (mswﬁ 1)

@390 1 Mnuiasluansinsufanssunedauanunwgluwasztl wezuuiasdfuians

nEhsumnsay I 7 58U

o Vv a va l!' Y 1 = o Vv a va
Mnuvaslfianmsiensinluuaas w.e. NUNUVNUJUANS
83 .
2551 2552 2553 2554 2555 2556 2557 NEN9IN AU 7 58U
AN 30 31 39 30 37 33 30 12
UAALNEN 26 25 35 26 33 26 23 8

Han15UssIiuAY z-score YONIUNUHUANITNITITINNATOUANMNTIUIYNITILATIZH AN
o v a va 1 v a Ya = ! s
Y 12 9ol UAns wu 6 Waelfianns (lab no. 9, 14, 21, 26, 35 Uay 48) §if z—score g LU
mhwalannsou dellusosaz 50.1, 1 ¥eeUfidns (lab no 12) fif z-score iU outlier Tusaudisas
wazsihasdalusaud 7, 2 Waalfudns (lab no 13, 32) H@1 z-score aglunawihasdalusaud 6,

v a va a I3 . ' ] o o W

2 %a9U a5 (lab no 39, 41) d@ z—score 11U outlier lusauusn uazihasdelusoun 4 waz 7 Mmuaau
1 WaeU§idnns (lab no 46) d@n z-score aglutnamilaihwalalusaui 3 (5199 2) Wiarhen z-score
1 plot azlauruni (Mwi 1)
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ATIWUN NHYAT) LazAME

M99 2 @1 z-score ABINANATIZHIIN 12 HavUHuAmsiEnunedaus ez Tuihluudasl

U w.d. Neiiuns

lab
2551 2552 2553 2554 2555 2556 2557
code
*=0.050 *=0.201 *=0.052 *=0.073 *=0.081 X*=0.055 X*=0.071
mg/L mg/L mg/L mg/L mg/L mg/L mg/L
S = 0.003 S =0.011 S = 0.005 S = 0.009 S = 0.0081 S = 0.0052 S = 0.0059
mg/L mg/L mg/L mg/L mg/L mg/L mg/L
% robust % robust 9%robust %robust 9%robust % robust %robust
CV =6.0 CV =55 CV =9.6 CV =12.3 CV = 10.0 CV =94 CV =18.3
09 0.00 -0.09 -1.20 -0.19 0.25 -0.38 0.17
12 0.33 -16.36 0.20 -0.98 -0.99 0.19 2.37
13 1.00 0.82 -0.20 0.15 -0.74 2.45 -0.85
14 -0.33 -1.91 0.00 0.00 -0.37 -0.19 -0.35
21 -1.33 -0.09 -1.40 -0.19 -0.37 -1.13 -0.68
26 0.00 1.73 0.00 -0.87 1.36 1.13 -1.19
32 -0.33 -1.00 0.80 0.26 -0.37 -2.83 -0.17
35 0.00 1.73 -1.00 -0.42 0.86 -0.38 -1.02
39 -5.00 -1.91 -0.40 -2.66 -0.49 0.57 0.00
41 -4.67 1.73 -1.20 -0.42 0.00 0.57 2.54
46 -0.67 0.82 3.00 0.60 0.00 0.19 -0.17
48 -0.67 -0.09 -0.60 0.00 -1.11 0.00 0.85
4 4
o @ Lab No.09 @ ' - Lab No.14
g ~m- Lab No.12 go -@-lab No.21
N —e LabNo.13 N —eLab No.26
2551 2552 2553 2554 2555 2556 2557 ! 2551 2552 2553 2554 2555 2556 2557
e
|
v ' @ Lab No.32 v - Lab No.41
§ 0 —&- Lab No.35 § ~#- Lab No.46
N —o-Lab No.39 N —e-Lab No.48

2551 2552 2553 2554 2555 2556 2557

2551 2552 2553 2554 2555 2556 2557

ANA 1 @) z-score UNHNILATZHIN 12 BaUHUams Nnsiwnedau azna Tuihluudaz
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namsUsziiiua z-score waanUHURMINEITINNATDUANNDINYMIIATTVLAALTHBY

Y 8 N Hudnms wuh 5 vWesdjUans (lab no. 21, 35, 39, 46 waz 48) N z—score ogfluLnouei

a a I v v a va P 1 ool 1 [
‘wmwahvgniau oLty sa8ay 62.5, 1 ¥eUuAmMs (lab no. 09) NAN z—score agiumfwmmmmaﬂ"luiau

usnuaztly outlier Tusaudi 2, 2 WoaUfidims (lab no. 12, 26) @1 z-score aglutnawiniaadely

59U7 7 uazIBUN 4 MNEIGU (N7 3) LA z-score 3 plot azlaukugil (MW 2)

P ' a s v a va A v g ~ H VA
G113 MNN 3 A z-score YANNIIILAINSHIAIN 8 WaQﬂ{]UﬂﬂjiwLﬂjﬁju‘ﬂ@aaU“’l LLﬂﬂLNﬂNSLuu{LuLW\azﬂ

U w.e. nendums

lab
2551 2552 2553 2554 2555 2556 2557
code
X*=0.0082 X*=0.0087 X*=0.0072 X*=0.0056 X*=0.0080 X*=0.0042 X*=0.0059
mg/L mg/L mg/L mg/L mg/L mg/L mg/L
s =0.0011 s = 0.0015 s = 0.0010 S = 0.0006 s = 0.0015 S = 0.00067 S = 0.00077
mg/L mg/L mg/L mg/L mg/L mg/L mg/L
% robust % robust %robust %robust %robust % robust %robust
CV =134 CV =11.2 CV =13.9 CV =10.7 CV =18.8 CV =16.0 CV =13.0
09 -2.91 6.53 0.70 0.17 0.47 -0.75 -0.39
12 0.18 -1.47 0.80 -1.00 -0.73 1.49 -2.21
21 0.45 0.07 -0.10 -0.17 -0.20 0.00 0.91
26 -1.36 -0.93 0.80 -2.50 1.13 -0.15 -1.95
35 0.09 -1.53 -0.20 0.50 -0.13 -0.90 -0.39
39 0.55 -0.07 -0.30 0.33 -0.13 0.60 0.91
46 1.09 0.73 1.20 0.33 -0.20 -0.45 -0.26
48 -0.55 -0.47 -1.00 0.67 -0.27 1.19 1.17
4 4
3 r 3
2 2 - -
g @ Lab No.09 - o A ~®-Lab No.21
¢ .0 -mlabNo.12 ~@-LabNo.26

2551 2552 2553 2554 2555 2556 2557

z-score
3 5 °
[

N

W

2551 2552 2553 2554 2555 2556 2557

Z-score
o

/.//. @ Lab No.35

e ® —#&- Lab No.39

2551 2552 2553 2554 2555 2556 2557

/ @~ Lab No.46

z-score

s g @ —&-Lab No.48

2551 2552 2553 2554 2555 2556 2557

a ' a s v a va A v P H v
HINN 2 @) z-score YNHNIILAIISHAINN 8 Waﬁﬂ{]u@lﬂ’]ﬁﬂlﬂjijuwﬂaaUﬂ LLﬂﬂLNﬂNo‘Luu{lULLWaZU
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maensdiunlingumwidasiasljiamslumsimnziosn wasuaadenluihlos PT
Provider 5@ assigned value (X*) war standard deviation (s) %ﬂtﬂumﬁﬁwmmmmﬂ robust
analysis: Algorithm A luudazsau azfieaas (X*) wiansnszas (s) waqﬁagaﬁumﬂ@hqﬁ’u il
wWisuiisuasuuudayauaiudazsauasy Standardized scores ¥38 Normalized scores nau lag@nim
Spoored (@UTBIVIINATTIUTIN) UAE 5, W s Tugns Ana z-score Tuusazsaulva then
z-score %1 plot ﬂ’iﬂwﬁlugﬂ control chart"” Ltazg’ha%ﬂu statistical control %35alai L‘ﬁ}a@uu’ﬂﬁ'ﬂ
(trend) fionafideizmsmuquanmwdug limansovanld Wumsaeanudeiuluammwaas
NAMIIATIZA UazEzNDUTNANNEINTO2DINaNUUAMS (performance lab) Tumsasaienzvinams
A5

wamsienziunlingumuudasiasl foamsliansiasmluh Tudsanalnsnnmadidm
wmaaummﬁwmmashwiaLﬁmmu 7 99U NIU 12 KaeUHUAMT wuh 5 e jiudms (lab no. 9, 14,
26, 35 LAY 48) ﬁNaﬂwiﬂs:Lﬁuaﬂiuaneﬁﬁﬁmuﬂ (control limit) ﬁaﬁmsnsxmaﬂ’ay}aa@aaﬁw central
line agheasniana, 1 WeUfudns (lab 21) wamsusziiiy 7 30 daLﬁaqagislﬂé' central line, 2 %o 1R
M3 (lab no. 12, 41) wamsUsziliu 1 99 aoNUBNINATITIMWLG B 1 90 BE52WIN warning limit uay
control limit, 2 ¥eaUfuAns (lab no. 32, 46) wamsusdiy 1 9@ aaﬂuamﬂmsﬁ‘ﬁﬁmum, 1 Wl uiems
(lab no. 13) Han13Usetiy 1 3@ 8g5¢WIN warning limit waz control limit, 1 WesU{uans
(lab no. 39) wamsusziiu 2 0 DBNUDNLNA (mswﬁ 4) LLa::Lﬁ'a‘Liwh z-score THNaN plot azl@i"l,mugﬁ
ﬁiﬂﬁmuquqmmw (mwﬁ' 3)

@390 4 @1 z-score ABKAINATIEHIN 12 Haslfuamsihsrumadaus aznluinegneaiiias

P R ¥
waenalesld rsd .
U w.e. neniiums
lab
2551 2552 2553 2554 2555 2556 2557
code
*=0.050 *=0.201 *=0.052 *=0.073 *=0.081 X*=0.055 X*=0.071
mg/L mg/L mg/L mg/L mg/L mg/L mg/L
s = 0.0045 s =0.0181 s =0.0047 s =0.0066 s =0.0073 s = 0.0050 s =0.0064
mg/L mg/L mg/L mg/L mg/L mg/L mg/L
% robust % robust 9%robust 9%robust 9%robust % robust %robust
CV =9.0 CV =9.0 CV =9.0 CV =9.0 CV =9.0 CV =9.1 CV =9.0
09 0.00 -0.06 -1.28 0.46 0.27 0.81 0.16
12 0.22 -9.94 0.21 -1.37 -1.10 0.20 2.19
13 0.67 0.50 -0.21 0.15 0.82 2.60 -0.78
14 -0.22 -1.16 0.00 0.00 -0.41 -0.20 -0.31
21 -0.89 -0.06 -1.49 -0.30 -0.41 -1.21 -0.63
26 0.00 1.05 0.00 -1.37 1.51 1.21 -1.09
32 -0.22 -0.61 0.85 0.30 -0.41 -3.03 -0.16
35 0.00 1.05 -1.07 -0.61 0.96 -0.40 -1.09
39 -3.33 -1.16 -0.43 -3.65 -0.55 0.61 0.00
41 -3.71 1.05 -1.28 -0.61 0.00 0.61 2.34
46 -0.44 0.50 3.20 0.76 0.00 0.20 -0.16
48 -0.44 -0.06 -0.64 0.00 -1.23 0.00 0.78
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@ Lab No.09
—8—Lab No.12
—e- Lab No.13

z-score
°

Central line

2551 2552 2553 2554 2555 2556 2557

@ Lab No.14
—@- Lab No.21
—¢--Lab No.26

z-score

2551 2552 2553 2554 2555

2556 2557

ucL

Central line

wL

L

@« Lab No.32
—&-Lab No.35
L) —e- Lab No.39

ucL

Central line

2551 2552 2553 255¢ 2555 2556 2557

@~ Lab No.41
—=— Lab No.46
—o--LabNo.48

z-score

ucL

Central line

AWA 3 @ z-score NWNILATIZHIN 12 VasUHudmsiEnHunedaus azmluihadwaaiiia

a ¢ v ' v a wa a o P S
WanNIII Lﬂ‘iw‘wLLu’JIuNQmﬂWWLLﬂazﬂBQﬂ{]UGlﬂTﬂLﬂ‘nzﬂLLﬂ@]LNEINIu‘m luﬂ‘jgl,ﬂﬂlﬂﬂg\nﬂﬂ']s

WITINNAFDUAN NN QYBEING DLUDNIATU 7 50U DU 8 WavUHUAnI1s wudr 7 Wasdjuans

(lab no. 12, 21, 26, 35, 39, 46 waz 48) NwamsUsziiuaglunaminimue (control limit) Aa HmM3

v ' v . ' s ) a wva a
N5EN8YDYABLFBIUN central line pENFNILEND, 1 WaNUHuamMs (lab no. 9) wamsUsetiiu 1 90

8835513 warning limit waz control limit waz 1 30 pNUBAAMUNAINUA (MTNN 5) Uas

d o . . v adq v o
t{a1he z-score Tnaian plot azlausuginldmuanaumn (nwi 4)

3NN 5 @1 z-score WNKAIATIEHNN 8 WavlfudamsiEnPuedaus wealsnluihagnaadio

A o v
wiaennalesly rsd .
U w.a. Neniiums
2551 2552 2553 2554 2555 2556 2557
X* =0.0082 X* =0.0087 X*=0.0072 X*=0.0056 X*=0.0080 X*=0.0042 X*=0.0059
mg/L mg/L mg/L mg/L mg/L mg/L mg/L
s =0.0012 s =0.0013 s =0.0011 s = 0.0084 s =0.0012 S = 0.00063 S =0.00088
mg/Lmg/L mg/L mg/L mg/L mg/L mg/L mg/L
% robust % robust %robust %robust %robust % robust %robust
CV =14.6 CV=11.2 CV =15.3 CV =127 CV =15.0 CV =15.0 CV =14.9
09 -2.61 7.54 0.65 0.12 0.58 -0.80 -0.34
12 0.16 -1.69 0.74 -0.72 -0.92 1.59 -1.93
21 -0.57 0.08 -0.09 -0.12 -0.25 0.00 0.79
26 -1.23 -1.08 0.74 -1.79 1.42 -0.16 -1.70
35 0.08 -1.77 -0.19 0.36 -0.17 -0.95 -0.34
39 0.49 -0.08 -0.28 0.24 -0.17 0.64 0.79
46 0.98 0.86 1.12 0.24 -0.25 -0.48 -0.23
48 -0.49 -0.54 -0.93 0.48 -0.33 1.28 1.02
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Potential of Analytical Laboratories of
Lead and Cadmium in Water
in Thailand during 2008 - 2014

Kannika Jittiyossara Pichaya Deesri and Sakorn Singsalasaeng
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanond Road, Nonthaburi
11000, Thailand.

ABSTRACT Bureau of Quality and Safety of Food (BQSF), Department of Medical Sciences,
conducted a proficiency testing (PT) program on analysis of heavy metals; Pb and Cd in water in order
to evaluate the competence of participating laboratories during 2008-2014, (7 rounds). Homogeneous PT
sample of water for analyzing lead (Pb) and cadmium (Cd) were delivered to the laboratories that would
send the results back within a designated time. The results were analyzed statistically using the z-score
to assess the ability of participating laboratories. More than thirty laboratories participated in the PT
programs each year. There were 12 and 8 laboratories that enrolled the Pb and Cd schemes, respectively for
all 7 rounds. It was revealed that there were six Pb laboratories and five Cd laboratories having
satisfactory results in every round, with the percentage of 50.0 and 62.5, respectively. Trends of
participating laboratories quality which their continual PT results showed by z-score calculated from
s value can be determined. The laboratories could perform continuous self-evaluation by calculating
percentage of pooled relative standard deviation (%rsd,,,,eq) of previous round which was subsequently
used to compute pooled standard deviation (Spoo]ed)’ resulting the z-score. For Pb scheme, it was found
that new z-scores of a laboratory were lower than the assigned values in all rounds. Although obtaining
the satisfactory z-scores, such laboratory should find out the causes and correct those problems. For Cd
scheme, all laboratories could maintain quality of their performance at satisfactory level. In conclusion,
the evaluation of successive PT results could indicate potentiality of laboratories by considering trends
in either direction of the results. This would enable water analysis laboratories in Thailand to improve

and develop their competence and to achieve the same standard.

Key words: proficiency testing, water, lead, cadmium
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