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Standard method for the examination of water and wastewater, 22" Edition. leun 353113 B (92N7)
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laldsayiudieniwiveuas lignisziiuwg
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Labresult =  walenzvieasiasdfjiams

X* = assigned value tflu@n robust average MUINAIN algorithm A
s = robust standard deviation for proficiency assessment

lzl< 2 waeaNWanIeNzaglunamihwela
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lz1> 3 uaasNuamAeNziaglunamilaiiwala
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(Lab result - X*)

Z-score =
Spooled

I‘Sd‘pooled x X*
spooled = 100
Spooled = robust standard deviation for proficiency assessment Falalumsusziliu

FLHZENIAIUIUIN

S = ((n,-1) %rsd 2+ (n,-1)% rsd,? + .....(n,-1) %rsd,?/(n,-1) + (n,-1) .....(n,-1))""*
rsd,.... rsd, = sudenuUINOIIUENANST 2551 - U 2557

msu,ﬁmmsﬂszmﬂwmﬁ'agaﬁﬁﬁhl,aﬁﬂﬁumﬂsmﬁu

% CV ¥38 %robust CV = (s/x*) x 100
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MINOFDUANNTIUIYY 5z INT W.e. 2551-2557 (andiumsilaz 1 s8u) DIl juams
fthumageaunzm wazuaadlenluihudazsey (n519d 1) vasufuamsvnanauvlilainsiunasau
NNIBY vaResliamsEhsanmmadauasafievisdatnse Kesluamsithiinmanasaunzii
wazuaalenluthasy 7 sau fuu 12 uve uay & urs mumeu (mswﬁ 1)
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83 4o
2551 2552 2553 2554 2555 2556 2557 NEN9IN AU 7 59U
AN 30 31 39 30 37 33 30 12
UAALNEN 26 25 35 26 33 26 23 8

Nan1sUssLiUAT z-score wmﬁaqﬂﬁﬂ’amsﬁ'L“zi”w's'mmaaummﬁwmmuﬂ’lﬁLm’wﬁmﬁl"s
Y 12 Wasd JUAMS wu 6 e fUanns (lab no. 9, 14, 21, 26, 35 Uay 48) §A z—score dEfluLNUI
ﬁmwah‘v!niau dodlusasas 50.1, 1 WoeUfiems (lab no 12) e z-score 1{lu outlier Tusaufians
wasthasdelusaud 7, 2 WaeUfidms (lab no 13, 32) [ z-score agﬂumm%ﬁwmﬁﬂiuiauﬁ 6,
2 WaeUfuAns (lab no 39, 41) §ia z-score 1T outlier lusauusn wazihadelusaudl 4 uas 7 muaeu
1 va9Uui@ns (lab no 46) de z-score aglislmnmﬁm”lﬁﬁwwaiﬂusauﬁ 3 (M5199 2) Wathe z-score
0 plot azlaueugi (MW 1)
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MITINN 2 A z-score YNNIILAINISHAIN 12 ‘WaQﬂ{]Uﬂﬂ’]i'ﬂLﬂjsjﬂ‘ﬂ@a'ﬂUﬂ fen 1““’]6],ULL(§]331J

U w.d. Neiiuns

lab
2551 2552 2553 2554 2555 2556 2557
code
X*=0.050 X*=0.201 X*=0.052 X*=0.073 X*=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 9%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 _ A n ,
7N
. A @ Lab No0.09 o ' ~@-Lab No.14
g ——2 ~m- Lab No.12 g0 —@- Lab No.21
N S —e LabNo.13 N —eLab No.26
. . 1
2551 2552 2553 2554 2555 2556 2557 ‘ 2551 2552 2553 2554 2555 2556 2557
B e e e e L 3
@ " @ Lab No.32 v N ~® Lab No.41
§ 0 ~@- Lab No.35 § 0 ~#- Lab No.46
N —o-Lab No.39 N —e-Lab No.48

2551 2552 2553 2554 2555 2556 2557

2552 2553 2554 2555 2556 2557
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namsUsziiiual z-score waanUHURMINEITINNATDUANNDINYMIIATTVLAALTHBN

o v a va 1 v a va = 4
Y 8 N Hudnms wuh 5 vesdUans (lab no. 21, 35, 39, 46 waz 48) N z—score B luLNMI

a a I v v a va P 1 ool 1 [
‘nmwahvgnﬁau oLty sa8ay 62.5, 1 ¥asUjuams (lab no. 09) NAN z—score agiumm*mwmmaﬂsluiau

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

o J o o 4 4 o v - o
FAUN 7 WATIDUN 4 MINAIOU (MITNN 3) LNDUIA z-score N plot axlﬂLquQu (MNN 2)

P J a '3 v a wva A v g = - v =
OINN 3 AN z-score YNHNIILAIISHAIN 8 'ﬁaﬁﬂ{]ﬂﬂﬂ']i‘ﬂt”lﬂﬁ')u‘ﬂ(ﬂﬂ'ﬂﬂ”l u,ﬂmuﬂﬂuuﬂul,mazﬂ

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 =13.4 CV =117.2 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 -1.563 -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
ER 3
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— ) —&-Lab No.12
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z-score
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[ \ —&- Lab No.26
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2
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A4 4

/ @~ Lab No.46

s g @ —&—Lab No.48

Z-score
o
z-score
°

2551 2552 2553 2554 2555 2556 2557 2551 2552 2553 2554 2555 2556 2557
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malensinlingumnudaziasljiamslumsiensiozm wazuaadsnluhles PT
Provider 5@ assigned value (X*) wuar standard deviation (s) %ﬂtﬂudwﬁﬁwmmmmn robust
analysis: Algorithm A luudazsau azfieaas (X*) wianmsnszas (s) waﬁagaﬁummﬁqﬁu il
wWisuiisuasuuudayareiudazsauasy Standardized scores #58 Normalized scores nau lag@im

(Frudissiuuanasgiusin) waald . wnuan s lugas @nnm z-score Tuudazsaulval hen

Spoo]ed 5 'poole

z-score %1 plot ﬂ‘i’l‘vﬂugﬂ control chart"” Lm::@’hﬂgﬂu statistical control %3alai Lﬁa@l,l,u’ﬂﬁ'u

o N oo a ' v g v A &
(trend) ManafizIsmsmuanqumwdug bismsovenld Wunmsasanudenuluauninaes
HAMTIANZA UazazyauiNANNEIN02aasUfUAMS (performance lab) Tumsasiaienednems
AIIAUU 9

a P v ' v a wa a P & ¥ v

HamseNziunlingamuudazdasd jidnmsienzdazmlun Tudsznalnennmsdhsin
NAFDUANNTUNYBENADUDIATY 7 58U MUY 12 PaUHUAMS wuD 5 ¥aedjudms (lab no. 9, 14,
26, 35 WAz 48) HnamsUsziiuaglunaminmuue (control limit) Aaiinsnsznedayastanidny central
line agaa N, 1 ¥oaUHuans (lab 21) wamsuszdiy 7 30 daiiasaglng central line, 2 WaU Ui
M3 (lab no. 12, 41) WaM3Usztiu 1 30 PAUBNNNYINAIVUA B0 1 90 BEILWIN warning limit uaz
control limit, 2 ¥eaU{uAns (lab no. 32, 46) wamIUsediy 1 30 danuanNMNMWUA, 1 Vel uams
(lab no. 13) wan3Uszidiu 1 9@ 8E581WIN warning limit waz control limit, 1 Wewljuanis
(1ab no. 39) HaM3UszLiIY 2 90 BaNUBNNAET (INTNT 4) UazilpA) z-score Tnaian plot zldunugd

nlgmuauammn (Mwi 3)

@3N 4 @1 z-score AKAINATIEHIN 12 Haslfuamsinsrumadaus aznluinetneaiiias

a o v
waenaleald rsd .
U w.e. neniiums
lab
2551 2552 2553 2554 2555 2556 2557
code
X*=0.050 X*=0.201 X*=0.052 X*=0.073 X*=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 =91 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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Central line
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ks o Central line
N Q@
N
.
2 wL W
3 L
L
al
2 2554 2 57
=t 552 %3 =% 556 = 2551 2552 2553 2554 2555 2556 2557
@« Lab No.32
@ Lab No.41
~®-lab No.35
—=— Lab No.46
L) —e- Lab No.39
—e--Lab No.48
3 ucL ] ucL
2 uwL wL

z-score

Central line

AWA 3 @ z-score RNWNILATIZHIN 12 RasUHudmsnuEnNunedaus azmluihadwaaiiia

uamsianziunlinaumnudazdasd jidmsiensiuaadisnlui Tludsznalnegannms

WITINNAFDUAN TN QYBEING DLUDIATU 7 50U DU 8 WaUHUAnIs wudr 7 Wasdjuanis

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

N358Y0YARL 9T N central line agNaNEND, 1 ¥aeUfuAms (lab no. 9) wamsUssiiiu 1 4

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

tlaihen z-score Tnaian plot azlaumuginldaruguaanmn (mwi 4)

3NN 5 @1 z-score WNKAIATIEHNN 8 WaslfuamsiEnPuedaus wealsnluihatnaadio

a o v
wadnnnlesly rsd .
U w.e. peniums
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 9%robust
CV = 14.6 CV =11.2 CV =15.3 CV =12.7 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 (%rsdpooled) of previous round which was subsequently
used to compute pooled standard deviation (spooled), 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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