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Tas 3570 1M ua Y Standard methods for the Examination of Water and Wastewater
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18 ed. 19927 1Ay Annual book of ASTM standards vol.11.01,1996. Lﬂu?‘ﬁﬂﬁ”lll"lﬁﬂblsﬁ
a ¢ g a3 .
AnsziLson lannan1dz(Total mercury) AvYialatizlsen organic mercury LAz
inorganic mercury 11323 0.2-10.0 pg/L fogludineniinlszinnaiee fishilanma
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9 o ' o
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aamnil 95°C ieidaastuilounis uaziienseniiegluaniig organic
T & ETy ' L. -y -
mercury 80011 IHog luanne Tanzilsonie lnawron1sgn oxidize 17 oxidize
9 14 .. - 3/ . = .
ﬂﬁaﬂwaglugﬂ HIEICuric 1ons (ng‘) Taeldasoxidize 2 ¥Ha A9 potassium
permanganate Mg potassium persulphate HAIMIUBEAAIBUAZ OXidize HEIABITH
sodium chloride-hydroxylamine hydrochloride Aaatiunn potassium permanganateﬁ
1 qu . 9/
ey nniuaaeu He™ Wil He' Tay reduce @90 stannous sulphate 139 stannous
. Pl ~ 0 ot = P A 9/
chloride #AM1F1194 Hg'(vapor) TAgian1sganaunaanaNe1IAam 253.7 nom. Ay
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Jnszdilsenneyluaniiz Tangisen uaz inorganic mercury NNA4AMIINUY
¥ . . A .y T )
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A28 stannous chloride UAIMITN He (vapor) Tasdanmisaaniunaaiauemiaau
253.7 nm. AIBLA5ES Cold-vapor atomic absorption spectrometer
75010 Flow Injection Mercury / Hydride Analyses, Recommended
. . . , _ 4
Analytical Conditions and General Information., The Perkin-Elmer Corporation. 1994." a1
o = d A I a a R .
HannsAas e Aslyliaswseniieglumn1iz lanzilson waz inorganic mercury
et ) Y . 4
NUFIANUVUUY 0.2-10.0 pg/L Taeld conc. HCI uay potassium permanganate [WD
oxidize 11500 1% g luan 192 mercuric ions(Hg™ ) nazdlesfiumsqapdeilson
. Y Y { as o
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absorption spectrometer
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1. Linearity %9909 11ATF U FIAAIDIANNTUA U AT T URTS

TENAINANIITUTUYDITITAZAWN AT TIUAUAINTAANAULTS HAZTIWUA Y

% -9 O"C?J . . . . A:L:iﬁ.r 9 P .
ﬁu‘wu‘ﬁuiugﬂ correlation coefficient LAY Linearity NANTAADINAT correlation
cocfficient = 1 39 lidouni 0.995

2 . & s 9 Ao q ¥

2. A 1ue9dT (Sensitivity) AoaNududuvesesazaty N¥IN

fuanmvasnsganiuuasdaouuasly 1% %3 0.0044 absorbance unit
= S a . - ¥oow
3. AAAINAINITDVDIIEAATIZH (Detection limit) ABAMANUUYD
=y | = YV ar P 1 [ .
asavaeiosnganeusoln FyanunuanaanduIuTunIu Noise) 1az
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2. wSoailouazand
2.1 n50aile
2.1.1 Lﬁ%i@d Cold-vapor atomic absorption spectrometer (Perkin Elmer ‘a; U
Flow Injection Mercury System; FIMS 400) s EJ?JQ“!J Agal
2.1.2 Shaker bath
213 Lﬂ?’e’)ﬁ Deionizer (Barnstead ‘3;'14 E-pure)
214 Lﬂ%iﬁlﬁ Ultrasonic cleaner (Branson Co,Ltd.)
2.15 1A%04ds
2.1.6 113 T4 Tng10u (OFN)
2.1.7 1nSaaud
22 mamiluazmsazae iy
22.1 '151 D.I. (Deionized water)
o Taerinindurnunses Deionizer 1HBR1TA Anion 1as
Cation
222 ﬁ'l'iﬁﬁﬂ']ﬂii"lﬂig'lﬂﬂi@‘ﬂ
® Stock solution 1000 mg/L Hg
® Working solution
(399719 Stock solution @38 1% HNO, 9uiiaamidutu 0.6, 1.0, 2.0,
5.0,10.0 ug/L AMERY Tﬂﬂlﬁ?ﬂﬂwﬁnﬂﬂ%ﬁ
2.2.3 Nitric acid, conc.(Conc.HNO,)
2.2.4 Sulphuric acid, conc.(Cone.H,SO,)
2.2.5 Hydrochleric acid, conc.{Conc. HCY)
2.2.6 3% Hydrochloric acid(3%HCI)
2.2.7 20% Hydrochloric acid(20% HCI)
2.2.8 5% Potassium permanganate solution (5%KMnQO,)

2.2.9 5% Potassium persulphate solution (5%K,8,0,)



2.2.10 Sodium chloride-hydroxylamine hydrochloride solution [(NaCl-
NH,0H),HCl]

2019 NaCl 120 g waz (NH,0H),HCI 120 g &av1in DL anvdey i
volumetric flask Y341 1000 ml Ay 111D LaudsTavonySuns

2.2.11 1.1% Stannous chloride solution (SnClZ) Tu 3%HCI

aza18 SnCl, 11 g Ag 3% HClEnion 14 Volumetric flask 4117 1000
ml @3 3% HC! audetatanlsuias

2.2.12 25% Stannous chloride solution (SnClz) 11 20%HCI

az810 SnCl, 250 g 30 20% HClidnoy T4 Volumetric flask ¥141a 1000
ml 1§13 20% HCl ud¥anen/3uias

2.2.13 20% Potassium dichromate solution (K,Cr,0,) Tu 5 0%HNO,

Az 010K, Cr,0, 20g Mol HNO;%WII@U luVolumetric flask ¥1419100 ml
@M 1:1 HNO, 1udsdaueniuing

2.2.14 10% Chloride solution

22810 NaCl 164.8 g @78 ¥ Dnrey T Volumetric flask 1119 1000
ml 0% DL water uD9vRUeM IS99

2.2.15 Standard copper 1000 mg/L
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3.1 ’JLﬂ‘i'l%iWﬁ"]ﬁﬂ?Ja'IEm'lﬂiﬁ'luﬂSEWI LW@’H?WQﬂﬁT‘V‘IN1ﬁ§§11&I@U?‘ﬁﬂ 1
y 9
¢ Flilasazatsuasgiulsenauntu 0.0,0.6,1.0,2.0,5.0, 10.0
ng/L UT31en 100 ml Teras 13 erlenmeyer flask U438 250 ml.
® iy conc.H,SO, 5 ml. U@y conc. HNO, 2.5 ml.
® |1 5% Potassium permanganate solution 15 ml. Aanald 15 W
® |1 5% Potassium persulphate solution 8 ml. uda11Taldalu water bath
Pl 95 °C Wlunar 2 §1Tus
1 d = =
o sfaeulmsasawiduasfinungiives
® 1@y Sodium chloride-hydroxylamine hydrochloride solution ag llauang
azaw LUl duag
o ihmsazatwiwionldidldiasimsganiuuay Tavldiaias Flow
. s a ara 9 o 124 Y A =t
Injection Mercury System smz'ﬂgmﬂmm@ﬂmuﬂmmﬂmmﬂmﬂim BIW
parameters At
Wavelength 253.7 nm
Measurcment Peak height
Sample volume 500 ul

Reductant 1.1%Stannous chloride solution 14 3% HCI

Carrier 3% HCl

32 S5 ERasara AT ulsen Weaswnsmuinsgmlasish 2
¥ 9 =
e Pulaasazatwuiasziuilsenardndy 0.0,0.6, 1.0,2.0,5.0, 10.0
wg/L USunae 100 ml 11 volumetric flask
® (i1 20% Potassium dichromatc solution 14 50% HNO, 0.2 ml
o e A e & 9 A
o shinsazaneiiaion 1l aansgandunas  Taslmaies Flow
. a_oa 3 _ o 1 9 A 2 =
Injection Mercury System Hazdlfiianwdaimuavesgions nies il

¥
paramecters Al



Wavelength 253.7 nm

Measurement Peak height

Sample volume 500 pl

Reductant 25% Stannous chloride solution }1 20% HCI

Carrier 20% HCl

a 4 A g/ RN
33 'J!,ﬂ'i']é‘.i“l’iﬂ"liﬂzﬂ'lﬂﬂﬂﬁ‘iﬁ’m‘ﬂﬁﬂﬂ L“WE)ET?’Nﬂi']‘ﬂiﬂﬁ5§1NT@I8’J‘EWS
-
e fnlamsazarwuinsgiudsonauauiu 0.0, 0.6, 1.0, 2.0, 5.0, 10.0
pg/L 15119 100 ml 11 volumetric flask
® 1 ConcHCI 1 ml Ua¥ 5% Potassium permanganate solution 0.1 ml
o vihmsazatwimsou 1At lddansganauuas  Tauldases Flow
. . o owm Y o ) WA &
Injection Mercury System ngﬂgmmuﬂmmﬁumm@.mmﬂmmaa RINFY
parametcrs fail
Wavelength 253.7 nm
Measurement Peak height
Sample volume 500 ul

Reductant 1.1%Stannous chloride solution 1143% HCI

Carrier 3% HCI

! St ., -
34 mimmmm"lwm’m (Sensitivity)
% 1 4 us;
® JAA NS PANAULAIYOIATAZAUVANA (blank) 5 AT
o A = 9 o
® JAAINITAANAUUAIVBIATATAENINTTINYTONNAMTUTY 10
pg/L 5 A54
] 1] r=v_|
® dwnmainavesds NNYAT
Sensitivity (ug/L) =C X 0.0044/X

Yy
C = AVTIUNANVDIENTRE UUIATTINUTON, ng/L



X = AMsgANIUNAIRErYBIATAZAINIATIIN - AINMTAANAULTURALID

¢
(SMERs ks RIS TR NE

1 = o
3.5 MIMAAANUATUITO ﬂl@ﬂ’?%/JLﬂi"lﬁﬂ (Detection limit)

r

1 ¢
o ﬂﬂ'lﬂ13@ﬂﬂﬁuu’dﬁ’dﬂﬁﬁ"liﬁ%ﬁﬁ'lﬂklﬂ.lﬂﬂﬂ

1 =

{ 3 9
e 'QﬂﬂTﬂ']i@ﬂﬂﬁulm\‘]‘l}’é}ﬁﬁ']‘iﬂzleﬁJ'I@"Iijl‘uﬁﬂ’ﬂwﬂliﬂﬂ! 1.0 pg/L

€

o I

o

® JAAINTRANAULAIVOITITL A ILLLAIA
® JAAINMIRANDIUNAIVDIAITAZA BN INTTIUAA AN 2.0 ug/L

at 9 o Ed

® 199 4 VUADBAWATIAY 11U 10 AT

* nAIRTvveIAIgANA LAY ETAT UL ASAT AnB LTINS
’jﬂﬁ"l'iaﬁt‘llUNW@ijWMW{ﬂgﬂg&
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1y 142 ¢ o 9 3 ] or
o 1 liTiaszsviud WA 13 udbundanngd 4°C Tduu s dla

9

t [

o o | :- =Y 4 =, et =y
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a o Y a
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v =15uM3519981322 01081 TF 1, ml
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' Y 4 P
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=y ] = d any
It udulusae 10.0-999.0 mg/L wdriarzsonlaedsn 3
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o = F . . ' g ! ) i
uazna 333 181 Correlation coefficient 116N 0.995 F3A15147 2

1 - sy o = A o
42 AW 1 LAZIARINAINITOVRI T AAT I N A TIFDITH 99% (99%

Confidence level) 194%193 335 A961519% 2

4 : _ , e
113199 2 LRI Correlation coefficient (R) AW 13 Laziaaua L 15090935

581 | Correlation coefficient A hve Bl | VARNUABNTOVBIID(ug/L)
1 0.99733 0.26 0.29
2 0.99863 0.25 0.32
3 0.99673 0.26 0.27
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Code No.391)
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%gﬁ 1 ﬁnﬂaﬂ* Z-score Z-score 350 3
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(Intercomparison run on Determination of Heavy Metals in Water; Feb, 1997) iala Ug{uﬁof
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otiSTnavs 24 redhe  ud sz lauTais wudidseneylugas 0.94-1.14
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) J : L} J
A5 copper AUUATLA 300.0 mg/L Yu'liaus 999.0 mg/L wan1s
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USmanlsen =209 mg/L drudlSuanlsenfiuiedeludedia =200 mg/L Laga
Z-score ﬁiﬁﬁﬁ?ﬁ@ﬂﬂ’h 2

yanIRTET Spiked sample Tasiana1saza 1w mIglsen 1.0 wg/Lasly
A1z 1ae3E0 3 1805 alsen = 19.1 me/L FelndiRosiusfiasld uas g
A% Recovery =91.2% éﬁ@iﬂuﬂhx’i ‘ﬁﬂ’emﬁj‘uulg]}

5.7 VINMTANYINANTENUVDY chlorides oM IATIZHUToN TasTimatz i
Useananududu 1.0 ue/L 1az2.0 ug/l. 1103 chlorides ﬂu!,ﬁ@uagﬂwﬁwo.mep%
uNTUTUa chlorides ouni13.3% vz lifinansznuaanisiiassilsenlau
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TEiUTumcopper B8n11300 mg/L v: liiwanssnudemsinseidson Taeiih 3
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20-50% A1 %Recovery Y8474 2 AT T eguFIe120-160%
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sodium chlorides-hydroxylamine
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1. American Society for Testing and Materials. Annual book of ASTM standards. Section
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DC: American Public Health Association,1992.
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MARUIN A

t:; 1 Lyad S -4
ANl LLETﬂQﬂ'Iﬂ’J’IiJVI.’ZI‘IJQQ’Jﬁ’JLﬂE'I‘?J‘I’i

Mn1sgandses aamilives
afafit | niaf2 | nfafis | ntae | adedis | mde | SPmawingn)

35 | wvasd 0.007 | 0.007 | 0.005 | 0.001 | 0.005 | 0.005

L | YsentopgL | 01759 | 0.1777 | 01729 | 0.1798 | 0.1801 | 0.1773 0.26
354 wuaLs 0.006 | 0.004 | 0.002 | 0.002 | 0.008 | 0.0044

2 | Ysentopg/L | 0.1772 | 0.1795 | 0.1782 | 0.1764 | 0.1773 | 0.1777 0.25
%% | uvasd 0.002 | 0001 | 0001 | -0.002 | 0.003 | 0.001

3 | ilsentopgL | 0.1694 | 0.1696 | 0.1703 | 0.1694 | 0.1697 | 0.1697 0.26
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ANIGANAUIR
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uYasA | wuasA msazay uuadA | wuasd | wiespe | msaza
@30 HaIAmaY (e uuRaIRm A
1 0.0003 | 0.0004 | 0.0184 0.0180 1 0.0005 | 0.0006 | 0.0309 0.0303
0.0005 0.0007
2 0.0007 | 0.0004 | 00222 0.0218 2 0.0001 | 0.0005 | 03650 0.0294
0.0001 0.0009
3 0.0009 | 0.0006 | 0.0226 0.0220 3 00003 | ©0.0002 | 0.0309 0.0307
0.0003 0.0001
4 0.0001 | 0.0004 | 00192 0.0188 4 0.0007 | 000055 | 0.0365 0.03235
0.0007 0.0004
5 0.0004 | 0.0006 | 0.0184 0.0178 5 0.0008 | 0.00045 | 0.0362 0.02925
0.0008 0.0001
6 0.0001 | 0.0002 | 00222 0.0220 6 0.0003 | 0.00045 | 0.0296 0.02835
0.0003 0.0006
7 0.0006 | 00006 | 00184 0.0178 7 0.0006 | 00006 | 0.0304 0.0298
0.0006 0.0006
8 0.0006 | 0.0005 | 0.0187 0.0182 8 0.0004 | 000065 | 0.0364 0.03185
0.0004 0.0009
9 0.0009 | 0.0008 | 0.0223 0.0215 9 0.0007 | 0.0006 | 00368 0.0250
0.0007 0.0003
10 0.0005 | 00003 | 0.0184 0.0181 10 | 00001 | 00002 | 00327 0.0325
0.0001 0.0003
')? = 0.0196 Y = 0.03035
SD = (.00194 SD = 0.001462
38D = 0.005819 3SD = 0.004386
AARUATINTIV99ITE = 0.29 pg/L AARANNANITNYBAIT = 0.29 /L

AUAAINTINNIOVEIIT RDY = 0.29 ng/L
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Y =] A a I
GH‘SNﬁS LLﬁﬂﬂﬂ”ﬁﬂmWﬂﬂ'ﬂiJﬁﬁJ’lﬁﬂ‘U?N’]‘ﬁ’JLﬂﬁ%ﬂ‘ﬁ 2

AINIIGAN AU

dimfumsazarwnaigivdsen 1.0 pg/L

AINIsgaANa IS

dimfvmsazawnnagiudsen 2.0pyL

@aeia | m3 M3 | mIezaw | msazaw | @l8d1a | as C1}] msazme | asazaiy
it azaiw | azalm | AW | asgivay i azalg | avaw | MIATGIH | MiAsgiuay
uuadd | uvash isazane HURAA | Luaed Msazaiy
Inas wuasAman wag HuasAmas
i 0.0004 | 0.00055 0.0145 0.01395 1 0.0007 0.0007 0.0272 0.0265
0.0007 0.0007
2 0.0007 0.00065 0.0136 0.01295 2 0.0006 0.00045 ‘ 0.0270 0.02635
0.0006 0.0003
3 0.0003 (.6004 0.0161 0.0157 3 0.0005 0.0006 0.0286 0.0280
0.0005 0.0007
4 0.0007 | 0.00055 | 0.0135 0.01295 4 0.0004 | 0.00055 | 0.0260 002545
(1.0004 0.0007
5 0.0007 | 0.00065 | 0.0148 0.01415 5 0.0006 | 0.0006 0.0283 0.0277
0.0006 0.0006
6 0.0006 | 0.0007 | 0.0186 0.0179 6 0.0008 | 0.0008 0.0286 0.0278
0.0008 0.0008
7 0.0008 | 0.0007 | 0.0138 0.0131 7 0.0006 | 0.00055 | 00280 0.02743
0.0006 0.0005
8 0.0005 | 0.00045 | 0.0145 0.01405 8 00004 | 000045 | 0.0284 0.02795
0.0004 0.0005
9 0.0005 | 0.0005 | 0.0155 0.0150 9 0.0005 | 0.0003 0.0315 0.0310
0.0005 0.0005
10 0.0003 | 0.00055 | 0.0145 0.01395 10 | 0.0007 | 0.0007 0.0272 0.0265
0.0008 0.0007
W= 0014417 W = 0.02749
SD = (0.001519 SD = (.001488
38D = (.004558 38D = 0.004465

AVARINATNITUBTT = 0.32 pg/L

ANMAN A INITIVEdITE = 0.32 ug/L

AMUARNNTINITOVEIITINDY = 0.32 pg/L
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e

g

=, o=
UATIEHN 3

MnlIganauuaa

fimivmazawanasgnalsen LopgL

AINTIGANAUNT

aniumsazmenasgiudson 2.0 pugl

fretha | @3 M7 | ;m3azaw | msavaw | diedha | as M3 | msezaw | aisazenw
o azal | arai | WAIPIU | NAIHIULY ‘ﬁ e | azalg | weIge | oasmuey
uuadd | uuaed msavaw wuasd | upasd MInzay
iy HuRIAMaY Wiy uyasRiadn
1 0.0002 | 0.00045 | 0.0166 0.01615 1 0.0007 | 00002 | 0.0297 0.0295
0.0007 -0.0003
2 00003 | 00002 | 00157 0.0156 2 0.0006 | 0.0002 | 0.0297 0.0295
0.0006 -0.0002
3 -0.0002 | 0.0001 | 00162 0.0161 3 0.0004 | 0.0008 | 00310 0.0302
0.0004 0.0012
4 0.0012 | 0.0008 | 0.0165 0.0157 4 0.0004 | 0.00035 | 0.0337 0.03335
0.0004 0.0003
5 0.0003 | 0.0003 | 00172 0.0169 5 00003 | 00006 | 00337 0.0331
0.0003 0.0009
6 0.0009 | 00008 | 00195 0.0187 6 0.0007 | 0.0006 | 0.0337 00331
0.0007 0.0005
7 0.0005 | 00011 | 00198 0.0188 7 0.0016 | 0.0015 | 0.0334 0.0320
0.0016 0.0013
8 0.0013 0.0007 0.0195 0.0188 8 0.0001 0.0002 0.0342 0.0341
0.0001 0.0002
9 0.0002 | 0.00075 0.0193 0.01855 9 0.0013 0.00105 0.0330 0.03195
0.0013 0.0008
10 | 00008 | 0.00095 | 0.0160 0.01535 10 00011 | 0.0012 | 0.0320 0.0306
0.0011 0.0013
= 0.01706 X = 003173
SD = 0.00140 SD = (0.00159
3SD = (.00420 38D = 0.00477

AVARIINATNITAVBIIT = 0.25 pg/L

AUARINAINITOVBIIT = 030 pg/L

AAARINANNTDVRIIBIMAY = 027 ng/L
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d' =y 4 5 ] :’ ~ et
MIINS uaaawans AT izvdsenludieg191iius lna Tasdsh 1

Foratd NaNTIANIEN (ug/L)

ANl | aFanz | asans | asen4 | asens | ade
:J 1 ,::1 o ] d' ] wor Wor ] [} ]
MHUIATeaNTa4d 1861991 Tadwn | Tiwy | vy | Tdwy | Tdwy | Tuwa
3 ] [
MruAS0dnTaIdI0819N2 Taiwy | Tuwy | Tawy | Tuww | Diwy | liww
3 ) [
TIHIUATEINTBIAIBE N3 Toiww | Twwn | Tawe | Teww | ldwa | Miwp
HHUAS 04N Ta4AI0819N4 Taww | iwy | Tdwo | Diww | iwy | Ddw
:) 1 14. as 1 ‘:‘ 1 1 1 1 ‘L 1 1
MEn 09N Ta4@1081995 Tawu | Niww | Ywo | Biwy | biwy | ldwo
2} 1 d‘ L"4 T H‘ T 1] T T 'L 1] [
WA 0458981981996 Yawy | Tiwu | hiww | Tvwy | Tdwy | Tuiww
af 3 T
fiATaInseeA0619R7 Tuwo | Tawu | Tuwo | Tdwo | hiwo | e
3 r
1H1UIA594 Reverse osmosis Tawy | liwo | Two | Tdww | uww | iww
9 9
thonlsensaait msmideuradsemelne | Juwy | Tuny | Towo | Tuwo | Tdwe | luwg
o
dnlszthonwamuey agamwumiuas | Tiww | Liwy | ldww | liwo | liwe | i
FU
dnlszihoawatioyne agumwumiuas | ldwy | hiny | Biwu | Tdwo | ldwe | i
9
dlrzihnnmanuasven aganwiuas | Tiwo | Biww | dwo | Tdwo | Tdwo | liwe
3 L] T T 1 [] W or
iszthonanasaas agamweuas | hiwo | Tawe | sy | Tiwe | Tdee | i
:A N T nme [] w ot v wr
AuaYAS Taww | Tuwy | liwo | Jdwy | Tdwe | Tdw
AN UIeY Taiwy | Niww | Tdwy | Diwu | Diwy | hiwo
il v
HAuRuANS Touww | Two | Juwy | Tuww | lawy | hiwa
P "
hauInaisa Tawy | Tuww | Yiwe | Taww | Tawy | Tdww
A
hautin Taowy | Tuwy | Tiwy | Toww | Tdwy | Tdww
)
AANTI83 Taiwo | laiwo | Tiww | Tdwo | sy | i
)
ANLIaLA Tuwy | biwy | Tdwo | Tdwo | hiww | Tdwa
¥4 ' ' ' '
Wauvinanes Niwa | Tiwn | Tdwu | Tiwo | Tawe | g
y & 1] 1] r
haveai Tawy | biwy | Tdwy | Tdwu | Tdwoe | ldwo
¥ [ ' ' ¥
el u Ty | vy | vy | liwo | liwy | i
y 1 1]
el Tawy | Tdwy | Biww | Tdwu | Jdwo | Tdwa
NATA water No 97 (0.865 0.870 0.859 0.869 0.874 0.87
NATA water No 98 0.892 0.899 0.905 0.907 (.895 0.90

ERTC-3920




32

4 = 4 as ] :‘ = =
A191976 LaRINan1I ATl Tanludretniws Inalasish 3

d’l v [] o d
¥OH1 DL HANTIAIEH (p/L)

A5IN1 | aTan2 | asans | asane | adeds | mde
:J 1 -& %) U ci ] w oy n [ T ]
HAS0InTadIae N1 Tuwy | Nuwy | Tdww | Tiww | Diwy | ldww
:J 1] d' L% L] l:' L] 1] L 1 1] 1] T
HEUnTeeanTedAI8d19N2 Tuwu | Tuwn | Taww | Tuww | Tdwe | ldwo
:J b A ar 1 - [ ] [ ] v v
MRS 0INT89A1881903 Tadwy | Towy | vy | Tdwy | Tdwy | Tdww
Wi ainsasdlngansa Tawy | Tuwy | Tdwy | hiww | vy | Tdww
3’ 1] ﬂ' o 1 d’ L] T T 1] L 1] ]
HHMAToINTa4AIBE1aNS5 Tawu | Miww | Tawo | Diwy | Dbiwy | Diwy
Qy ] .:'1 o L] d‘. L] 1 T L] n - [
e afensadInan Tawy | Tuwn | Ndwo | Tuwo | Tuwn | uww
3’ 1 A‘ 73 T :-‘5 T ] (] T m » 1
1TEuATaInsaIR0019h Tawy | Tuwo | Ddwo | Tuwe | Tiwn | Tiww
o )
11HT1AT849 Reverse osmosis Taww | Tdwy | Tdwy | Tdwo | uww | ldww
U of
thonlsansesil mamiGeuadszmalne | luwo | Tdwo | Tuwo | liwo | Tiwo | Tawo
Ed
Wszihnnuaa ey N3IMANMIuAS Yaiwy | Tsiwy | luwo | Tldwo | Tiww | v
9
dnlszihoimeatiouns agumwmiuas | hiwe | Diwy | Tdwu | s | ldwe | T
:J e [ [l Wwor ] 1
dszthonmwanuessen azanwuvuas | Tiwo | hiwy | Tdwy | Tiwg | Tdwe | ke
W
iszthnnwanaouas agammuviues | liw | Tiww | ling | Tiwg | ldwg | v
¥ )
ALY Todwu | Tadwu | Diwy | Tdwy | Bino | Tdww
3 )
MAvLUIaY Tawy | Tdww | Diwy | Tdwe | Diwe | Tuwo
nyd' =Y =) o ] ] o ] W o [
TAURUNAND Tawy | Tuwy | Tdww | Tuww | Tadwy | Tuwa
Wy
hanTnasa Tawo | Tiwe | Ddwo | Tuwy | Tuwy | luw
¥
hauTiin Tawy | Tuwy | Tdwe | ldwo | Tiwy | Tdww
)
G IR Maiww | Tiw | Tdww | iwe | Tdwe | Ting
E
RIRIR R Yawo | Mawu | Two | Tdww | Tdww | Diwa
:Jd'* = nm [} 1 1 ] L‘v
Aunnanes liwy | liwy | iwy | Tdwo | Tiwo | Tdwa
F7)
haueai Tawy | awy | Mdwu | Tuwo | Tuwn | liw
y 4 t T T 1] 1]
hanulyu Ty | laiwy | hiwy | Tiwo | liwg | hing
7 -,
1Y Taww | Twy | Diww | DBiwe | Tdwo | Tdwa
NATA water No 97 0.859 0.849 0.866 0.851 0.862 0.86
NATA water No 98 0948 | 0899 | 0905 | 0921 | 0943 | 0.92
ERTC-3920 20.0 204 21.1 21.1 21.7 209
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3 = 4 ] adtd'
MSNN 7 UAAIHANTT IATIZHYDINTINT Spike sample TAeIFA 3

Foreehs HaN 3R 31H (LLg/L) %
ﬂ%‘;\‘i“f;l ﬂ%“a“ﬁ'Z ﬂ%&‘ﬁfﬁ ﬂ%ﬂ‘ﬁ.4 ﬂ%ﬁﬁs !.ﬂ?;ﬂ Recovery

iriuatesnseadaeteiil | 1.058 1.038 | 1.010 | 1.035 | 1.043 | 1.0368 | 103.7
Wrnundeensosdiieteiz | 0964 | 0943 | 0.898 | 0.903 0.936 | 0.9288 92.9
druASeanseedaedeis | 0.943 0.938 | 0942 | 0.949 | 0.953 | 0.9450 94.5
yrnandesnsesdaeteiia | 0984 | 0087 | 0.898 | 0956 | 0.99 | 09642 | 6.4
ﬁﬂmum‘%"mmaqﬁmdwﬁs 1.068 | 1.039 | 1.016 | 1.054 | 1.035 | 1.0424 | 1042
ﬁy1ﬁ1u!ﬂ§iﬁl\1ﬂiﬂdﬁﬂﬂfi1ﬂﬁ6 0.872 | 0.939 | 0.898 | 0.882 | 0.945 | 0.9072 90.7
Wretesnseadieteii | 1145 | 1136 | 1165 | 1110 | 1142 | 11396 | 114.0
ﬁﬂwjmméﬂﬁRcvcrse 0SmMosis 1.085 | 1.091 | 1.122 | 1.142 1.124 | 1.1128 111.3
dnTsenseqi msvide 0.997 | 0.968 | 0.990 | 1.005 | 0975 | 0.987 93.7
uralszmealng

yimfsgthnnmaemay 1.083 | 1.067 | 1.086 | 1.055 | 1.107 | 1.0796 | 108.0
NTUNHUNIUAT

R — 0.985 | 0.995 | 1.049 | 1.053 | 1.029 | 1.0223| 1022
ATHANNHTIURT

Yimlszihanwarusasen 1.096 | 1.120 | 1.105 | 1.107 | 1.087 | 1.103 110.3
ATINHUNITUAT

sinlszlminmanaoua 0.975 | 1.039 | 1.016 | 1.032 | 1.020 | 1.0164 | 101.6
NIUNWUNIUAT

R 1135 | 1.067 | 1.094 | 1099 | 1.070 | 1003 | 1003
iieuves 1.065 | 1.015 | 0999 | 1.026 | 1.012 | 1.0234 | 1023
i uRading 0.943 | 0934 | 0.948 | 0.942 | 0.955 | 0.9444 | 044
yaduTwans e 1.085 | 1.049 | 1.009 | 1.056 | 1.021 | 1.044 104.4
srduiiaiie 0998 | 0.956 | 0.885 | 0.967 | 0.994 | 09822 | 982
yiAymode 0965 | 0961 | 0987 | 0.992 | 0.986 | 09782 97.8
VA1 0.969 | 0.948 | 0957 | 0962 | 0.954 | 0.958 95.8
ﬂyﬁuﬁqamm 1.004 | 1.011 { 1.009 | 1.008 | 1.023 | 1.011 101.1
Ao 1.036 | 1.092 | 1.077 | 1.065 | 1.008 | 1.0556 | 105.6




a4

4 o - d
¥oa0d14 NANTIATIZH(ug/L) %

ASIN1 | nan2 | n3ans | asand | a¥ans | 98y | Recovery

damulgu 1093 | L111 | 1129 | 1111 | 1036 | 1.09% 109.6

11 1.039 1.052 1.041 ion 1.033 1.0352 103.5

NATA water No 97 - - - - -

NATA water No 98 - - - - -

ERTC-3920 19.096 | 19.118 | 19059 ; 19.084 § 19.111 | 19.093¢6 91.2

RINYHMA NATA water No 97 1az No 98 AodeisiiinsmIasamsnagouaail
mmm‘uaaﬁ@dﬂﬁﬁﬁmﬂuiﬂmﬂmﬁ 33 (Waters proficiency testing sub-program 33-
Mercury, Arsenic, Selenium Code No.391 ; Aug, 1997) in 1A NATA (National
Association of Testing Authorities) Australia.
ERTC-3920 Anda019 it 191 Tasan1snagauauansavesfiag

ﬂf]ff ams (Intercomparison run on Determination of Heavy Metals in Water; Feb,1997)

a = = o = 9 1 = = 9t 2 9y

falavudifonardnevsudamdunaden nsuduaiuguawiuneden ¥sldsw

1 Japan Environmental Sanitation Center JESC) Ua¢ The Environment Agency of Japan.
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d‘ Y =, 4
MIeN 8 manisiaszilsenaududy 1.opgL Taedihns o

+
<&

{iof} Chlorides ludTanmme

AV NVUVBS HANI5INTIZH (ug/L) %o
Chlorides (%) ﬂ%’&ﬁl ﬂ%’aﬁz ﬂ%’aﬁs ﬂ%&ﬁ4 ﬁ%’aﬁs m?;sn Recovery
0.01 0.956 0.946 0.999 0.987 (.989 0.975 975
0.03 0.986 0.978 1.002 1.012 1.009 0.997 997
0.06 0.946 (.946 1.019 0.970 0.990 0.974 97.4
0.10 Lo11 1.056 1.074 1113 1016 | 1054 1054
0.15 0.911 0,984 0.977 0.899 0.968 0.948 94 8
0.20 1138 1.054 1,080 1.036 1038 | 1.069 106.9
0.30 0.982 0.950 (0.988 0.996 0.939 0.971 971
0.50 1.038 1.054 1.123 1.113 1.006 1.067 106.7
0.70 0.902 0.984 0.852 0.912 0.989 0.928 92.8
10 1.117 1.158 1.190 1.155 1.101 1.144 114 4
13 1.022 1.113 1.098 1.055 1.004 1.058 1058
1.5 1.077 1.053 1.083 1.071 1.006 1.058 105.8
1.7 0.920 0.964 0.946 0,908 0.937 0.933 935
2.0 1.080 1.019 1.023 0.971 1.006 1.020 102.0
2.3 0.946 0.946 1.019 0.970 0.998 0.976 97.6
2.5 0.917 0.953 0.969 0.946 0.947 0.946 94.6
2.7 0.964 0.908 0.973 0.943 0,989 0.956 95.6
30 0.920 0.946 0.938 0.935 0.939 0.936 936
31 0.855 0.844 0.836 0.845 0.836 0.843 84.3
32 0.851 0.816 0.853 0.840 0.826 0.837 83.7
33 0.764 0.755 0.753 0.754 0.761 0.757 75.7
35 0.751 0.716 0.753 0.741 0.726 0.737 73.7
37 0.760 0.722 0.761 0.733 0.736 0.742 74.2
4.0 0.758 0.718 0.7534 0.743 0.755 0.746 74.6
4.5 0.714 0.755 0.707 0.711 0.723 0.722 72.2
5.0 0.614 0.611 0.601 0.609 0.606 0.608 60.8
6.0 0.585 0.589 0.578 0.596 0.588 0.587 58.7
7.0 0.555 0.563 0.548 0.561 0.559 0.563 56.3
8.0 0.523 0.536 0.529 0.531 0.530 0.530 530
9.0 0.499 0.498 0.492 0.490 0.489 0.494 494
9.9 0.478 0.465 0.423 0.455 0.446 0.453 433
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a a ¢ A 4 A - '
AN 9 mamsTanzilsenanududu 2.0 pgL TaedTN 3 1iledl Chlorides TuTumanee

AT HUDY HANTIIAZHi(ug/L) %%
Chlorides (%) ﬂ%&ﬁl ﬂ%&‘ﬁZ ﬂ%’d‘ﬁ3 ﬂ%ﬂﬁ4 ﬂ%"ﬂﬁs méﬂ Recovery

0.01 2.080 2.040 2.145 2.058 2,026 2.070 1035
0.03 1.989 1.888 1.975 1.896 1.969 1.944 97.2
0.06 2.143 2.080 2.070 2.098 2.038 2.086 1043
0.10 2.194 2.203 2.236 2.211 2.133 2.196 106.8
0.15 1.918 1.972 1.879 1.888 1.967 1.925 96.2
0.20 2.130 2.089 2.184 2.115 2101 2.124 106.2
0.30 1.889 1.987 1.859 1.958 1.997 1.938 96.9
0.50 2130 2,089 2184 | 2134 2136 | 2138 106.7
0.70 2.077 2.053 2.083 2.071 2.086 2.074 103.7
10 2.061 2.060 2.065 2.062 2.049 2.059 103.0
13 1.825 1.724 1.713 1.759 1.754 1.755 87.8

1.5 2.138 2.054 2.140 2.111 2.158 2.120 1060
1.7 2.040 2117 2.158 2.190 2.155 2.132 106.6
20 2.077 2.017 1.972 2.022 2.021 2.022 101.1
23 2.098 2197 | 2086 | 2066 2254 | 2.140 107.0
2.5 1.852 1.860 1.822 1.845 1.848 1.845 923

27 2.089 2.065 2113 2.087 2.056 2.082 104.1
30 2.011 2.023 2.009 2.013 2.026 2017 100.8
31 1.989 1.901 1.879 1.888 1.911 1.914 957

32 1.898 1.856 1.887 1.845 1.823 1.862 93.1

33 1.777 1.645 1.663 1.693 1.689 1.693 84.7
35 1.806 1.885 1.803 1.798 1.811 1.821 91.0
37 1.716 1.698 1.704 1.707 1.746 1.714 85,7
4.0 1.709 1.689 1.696 1.677 1.656 1.685 84.3

4.5 1454 1.555 1.589 1.543 1.498 1.528 764
5.0 1.262 1.234 1.356 1.298 1.277 1.285 64.3

6.0 1.223 1.235 1.246 1.258 1.234 1.239 62.0
7.0 1.198 1.179 1.201 1.177 1.187 1.188 594
80 1.167 1.156 1.177 1.189 1.144 1.167 583

9.0 1.058 1.099 1.069 1.032 1.077 1.067 534
99 0.988 0.996 0.979 0.989 0.977 0.986 493
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3

ol Copper Tu5ua

7199
AN VHUD HAMTIIATIZHi(ug/L) Y%
Copper(mg./L) ﬂ%&‘ﬁl ﬂ%ﬂﬁZ ﬂ%ﬂ“ﬁ&' ﬂ%’&‘ﬁ4 ﬂ%’d‘ﬁs méﬂ Recovery

5.0 0.977 1.018 0.958 0.998 1.089 1.012 101.2
10.0 0.935 0.968 0.997 0.974 0.965 0.968 96.8
30.0 0.996 0.964 0.975 0.966 0.989 0.978 97.8
50.0 0.966 0.974 0.997 0.965 0.966 0.974 97.4
70.0 1.121 1.096 1.066 1.097 1.058 1.088 108.8
100.0 1.098 1.101 1.078 1.097 1.086 1.092 109.2
120.0 0.989 0.976 0.969 0.934 0.996 0.973 97.3
150.0 0.978 0.988 0.974 0.994 0.986 0.984 98.4
170.0 0.996 1.016 1.011 1.110 1.098 1.046 104.6
200.0 1.086 1.152 1.123 1.088 1.141 1.118 111.8
220.0 1112 1.099 1.061 1.018 1.120 1.082 108.2
250.0 0.992 0.987 0.995 0.979 0.984 0.987 98.7
270.0 1.134 1.018 1.076 1.065 1.102 1.079 107.9
300.0 1.356 1.383 1.424 1.353 1.364 1.376 137.6
400.0 1.479 1496 1478 1.376 1.404 1.446 144.6
500.0 1.259 1.248 1.279 1.226 1.256 1.254 125.4
600.0 1.305 1.295 1.298 1312 1.331 1.308 130.8
700.0 1454 1.545 1.238 1.293 1.226 1.351 135.1
800.0 1.393 1.394 1.336 1.374 1.330 1.365 136.5
900.0 1.296 1.116 1.289 1.299 1.279 1.256 125.6
999.0 1.436 1.398 1.404 1.440 1.419 1419 141.9
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3 = o aad y =
MINALL HansIasEilsenadudu 2.0 pL Tau3ER 3 el Copper TuilFuna

A1)
AN HUDY HANISIASZH(ug/L) %
— — o — — .

Copper(mg./L) | a3afil | a5an2 | a3an3 | asana | a5anis | mde | Recovery
5.0 1.946 1.966 1.962 1.991 1.919 1.957 978
10.0 1.935 1.968 1.997 i.974 1.965 1.968 934
30.0 2.066 2.096 2.023 2.083 2.035 2.06] 103.0
50.0 1.966 1.974 1.997 1.965 1.966 1.974 98.7
70.0 1.981 1.893 1.907 1.898 1.892 1.914 957
100.0 2.086 2.151 2123 2.088 2.141 2.118 105.9
120.0 2.056 2.006 2.012 2.017 2.020 2.022 101.1
150.0 2.010 2.009 2,011 2.022 2.320 2.074 103.7
170.0 2.060 2.056 2.048 2.092 2.101 2.071 103.6
200.0 1.989 1.856 1.898 1.789 1.962 1.896 94 9
220.0 1.961 1.992 1.977 1.965 1.998 1.979 98.9
2500 1.895 1.868 1.829 1.952 1.986 1.90G 95.0
2700 1.995 1.984 1.978 1.982 1.991 1.986 993
300.0 2.458 2.449 2.436 2.399 2.446 2438 121.9
400.0 2.369 2.396 2.399 2.387 2.364 2.383 119.2
500.0 2.989 2.897 2.786 2.994 2.961 2.925 1463
600.0 3.019 3.096 3.020 2.998 3.0i6 3.030 151.3
700.0 3.275 3.198 3.276 3.298 3264 3262 163.1
300.0 2.598 2.796 2.895 3.016 2.964 2.934 146.7
900.0 3.123 3.169 3.295 3.076 3.289 3.190 159.5
999.0 3.066 1026 | 3080 | 3.079 3.061 3.064 1532
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16 September 1997 , ‘ajo-r}-a ‘Assoc;a ion of Testing Authorities, Australia

Aocies NSW 2138 Austraiiz
9752 8222 Fax 612874333

Dr Anamai Singhabhandhu

Department of Science Service
Chemistry Division

Rama VI Road Ratchathewi District
Bangkok 10400 THAILAND

Dear Dr Singhabhandhu

Re: Waters Proficiency Testing Sub-Program 33 - Mercury, Arsenic, Seleninum
Code Mo, 391 Accreditation

To provide participants with early information concerning proficiency testing of samples from this program,
a brief summary of the results is presented on the following page. As, authorised representative this
information is forwarded to you for review and distribution to relevant laboratory staff.

As publicised in past issues of NATA News, NATA has updated the statistical procedures used to analyse the
results of its proficiency testing programs. Part of the new procedures is a new set of (robust) summary
statistics, which includes those appearing on the next page. The median replaces the mean and the
normalised IQR replaces the standard deviation.

Definitions of these new terms are at the bottom of the next page. A document outlining all of the new
procedures, entitled "New Statistics for NATA's Proficiency Testing Programs”, will be sent to you with the
final report. If you have any questions about the new statistical procedures, please contact Ms Susan
Hoffmann.

Please note:

(1) Any results received after the issue date of this information are not eligible for inclusion in the
statistical analysis for the final report.

(11) The final report containing the complete statistical analyses and commentary, together with a
detailed individual laboratory summary sheet, will be issued as soon as possible.

{iii) Laboratories which have reported results more than three normalised IQRs from the median are
encouraged to commence investigative/corrective action prior to the release of the final report.

(iv) Samples NO97 and NO98 were expected to contain mercury at slightly different concentrations
(approximately 1 ng/L and 1.2 ng/L respectively). Sample NO99 was expected to contain 11.4
e/l of arsenic and sample N100 approximately 8.6 ng/L of selenium.

If you have any queries at this stage please feel free to contact me.

Yours sincerely o

' ! \\ R "\v
RHONDA STERNBECK ,
Technical Officer S e e S Enc.
Proficiency Testing . .07 RWTR277.LTR
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Al2

Mercury (ug/L)

Code No. NO97 NO98 ‘ Code
Z-score Z-Score
391 0.87 0.90 -0.14 -0.80 1
392 1.03 1.25 0.89 0.0 1
393 040 0.68 -1.53 0.25 1
396 1.07 1.29 1.05 0.00 1
400 097 1.30 0.87 0.46 1
406 1.40 <] 1
412 0.799 1.22 0.36 0.84 3
418 0.53 0.65 -1.33 -0.42 3
419 0.70 1.55 0.83 2.65 1
427 0.20 0.93 -1.43 2.14 ]
429 0.85 1.42 0.87 1.47 1
430 <1 3.12 3
433 0.86 .15 0.34 0.29 |
434 0.60 0.80 -0.8% -0.08 1
436 1.11 1.34 1.23 0.04 3
437 0.62 1.10 -0.24 1.09 1
438 0.52 1.19 -0.26 1.89 1
439 Ll 1.6 1.73 1.18 3
440 0.80 0.90 -0.28 -0.50 1
448 0.55 1.12 -0.34 1.47 3
449 0.48 l.l? -0.34 2.06 |
450 0.62 0.99 -0.46 0.63 3
451 0.69 0.74 -0.83 -0.71 1
453 0.69 0.85 -0.60 -0.25 3
454 0.60 0.61 -1.27 -0.88 3
462 0.59 1.34 0.18 2.23 3
164 1.20 1.10 0.93 -1.34 3
469 0.5 0.5 -1.69 -0.92 3
471 0.8 0.6 -0.89 -1.77 I
473 2.00 2.70 576 § 2.02 1
474 0.60 1.10 -0.28 1.18 1
475 0.72 0.99 -0.26 0.21 3
476 0.74 1.20 (.20 1.01 ]
477 0.94 1.11 0.42 -0.21 1
181 I.15 1.14 091 -0.97 1
486 1.58 2.55 461 § 3.15 § 1
493 0.76 0.96 -0.24 -0.08 1
496 2.28 1.59 4.09 § 382§ 1
504 0.94 1.16 0.52 0.00 3
306 1.03 1.25 0.89 0.00 3
508 1.00 130 0.93 0.34 ]
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Al3

Mercury (ng/l)

—

Laboratory | Sample Sample Li:;te:r?es Lat\g :alz:)r;ies Method
Code No. NO97 NO98 i Code
Z-score Z-Score
511 1.0 1.2 0.72 -0.08 1
515 0.43 0.54 -1.75 -0.46 3
518 0.71 1.15 0.04 092 3
520 0.77 0.94 -0.26 -0.21 I
523 0.71 0.90 -0.46 -0.13 5
527 1.05 0.90 0.22 -1.55 3
528 1.24 1.30 1.41 -0.67 3
532 0.71 0.80 -0.66 -0.55 3
539 0.90 1.14 0.40 0.08 3
540 0.72 0.97 -0.30 0.13 3
541 <2 <2 1
544 0.7 0.9 -0.48 -0.08 1
545 0.34 0.94 -0.12 -0.50 1
548 48.59 14.34 123.00 § -144.86 § 1
549 <1.0 <1.0 1
552 0.66 0.85 -0.66 -0.13 1
553 1.20 1.48 1.69 0.25 3
554 0.63 0.97 -0.48 0.50 1
558 0.56 0.90 -0.77 0.50 1
568 9! (.68 -0.10 -2.73 1
569 127 436 7.63 § 1206 § 1
570 <4.00 <4.00 3
572 0.86 1.07 0.18 -0.04 3
573 0.78 0.93 -0.26 -0.29 1
574 4,12 391 12.46 § -1.81 3
No. of Results 102 102
Median 0.810 1.085
Normalised IQR 0.280 0.269
Robust CV 34.5% 24.8%
Minimum 0.20 0.38
Maximum 48.59 14.34
Range 48.39 13.96
NOTE 1:  § denotes an outlier (i.e. |z-score] > 3).
NOTE 2: Please refer to Appendix C1 for method code descriptions.
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