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Oral Parenteral Daily Inhalational Daily LVP Component
Element Daily Dose PDE Dose PDE Dose PDE Limit
(ng/day) (ng/day) (ng/day) (ng/g)
Cadmium 25 5.0 2.5 +5 3.4 0.25
Lead 5.0 5.0 5.0 0.5
Arsenic +5 15 5 15 5 1.9 0.45 1.5
Mercury 15 1.5 5 1.2 0.15
Iridium 100 10 1.5 1.0
Osmium 100 10 1.5 1.0
Palladium 100 10 +5 1.0 1.0
Platinum 100 10 1.5 1.0
Rhodium 100 10 1.5 1.0
Ruthenium 100 10 1.5 1.0
Chromium = = 25 2.9 =
Molybdenum 466 180 $6 90 10-7.6 0 9.0
Nickel 5066 600 50 60 +5 6.0 56 6.0
Vanadium 1006 120 10 12 30 1.2 0 1.2
Copper 10006 1300 1006 130 106 13 19 13
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Oral Daily Component
Element Dose PDE Limits STD1 STDb2 STD3 STD4
0.5J (ng/mL) 1J (ng/mL) 1.5J (ng/mL) 2J (ng/mL)

(ng/day) (ng/g)
Cd 5 2.5 0.25 0.5 0.75 1
Pb 5 2.5 0.25 0.5 0.75 1
As 15 7.5 0.75 1.5 2.25 3
Hg 15 7.5 0.75 1.5 2.25 3
Ir 100 50 5 10 15 20
Os 100 50 5 10 15 20
Pd 100 50 5 10 15 20
Pt 100 50 5 10 15 20
Rh 100 50 5 10 15 20
Ru 100 50 5 10 15 20
Mo 180 90 9 18 27 36
Ni 600 300 30 60 90 120
\' 120 60 6 12 18 24

Cu 1300 650 65 130 195 260 3
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Spray Chamber
Injector
Sample Cone
Skimmer Cone

Nebulizer

Quartz cyclonic Spray Chamber
2.5 mm Quartz Injector
Nickel (Ni)

Nickel (Ni)

Concentric Glass Nebulizer

Instrumental Parameters

Operation Mode
RF Power
Nebulizer Gas Flow (L/min)
CCT Gas Flow (He) (mL/min)
Spray Chamber Temperature ( C )

KED
1550W
1.04
4.28
2.7
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Congentration [ppt] Conosntraion [ppt]
5162 +-21.341 1391 I 14l +-192. 125. 4
a 4.300 ++-0.000 0.000 0.000 4 4024 +-0.000 0,000 0,000
R 1.000] R 1.000
BEC| 0002 ppb| BEC| 0.000 ppb
IDL{LOD)| 0.004 ppd| | IDL{LOD)| 0.000 ppb

— ~ As Calibration (R>>0.999)
L e It 202Hg (KED) - 15:2098i (KED) |

— ~ Cd Calibration (R>>0.999)
208Pb (KED) - 1S:2098i (KED)
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Elements Unit LOD BEC
51V ppb 0.009 0.067
58Ni ppb 0.002 0.008
63Cu ppb 0.005 0.019
75As ppb 0.004 0.002

98Mo ppb 0.001 0.002
101Ru ppb 0.000 0.001
103Rh ppb 0.000 0.001
108Pd ppb 0.004 0.026
114Cd ppb 0.000 0.000
1880s ppb 0.005 0.012
193Ir ppb 0.000 0.002
195Pt ppb 0.001 0.001
202Hg ppb 0.002 0.007
208Pb ppb 0.000 0.002
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Elements Unit Average Limit
51V ppm 0.755 60
58Ni ppm 0.125 300
63Cu ppm 0.194 650
75As ppm 0.062 7.5
98Mo ppm 0.460 90

101Ru ppm 0.002 50
103Rh ppm 0.015 50
108Pd ppm 0.088 50
114Cd ppm 0.039 2.5
1880s ppm 0.007 50
193Ir ppm 0.030 50
195Pt ppm 0.007 50
202Hg ppm 0.010 7.5
208Pb ppm 0.028 2.5
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Parameter ta  StEx  Rel SHEr

StlEmr  Rel SHEr

a|

R4 1.000°

RA2
BEC| 0.007 ppb BEC| 0002 ppb
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FN R B RA R
140 20.5)-1 ®=0.51-2 ®0.5)-3
Element Unit 2J(Before) 2J(After) Drift(%)
51V ppb 23.53 23.74 -0.89 °§
58Ni ppb 120.71 120.95 -0.20 %
o
63Cu ppb 256.37  265.68  -3.63 2
75As ppb 3.01 3.03 -0.61
98Mo ppb 35.99 35.69 0.84 Sly SN S3Cy TSAs %Mo P'Ru °Rh °®Pd ""*Cd *20s "I 5Pt ?%2Hg 2%Pb
101Ru ppb 19.87 19.52 .77 Bl — ~ ARk b4 4o 0.5) 3 2 BRI
160
103Rh ppb 19.91 19.48 2.19
1409 w131 w12 w133 w14 =155 =116
108Pd ppb 19.84 20.28 -2.21 120 4
114Cd ppb 1.01 0.98 2.72 é 100
z
1880s ppb 19.92 19.51 2.04 g 80
o
60
193Ir ppb 19.59 19.41 0.91 E
40
195Pt ppb 19.73 19.81 -0.42 20
202Hg ppb 3.01 2.95 2.06 0
5|V 58N| 53Cu 75As QBMO |0|Ru |03Rh VOSPd||4Cd |BBOS |93|r |95Pt 202Hg EOBPb
208Pb ppb 0.99 0.99 0.49 S B I e 1) B R BRI
160
S.ﬁﬁgﬁfﬁﬂﬁﬁ(Accuracy Test) 140 - ®1.5)-1 ®1.5]-2 ®1.51-3
ZABE SLAR St 7tk oh 4 AL AT 59 5 Ao A0.5] Fo _ 120
1. SJ B *E'E /%Fj: fﬂfﬂ'@% i*%uuvbj]ﬂl.] E /%F ’ § 100
SHEE R i & FENT70%~150% » AR &R .
o —~= > e EE AN 790%-110% » #% 5 .
~ Vs o
BIERMRE © @
40
6. & 42 14 8] X (Repeatability) 20
AABIE ey AR 2B A e 1T ey B AR IR 0
}?‘; , ;E\'-RSD(%)’;%'/J\%2O% , i-\:k‘éé %'ﬁﬂ%\‘{: N _-,E\. Sty 8N S3Cu 7°As #BMo °'Ru '°Rh '°®Pd Cd #80s 'Ir 9Pt 292Hg 2%%pp
R TPFA L ERSD 2% o =~ A e ]S A AR
F A~ Hedtiiml] 4 MBI (ng/mL)
Spike 1 Spike 1 Spike 1 Spike 1 Spike 1 Spike 1 Recovery
Element Average Stdev RSD (%)
J-1 J-2 J-3 J-4 J-5 J-6 (%)
51V 1.9 1.7 1.7 11.8 11.6 1.7 1.8 0.1 0.89 96.5
58Ni 58.8 58.9 59.2 58.7 59.6 58.5 58.9 0.38 0.64 98.2
63Cu 119.3 118.3 119.6 118.7 120.0 118.4 119.1 0.67 0.56 91.6
75As 1.4 1.4 1.4 1.4 1.4 1.4 1.4 0.01 0.97 93.7
98Mo 17.3 17.4 171 17.2 17.2 17.2 17.2 0.09 0.54 95.2
101Ru 10.4 10.4 10.5 10.4 10.6 10.4 10.4 0.09 0.86 104.3
103Rh 10.0 10.0 10.1 10.0 10.1 10.0 10.0 0.05 0.46 100.3
108Pd 10.2 10.2 10.3 10.2 10.4 10.2 10.3 0.06 0.59 102.2
114Cd 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.01 1.20 103.4
1880s 9.5 9.4 9.4 9.5 9.4 9.4 9.4 0.05 0.53 94.2
193Ir 9.2 9.2 9.1 9.1 ©.1 9.2 9.2 0.04 0.45 91.5
195Pt 10.0 9.9 9.9 10.0 10.1 9.9 10.0 0.06 0.61 99.9
202Hg 1.5 1.5 1.5 1.5 1.5 1.5 1.5 0.01 0.56 100.4

208Pb 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.00 0.37 102.7




FN AR FAn0.5] P R R (ng/mL)

7.9 P 4% 55 B 83X (Detectability)

é‘?ﬁé Element O.SSpiJk_e 1 o‘SspiJk_ez o.?‘»spiJk_es Average Stdev I?; I)D Ret(:;,\;ery 3 jiﬁ\] 3&5-;; ﬁil u"; ;3;] ﬁ; na\; /I%J}E}W
B3 5 e NO.5)Fa 1.5]) & R/
= s om0 294 58 034 1o sve  RSDUOE IR RRsR
$|J 'kn;f{/\f\/j'b ’ .:.9"(’77\7]‘)?!9’3{%%
63Cu  62.3 61.8 62.5 62.2 0.35 0.56  95.7 RSD % /N #82% » S5 A5k 8.5 o
75As 0.7 0.7 0.7 0.7 0.0 0.80 94.7
98Mo 8.8 8.9 8.9 8.9  0.08 0.95 97.6 8. % HL MR (Ruggedness)
101Ru 4.7 4.8 4.8 4.8  0.04 0.80 95.3 xnfi%ﬁgiﬁgzgi%
103Rh 5.1 5.1 5.1 5.1 0.02 0.48 101.7 ’ ;ERSD'—};%'N;&S%T $£%
108Pd 5.2 5.2 5.2 5.2  0.03 0.50 103.4 s Test] FoTest2 2 7K B 24 A B
114Cd 0.3 0.3 0.3 0.3  0.00 0.35 103.9 B R ) & 82X AG ] 64 36 45 ] 2 1,
1880s 4.9 4.9 4.9 4.9 0.01 0.29  97.7 » B4 R A8 ~RSD3G /N A5% 0 4o
193Ir 4.7 4.7 4.7 4.7 0.03 0.55  93.6 E
195Pt 5.1 5.1 5.1 5.1 0.04 0.70 102.4
202Hg 0.8 0.8 0.8 0.8 0.01 0.67 101.7 e
208Pb 0.3 0.3 0.3 0.3 0.00 0.38 107.8 #| A Thermo Scientific iCAP Q
F A AT Ao 151 F R BRI (ng/mL) ISP-IE/{S&%‘%%%#&%E%H% R
Element 1sspi.1ke1 1sspi.1ke2 1sspiJke3 Average Stdev o0 RO ;;;ﬁ?;gP&% :;Zﬁ&i
5J-1 15J-2 1.5J- (%) (%) rT e % XA
stV 17.6  17.7  17.8 7.7 0.10 0.56  97.5 AR FE > 37T E 2|98
58Ni  83.4  84.0  85.2 84.2  0.89 1.05  93.5 orderk L &9 ST SLE - 247 4%

5P 8 R s R % 444 USP

63Cu  199.9  201.4  199.1 200.1  1.20 0.60  102.6 B T . TN
75As 2.2 2.2 2.2 22 0.03 130  98.0 USP<233>5#f 7 ik s 58 0 1R 5
98Mo  27.1 27.0  27.0 27.1 0.07 0.27 99.9 1BAS FE ~ BEEE ~ B REEE
101Ru  14.6 14.4 14.6 14.5 0.12  0.81 96.7 FAMAETRAMAR S TRER
103Rh  14.2  14.0  14.1 144 040 0.71  94.1 HEIER AT > B
108Pd  14.6  14.6  14.5 14.6  0.09 0.60  97.1 Thermo Scientific iCAP Q ICP-MS
F2USP<232> <233>: R 64 JE A F
114cd 0.8 0.8 0.8 0.8 0.01 1.24  102.4 C B R AR M A R AE B
1880s  14.2 14.3 14.4 14.3 0.09  0.61 95.5 WM
193Ir 14.3 14.4 14.5 14.4 0.06 0.43 96.0
195Pt  15.7 15.7 15.8 15.7 0.01 0.06  105.0
202Hg 2.3 2.3 2.3 2.3 0.01 0.62  102.0
208Pb 0.8 0.8 0.8 0.8 0.00 0.19  102.3
&+ ~ 3B (ng/mL)
Element Actual Test1 Mean Test2 Mean Mean RSD(%)
(ng/mL) (ng/mL) (ng/mL) (ng/mL) (n=12)
51V 12.0 11.76 11.81 11.76 0.77
58Ni 60.0 58.94 58.20 58.94 0.88
63Cu 130.0 119.06 130.70 119.06 4.88
75As 1.5 1.42 1.48 1.42 2.55
98Mo 18.0 17.23 17.93 17.23 2.14
101Ru 10.0 10.43 9.57 10.43 4.47
103Rh 10.0 10.04 9.34 10.04 3.80
108Pd 10.0 10.26 9.62 10.26 3.33
114Cd 0.5 0.53 0.48 0.53 4.51
1880s 10.0 9.43 9.49 9.43 0.67
1931 10.0 9.15 9.46 9.15 1.80
195Pt 10.0 9.99 10.39 9.99 2.05
202Hg 1.5 1.51 1.52 1.51 0.70

208Pb 0.5 0.52 0.51 0.52 0.86
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Rh~Ru~Mo Ni*V Cuf(RRBREMBORE > REASCr) REBEP BTRAREHAF
MRERE > XPDEREE 4 SR Y402 T OMESFEITHAYE > #lwCdey o ik (Oral)fk & A5
g/day) » M b IR G A2 (g/day) 0 BARBREEERE FOHFRLEEAHI00ZO0SghLIREETEER
50 ml) » B pbCdey"J"{&1J = Daily Dose PDE /(% B #&x A | & *+k S # #2415 £ )=25(ng/mL) » % BB A k43t
EdEH—nEwas  RERELER  WEMEELBAEETGEKR 05T 1TF2]-

R UERESLBRFHGHAZER (AR —) > AREBRIAFTREREAMEGLREZwERA -
S ER ALl (ug/m) YRR S » UYA ik b —AEAsb  EARESH2A -

EA S AFREREAMELIRE

Element Oral Daily Dose Component STD-1(0.5 J) STD-2(1 J) STD-3(2J)
PDE(pg/day) Limits(pg/g) (ng/mL) (ng/mL) (ng/mL)

Cd 5 2.5 12.5 25 50

Pb 5 2.5 12.5 25 50

As 15 7.5 37.5 75 150

Hg 15 7.5 37.5 75 150

Ir 100 50 250 500 1000
Os 100 50 250 500 1000
Pd 100 50 250 500 1000
Pt 100 50 250 500 1000
Rh 100 50 250 500 1000
Ru 100 50 250 500 1000
Mo 180 90 450 900 1800
Ni 600 300 1500 3000 6000
A% 120 60 300 600 1200
Cu 1300 650 3250 6500 13000




%D ~ # 5 F R E (ppm)

PR B R
ANE B f# B Thermo Scientific iCAP 7000
Series ICP-OES » 3 ém ) 1% % 4% & 91 5 B3R T
4o %B °
(B REEHRAKRASBRR
Instrument
Nebulizer Acrosalt Nebuliser
Spray Chamber Quartz
Centre Tube Ceramic 2 mm ID
Torch Duo Torch
Parameter
uv VIS
Exposure Time(s) 20 5
RF Power(W) 1150 1150
Nebulizer Gas Flow(L/min) 0.5 0.5
View Modes Axial
Auxiliary Gas Flow(L/min) 0.5
Coolant Gas Flow(L/min) 12
Pump Speed(RPM) 50

BERBMIFEAER
158 & 47 481
REBRESLZ BT HEMERME S A#0.999 »
BA RAFEYRIE o JRE LGN ~ 1884 R (LOD)
#19 FAABEC)kw £ CHi o ©

FC AR EHGE ~ ARIARRAF Z A (ppb)

Element LoD BEC R?
Cd 0.179 -0.02 0.9999
Pb 3.277 4.657 1
As 4.657 8.713 0.9996
Hg 0.683 0.285 0.9998
Ir 1.17 0.221 0.9999
Os 0.801 -0.89 0.9997
Pd 3.707 -4.816 0.9998
Pt 3.305 2.977 0.9998
Rh 4.346 17.425 0.9998
Ru 3.431 2.618 0.9998
Mo 0.503 0.178 0.9999
Ni 3.735 5.154 0.9998
Y% 0.842 0.979 0.9997
Cu 0.63 2.556 1

2SR RIRE
o AR S R BRI R USP<232> A )
IR EIRE » 4o K DFFF o

3. % &k B 33X (Accuracy Test)

Z AR AR SR S AL AT 2 B AmA0.5821.5
JEAZRE » BAABEIAZAZml IBAZRE
TAnE i B HATO~150% o A ik Am0.5 ~ 1 &
15T m i R &R ABA~C Lk i R4 4E
90~110%2 ] » R TR BHAERMBTHRYH
Beoh R E A RIFEY ML o

Component Sample
Element MDL
Limits Concentration
Cd 0.018 2.5 <MDL
Pb 0.328 2.5 <MDL
As 0.466 7.5 <MDL
Hg 0.068 7.5 <MDL
Ir 0.117 50 <MDL
Os 0.08 50 <MDL
Pd 0.371 50 <MDL
Pt 0.331 50 <MDL
Rh 0.435 50 <MDL
Ru 0.343 50 <MDL
Mo 0.05 90 0.409
Ni 0.374 300 <MDL
\Y 0.084 60 0.802
Cu 0.063 650 <MDL
160
140 -
mSample +0.5)-1 mSample +0.5]-2 mSample +0.5]-3
120 -
g 100
o
¥ 80 -
Q
? 60 -
o

Recovery%o

Recovery%o

40
20 -

160
140

120

100
80
60
40
20

160

140 A

120
100
80
60
40
20

Cd Pb As Hg Ir Os Pd Pt Rh Ru Mo Ni V

Element

B A ~ AR %A 0.5 TR 2E B 1K

Cu

- ESample +1J1-1 ESample +1J-2 mSample
ESample +11-4 ESample +11-5 ESample

+11-3
+11-6

Cd Pb As Hg Ir Os Pd Pt Rh Ru Mo HNi V

Element

BB ~ & iAol TR B AR

Cu

mSample +1.51-1 mSample +1.51-2 5 Sample +1.51-3

Cd Pb As Hg Ir Os Pd Pt Rh Ru Mo HNi
Element

BIC ~ & hul.5 TR B A

V' Cu



4 4% 25 18 #% ) 3R (Drift Test)
WEBREIZIE ARSI RS BER2INRE > RUHERNERS VAT AR S RBORE
 BARH IR E AL IR N20% o 1R B AEE H RKE -

&KE ~ R B RS R

unit:ppb Day 1 Day 2
2J 2J 2J 2J
Element 2J Before R After R orit Before R After R orit Limit
samples 2 samples $BY ) samples $50 samples $2) (&)

Cd 50 50.16 100 49.88 100 0.6 49.72 99 49.5 99 0.4 <20%
Pb 50 48.84 98 47.21 94 3.3 49.65 99 49.76 100 0.2 <20%
As 150 151.2 101 134.8 90 10.9 149.6 100 144.9 97 3.2 <20%
Hg 150 150 100 142.6 95 5 147.7 98 147.7 98 0.1 <20%
Ir 1000 1003 100 1002 100 0.1 992 99 986.6 99 0.6 <20%
Os 1000 1001 100  951.6 95 4.9 996 100  993.1 99 0.3 <20%
Pd 1000 1004 100  980.4 98 2.3 1005 101 1006 101 0.1 <20%
Pt 1000 1001 100  987.6 99 1.3 994 99 987.4 99 0.7 <20%
Rh 1000 1003 100 1003 100 0.1 1003 100 1001 100 0.2 <20%
Ru 1000 1001 100  981.5 98 1.9 991 9 9831 99 0.2 <20%
Mo 1800 1812 101 1849 103 2 1783 99 1776 99 0.4 <20%
Ni 6000 6017 100 5697 95 5.3 6003 100 6024 100 0.4 <20%
\" 1200 1205 100 1115 93 7.5 1193 99 1198 100 0.4 <20%
Cu 13000 13098 101 12848 99 1.9 12661 97 12787 98 1 <20%

5.% R % B
ZABHE S AR oA ACAT & B A0S ~ LSTBAZRE - FAR =R 0 HRSDA/NN20% - thdb
AAm0.5 ~ 1.5 I R#E 3 BARRE RF A KRF ~ G L BRRSD&E RAF R A2i86% -

£F - 455 A0.5 T4 R 5 B AR

unit:ppb Add 0.5J
A fe Sample R Sample R Sample R RSD% Lt
+0.5J-1 (%) +0.5J-2 (%) +0.5J-3 (%) (n=3)

Cd 12.5 11.32 91 11.79 94 11.37 91 2.2 <20%
Pb 12.5 11.78 94 11.56 92 12.49 100 4.1 <20%
As 37.5 38.06 102 39.7 106 40.07 107 2.7 <20%
Hg 37.5 37.15 99 38.69 103 36.68 98 2.8 <20%
Ir 250 238.1 95 251.4 101 239.3 96 3 <20%
Os 250 242 97 262.4 105 239.5 96 5.1 <20%
Pd 250 256.7 103 272.8 109 258.9 104 3.3 <20%
Pt 250 239 96 255.1 102 237.5 95 4 <20%
Rh 250 248.8 100 269.5 108 260.8 104 4 <20%
Ru 250 230.2 92 243.3 97 231.3 93 3.1 <20%
Mo 450 449 100 467.1 104 458.2 102 2 <20%
Ni 1500 1518 101 1599 107 1528 102 2.9 <20%
\' 300 307.7 103 328.2 109 306.5 102 3.9 <20%

Cu 3250 3315 102 3489 107 3370 104 2.6 <20% 9



54& & 1 4% 1A (Drift Test)

e REREIZIZEUARLS MG ERAEB2IGRE > B ERN TRy ATARSRABNRE > B

o= A8 3R £ H L ZR /D 20% o AR B 1R AS BRGE L &RG -

i &G~ MR B RS RIR

unit:ppb Day 1 Day 2
2J 2J 2J 2J
Element 2J Before R After R it Before R After R prit Limit
samples $850 samples $8) - s samples $852 samples $8) K%

Cd 50 50.16 100  49.88 100 0.6 49.72 99 49.5 99 0.4 <20%
Pb 50 48.84 98 47.21 94 3.3 49.65 99 49.76 100 0.2 <20%
As 150 151.2 101 134.8 90 10.9 149.6 100 144.9 97 3.2 <20%
Hg 150 150 100 142.6 95 5 147.7 98 147.7 98 0.1 <20%
Ir 1000 1003 100 1002 100 0.1 992 99 986.6 99 0.6 <20%
Os 1000 1001 100 951.6 95 4.9 996 100 993.1 99 0.3 <20%
Pd 1000 1004 100  980.4 98 2.3 1005 101 1006 101 0.1 <20%
Pt 1000 1001 100  987.6 99 1.3 994 99 987.4 9 0.7 <20%
Rh 1000 1003 100 1003 100 0.1 1003 100 1001 100 0.2 <20%
Ru 1000 1001 100 981.5 98 1.9 991 9 993.1 99 0.2 <20%
Mo 1800 1812 101 1849 103 2 1783 99 1776 99 0.4 <20%
Ni 6000 6017 100 5697 95 5.3 6003 100 6024 100 0.4 <20%
\' 1200 1205 100 1115 93 7.5 1193 99 1198 100 0.4 <20%
Cu 13000 13098 101 12848 99 1.9 12661 97 12787 98 1 <20%

6. 5 1 8] :X(Repeatability Test)
ANABSE LB AR SE 0 A AL Tey BARIRE > 818 B 4% T ERSDAR/FAL820% » ARERMER
Baom P A U ERSDH<S% AT « AHA LAl Ty EAMHRARRER -

EZH -~ bl JE4 MR

Sample R Sample R Sample R Sample R Sample R Sample R RSD%
Element 1J Limit
+1J-1 (%) +1J-2 (%) +1J-3 (%) +1J-4 (%) +1J-5 (%) +1J-6 (%) (n=6)

Cd 25 23.28 93 23.24 93 23.15 93 22.92 92 22.99 92 22.93 92 0.7 <20%
Pb 25 23.29 93 23.62 94 24.46 98 23.13 93 23.92 96 22.41 90 3 <20%
As 75 79.17 106 80.2 107 74.98 100 77.16 103 74.92 100  74.97 100 3 <20%
Hg 75 73.13 98 73.07 97 73.02 97 71.24 95 71.58 95 71.44 95 1.3 <20%
Ir 500 494.4 99 495.9 99 493.8 99 485.7 97 488.2 98 486.6 97 0.9 <20%
Os 500 485.3 97 487 97 483.3 97 474.3 95 473.6 95 4721 94 1.4 <20%
Pd 500 526.6 105 530.3 106 528.8 106 520.1 104  520.6 104 518.5 104 1 <20%
Pt 500 496.6 99 494.8 99 494.5 99 486.9 97 486.4 97 484.6 97 1.1 <20%
Rh 500 527.7 106 530 106 527.3 105 520.5 104 521.6 104  525.6 105 0.7 <20%
Ru 500 4721 94 475.2 95 473.6 95 465.7 93 468.5 94 470.3 94 0.7 <20%
Mo 900 928.4 103  931.3 103 928.4 103 918 102 923.4 103 922.8 103 0.5 <20%
Ni 3000 3001 100 3026 101 2998 100 2955 99 2959 99 2952 98 1 <20%
\' 600 607.2 101 614 102  609.8 102 600.2 100 598 100 594.1 99 1.3 <20%
Cu 6500 6751 104 6795 105 6743 104 6670 103 6683 103 6670 103 0.8 <20%

10



7. % 37,14 8] 3K (Ruggedness Test)
B &) A BRKE] — R BN R R KRB S ABIPRRER S 4 ERMEE 5 » HRSDZA L #25%
ARBEFRARE M ANBAERE RBRAK S » &RBETRSDHYLEO%IT » FRAK] -
&I~ ERMRR

unit:ppb Day 1 Day 2

o

Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample RSD%
Element 1J Limit
+1 J-1 +1J-2 +1J-3 +1J-4 +1J-5 +1J-6 +1J-1 +1J-2 +1J-3 +1J-4 +1J-5 +1J-6 (n=12)

Cd 25 23.28 23.24 23.15 22.92 22.99 22.93 24.16 23.99 23.9 24.25 24.19 24.07 2.3 <25%
Pb 25 23.29 23.62 24.46 23.13 23.92 22.41 25.06 23.6 25.02 25.55 26.65 26.35 5.4 <25%
As 75 79.17 80.2 74.98 77.16 74.92 74.97 74.46 77.45 78.16 77.44 77.41 74.26 2.6 <25%
Hg 75 73.13 73.07 73.02 71.24 71.58 71.44 71.09 71.11 70.7 71.35 71.54 71.38 1.2 <25%
Ir 500 494.4 495.9 493.8 485.7 488.2 486.6 456.1 458.3 457 458.5 461.5 462 3.6 <25%
Os 500 485.3 487 483.3 474.3 473.6 472.1 468.7 467.8 465.7 467.7 469.2 467.6 1.6 <25%
Pd 500 526.6 530.3 528.8 520.1 520.6 518.5 523 526.9 527.6 528.8 530.8 528.7 0.8 <25%
Pt 500 496.6 494.8 494.5 486.9 486.4 484.6 456.2 458.5 454 458.6 461.7 460.2 3.7 <25%
Rh 500 527.7 530 527.3 520.5 521.6 525.6 523.5 527.3 523.3 528.8 532.9 530 0.7 <25%
Ru 500 472.1 475.2 473.6 465.7 468.5 470.3 461.4 463.9 463.6 466.7 473 469.9 0.9 <25%
Mo 900 928.4 931.3 928.4 918 923.4 922.8 826.8 833.7 831.9 835.8 841.9 842.9 5.4 <25%
Ni 3000 3001 3026 2998 2955 2959 2952 3057 3052 3066 3061 3072 3051 1.5 <25%
\% 600 607.2 614 609.8 600.2 598.4 594.1 607.4 608.8 607.2 610.3 612.8 606.5 1 <25%
Cu 6500 6751 6795 6743 6670 6683 6670 6570 6585 6590 6588 6617 6566 1.2 <25%
K

#] B Thermo Scientific iCAP 7000 Series ICP-OES 4 #7 4k &b F 7~ &b 4% 6 /8 /& 34 74 6 USP<232>[R 2 4% %
v BAE T £ @ BUSP<LI3>p a2 A AR IR 1045 ~ BEE - PRIMZEE - 44 - F304A
# s~ Thermo Scientific iCAP 7000 Series ICP-OES#USP<232>& <233>% » B 4 &g A M ~ 2% -
AR R -




Thermo Flash 200070 % % #7 & 42 & ot F 49 J& A
Bow b o) R4 E A
JE PR TAZED SRYLH] HRR

Email: kellylien@joytech.com.tw / thomashuang@joytech.com.tw

D
-+
N

W B 7

i

THRAERBRHNRE  BEHLEANSTRBTREREMEBETH
AFEH > mERMMEZ —"%h"SH 2 8 8480 > A A" &
"R BB 0 LA RI2007 vk A & 3 $]140,000 048 B E A
DEASEN S > N EBNERERG  LASHEEuE HER
RiRZ— AR P ERBEBEEZEECNS 423 N5006)F » G4 Em AR
PREAEE R (R ) MK G E LR B R, LT RA Rk =
HEBEREZRBARNE BRABRALRBY RMUSTE > ML
RELRGTRA—HLERGERE RETHEEY  BABRELE AR
DB E BT BATHEALSEAT A TEMRERLR
AZ o MALEIEE 09 % G L E R BRI 8 R 0 RMEFAK
TAREME RBARERATAHEG S ZEE o AF| A Thermo Flash
2000 R KR ARMK AW ik > RE|E—FERRSHRSFTEREN T E > HBEA o4 PR OGmin/ )
REEVHEABEGSATOEE > Ao REORLSAELLEAE SHERBEEE -

R Bh(3 48w LT RAREERE

A MAE  -BMEAL L3RS REBRBHAREE RBIERRAEMFZE W
&9 LK LB A B
ik AEREBSEEW% BEE ARVFEWERAXEFASF ARFxEFHSF% BE
6o gk - BHZEFRER - vk BEEE - Lok o R ok
BRE (TN) 1.4 22 b 1.1 A E 0.8 A E
(g/100ml)
KAL1(AN) 0.56 24 & 0.44 24 b 032 A b
(g/100ml )
EE Y 13 22 b 10 24 E 70k
* 34 N
MM T2 B
i BB LREBRSERIFLRE 01 % AEAMHRLIERE -

R REBHRFEE YRR

MR BRFZEFRE% BRREL B
#E & (IN) (g/100ml) 1.1 2k
£AEER (AN) (g/100ml) 0.44 2 L+
Rk REEH
N B SRR~ Z B AR AR
eE 3.0 AT HARES 19 2L
NaCl 4 & 5 4 o & NaCl<12%
H3x N OBREEBRBRSERITALE0.01%

12



12 % 91 K, £ ¥ Thermo Flash 2000 b #%

k) = ~ 249K R ¥ Thermo Flash 2000 ks #

Flash 2000 (¥ %)
[
| -
- L
JA R
HafFE #05~1g(x %22 5%) 0.01~1g(:E A B & ~ /& f& ~ B ik4h)
MM FE-Hb- AR E-
¥R o P T
i
30 K BE B T 4 K RE 2
S 1045 i mins(FF 4% ik 88 2] =T 547 ik B8 )L 7T A4
P& B AR A 0 AE R T BEAA
BBk RDIGEIL) 520 min 5-20 min( /> #7 4k 5o B 2 2 Ak 5L 2 )
RJESHL % 20 4537 47 300 24 LB
VAR F 854 %% 10~20 min o) . & T
HACEFR] 2-6 hrs RE
Aap 20mins-2 hrs %
£.69 27 BT 10 mins 4-6 min
HE 15 Bt & v ZIBE S-1I0min(e A4E B2 ~FkE) &F
WL FEFR 3-10 hrs 4-6mins/# 5
- it u;éijﬁ;gam% ERE e
B FEALE] 102 % 5
BEWRE TH S ERRIE T BF il AAEEREEMNEEY  §iFE
B4
BBES 3-4 18 B BRI BE JG AR AR H“EZok
p-E- NP BRBEREEREBR W BERE AECRBHABHRARBIARE
SR REBARB R G B MR LS R R AR JE F
ABER £ TRARA(RER)ELEAA
— BB 32 AR THHME 4
HEoomkai 6-20 4 5u/45 B (£ 2% RAE & H L
o (EFx ) R BE BTk 125
MAS 200R B &AL EE 4 FREHR
o BB DA ANTIESE
a4 TEAATR GRSE BARAE > TH AT B B SR
NS ZRAEBAETFNAGERREHIL TREEFEAHE RS PN R>BKIE
K EEH ) ik AT o
Eager Xperience Software =] %, 2% %1 #14&
f 3 AR RERABE AEFHELLR BHELERARARNEGR FREHEE R

QELE -
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Thermo Flash 2000 & %% &

YR NE 8 950°C
" . Ny COy
J& ¥ B AR 65°C
Ha
D RBE R (ARA) 140 ml/min
& JBARR(AR) 100 ml/min
AR 300 ml/min
TCD Eager 300
JE N B R Ssec
——
48 RJE B T 300sec

TR&ER
RERTELEBBELRALLSGEE  RESAFUREAE > FLESH LGN R T HMR
H‘}’gf'l(i-g‘ﬁiﬁv\%ﬁyﬁ;%iL}{SIOz H20) ) foﬁ&fﬁﬁé*ﬁ%&@%a% ) 9Fﬁ#§@%§kﬁfﬁﬁiﬁfiﬂﬂxéﬁﬁ
B RmATEERS RO -

A TEBBSREIMER

Rk f£2F (%) FHRaE(g100g) S KE (g/100ml) EwmEs

— B m(L4Ew)

1.238

A 1.248 1.450 ki
1.258
1.539

B 1.528 1.776 ¥
1.518
1.276

Cc 1.298 1.509 ¥
1.321
0.733

D 0.731 0.849 --
0.729
1.315

E 1.318 1.531 ¥
1.321
1.247

F 1.245 1.447 ¥
1.243

REBEHREBE S

0.409

G 0.407 0.473 --
0.406
0.902

H 0.902 1.048 --
0.902

TEEht > — R ERAENNAIINTFTRIIE BT EEESES LGt - HEDAXKE
EHSRERMK RTHELFSZELEMBMK - HBCAHBR S E LM SHA BB E L > K &% H
P L B BE LRI 0 S R R BB K o

&
Thermo Flash 200042 & o L& JE A TR AR RN K A EFHLE NG F ik > Ko RE#SE
RERZ > BoWesE A e EEHEY o Thermo Flash 2000% B AT 7T 41k % 8 4% 2] 5 83X (Leaking test)
$IMAS 200R:% & AR TR D BB A > UARA LB oA a9iE Tt



ulng

Sim s L E AR B R AL LAY R AR AL SN ZER
JEFR TA2EF ARBhIE

E-mail: dieterlin@joytech.com.tw

S B AR EAEEGHMLLE

P RAKEETERKF A - AR E W.
Lo te] oA B oA B3R e 3 AR B 6 81k
B R KE R S BRI E RS Condensation

A A F T MR A s T K E KB e K -» > \§§p pitat
XS R E B WA - TR A, /) Y

from Oceans,
Lakes & Streams

B~ AR ELsA R AL A
TR ZAREM K R A8 g2
MBE > BLR - AR E RS 2 H &
RA RS EBGETAT T EASE
B HFEAT o

Thermo Scientific & & & # 3 F 47 (
High Temperature Conversion » HTC) 7t
FOARBERBEAR L B AR S 0 ARSI E R LA E R AT R kAR R m o R TR
AR~ AR E AT R BAKREERE D - o4 RR - SHLBEFEI - ABUlTH A
REYE % E1400C 6 Z iRtk ot T 09 &R T A AR F ol die s 88 (H) B—R4bm (CO) @R X
VBB AAR AT E R S REA R AR iR 0 BUGEE R XSG d Conflo IV @A AR BEER
fr F A E R T RATRIE > BAEE A H ERIE T T B — Ry P R EFRIE BRI R A AR M
F ] 0 PR BRI RO 48 o FRib2 Sh 0 E 4 T HTC f18) & %k (dynamic combustion ) v #& 4 47 49
Thermo Scientific Flash 2000 HT Plus 7t 4% 7 #7 & 3R F — 2 Lk oA R E B E L & H tb @ H 3R A AT R
BREA R~ o BRE - AR EAL MRS » BTHESEZNAERE 7 S ETIHR -

A% Thermo Scientific BA X FR T T 2R BHBMANRERDLZA - AR ESV S > o
MAEEE (ERSWERZAREE) 5 57T 2% (62H) & 0.2%0 (3180) o A4 T KA > TF
TREAALBAE ~ R~ o~ R FE KRB0 -

20154 4% B FR 2t &

SPE=Z Ao Rngdt s S PESERMT =52 WA & B L —F S Mm S - 4
%3t & £ 80 AICP OES ~ ICPMS&- 34+ B3 ~ 35 ~ BP ¥ AR E - RAFFHFREGE &R
AN FEEE - BBEANER  URS ZLBATRIFERTRY K -

LRF S G H S B RRAE AT RO R > BREGL AR MA BT > HEABBALSY > it
AR TIRE R A= 09 T HRIRAF AR - 38 B 42 RS MBI B @ L ey fs o &b
B SR R TCARSE 0 SROLRFA T LVEA] B R 0 RREB @ HEF N £ EABBE RS FELT U
REFBB—REN > —FRk -
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SCIENTIFIC

Fast and Precise Isotope Analysis of Liquids
on a DELTA V Isotope Ratio MS with High
Temperature Conversion Elemental Analyzer

Oliver Kracht, Andreas Hilkert, Thermo Fisher Scientific, Bremen, Germany

Introduction

180 and 2H isotope ratio analysis of aqueous solutions
such as water, urine, blood plasma, wine, can be per-
formed by a variety of different techniques: equilibration,
chromium reduction and carbon reduction (also referred
to as high temperature conversion or pyrolysis). The high
temperature conversion (TC) method allows a direct iso-
tope ratio analysis of both oxygen and hydrogen in con-
tinuous flow mode. It offers the analysis of two isotopes
in five minutes from only one injection of water samples
as small as 0.1 pL.

Analytical Method

High temperature conversion in continuous flow mode
became available with the introduction of the glassy car-
bon reactors. The conversion is based on the reaction:
H,O0 + C—=H, + CO.!

Water samples are entrained in a He carrier gas stream
and passed through a glassy carbon reactor at 1400 °C.
The tube-in-tube principle (glassy carbon tube in a
ceramic tube, Figure 1) prevents oxidation of the glassy
carbon by keeping the tube in an oxygen-free atmosphere,
constantly flushed by a flow of He. Contamination or
exchange of the O in the sample CO with O in the sur-
rounding ceramic (Al,O;) tube is prevented because the
reaction takes place inside the glassy carbon tube.

Isotope Ratio Analysis of Aqueous Solutions, e.g.

® water

® waste water
* beer

° wine

e fruit juice

® urine

* blood plasma
° ice

* atmospheric water

Autosampler
for Liquids

High Glassy Carbon Reactor
Temperature
Conversion

—— Ceramic Tube

Open Split

GC Column He+H:+CO

He Dilution

Figure 1: Schematic of the Thermo Scientific high temperature
conversion elemental analyzer TC/EA.



The products of the reduction reaction, H, and CO,
are separated on a gas chromatographic column and ana-
lyzed directly in a Thermo Scientific DELTA V Isotope
Ratio Mass Spectrometer. After collecting the ion beams
of m/z 2 and m/z 3 in the H, peak a fast switch of the
magnetic field allows the subsequent collection of
m/z 28 and m/z 30 in the CO peak (dual measurement
mode). A narrow stainless steel insert is used at the top of
the reactor to ensure both rapid and low memory transfer
of the water into the hot zone. The system settings are
given in Table 1 and 2.

It is essential that the injection of the water sample
takes place immediately after the needle penetrates the
septum to avoid isotopic fractionation resulting from
evaporation in the needle tip. After the sample injection,
the needle stays in the hot reactor for a certain period of
time in order to remove any sample residue prior to the
next injection.

Reactor temperature 1400 °C

GC temperature 100 °C

Carrier flow 100 ml/min

Autosampler type Thermo Scientific AS 3000
Syringe size 0.5 L

Table 1: High temperature conversion elemental analyzer (TC/EA) settings for
H and O isotope ratio analysis.

Results

Accuracy

Table 3 shows data from an installation of a TC/EA

at a customer site. International water standards (IAEA,
Vienna) plus a lab standard (Sample A) were injected in
the given sequence. The water standards cover the full
range of 8?H and 6"0 values of natural water. The specifi-
cations of the TC/EA are < 2% for 6*H and < 0.2%o for
8180. The typical precision achieved during routine analy-
sis can be < 1%o for 82H and < 0.1%o for 6#0. All samples
were analyzed in dual measurement mode.

The uncorrected raw data in Table 3 show that there
is no need for any post-acquisition evaluation or correc-
tion. The direct conversion of the sample in the reactor,
together with a highly precise, small and stable H;"-factor
of 6.2 ppm/nA provides very accurate delta values. This is
a clear advantage over equilibration techniques. Common
approaches for post-evaluation of raw delta values like the
SMOW/SLAP scaling and drift corrections have been dis-
cussed by several authors.2 34

Memory

In Table 3 only the first data point of each set of five
injections shows the influence of preceding samples. Large
differences between delta values of adjacent samples can
corrupt the first analysis due to memory effects mainly
caused by the syringe. The implementation of post-injec-
tion dwell time of the syringe in the reactor removes most

Injection volume 0.1uL
Plunger strokes 3 of this memory. Washing cycles for the syringe do not help
Rinses 0 here because any solvent would contaminate the syringe
Pre-injection dwell time 0s with H- and O-isotopes.
Post-injection dwell time 16's
Solvent wash cycle 0
Table 2: AS 3000 Autosampler settings.
O?H [%.] IAEA 810 [%o] IAEA
52H [%] after accepted 880 [%o] after accepted
raw Mean S.D. scaling value raw Mean S.D. scaling value
GISP —185:83— —2423—
-186.95 -24.67
-186.37 -24.75
-187.09 -24.75
-186.62  -186.76 0.32 -188.99 -189.5 -24.84 -24.75 0.07 -24.73 245
SLAP L2053 —55.16—
-422.13 -55.36
-422.35 -55.42
-424.45 -55.89
-42267  -422.90 1.06 -428.00 -428.0 -55.52 -55.54 0.24 -55.50 -55.5
SMOW 16 032
-0.29 -0.04
0.31 -0.06
-0.02 -0.02
-0.11 -0.03 0.25 0.00 0.0 0.13 0.01 0.09 0.00 0.0
Sample A 4710 744
-42 47 -6.99
-41.40 -6.82
-41.32 -6.66
-40.11 -41.32 0.96 -41.79 - -6.76 -6.81 0.14 -6.81 -

Table 3: Mean and Standard Deviation (S.D.) of 2H and &80 values of five consecutive injections of international water standards GISP, SLAP, SMOW and a lab
standard. The data is given in sequence of injection to demonstrate memory effects. The table shows raw data and data after scaling with SMOW and SLAP.
The data was acquired during field installation. Strike-through data is not considered.



Analysis Time

Table 4 shows a sequence of injections with samples of
Antarctic precipitation with similar isotope ratio values.
Mean and Standard Deviation (S.D.) were calculated from
five consecutive injections per sample. The mean precision
for 8?H is << 0.6%o0 which is a requirement for ice core
analysis by paleoclimatologists. High resolution data of
long ice cores demand high sample throughput.

Figure 2 and Figure 3 compare the mean value with the
first injection of each set to see if the number of repetitions
can be reduced without affecting the accuracy. All 880 iso-
tope values of the first injection fall within the S.D. except
for Sample H showing that already the first injection gives
correct results. About half of the 8H values of the first
injection fall outside the S.D. range requiring repetition.

Mean Mean
Sample &H S.D. 510 S.D.
Standard -413.82 0.40 -39.48 0.07
Sample A -429.78 0.43 -41.46 0.03
Sample B -423.93 0.79 -40.68 0.09
Sample C -422.30 0.55 -40.52 0.08
Sample D -418.52 0.55 -40.02 0.06
Standard -414.56 0.28 -39.58 0.11
Sample E -402.63 0.48 -37.94 0.04
Sample F -398.87 0.25 -37.54 0.08
Sample G -392.22 0.88 -36.56 0.25
Sample H -394.69 0.48 -36.83 0.13
Standard -412.87 0.76 -39.15 0.13

Table 4: Mean and Standard Deviation (S.D.) of 8?H and 880 values of five
consecutive sample injections (N = 5) with similar isotope ratio values. No
data was excluded as memory effects are negligible. Standard: N = 3.
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Figure 2: 2H mean (sample N = 5, Standard N = 3) with Standard Deviation.
Red circle data points represent the first injection of each set, all first injec-
tions fall within the S.D. range except for Sample H.
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Figure 3: 880 mean (sample N =5, standard N = 3) with Standard Deviation.

Red circle data points represent the first injection of each set. Most first

injections fall within the S.D. range.

In Short

Single Measurement 5'30

6 minutes analysis time,

no repetitions for screening required (N = 1),
10 injection per hour,

240 samples per day

Single Measurement 62H

6-7 minutes analysis time,

2 repetitions (multiple injections, N = 3),
9 samples per hour,

216 samples per day

See Figure 4

Dual Measurement 62H and 630

5-6 minutes analysis time,

2 repetitions (N = 3),

9 injections per hour,

72 samples per day

(9 injections x 24 h/3(triplicate) = 72)
See Figure §
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Figure 4: Single measurement &2H with multiple injections of the same
sample to account for two repetitions. The analysis time is six minutes.
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Figure 5: Dual measurement of 8’H and &0 from a single injection with
a fast magnet switch at 120 s. The analysis time can be reduced to less than
five minutes.



Mean Mean

Sample &H S.D. 510 S.D.
Lab Standard -53.69 0.20 -7.84 0.04
V-SMOW 0.00 0.34 0.00 0.08
GISP -189.50 0.40 -24.80 0.05
Ethanol -234.80 0.12 -24.18 0.08
Lab Standard -53.76 0.39 -7.85 0.03

Table 5: Mean and Standard Deviation (S.D.) of 82H and 8'¢0 values of two
standards and ethanol demonstrating the possibility to run organic liquids.
N =10 for standards, N = 5 for ethanol.

Other Liquid Samples

While isotope ratio analysis of water is by far the predom-
inant application, other substrates have been tested, in-
cluding purified blood plasma, urine, and ethanol (see
Table 5), see also Calderone et al. for ethanol applica-
tions.’ The application lab of Thermo Fisher Scientific,
Bremen, Germany, took part in an interlaboratory study
initiated by BEVABS (Ispra), IRMM Geel, and the French
bioanalytical company Eurofins. The object of the inter-
laboratory study was to evaluate the use of tetramethyl-
urea (TMU) as a reference compound for TC/EA-IRMS
analysis of wine and alcohols as defined in European
Commission Regulation (EEC) N° 2676/90.

The final report of the TC/EA-IRMS interlaboratory
study states the applicability and emerging potential of
EA-IRMS for food authenticity testing.® Even the analysis
of organic substances like dodecane, methyl dodecanoate
and methyl N-methylanthranilate produced good results.

www.thermoscientific.com

Conclusion

Since its introduction in 1997, the Thermo Scientific
high temperature conversion elemental analyzer TC/EA
has created a new field of application for the O- and
H-isotope analysis world-wide. TC/EA-IRMS is since then
used for the analysis of liquids.

The advantage of fast sub-pL analysis of liquid sam-
ples (only five minutes for two isotope ratios) by far out-
weighs the eventually lower precision.

Low investment with high sample throughput leads to
low cost per analysis. In addition, an autosampler for
solids with minor modifications on the reactor packing
makes the TC/EA also a valuable system for the isotope
ratio analysis of solid samples.

Since 2003, the oven design and reactor technology of
the TC/EA has been integrated in the Thermo Scientific
Flash 2000 HT elemental analyzer for isotope ratio MS,
so that Dumas combustion for the analysis of N and C
isotopes is combined with high temperature conversion for
analysis of O and H isotopes in a single system.

The Flash 2000 HT elemental analyzer for isotope
ratio MS enables the user to switch from N-C isotope
ratio analysis to H-O isotope ratio analysis within just
a few minutes. The performance of water analyses in both
elemental analyzers the TC/EA and the Flash 2000 HT is
identical.
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