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Determination of silver in soil by ICP tandem mass spectrometry ammonia mode

WANG Zhenwei' WANG Weiyu' GUO Zhao®  ZHAOQ-Zhifei’ SONG JuankE®
(1. Yellow River Conservancy Technical Institute, Kaifeng, 475000, China; 2. Agilent Technologies Shanghai First Branch,
Shanghai, 200080, China;3.Agilent Technology ( China) Co., Ltd., Beijing, 100102, China)

Abstract: A determination method of silver in soil by graphite digestion procedure combining ICP-MS/MS Ammonia
mode was established. ICP-MS/MS hydrogen, oxygen and ammonia model measurement results were compared. The
results showed that ammonia mode could completely remove polyatomic ion interferences. Two isotopes of silver were
measured simultaneously and National standard substances were analyzed. The results proved that the method was
accurate and reliable. The detection limit/of the method was 0.003 mg-kg™', and the precision was less than 3%
(RSD% ). This method used ICP-MS/MS technology completely to remove polyatomic interference online, and '’ Ag
and ' Ag isotope results could double verified the data. Compared with other works, this method saves the pre-
processing time and has higher accuracy.

Keywords : soil , silver, ammonia mode, polyatomic ion,ICP-MS/MS.

PRI R & RN, O HE 5 R A SRR T SO SR AR B OGS BRSSO
TG | R JERE 565 1 T T L v R BRI A R T T VL (ICP-MS) TR B A R 8 | o3BT 3 B PR LA B 4 1 i
i A A I S BRI KA AR S AR B AR DT B Rl kT R AN TR R Ag ' Ag, 1 - 3
g REICR SR E THEIGR N & &, 76 ICP-MS it &2 2k 4”7 0'H.”' Zr'°0 ®Nb'°0 . Zr'° ' H F [\ £
JRFEE T, A - B AR T R B 45 R . R T T30, T 0 TR S5 A R o i A BHLISF 2R P 998 2 2 ol 5 1
BT OCE I & R OC K, WS 6T 1CP-MS A7 82 590 22 > 2 78 W 45 R A 26 T 4 3 B0 1E 4 ) ik 4
ICP-MSAFHTAR T2 1) TR Skl £ 25 5 1K ER I B3 ( ICP-MS/MS) %5 1CP-MS HoA T3 i3 T4 e

SR FH UL VA RE AT S8 0 A 7 B A0 B8 - HERE A A0 HT T ICP-MS/MS 7E & A A & A A T 7E 4 KR
P7Zx'°0'H.”'Zr'°0 P Nb'°0 P Zr' ' H 2F L 5 F 15 XA I 2 AR M, - £ 308 B R — B e Sl AT TR B e
BOTESEE , SRy SE R A AR AR T 2R A (S I S SR .

1 S:36%34 ( Experimental section)
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Table 1 ICP-MS/ MS operating parameters

s HUES S

H, i 0,1 NH, #0
SRR 1550 W
F Ak AR 0.85 mL-min""
AMER L 0.25 mL-min™"'
SRAEURE 10 mm
ll43 S I A 7.0 mL+min~! 30% 30%
S\ AT 7 Hit ./ V -18 -3 -5
LiIEIYIIEE VAY 1.0 1.5 0.5
AR E/V 0.0 -7 -7

1.2 BRSLA 3E Z

B #E PRTT R ARG A (1000 me- L' HIZAT (0.4 J8 K AL FAHRE il vy, o ) AR Rl dh iR D R Sms iR |
e gl AR AL A TR (Merck , {8 [E ) . Milli-Q #8417K 2% & ( Merck Millipore , {2 [E ).

R M AR AR R (L ER Y B ER (L2 A S BT, )
1.3 E3ERE AT

FREX 0.1000 g +HEFE & TR U M A8 P WAL BE A 1 mL B FK, 2 BIMAGEAL 4 mL, & &R 1 mL
MR 4 mL B E AL A B mAO  JeTHEZE 120 CHNL 0.5 h, FETHEZ 140 CHRHF 1 h, iJ5THEZE 160 °C i
PR E AW E R, B H S min FAIA 2 mol - L™ EhERIE TR 2 mL & 8 P4 [ 4, H 258 Fk #5882 100 mL R
I B IR E A B Z0E  IRA )5 i AR DU .

2 R 5+ (Results and discussion )
2.1 MR R AR

WAMAFNER, ' Ag HIRERHR 51.84%, ' Ag HARFEE N 48.16% , I\ ICP-MS JTE 71 R 1 5 1 A 1%
L RWUE AR #FT LAVE R ICP-MS BTG4 N ICP-MS JTT R /AT T A IS &, Ag HR AP Z0'H . Z+'°0 N £
T4, P Ag AR A TZNL'0 22" 0'H M Z R F T 2E AR X L3 Ze Nb 8RR, X Ag B THIHBEARAR
AL, A T RAER G 25 F T A TR BRECR , [FlEF Hr 38 ' Ag F1'Y Ag, A0SR AN R 2 oA 25 SR ARE , W] LA A6 U
B S8 LAY S 360 5 22 TR T4 14 T BRASESR R YK
2.2 IR A SR

ICP-MS/MS e i I R R = 0H A S R AN SR MR SCR [ 5 ] oAb S 45 5 R A5 vT 0, NbO
FR RG2S /N T O, FERL AR FIRSS 6 :NDO' +0,—— NbO,, + O(AH, = —0.63 V) ;{HE ZrO FIR/TH RN K AR R
F 0, R0 H AR & BRI EE - RSB RUHBRP N0 B2 J5F 4 (LR MR 20 B ZJHEF TR R K.
ARSLH R T AR R RN Ze Nb 2R F TR, 250 M5 1 pg-mL™ A4S BREARIETR , 76 3 =X
TAIAE' Ag F' Ag Abr= A YT I B, SL I 5 R LK 2 N 2 T LIBEH A SR T 1 wg- mL 7 (085 487E" Ag
H'® Ag Ab YT PRARME T B 70 S SBE F LT DTS BR 1 pg - mL ™ BOEE H87E'" Ag 4b = A8 B T30, (AR MK 4% 7
T AGhb PR A B TP R T I ST LUK 1 pg-mL ' (O8S B8 Ag AN Ag Ab7 AR BT I 58 T I, TR 1 28 4
AR NS SR S T AT

R2 AR TPOHEBRACR X L

Table 2 Interference elimination effects of different modes

H, 0,45 NH,
T Ag WLIHR S 'O Ag WRIUMREE T Ag WIMREE 'O Ag WLIMREE 17 Ag MM 1 Ag R vk S
bR/ (pgemL ™) 0.371 0.054 0.709 0.002 0.001 0.000
HLER/ (pgemL™") 0.001 1.425 0.001 0.023 0.000 0.001

2.3 R EEVESY
2.3.1 JrikiERL
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HERE A AR TR S B AE R U3 3N 3 T LATE ' Ag ' Ag S B AT MR AF , FbR ) BUR L ] i % 2 7
85%—115% 2 [i1] , JE— WA R AT BR RS RIS R 22 I3 7T, 07 Ag ' Ag 0 e VR SRR L7

K3 LIEGARIEY R TAS R

Table 3 Results of National standard substances

- u\mﬁ{ MEME/ (mg-kg™")

(mg-kg™") 107Ag 109Ag
GBW07408 0.060+0.009 0.062 0.061
GBW07426 0.078+0.007 0.083 0.081
GBW07427 0.067+0.006 0.076 0.075
GBW07449 0.068+0.007 0.070 0.068
GBW07451 0.074+0.006 0.062 0.062
GBW07453 0.092+0.013 0.086 0.085
GBW07385 0.10920.005 0.118 0.116
GBWO07389 0.067+0.005 0.057 0.055

2.4.2  JEERG H BRARG B R

P RS SC A HERE S AT AN BT A AR S s 1 12 0, TERE RE AN ES S BT AT I , R SR A s e 5 SR bR i
2% , BLAREE SR ULER 408 T BEARTEOI LA 3 bm i 22 0 5 WA L BR , A R e 2 A L BR 2 0.003 mg- kg™

FEHL GBWO7408 [ 5 13— ARiE Y BTTAT /0 B 12 W, BLARZE R I3 4 %64 B2 LUAHT B5 i 22 (RSD% ) 71, XF
T AGHI Ag 4B R 2.2% 2.6%.

R4 SPHTTEAG H FRRORT 2 R

Table 4 Detection limit and Precision  data of the method

25 S50 Blank /(pg-L7") GBW07408 Cd/(mg-kg™")
i H Item .

107 Ag ]())Ag ]()7Ag I(V)Ag
-0.001,-0.001 ,-0.002 0.00040:000 ,0:001 0.065.0.062 ,0.063 0.062.0.062.0.064
s -0.002,-0.002,-0.001 -0.001,0.001,0.000 0.063.0.064 ,0.062 0.065.0.066.0.062

12 W A

-0.001,-0.001,-0.001 0:002,0.00140.000 0.065.0.063,0.062 0.064.0.065.0.061
0.000,-0.003 ,—0.002 0.00110.001,0.000 0.064,0.060,0.063 0.063.,0.062 ,0.064

FrifEfi 2 (SD) 0.0008 0.0009 0.0014 0.0016

AHXIHRHEDR 22 (RSD) /% — — 2.2 2.6

3

#512 ( Conclusion)

AR SCRFH VU R - A1 82 Vi i R 2R 40 2 R SRR i | LS T 1ICP-MS/MS &R A AU B AU R B e B 2
JEF TR T it B DR 2 S I 8 T REGh ' Ag RN Ag AEBERE A3 HT SR AF T, X 8 AN K L — b if
VI o3 A 32 W1 P A TR 3R G528 W) 5 B4, B A () W R AR TR 85%—115% LA N5 T 4 37 J5 125 1 A Y PR A B
0.003 mg-kg™" ARMEYIT 12 Y 52 (AR XTHR MR 25 RSD% 1 3% AN A8 71 R I 000 il IR Ab 387712, DR 1 ]
P e 73 A BT ER MR LAYy 2347 FL 5 L e 3R, M4 o 52 46 2 H 3B R0,
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