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Design of Double Sampling Loops System
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Abstract: Inductively coupled plasma mass spectrometry (ICP-MS) is usually coupled
with solution pneumatic nebulizer sampling system., whose detection efficiency is low
when measured in series mode. Based on the double-layer six-way multi-way valve, a
double-sample ring sampling system was designed, which could improve the detection
efficiency by changing the connection mode of the sampling system. This system

connected with pneumatic nebulizer, one loop was loading sample, the other loop was
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detecting. The detection time was saved by two-way parallel mode. Determination of
different numbers of elements needed different length loop. The correlation coefficients
of calibration curves of Sc, Ti, V, Cr, Mn, As, Co, Ni, Cu, Pb, Zn, Cd, Li, Sr, Ba,
Co,s U, and Th are greater than 0. 999, and the precisions (n=5) are less than 5%. 1,
6, 12, 18, and 32 elements were determinted, their detection time was saved 45%,
35%, 27%, 21%, 16% ., respectively. The number of elements is fewer, the improve-
ment of the efficiency is higher. Compared with standard method, the limits of detection
and sensitivity of this system have no significant difference. The double sampling loops
system has no significant memory effect. The two-layer six-way multi-way valve
switched manually and owned automation prospect. This system is high efficient, fast
and simple, easy to realize automation, and more possibilities to use with other

instruments.
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M. AN 1,00 mm, #hE K 1,50 mm; 40 %
PTFE #f 5, N4k 0. 80 mm,#MM&E A 1. 00 mm,
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Fig. 1 Schematic diagrams of double sample loops injection system
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Table 1 Parameters of sample loop length
TR 152 B2 1) LSRR/ €4 AWK GETEIN-SNS
Number of elements Dwell time/ms Number of sweep times Replicates times Sample loop length/cm
1 50 10 1 33
6 50 10 1 48
12 50 10 1 66
18 50 10 1 84
32 50 10 1 126

FE b FRAS B 5 B I A o6 A58 45 B
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WA GBI MAETE AR ERKE
(em) = LR NE K 3+30,
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Table 2 Parameters setting value of ICP-MS
o WL FHRARR XURE i PR R RE R 5 L
~ Solution pneumatic Double sample loops Speed/
Parameters
nebulizer system sampling system (r/min)
T A WL 28 R VR I ) /s 3 —48
Ak 2 BRI 25 T A5 S AR i) /s 6 —20
AL A 0 1sf ) /s —20
HEWRE AL 1] /s 0 —48

2 #RE5iTiE
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R HE R TR OC R B ARG B 50 pg/L 1Y
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PP RE iy ] L R IR B A A R R S
FURUKE f 0 1E R 22 40 0 b O =X 00 A6 0 &%
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200 IR //INEFFR 360 YR /ZINEE RSP 35 4 /)N B 3L
FEM IR FERE R G0l 20 160 WK FE &, I AE 8L
FHE T 80%., &I E At 1.6.12,
18.32 A~ 70 &, 7 &9 1 I 18] 43 B A 4504,
35%.27%.21% .16 %,
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Table 3 Determination results of eighteen elements (n=35)

 mEME - o wEMm -
_ L. FHRERE G 9 B AHIG R B ik S
JLE oig-w 4 Measured ILE g w4 Measured
Correlation Precision/ Correlation Precision/
Elements  Mass values/ Elements Mass values/
coefficients % coefficients %
(;1g/L) (‘ug/l)
Sc 45 0.99992 49. 80 1 Pb 208 0. 99994 49.02 1
Ti 47 0.99991 50. 10 3 Zn 66 0.99998 50.02 2
Vv 51 0.99913 49. 02 3 Cd 111 0. 99966 50. 20 1
Cr 52 0.99992 50. 02 1 Li 7 0. 99995 49.92 2
Mn 55 0.99991 50. 20 3 Sr 88 0.99994 50. 10 3
As 75 0.99993 49.92 1 Ba 138 0.99942 49.02 2
Co 59 0.99972 50. 20 3 Fe 57 0.99991 50.02 2
Ni 60 0.99993 49.92 1 U 238 0.99983 50. 20 3
Cu 63 0.99999 50. 10 2 Th 232 0.99992 49.92 1
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Table 4 Comparison of sample detection time
WK E B RG
e
TER A Solution pneumatic nebulizer system
Number

PR G

oops sampling system

KAL)

Total time/s

S 20 A s i)

Average time/s

of elements

b A i (]

Total time/s

S 2700 A 6 ]

Average time/s

1 1820 18 1010 10
6 2332 23 1509 15
12 2911 29 2103 21
18 3512 35 2770 27
32 4922 49 4110 41
5 5
14710 1410
a i b
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g g \
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Fig. 2 Sampling sequence diagrams of single element (Ce)
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Table 5 Memory effect of double

sample loop injection system

wr

iRy TS, R I BH(H 5 fi

SRR BURE B PR FE R e 0 D 45 R Sample Reference Measured
i’{]?’fﬁ(%%ﬁa%?ﬁ E] Z. Ijil , % Eﬁ \'j'alal'é yi@ . 12 sequence values/(pg/1) values/(pg/1)
ARG FE S KBS BT T R AN BN E . 1 1.00 1.03
e Z IR RGBT AR F I T R R4 2 100 00 10102
T ot DU ) R R PR R Bl ik A5 8 .00 1.01
B YR 2T AFAE G B A 4 100. 00 102.11
AL T UAENNASE UG s IR E X0 55 s 5 1.00 1.02
HEAT T Uk 80% R G0 55 40 % 1 T VR RE iR 6 100..00 99. 81
1E"fl§5lﬂjll\ . 7 1.00 1. 00
2.4 *ﬁﬂjl‘ﬁ*ﬂiﬁi}ﬁ 8 100. 00 101. 20

XURE il PR HEFE R G 5 A3 55 b 2% R o 1.00 1.0z
SEAH EE . 22 B0 R B G B B 25 )L 25 SR 8 10 100. 00 1ot 12




258 R 0%
x6 FAENKUHURMREE
Table 6 Detection limit and sensitivity of the method
WK F R G XURE il 21 HERE R 8
TE R Solution pneumatic nebulizer system Double sample loops sampling system
Elements Mass Hoih R Kot RHE
Detection limit/(pg/L) Sensitivity Detection limit/(pg/L) Sensitivity
Cu 64 0. 05 5143 0. 04 5089
Pb 207 0.01 13658 0.02 13641
Zn 65 0.09 1363 0.08 1360
Cd 112 0.08 2458 0.07 2455
As 75 0.09 1390 0.07 1399
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