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Spectroscopy and Spectral Analysis
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B B OARIERRE S AR PR, B E YU MA R R ICE BRFENRNAMEL ., B,
SN AR YRR A rPORS M L PRHOR A R Y T R AN 5 0k B B DAE AR . AN B 2 (W R AT A 3
Bk EEA WA B RS XIS AAE S BN . DR R AR IR Z e R &R AW,
S 7 N Al AR Ve B R (KED) 1 oL R A 55 B 1 1R 3% (ICP-MS) ¥ HE 3 2 1 A 1R SR FE A AR vk 8 A9 4 (Mn)) |
£ (Co) s HLV) L 4 (Cw) FIEE(Zn) 5§ 21 AL IC R & 09 40 A 7 o 76 B3R Bk Bkl b GoKm 7 i
AEFR)E . ] ICP-MS X JRAEH 21 FhEHL T R FEAT A0, IR T 45 70 0 AL KED #5820 F 1 5055 e i
(BEC) Wy A2 AL AE B, 388 5 4 A S0 A0 w4 A< 1o P sl BB B A0 AN S0 AR 5 100 40 0 19 Al 4 284 fie BRI 22 i1
T U0 A5 TS T BT 2 L [ ESRE A R o A T R SR P A A A R SR AT A 5 T AR I E Y R
i3 % 48R Al He P4 45 50 % BEC 2. 46 T B4 < MM Rpq, #4% He 33 3.8 mL » min™', Rpqg
=0. 45 R RACIE BRI S5 44 . FE 0L A5 4 T 3043 21 FhICHLIC R A4S B BR A F 0. 004~12. 08 pg « L7 Z0], £
JCEAE 0~200 pg » LT BB N ML RIS R B =0. 999, FikBA RIFM LM KR R &K FKF
o Do 5 ST 56 ok I 9% 0 o 0 B RIORS 4 R, A5 T AR ml I B A 1. 896 ~ 112. 696 Z [l A X AR i A 22
(RSDY/NTF 5% o HiZ 7 vk S5 C0R 22 80 42 Jm s 0 2 Fl BRI & 55 B9 T 1A 503 95 ) (GBZ/'T 308—2018) s it A
VoA 5 DU T AL TC 21 A A L IR R0 AR XA M A 22 55 7 Wk F HE AR A R Kk 3 o AR T R RO L DR BRI R S
B w B H REE T 2R LT R WA I R, BRI R AL TAE M RINIG IR AR IREE T Z R it T R
4 HE B 43 BT AR AL S 2 HUK A

REEW NG R RSO s IR JOHLOTE s R N I
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SR P AR X R MR SR B A S 2R
ST, AR EARSE. M T XN ENEREST
Pt o 42 T AL B 7 ik AT LU > ICP-MS i B R 40 3% 2
REAR LA T P04 . RRE 35 20 A0 6l A B 7 9 60 45 Bk Y Ak
BT RBRR AR o DI VA A s RE A5 R T I R R R R AR TR
FE SR TE A 0D 5 & G S, (HRE B A 3 A )
R, HAREB, HEmAEREE, REHATFREREAMN
RO 4347 5 LA BRI R AR 18 5, RE A 50Ul 20 B o () B0k
B AN g, B SEBR FRIBRE b 55 vV R I 2 A B A S
AR RS, LIRS R 0w BED . AR SC 06 76 B M
R A By R A FE Al b 8 A A oI AR R e I ) Y R
Ak PSR TR A T S VR AN S B R i (D 1) 5 5T DG I [ A, B
KED $ AR %t ICP-MS #6: J5 $5 47 04k 20 PRI o 22 4 43
T X0 S 7 A 0 R R AR R VG, RERE A TP RN
PRI R S 3R AR vh 22 50 2 10 RS v RN vl ST

1 SEgER o

1.1 FEHKA

NexiON 300D % ICP-MS, 2 [# PE 24 &]; S300H %5
TR S NG ey, M Elma AW 10.0 mg « L ' IWZ TR
PR i 5 0, LB F) s 10 mg « LT NARIE W, 3%
E 2R A T R, /rira, EER WA, BE RS
5% R4 s B 4K f1 Direct-Q 4fi /K HL il 75 (L P2 18. 2
MQ « ecm), FrAG 25 L35 20 % i R (V/V) ¥ W= i3 1% )
FHEB 2l K vh ke 45
1.2 NBESHEHSRNEERKL

i 125 & PE 24 XA H & P38 (N8145051) 1 47 {X 4%
BRMRE . IR E AL =R CeOT /10 Ce <C2.500, W
A H Cet T /1 Cet <C3. 0%, 8 3 W1k JG AL 28 2
BN WA (RE) T 1400 Wi AW H: 0.92 L -
min ' SRFEWE . —2 mm; SRAEHE, EOREERREL . RS I
A 20.0 r e min 'y IR EL: 205 FUFES . 100
ms; HMHTR: B BAFESEZNE 3 W, TESK:
KED #2 5 filf ## <& : He,

1.3 RENLEMSHAEX
1.3.1 ABRERERYGH G

PEHCGE R IRAEIR ), IRk 1 1CV/ VDR RE, i
AR PRI » Bl )5 T 4 A5 A B 526 RS R + 0. 0206 il iz i
X-100 114 7 8 VT R A I PR » T 1) o8 R ke IO V5 98K
1.3.2 AR maT4 2

Ve IR N BRFE S IR T MR AR IR A HEHRIRIR 1.0
mL BT 15 mL 08N, BUREFRFEBREAZE 5 mL, B
AL, ITEEOE S, 60 CKBMA 1 h, WHEEIR, B
WU o A T A 70 25 0 TR O 2 R T
1.3.3 M kfednif i &4 &

W20 3 n ME Al 5 U A T DR BR VA TR OZ TR R R
0.25, 0.5, 1.0, 2.0, 5.0, 10.0, 20.0, 50.0, 100.0 Al
200. 0 pg « L' AOARMEIR I, o0 TR 2L B WA b = VW
TEDLAR )G B ICP-MS A 45 0 5 I A E VA VR R 28 B0 WO

VL HFR AL ICER /IR I 3R 1915 5 58 5 b R 45 b o 3 o ok
FEAB 22 WA v M 26 JE AR b ol 2R 1R R R BAR T
BLICER MV B2 A DU A 2430 T AR G 7 72 4k AR TR
BETELRIBEANIRITER . T H AR 0T 3 3% IR BT 1 H00H 3 )
M, 333+ Se, Y, In Ml Bi SR (WK D,
1.3.4 KED # X & #H £ 4L

AR R ] He 5 S Bl i <OR M ) 2 )5t 7 88 7 55 Bk
PEXT IR E = A B . BB R g, X E V.,
Mn, Fe, Co, Cu fll Zn %50 %E £ KED X F M EM EES
. He it (mL » min ') FI47 fH 2 %% (rejection parameter q,
Rpa) #EAT AL o 38 52 I 5 5 1 PR AR B AT il i1 H: 4% 1 0 J6 R
10.0 pg « Lo UIARAE SR AR RL (B, 153098 5E5F M ok BE (BEC)
YERPEHE AR, B4 1R D0 E BEC SR A% A fe il 4 14
1.4 REEH

SR FH 52 B R R i 19 Jon e T Wi 552 36 4 AT 0 o 42 1 40 A
DU AR B, S 64T 11 ORI . LASG TR D7 ¥k Y 1
BRI .

2 #R510He
2.1 KED #X FAliESFEF Rpq AWK

ICP-MS {i Fil B 8 IR %8 A # R S B )G, KX
B KED #3245 30 min DL _E RLTE AL 3652 5 Al 1% 1
WA %G % 8 KED #30F He i Y135 A A9 ES E B 7]

Rl FEZKMEXREETERUR

Table 1 The calibration curve andthe detected
limitation of targeted elements
. N b o R 2 BEC
TR EEM gg i&ﬁﬁiﬁ%> wgdﬂw
Be 9 Sc 0.25~100.0 0. 004
Al 27 Sc 0.25~200.0 4. 014
\ 51 Sc 0.25~100.0 0.073
Cr 53 Sc 0.25~100.0 0. 256
Mn 55 Sc 0.25~100.0 0. 083
Fe 57 Sc 0.25~200.0 5.527
Co 59 Sc 0.25~100.0 0.079
Ni 60 Y 0.25~100.0 0. 692
Cu 65 Y 0.25~100.0 1. 302
Zn 68 Y 0.25~200.0 12. 08
Ga 69 Y 0.25~100.0 0. 105
As 75 Y 0.25~100.0 0. 875
Se 82 Y 0.25~200.0 1.910
Sr 88 Y 0.25~200.0 8.473
Ag 109 In 0.25~100.0 0. 050
Cd 114 In 0.25~100.0 0. 050
Cs 133 In 0.25~100.0 0.274
Ba 138 In 0.25~100.0 0. 409
Tl 205 Bi 0.25~100.0 0.012
Pb 206+207+208 Bi 0.25~100.0 0.126
18] 238 Bi 0.25~100.0 0.011
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S 4 BT

%39 &

R R AR, % E He it =3.8 mL « min™',
Rpq=0. 45 A AL J5 ok I 45 1. © A DRI R, /8 A A
T A R e o I R VA= K (7 N o T S B S e
SR AR IE J7 2 Pb=""Pb+27 Pb+ 2% Pb, 38 1 M & = A~ [F] {7
RZHRAET RAE P Wk ™,

Tl 48 <9 3 A Rpa > Z2 400 F KED #8220 (9 3 71 bR
REFI A AR K, OE LRI S A Rpa REB545 & 15 00 JCHL
JC F MK H PR AIG 2 AR K 7, %t F ICP-MS Sk F BEC #3A
2 T RE S LS AT ROV X A S PR A T BE Ty T R A
WG B AOAL T 75 SR A0 B0 T AR U AE T 35 AR
AR 5 82 5% F BEC 1 S KED #8528 45 1440 £k 19 18 b F 52 B R
A A BR A SRS b, BT R S, AN R A1
T4 76 # Y BEC H £ i He i & (mL » min ') Al Rpq
NSE, BH R IR W, He i i & Xt BEC g F A,
B He it i T @ 2 HUEMANE L%, Kb REHoc %
) He e (M B £+ T 3.8~4.0 mL » min ', #k$ 3.8

mL « min "R . Rpg B E KED AW HEES
B AR BLILXT BEC 52 A K, & 3EHE: Rpg=0. 45,
2.2 HELKUREHR

AR T3 R DU RE T 3R A 8 PR DR R & Rl T R
10. 0 pg » L' INAREE & 718 BEC R RAE™, BRI K ILEM
BEC 4 F 0. 004~12.08 pg « L' i), 45H 0% 1,
2.3 FBILEMEREWE

S VAN T vk I A B . SR S B BRVBRE i AR ] i S B
PEATRAE, FFE A 3 WOFAT ST, HOCH A A6 4 . sk
PRERWFE S 1120, B2 2 s — A B €, o —h
FEMG LAY FmA S A R TR RS R HEY BT, W B A
AR Z5 A T AL FROF R . 25 2R W2 2. O O B R R o o
30 o Y0 S B B R b 0 b [ Wi S B BEAT B E . K 20T
2 AR R AE 81. 8% ~112. 6 % Z [l 13 B 4 )y v % F
SRR PRFE A2 O 3R 10 S oA T RE .

R2 MAREKEER(n=11)

Table 2 The recovery rate of targeted elements (n=11)

TR T e TR e

% i 1/ bRt/ W, R RSDA R Wb, R/, RSD/

% % % %
(ug-L D (ug+L D (ug-LD (ug-L D  (ug+L D

9Be 0.022 0.5 0.508 97. 2 1.1 1.0 0.997 97.5 0.3
2T Al 18. 26 10.0 29.05 107.9 2.1 50.0 68. 66 100. 8 1.9
sly 0.247 0.5 0. 809 112.6 0.4 1.0 1.193 94. 6 1.0
53 Cr 0. 688 0.5 1. 241 110. 6 2.5 1.0 1. 693 100. 5 1.8
55 Mn 0.061 0.5 0.519 91. 6 1.4 1.0 1.014 95. 3 1.4
STFe 1. 661 10.0 12. 05 108. 4 3.5 50.0 50. 11 96. 9 1.6
9Co 0. 365 0.5 0.774 81.8 1.4 1.0 1. 244 87.9 1.4
60 N 0.176 0.5 0. 649 94. 6 1.6 1.0 1.157 98.1 1.2
55 Cu 2.157 2.0 4. 046 94. 5 1.7 5.0 7.104 98. 9 1.0
687n 70. 65 50.0 81.53 108. 8 2.3 100. 0 173. 4 102. 8 1.7
59 Ga 0.021 0.5 0.483 92.4 1.4 1.0 1. 032 101.1 0.8
5 As 2.766 2.0 4.722 97. 8 2.3 5.0 7.648 97. 6 0.7
82Se 11.27 10.0 22.43 111.6 4.5 50.0 61.47 100. 4 2.6
88 Sy 50. 24 50.0 100. 5 100. 6 1.6 100. 0 150. 4 100. 2 0.7
109 Ag 0.021 0.5 0.458 87. 4 1.7 1.0 0. 951 93.0 1.5
icq 0.119 0.5 0.574 91.0 1.9 1.0 1. 034 91.5 1.7
135 Cs 1. 842 2.0 3.918 103. 8 0.4 5.0 6. 950 102.1 0.5
138 Bg 0.103 0.5 0.589 97. 2 0.6 1.0 1. 097 99. 4 1.0
20577 0.107 0.5 0.594 97. 4 0.4 1.0 1. 089 98. 2 0.4
206207208 pY, 0. 601 1.0 1.519 91. 4 0.4 2.0 2. 580 99.0 1.4
23817 0.032 0.5 0.509 95. 4 0.5 1.0 1. 030 99. 8 1.0

2.4 FHERBRSHEK

ICP-MS il T3 F B kT, BERTHRaY
P45 ICP-MS i £ 08 WA & £h 5 B n) 3 i 11 1 8
B (TDS) A MR A BR . — R AR T 0. 226757 . AR R
EERTE 0. 9% 28 AT s WUAR Uy VA R LR B 5 A% I Bk IR
WO F M, HeBE 5% RYER 0. 02% BB X-100 F BVATH
HEHREERERE FTRESFNICE, IS5 5 8UR '
MER. B FIRBEF S A ZMAEY S F. ALY MEHLKY

B BEAGHE AR REBBON B, REN K2 HH T BEST
e B T UL 1 T S R I oC B R HE R . U
JE X T AT b Gm/ =) 7 40~ 80 B ff o0 3R By ™ T, il 4
BRI AR A AR 55 15 DA o S T 2 T Bl 4
Yt 7 N R R RV i R N B i I R o
TR ARTTER AP AR Z 5 B T TR Z . BT As
R LR TP A Ar 7 CL L Ar U STHT 0 Ar
PR, 0Ca PO, P Cat O, T Sm T ANTONd T S, &
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JET BT, ABETER N He 5 9 il 18, A B 3l i 4
A He J5U5~5 T390 705 22 18] 19 il 13 28 A8 45 1T ot T 6 = Lk
A i R RRL A B RS SR, 8 2 R T R TR, T
A RN 22 5 T8 T A B T, i S bR E A N (STD)
AR LG o A 20 AR5 B T DI X 15 0 50 2 S R R o A iR
FE V. Cr il Pb %50 MY 6 Hh FRAR L BR vh 2 Fi 4 ) 1) it 00
A HLRHE G 45 B T BTG 7 (GBZ/T 308—2018) [ b
BEAR T 16.700~96. 200 . [ I 25 Bt A 4K B . A7 1%
Ht Fe. Al. Zn #0 Sr 0K M #Y BEC % . ATRER 1 T KED
BT T 8 7R B 7 5 He 40 7 2 [] B flf 13 3¢ fi
AR SN R AR T I . TR RT T 8 TR BURE Y

®3 IHRERAEENELER(n=3)
Table 3 Analytical result of samples(n=5)

iE FERL U E (AT AR E T 2 / kL7 ] SCwk[13]
/(pg+ L7H) /(pg+ L7H [(pg s L7 /(pgeL7H
Be ND~0. 023 <0. 004 ND~0. 33 ND
Al ND~24. 37 5.769 24.37
\Y ND~0. 087 <0.073 ND~0. 16
Cr ND <0. 256 ND~5. 60 <0. 256
Mn ND~0. 544 0.116 ND~3.97 ND~1.5
Fe ND~13. 82 <5.527 13.82
Co ND~0. 254 <0. 079 0.10~0.70 0.04~2.7
Ni ND~1.792 8 <0. 692 ND~15. 67 0.13~20
Cu ND~5. 023 1.377 4~53
Zn 39.69~254. 3 70. 51 60~1 142
Ga ND <0. 105 ND~0. 08
As 0.900~15. 74 2.618 2.63~141.85 1~260
Se 4. 888~16. 64 10. 16 0.92~55. 48 4~39
Sr ND~86. 63 22.01 9~560
Ag 0.097~0.139 0.107 ND~0. 05
Cd 0.068~0.397 0.152 ND~1. 07 0.03~0.45
Cs 2.980~8.028 3. 608 1~11
Ba ND~1. 476 0.613 0.1~11
Tl 0.019~0. 161 0. 061 0.06~2.30 ND~0. 52
Ph 0.508~2. 806 0.722 ND~4. 26 0.1~4.6
u <0.011 <0.011 ND~0. 003

T ND Oy AR K
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Determination of 21 Inorganic Elements in Urine Samples by ICP-MS
Using KED System
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Beijing 102206, China

Abstract The content of elements in blood and urine samples can effectively reflect the internal exposed information by different
pathways. Currently, there are many methods for pretreat method, such as digestion and direct dilution. But these methods have
their own weak points. In order to obtain the contents of multi-elements in urine, an analytical method was established for accu-
rate determination of Mn, Co, V, Cu and Zn in urine by using inductively coupled plasma-mass spectrometry (ICP-MS) with ki-
netic energy discrimination system (KED). The method is improved on the basis of direct dilution method, after the pre-prepara-
tion, such as water-bath heating and supersonic, and the 21 inorganic elements in urine samples were determined by ICP-MS,
The changes of background equivalent concentration (BEC) for multi-elements in KED mode were optimized in detail. Applica-
tion of kinetic energy discrimination and collisional cleavage between helium atoms and interfering molecules reduces the influence
of mass spectrometry interference such as polyatomic interference on the determination. The matrix effects and signal drift were
adjusted by the online addition of internal standards and the standard addition method. The flow rate and rejection parameter q
(Rpg)in the KED mode were selected by considering the BEC and the best gas flow rate for He was 3.8 mL « min™', Rpq=0.
45, respectively. The detection limit for the 21 inorganic elements were between 0. 004~12.08 pg » L™", under the optimized
conditions. The liner correlation coefficient (R*) of analyzes were 0. 999 in the range 0~200 pug * L™'. The recovery of all
elements ranged from 81.8% to 112. 6%, and the relative standard deviation (RSD) was under 5%. The method study research
indexes were much lower than the “Simultaneous determination of a variety of metals in urine-Inductively coupled plasma mass
spectrometry method”(GBZ/T 308—2018). The method is simple, rapid and accurate, which can be used to determine inorganic

elements in urine samples directly, providing a scientific basis for public health emergency and clinical examination.
Keywords Inductively coupled plasma-mass spectrometry (ICP-MS); Urine sample; Inorganicelements; Collision reaction cell
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