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WE. BRY o = H VO AT B A 45 8 TR B (1CP-MS/MS) 5 I . PR 4R (Mn) | B (Cr) . BL(Ni) B46 I
Jik. FiE R 0.01%Triton X-100 F1 0. 4% AR BB, A4 1L A0 PR IGRR B 20 A% 5 42 XF ICP-MS/MS H filf 18 45 X
AR AR AT 0T, e B ik, R AR A I B AR A Mn, Cr, Ni, # (Ge)fE
HWARTER . TTERAHIKRE(r)>0.999 9, Cr, Mn, Ni 3 FhITa BRI P A6 1 BRZ35024 0. 097, 0. 200, 0. 481 pg/L; i
T AR HBR A3k 0. 214 0.340, 0. 669 pg/L, PRIGANMMB GG, B EE s [l i 2k 85. 14% ~ 102. 86% , #HENHE
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Direct determination of manganese, chromium, and nickel in blood and urine by triple
quadrupole-inductively coupled plasma mass spectrometry
YANG Xiang, ZHONG Lixin, HAN Lei, LI Ye, WANG Hongyi, LIU Li, GU Zhenyang
(Jiangsu Provincial Center for Disease Control and Prevention, Nanjing, Jiangsu 210028, China)
Abstract: Objective To establish a method for determination of manganese (Mn), chromium ( Cr)and nickel ( Ni)in blood

Blood and urine

samples were diluted 20 times with 0. 01% Triton X-100 and 0. 4%HNO,, and the collision mode and reaction mode of ICP-MS/

and urine by triple quadrupole-inductively coupled plasma mass spectrometry ( ICP-MS/MS). Methods
MS were directly compared and analyzed to select the optimal method. Results Mn, Cr, and Ni in blood and urine were detected
directly under ammonia reaction mode, and germanium ( Ge) as the internal standard. The correlation coefficient (r) was >
0.999 9. The detection limits of Cr, Mn and Ni in urine were 0. 097, 0. 200 and 0. 481 wg/L, respectively. The detection limits
in blood were 0.214, 0.340 and 0. 669 ng/L, respectively. The recoveries of low and high concentration spiked in urine and
blood were 85. 14%—102.86% , the intra-batch precision was 0.31%—4. 07%, and the inter-batch precision was 0. 44%—
4.98%. Conclusion This method has low detection limits, good precision and accuracy, and provides a new technical support
for rapid and accurate batch dection of blood and urine samples of occupational exposure population.

Keywords: manganese; chromium; nickel; triple quadrupole-inductively coupled plasma mass spectrometry ( ICP-MS/MS) ;

helium collision mode ; ammonia reaction mode; whole blood; urine
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AT PEIR IS A AR . ik, ARG A =&
VU AR FF- LIRS A 45 B 4R BT (1CP-MS/MS) 7E Ky
ICP-MS fy 4™ "™ | 1 i X E R & 0 12k ( MS/MS A
=) ARG HE SR AR (AR, AR BERFAT
PRESS ™ o S —IUAT (Q1) Tk HAR e 7, 5=
P (Q2) 454 KR, AT R bk 22 I F T P B L
Fap RGN, [ AR AR T S MR RO B 1CP-
MS/MS 752 2 HE 5t e 30 4 0=y ) e P R B
R EAFEME L, R M, Cr, Ni B985 S840 TR
HUO ) AR B AR ST — R | R, HE AR
FEAKIN A 4, A AR PO R AR () 4
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1 HRSHE

1.1 ZBMEARF Milli-Q 2li/KHL, 25 E%mE
2375 NexION 50006 % = 8 PO AT-H S8k & 45 5 1
R, € Perkin Elmer A H] ; AL (HNO,) , &
B AR AR F] 5 Cr, Mn, Ni, $(Ge) FAIC
RPRUEVE (1 000 pe/ml) , FEEA @48 X T4
BEHTART I ot R AR (99.999%) | AR
(99.999%) | F4iE S (99.999% ) ; Jiik &8 200
ng/L 8% (Be) | 4ii(Ce) . B(Fe) . #(In) . #1(Li) .
BE(Mg) . %5 (Pb) ., 4 (U) IRE W, 3 E Perkin
Elmer /A ) 5 HU&eHr A 248 M (185 . 20250120), Liff
PV YR A PR A E] ;50 ml 85045, BETS; 50 ml
i, 2Ll Recipe ILf3E JC R S level 1 |
I, Recipe JR {8 JC 2 B #5 i level I | II'; Seronorm
T CR A R b L-2; SC FH/K Btk b
F18.2 MQ -cm, Milli-Q #BAKHLH %, FrAg LYY
F 5%t %, PRIk mE , TR .

1.2 MBI EH KA NexlON 5000G %! = Y
AT - FEL JE B 25 B A T S AT AR I, R A
[0 ZBALAT | BRI S %8 DA M = 108 8 s 5 2 Mg 1 By e
ARG, ELWARMAGEATRE , (e 4l S ok I
MG B A SN AL (DRC) K BR T8, i
PETR T B e A A R A TR AR I, R TAES B
#1,

1.3 &M

1.3.1 FACRES TN SRR 8 A HUEE R m)
KA AR MIRREA, L) 50 ml 85048 RAE SRIGFEAS
SR 7 PRIBAE T2 B I AR R AR AR A 4 °C oK

# 1 NexlON5000G #I ICP-MS/MS {8 #8 T AE &1

TAESA SRR
FALAR R A (NEB) 0.95
BRI E (L/min) 1.2
B TR i (L/min) 16
ICP S35 (W) 1 600
D A 2 D 25 [ 2 HLUHE (V) -12
HBHE park HLFE (V) 4
OmniRing park B (V) -200
P EARIE BT (V) 2
ShEFREF (V) -0.5
T LR (V) -8
Zor LI (V) -4
A B HL T (CRO) (V) )
B L (AFT) (V) 150
Q3 ZZ It DU AT O B HL R (V) -7
Q3 VUi B HELUE (QRO3) (V) -10
LR (V) -1 650
Ji e (V) 850
15+ BB I 1] ( ms ) 100
EEET/€1 20
EREREL 3

FIBOGE KR 2=, Fo 0 R TR ST S MERR A B
0.5 ml FEACT 15 ml B, A 0. 4% 882 +0. 01%
Triton X-100 Fi B M E A % 10 ml, HI% EHLE
FR TR R R S UL B . 54 BB AR e b 1)
BRI SIAR BT 5, B R R A 5 R R A A BR
JLBLi

1.3.2 FRUEHEAS]  HUMn, Cr, Ni HCE bl
(1000 wg/ml), F0.4%filfR+0.01% Triton X-100
T BEWOB R B 5 B R v 50 /L B T ()i 45
W, e FH S ECrh () 2 OB R B 0., 0010, 0.25,
0.50, 1.00, 2.00, 3.00 we/L IR SIrER K ZR I,
1.3.3 IREWIRTAERE B Ge FICRIRMER T
(1000 wg/ml), H 0. 4%HERR+2% H BERG B ARG B R
500 we/L B NFRIET

2 & R

2.1 RRABEX TS LM T G20 L5
IS B NRACIS , FH BT 3 RS VRO (S 2R AT 3RS
{R3IE CeO/Ce<3%, Ce™/Ce<3% , FEXF AR T Y
FESHATIHE, #H 0. 4% MR +0. 01% Triton X-
100 5 BEBOK-LEE BT A 4= L aE AT 10, 20 fi5H6 e 0
HPOD 322 fl 1) 1E 5 N PRWEHEAT 5. 10, 20 f5H6 B, ek
FEZEHR 10 ml, 5307 A AEE AL (helium KED) A1
A WAL (ammonia DRC) T H#EA AN, 8 1 ZEAS
FIF R R TP tede, L85 8, R )
R AUERBIPTIS YL RE J DL R REAR B N R,
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SCHG R I 555 S0 B (BEC) 1 0 2R A LA Y
PEHTARIE, LATCHRD A2 il 4 1E A PRI B8 AE 2F
MAERFERZS F, kR 1 pg/L Mn, Cr, Ni IR 5 ER
VESTIARREAS , LIRS il 25 1, o0 i Ae: ) v
SR, AT MU AR R AR AR AR S
BIBRIAA 2 A ST ILIE (R) , B R= (CIARKEA ~
RS )/ (AR 1 -0 2 1), DU E 2SR
BN AE A i i, 45 R A, A
%ﬂﬁi*ﬁﬁ?, ARFEN 4.0 L/min Hﬂ‘ﬁ%ﬁf}; Ekat
RV, AR 0.6 L/min I HIIHI S5 q
(rejection parameter q, RPq) A 0. 55 B Ffl .
2.2 RMzEeyiksd KEIGLRCFRER, TN
JEW], BHEECr, Mo AEHIETTER, LI Ge fENA
PRt E . BIEH Ni e K FERERA Fe 9 T4, ik
i Fe JUER & B, MOk PR —F BN /E
TE AT L

2.3 AREWMEAZA R HEI 3.2 BlHR AR
HERF, Li"Ge fEMNRICER . AR T M
AR E, ehbnEii g, DIk DAk
b, (55 P Aebn, 2 Bon, AARMBAT
BICEMFERB(r) >0.999 9; S HHERAR T %
% r>0.999 8,

TERAME ST, FESEME 11 Y TCHRMD 2 i & 1)
MBEAEAS 2 A RRIAEAZS 11, 7545 0 2 bn o D
7, S EPRAE N AL 22 B G 25 (TUPAC) A5 i,
AR CL=3 s, A2 55 HIBTEE B A= 4 1 A0 0 R
M A i TE N PREAE R REARZS (1, R 20 £5 5
P R R, "RRVERT, JRIECr, PMn,
ONi FKHBR 4314 0.097 . 0.200, 0.481 wg/L, i
Wk PR3 914 0. 214 0. 340, 0. 669 wg/L; S5 Al
R, PCr, Mo, ONi FRIGR 1 BRS> 54 0. 248
0.359, 0.541 pg/L, I Kz BR 43 51 A 0.414,
0.735. 0.689 wg/L, ARSZEH PR TR,

R 2 IIRARIE L B T BRES SR

K TR LT R P RERbREM 2 EARMER 2 T RSERORE )ﬁ& e Mg/LL
PR ik
AL 2¢r 0. 999 98 0.010 90 0. 000 00 0. 000 03 0. 000 00 0. 405 49 0.097 0.214
3 Mn 0. 999 96 0.018 03 0. 000 00 0. 000 07 0. 000 00 0.187 73 0. 200 0. 340
ONj 0.999 97 0.002 63 0. 000 00 0. 000 01 0. 000 00 0.279 38 0. 481 0. 669
Al S2¢r 0.999 88 0. 000 78 0. 000 00 0. 000 01 0. 000 00 0.475 15 0.248 0.414
5 Mn 0.999 81 0. 000 34 0. 000 00 0. 000 00 0. 000 00 0.294 08 0.359 0.735
SONi 0.999 84 0. 000 45 0. 000 00 0. 000 00 0. 000 00 0.290 59 0. 541 0. 689
2.4 HomirwRKEhfEEE HERESFHT, F 3 3 FPICE AR VA WAL I AN PRI P 4 DR [ 9% ]

3 SV ECIT RO 2 ik 1) TE 5 N R VR R B8 0 A 4 1l A
A, BB HYL, KK (5.0 peg/L) FIE R E (40.0
pe/L) AR, LM RE 6 Yk, B4 E T4
R, HELRE 3 d, 153 3 Fo R AL RN %
NN EE

TE S AR T LY PR VA% O B IRy
85. 14% ~ 102. 86% , HL NAEEE 0.31% ~4.07%, it
[B)KE 2 BE 0. 44% ~ 4. 98% ; TE S Ml FEAR =X T 1My A
PRI TC 2 WIS % 80. 92% ~ 104. 33% , 1L N K %5 JiF
0. 86% ~4. 65% , HLIAEHEE 0. T1% ~6. 24% , Z5F I
3, R4, BER, AANE T ERAE
U (R VERA B RIS 9% B, AR A O AR =X, RO
B r>0.999 9, I A 2 o HLA R,
F2Cr, PMn 7RI, R PARER &, ERKET
() T ISR S AR B R A, 255 DL B AR s
L8 S &2 S e = RuWrd IR S
2.5 AREM R A R DI A T R
P, ARWE5 K H Urine Recipe I , Urine Recipe 1I ,

HASRE SRR
SZCr SSMn 60Ni SZCr SSMn GONi
R RWEEIER 101,29 97.40 92,40 95.15 10417 92.30
FRENAR 102.86 102.24  96.62 100.98 104.33  97.71
Mk ARKEEIbR  97.43  85.14  91.67 86.38  80.92  89.09
EEIIAE 10167 98.98  94.63 100.66 101.69  96.30

HENR 5

Blood Recipe I, Blood Recipe IlI, Blood Seronorm 1.-2
5 Bl BRICFN ML Wb S5 W Bt AT e B, i3 5 ]
W, (e S5 (H 2 JE B Z N

3 it i

MLHEFN PR M, Cr, Ni (9 [ BRAG I0 J5 475 LA
JERFICR 3, B A, AR A
BUT, DM OE LA R | R RS A A N
K, HHEGM A 1CP-MS &, JRHFIREICE N
®PPI L ICP-MS/MS X ICP-MS, TERl %/ 2
b TR PO AR AT 37 4 ) S SO, O 3 — o S e
RS o i /AN 11V A AT LR A A e s R N 1}
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R4 3 FhITEARE AR B BCE ML PRI I P/ G S [ % )
e £l
o 20 5] AP AR AR SRR
52Cr 55 Mn 6(1Ni SZCr SSMH GONi SZCr 55 Mn 60Ni 52 Cr SSMH GONi
FRWE R IbR 4,07 2.97 2.21 4.65 3.63 2.59 2.55 4.04 3.45 2.02 5.67 1.12
R IbE 1,58 1.47 1.65 1.54 1. 10 2.35 2.19 3.74 2.37 0.58 2.24 0.21
Mg ARREE bR 1.40 1.07 1.87 3.62 1.50 4.12 2.40 4.98 4.23 0.71 6.24 1.08
e EIFR - 0.63 0.31 0.96 1.68 2.86 0. 86 1.07 3.04 0. 44 2.61 3.20 2.72
Fz 5 EARMWALRT MR AR BT S e 2558 [ we/L]
METE S%JH  Urine Recipe | S%WE  Urine Recipe 1T S%WHE  Blood Recipe 11 SEWHE  Blood Recipe Il B%5H Blood Seronorm L2
520y 3.97:0.80 3.91 9.47:1.93 9.35 5.57£1.39 5.45 10.6:2. 13 10.58 9.80+2. 00 9.33
(3.18~4.77) (7.58~11.4) (4.18~6.96) (8.47~12.7) (7.90~11.8)
55\in 3.93£0.79 3.96 9.48+1.92 10.08 14.7£2.90 13.33 21.8+4.30 20.63 22.5+1.80 23.04
(3.15~4.72) (7.58~11.4) (11.8~17.6) (17.4~26.1) (20.7~24.3)
oy 3.45:0. 69 3.59 14.7£2.90 15.93 4.48:1.12 4.9 11.8+2.30 13.84 10. 12.00 9.52
L (2.76~4.14) (11.7~17.6) (3.36~5.60) (9.43~14.10) (8.00~12.1)

R E AR IR | AR e, 1ICP-MS/MS TH R
THRE T o, AL MG I TE, R O %
FRESL I £ T0 R (W P RIS 247

IR 7 W =X N/ D5 L e L€ | 95107 7
gk A FRBEAENBRIWERID, o
REZFFEFTH, ST, S0a T4, &
SR T, AL b A T R A AR R
5, HIE CeO/Ce<3%, Ce™/Ce<3%, MINTFEAREA L
%ﬁ XX EE /—f%‘. B"J :‘: ;Hl‘:0345180+ R IHBSCI16O+ R 40Ar12C+ R
35C117O+ R 36Ar160+ R 38Ar14N+ Xd. 52Cr+ \{mu X:—‘E ﬁ :]: ?j[‘:’
4OAI_15N+ R 37C1180+ R 2H37CI160 Xj‘ SSMn+ JD'!IJ X:—E%‘ q:ﬁt’
“Ca'" O XN E A T, A 52 50 3 o SRl A A
BN R WAV W S 7 W 2 R 1224 W (SR
2B T LA R AR B [ A B4R
BN bR 2R T, IR R
Fil s SRR R 2 AR BT MR, AT 5 R4y
JCER R A RN, NI e A8 5 far b A 5 KOk I B T
P ARSI B, AR R T A e
B, AR S AR T, AR EE R Fe
XFENI T, 38 A 3 AR A 5 3 B o MOk in A
TR,

BT TP 3 B2 BRI VR | S 1) A AR S
PRI 3 Hr 40 7= A 0 348 i 00 00 0 AR S B A AR
TEANBRACA I HER M RTEE T, BEHH 20 F5H6 BRAEAR,
T A BIR i f r R VA VR | S (R D BRSO 58 FH N A
A, LHGe fERNARICE, TENARIE R TINA 2%
F14) H PSRN BB 80 A 0. 01% Triton X-100V 2 5] 8
HAER, JF BB A 0. 01%Triton X-100, [F]

(= WD e G 1 1 B (T R

AR S ST T R = DUARAT - SRR A A T
PR R 2 SR SR ST I A2 LI PR W A
B BRI TR . AT R UMER BE | RS B R R R A
e, AR E TR, B T O ik R A Y
A
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TAR VR B 361065 2R - T R ARIBE - o0 JE DB B2 i1
TEG P b —%A @ A

MR, AR, KRR, RTRE, E, B, RARF, E2RAE
(T RA BN RBEIE BT W T/ T AR BV B 1A S SC %, T4 T 510300)

WE: BR @ TSI A (NO FTNO, ) (1 BRI & R AR - E ik, B &
SHAAS NO il = S AL B AL NO, 5 NO, 8 = Z IR B SA 43 F0mme Bk, 35 700 i W A 0 AY T Tl iR
R, SXTEERREE RN, H5E8EREEC A MBI 6, 1E 540 nm R T MEWOLE, #ffTen, &
R OWAHRRRE T (NOZ) EFTEHKE 0~0. 70 pg/ml BT 2R, HILREr=0.999 3, LM H R 0.004 pg/ml, &
TR 0.014 pg/ml; LISREE 3 L 2354 NO, 115, AR VR E 0. 05 mg/m’, HAE BWIE 0. 19 mg/m’; ISR 12 L
253 NO, HAE, Bk R EE 0. 01 mg/m’, e fllE mIREE 0. 05 mg/m’, AL IR ILALER 92. 87% ~95. 96% , [l {4
W AR IR SRAERLR 95.36% ~ 98. 43% , AR TJ7 1L 'S i 25 8 > 116. 00 pg (300 mg BRI ) , il AR 96. 20% ~
98. 15% , NG (RSD)0. 98% ~4. 23% , LG R 1. 38% ~3. 04% , kR 95. 40% ~ 101. 96% , F 5 7E = I
TEDARLE 14 d, &ie AHEEAT TEGRE AR Sk,
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