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[£55] 150°CHN 220°CRIVH R R T R I A NE 8IS R BRI T 90%, MmiHEF
JREI320°CHPE VBRI N HIE ENME LR S IcP-MS AR, EURER 97.92%~101.16%,
£33 150°CH1 220°CHYE TN E AR, TREH SR AN fR AR R L £ B2, BIWERK ; BE
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Optimization of atomic fluorescence spectrometry for determination of arsenic in urine LIANG
Jiabin®?, GUO Jiaming"?, GUO Yaoping®?, CHEN Jiu*?, LIU Yimin'?(1.Guangzhou No.12 Hospital,
Guangzhou, Guangdong 510620, China; 2.Guangzhou Occupational Disease Prevention and
Treatment Hospital, Guangzhou, Guangdong 510620, China)

Abstract:

[Background] The digestion temperature and the performance parameters of electric heating
plate are not clearly defined in the health industry standards for the detection of arsenic in urine
in China, which leads to great differences in the pretreatment methods of urinary arsenic in
different laboratories.

[Objective] This study analyzes the causes for reporting lower detection results of arsenic in urine
by wet digestion-atomic fluorescence spectrometry than by ICP-MS, and optimizes the standard
method.

[Methods] According to WS/T 474-2015 Determination of arsenic in urine by hydride generation
atomic fluorescence spectrometry, the standard method (150°C digestion, 220°C digestion) and
the gradient heating method (150°C digestion for 1 h, 220°C digestion for 1 h, 320°C digestion
for 30 min, till white fumes were evolved) were used for sample preparation. The determination
results of total arsenic, inorganic arsenic (arsenite and arsenate), and organic arsenic (arsenic
betaine and arsenic choline) in urinary samples (from healthy people with high arsenic exposure,
patients taking arsenic trioxide, and patients with arsenic poisoning) by atomic fluorescence
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spectrometry and ICP-MS were compared. The wet digestion-atomic fluorescence spectrometry was optimized for the determination of
arsenic in urine, and its performance indicators such as linearity, detection limit, lower limit of quantification, precision, accuracy, and
anti-interference ability were verified.

[Results] The recoveries of 150 °C and 220 °C wet digestion-atomic fluorescence spectrometry were lower than 90%, while the results of
wet digestion-fluorescence spectrometry with gradient heating to 320°C were close to those of ICP-MS, ranging from 97.92% to 101.16%.
After wet digestion at 150°C and 220°C, arsenic betaine and arsenic choline were hardly detected, and the recovery rates were extremely
low; after gradient heating to 320°C, the recovery rates were 97.59% and 99.96%. By combining gradient heating and wet digestion-atomic
fluorescence method, when the urinary arsenic concentration was 5.0-40.0 ug-L?, the linear relationship was good, the correlation
coefficient was 0.999 7, the detection limit was 0.06 pg-L™, the lower limit of quantification was 0.18 ug-L™, the relative standard deviation
(RSD) was 0.95%-3.24%, and the recoveries were 95.95%-103.10%. Lead, zinc, cadmium, copper, selenium, mercury, antimony, iron,
aluminum, and manganese at 200 times the concentration of arsenic caused a deviation of <+10% in the measurement results.

[Conclusion] The standard method can not effectively remove arsenic betaine and arsenic choline due to the low digestion temperature.
In this study, the optimized wet digestion-atomic fluorescence spectrometry can effectively remove organic arsenic in urine, and the

performance indicators are validated; therefore, the improved method is suitable for the determination of total arsenic in urine.

Keywords: atomic fluorescence spectrometry; ICP-MS; urinary arsenic; arsenic betaine; arsenic choline
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HEVIR IR, MRS ERIFHY, HPILmERER
[As (11D ] BMRA, ENBFRERE [As (V)] SHR
R, MENHSERNEELS. AMTAIBEIIRAR
BHREK, BAZISRNE mU R ZA SRR
AR E =K TRV, KEREMEIBNERELEY), B
SHIgMMPE, RRKRMGNEKEESRHATENTE
Moo EE BRI RE BeR4 Ak A\ B RO{K PR B £ 1T B 4T R HARA
ARXE. KEDTEMANR PRI B EITI AR
I WS/T 474—2015 (FRAPBFRYIIE S A LR
FRNED, AT EREFENERATLEFRX A A
RER, BEEAMRL, ARIEEE TIMELKES
M. BREEBERANLLE, REET”, AT EFHF
RO HC R REM BRI R, BT AR
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1 MHE5REE
1.1 UEg&E

AFS-9800 R FR M EIT (L RBHNBERL
1) , NEXION 350X BB/ B & FE FABRIZY (ICP-MS,
X [EH PerkinElmer A 7)), BT ORI (AtREBE
BRERT), HT-300 SRR AR (TIERE | =8B~

400°C, HFET M HAE ALY , Milli-Q#BLEKH, (5
Millipore 23]) o
1.2 FEiEHF

WMEAH, REMARRUCFRF, 24 ; S
|ibsh, TINFEIRFIT, oirdh ; ShEL. fHER. TRER,
TN ZERFIT, REA; SR8, EEkErT
[, R4S ; Bk, BEAERCEAFERAE, £
M4l ; JURMER, I MNEERF, D4 ; inE
YA, GSBG62028-90 (3302) , EHK AKX
MERFF T S PT, 1000 mg-L* 5 BRER 2R, GBW08670,
0.518 umol-g?, E R AW B AT A0 ; R BB,
GBWO08671, 0.374 umol-g*, ERITEMRAR AL ;
T HES 1R, GBWO08666, 1.011 umol-g?, FEITERIF
5t b 5 B E2 AR, GBW08667, 0.233 umol-g?, AR
ITERFMRLT ; ARRAR (6L Sc. Ged Y. Ins Tbs
Bi : 10mg-L*) , 3£[E PERKINELMER,
1.3 EL¥H*E
131 (NBFESH RERFRANKET  KBEEE
EE 270V, TER60mA, RFHESE8mMm, R
R SUMRIR 800 mLmin?, SR 400 mLmin?, LUFR/E
R AN E, IBEFRIREY, IEIREYIE] 1s, 15 EKATE] 105,
AT 1.00mL ICP-MS | BHA S IIE 1300W, F
BEFSAE(An) 7R 150min?, FEENS (Ar) FER 1.2 Lmin,
ESETRE0.90min?, HZE 1.3x107kPa, FFHF
BFEL1mm, BEEEALF09mm, BKIENES
o, &R M AET ( dynamic reaction cell, DRC) ,
RS (0,) FRIE0.6L-min, RPq 7 0.45, I & &= /1%
(measuring point) /91, ¥ 40/%, {=&BYE) 50ms- /R 2,
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1.3.2 AT EEERMVESH @ 55 ENFHER. TRER
MERRE3 1 1ETRES. METIAMERRYECH! |
FREX 12.5g B AR, AT L 80mL Ak, MNFARE, /5
#fE, A 12.5g IR IER, AfffE, TIAIZKZE 100mL,
AR RAVGIE - FRERNRSRS IR
& [As (111), 1.011 pmoL-g?, 75.7 mg-L™* LAREI+] F0
B4R [As (V ), 0.233 umoL-g?, 17.5mg-L* LLA#{t] 9
FEIFRERE (FHOKRE) /9151175 pug-L* FH
B ANARE Ge BRI FEIEIE - FRER AR
AR5 IS (0.518 umolL-g*, 38.8mg-L™* LI IT)
FNFRABRE, (0.374 pmoL-g?, 28.0mg-L™ LAR#HIT) 43 B
F IR FE /9 388.5 F1288.0 ug-L B W R INFRHE Sfho #RIE
HAZR RV (B R RRAT AR [GSBG62028-90 (3302) ]
FIES ANBERECH 00 5. 104 204 30, 40 pg-L* iR
HILL A Ko

1.3.3 RIAMEF A AR E —150°CEVERR @ BY
SmLEE@ETHEEAD, MALmUESER, BB
IR L, E150°CTF (BRARRIEERE, TRE) MHAE
o RHfE, BAKEERZESomLAEMF, A
5.0mLERAR A MBRA &R, MAKEZIE, BS, #
ME-

PRAET E —220°C2NEMR - BXSmLiFRE
FHEEMAT, MA1LmUESE, EBEAIKRLE, &
20°CTFIMAECEERERERABR. 2HE, B4
KEEHHESomMLAEMA, A s.omLERARITIF
MEAR, INEKEZIE, BS, #NE,

BMEMABEIVERE  BlsmliEmE THERE
A, MismLEEER, BIRREDR, AEET
EBAAMR EIIHAVERR. TIAVERRREREE N 150°CIEf#
1h, 220°CEfi# 1h, 320°CEAE 30 min, JHRHERER
WER, REfGE, BAKEERZEsomL B2,

AN 5.0 mLERERGTIAMER AR, IIAKEZIE, BS,
HNE,

ICP-MSEHIAMNE | BENImLERE 10mLB 2
F, LLo.5% HERARMRERZZIE, BUEXNHE
BTN 2o
13.4 BEARENNEBENMEEISTIIE RGBT
210.5—2008 (BRI BA+rEFIEISrE H5 80 - £
MR CEYIBRINE S 7E) SHZ A AL 10 HER.
EE TR BEE. EREMN T EFMREIEMR
BT,

2 FR
2.1 REFEBEFGIT SRR &N E LS RAILLER
7501 A 150, 220°CHIEE A RENEE - IR
FRIAIE AT 1cP-MS T E = B8 IE & AL AR AR5
HNEMFERA. MBEBFSHRARPEHEE, SR
& 1o KA ICP-MSNE LRt S E E29E D5
7982.68. 130.35. 236.15 pg-L*, BEFEEI320°CHY
BIVHEBR AL ENELE RS IcP-MS A%, [0
Z 19 97.92%~101.16%, M 150°CH] 220°CIE TV IE iR
[RFR I A X NE B R B EIYET 90%.

R 1 FREERRMN T ELIRRR G D NEFRLS RO (n=3)

Table 1 Comparison of urinary arsenic determination results by different digestion and detection methods (n=3)

i ICP-MS HFfE 753 —150°C HFfE 5% —220°C K75 — BETHE
R REE/ (hgl?) REE/ (hgl”) B /% REE/ (ugl?) B /% B/ (hgl?) B /%
SHEZEA 82.681£1.26 71.87+0.38 86.93 71.33+0.06 86.27 82.9310.26 100.30
BR A RERE A 130.35+1.18 111.6940.35 85.69 115.43+1.41 88.56 132.42+0.51 101.16
MEFREREA 236.15+5.11 196.35+0.98 83.15 206.41+0.89 87.41 231.23+0.24 97.92

2.2 REEMEFNA ELIBETA RGN ERIRE
sl E 45 R BV EL 3R

MER2FLUE Y, 1IcP-MS BN E L Rz AL H R
FE, EIURERTE 94.57%~105.26% Z 8], B It 7535 ME
. ALY EMETFREEENENERG,
NWARFRARIEENEHSE, BIKEERRA.
Heh£23d 150°CH 220°CHYE T H AR, B8 EH S 5 A0 Fe
BEIR LA M, BIRERIE ; SBEFARE320°C
B9 T H AR 2 i Y1 A M E hek EH S el A ek BE AR Y (2]

WK 43 51 9 97.59% F0 99.96% ; TS AL FE (I e BL 70 F
fR) EEFARRENEVERENRANEHEZEE
E5m, NERKREIKTF 90%.

2.3 BEARENEBES ANEREIEIRIIE

231 HEBEAGHE AwNAEMNERBKEE
540pg L EEIN LM X AR, MBS ER
¥Y=91.5X+54.0, tBXZEH 0.999 7, FELLNE 11 RIRF
TH, U3 EINEREITE S AR LR 0.06 ugL?,
10 B EREITEEEZ TR 0.18 pgL HEL
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R2 FREHBBRIGN 7 A3 TOAL RN AR & il E L R (n=3)
Table 2 Comparison of determination results of inorganic arsenic and organic arsenic standards by different digestion and detection
methods (n=3)

P AT/ TRAER % —150°C TR % —220°C R E — BER ICP-MS

i (hgl") WEE/ (gl B /% MEM/ (ngl™)  EURER/% WEE/ (gl ERR/% NEE/ (wel?) ERE/%
As (111) 151.0 140.1946.39 92.84 144.3242.76 95.58 146.11+3.86 96.76 142.8+0.11 94.57
As (V) 175.0 170.99+1.89 97.71 168.89+1.12 96.51 173.7241.12 99.27 184.2+0.50 105.26
BeREH SRR 388.5 vt - 9.06+0.61 2.33 379.1442.79 97.59 389.18+1.56 100.17
TR, 280.0 G — 7.30£0.06 2.61 279.89+0.92 99.96 290.90+1.10 103.89

E 1R BHEEN0.20 ug L INFRRIK, BIWERR
112%, ¥EZE N 9.4%.

232 BEEEMNERE HNTHERE 18X, 734,
FAHe6, SAHADFMNFEEEHE (mgL? LUFE#EIT)
0.025. 0.075#10.150mL, IZERERAR [As (I11), 75.7mgL?
LUF# 111 0.010. 0.030 #10.060mL, FHESIR [As (V ),
17.5mg-L* LLF#31] 0.050. 0.150 #1 0.300mL, B# /5 LA
FEAREBRERZES0mL, B SHKRE DN
52, 156 1312 pg- L' B9 . EREHLRRIFR, 1%
B 133 WBEF R ERAEHITRIRIE, 1TE iR
B EMERENARNITTERE, ERILK3.

®3 EMENREEERRLS

Table 3 Accuracy and precision test results

A3 oM Iﬁ?ﬁﬁ/ E%IJEE)/ EIH;%/ $E$<ﬁ/ﬁf1ﬁ§/
RREH 6 52 53.61+1.74 103.1 3.24
IREA 6 156 149.68+2.23 95.95 1.49
ERES 6 312 303.57+2.88 97.3 0.95

2.3.3 PR ESEKENS2. 156 1312 ugL?
BN SR, 9 300N 200 & FFKF (60 mg-L?)
NEBETF, BIFH. 7. @ H. . R, 8. 2% 18
EE, PAHFHTNE. HERRLEREFH, ERREW
FH X PR b8 E S B B R =39/ F +10%, 2RFE E
A& BB T AEMAENT FRPIRENE .

3 g

WS/T 474—2015 (IRHPIRBINE - EUH L E IR
FRAE) B 3.4 XTI BIREHNERA “ BAR,
1000W”, 7.1 B0 EMNT BN “BsmLIREET
BRI, A 1smUEBSER, BERMARLE, TRIE
AETMAECEERR, AREBFBERANLE, FEF
ET, AHfE, BAKEERBE 25smLAEMA,
HdKEZE, B, H10mLETF S —AEEZE R
B, A 2.0mLERARIUIRAMER AW, JBA), HNE

EHFMmARBEEBSNECE, A BAKEREEN
E, 1T EIRUEREH . ZAnEFRBRELSN
BE, BRNBEARNGES TERERHER, AT
FEERFN = SUER AV 38 S AR, 220°CHUE L REE B
FEREBRTIVHEBRNESREREBEME BMA, L, 18
BE, MEDE EERENBHRRUNRAEERNNER
=mEZ1E220°CLL T, AT, HFBEVMRAP IR
FEWFEFRIEBEENRENUER, FERREIZ
BRI 14 7 BE R IR PR SR B R AE , BAARIRIA, 1E
A H R IER R EMAIAE 300°CAIE M, 7 AT
THENBLEY Y, masx 3T baEH S A0 fRAB AT
SaA9TE 1L SRR IERR T 150°CHN 220°CHIE L TS
FERBREENMS BT, ERENIE, B
ZRIERR 200°CIE T H AR R H AR 1 3956 LT
BT BB RN T, M7E ICP-MS UER, BF
BETERTRMERT I IR B P VBN 2IE R AT,
BRI ERRIBEE A 10000k B ENEEFAHE,
XM ESYPIRTRYRYABET, BEIR
RN, FIEET SR ERAYLE R,
TREIABNRFPEERRLLFIBNE N, TRE
TREWHESEMR AN, B ABHANRRTIR
iR S 2R AR RASEAN 2.38F, MA
BASHALERERRPNBIEXEIETS T
MR R, o, FRRFATAs (1) FAs (V) SEBHETE
fEBTEIE NmIRL , MBS E EREEMEREE 0
AL, AR ETEEY A2 ESH2 N E
ERIE, XATERZ N ERNEFRIRE FRIEMNER
FhpRsE RIE T 1cP-MS BYRA,
CPRABREYINE - S A E R F L) LUFE
R -TlL - SR RARRKENER, HASRKRERSR
5, BEN L ERIZIE W R RHE R A HADEER
DR, BAENSBIASTMENE, ALtARRERRK
EdRNBEAENAR, BREETYMAESRRE, 1§
SRERTeM, AFIIUERE320°C L EMEEFE,
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REE B EH SRR AT Fek AR BRI B ML B AL RN T B, Bi%
HEBEERRYE, TEZREENEK, HEELTA
B, FERSRENA320°CLLERBRIR, 10X
BUEFAAEHERARZRAE, ReTsEREM
=R (Bm 130°C) MIFEANIR, BEIEANET
FHRIR IESBUKNKMBK. AT B % LR
A, HENREHTHEN R, B RRERA]TIR,
SNRIEERET IR RIS (IR R) WEX R
BREFEREMSEINESERER, HEFERERER.
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