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Selection of Working Conditions and Interference Control for
Simultaneous Trace Analysis the Content of As and Hg in Grain by AFS

YAO Jing', REN Rong', FAN Ting', SU Chunyan', WANG Haifeng?
(1. Suzhou Wuzhong Grain and Oil Quality Inspection Center , Suzhou, Jiangsu 215156 ,China;
2. College of Food Science & Engineering of NUFE, Nanjing, Jiangsu 210003 ,China)

Abstract The stability and sensitivity of AFS with working conditions such as atomization height,
negative high voltage, lamp current and carrier gas flow rate were investigated and optimized. The
interference factors, such as ambient temperature, light source stability and reagent were studied, the
accuracy of the experiment was carried out by recovery experiments, the optimum conditions and effective
interference control methods for simultaneous determination of arsenic and mercury in grain by atomic
fluorescence spectrometry were determined. The results show that under the optimum conditions, the
detection limit of As is 0.024 7 ng/mL, the relative standard deviation (RSD) was 0.37%, the linear
correlation coefficient »=0. 999 9; the detection limit of Hg was 0. 001 5 ng/mL, the relative standard
deviation (RSD) was 0.44 %, and the linear correlation coefficient »=0. 999 9. The instrumentation has
good stability, high sensitivity, and each index was superior to the standard, and the test results had
better precision and accuracy.
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TR ZEHBWR AR EE B IRE (As:2.0,4.0.6.0.8.0,
=1

I, 8 SR BB I S T ¥ S BRAT B AR METT
GB 5009. 17—2014 #1 GB 5009. 11—2014, ¥ 4 J&
FHROC G E Y, H R B TE — PR NI, Bl
GRITRSWATE H" R AERISHENLY,
B EHRN, USSR 1 F T2
TSR B = A AE S, e R TR
R BRAK RSO, B8 AN BRI
HEFE BB 2P AR 0L, (ELR , 7 SC B i s AR o, 4
X AN [ B 0 SR, I 1 B e 1 Y AR AR A S TR
B B FE 437 B8 B T Y xS B AR A R R
M, 4R S A I o AR SR T AR T &R
R B, M E AR T T HRERW A RE.
PR I, A ST 3 B 56K TR) AR R X AR AR 264
BEAT DAL » [R] R BIF 5 0 AR 48 A58 1 A0 R AU B 2 T
SrHT IR AN SRR , A T O A R 2R B A Y
Rt S At 1 R R R UE I T 45 2R F) HETRG

1 SCIg#E4

1.1 UF{E5RKA

6500 7Y XUIE T J5 F 2 6% B 1 (AL 3 AU 2%
AHBRAHED , Topex WM& (L IZRAUS B
RIBA FRAFD , B HUE 2K AL (6 B BR 5 % # i) ,
FA2004 H K- (R PAERGERT D . SR T M
EXHELRD ,HTC1 BB E T8 HERD .

8 (GR) i8R (GR) , A &L # (GR) , i & 4k
BO9%, REEIFAAEBREARGRAFD,

bR EBE 4 % W (1 000 mg/mL, 5% 4 &,
GBW (E) 083186) ., BW30018-1000-N-50 1 47 #E %
¥ (1 000 mg/mL,2 % g &) 31 H 1x 88 i K bn HE )
B AR (war==99. 99%, T M 4 2 KK A BR
NED s HARRFN I Ry oAl A A B R
S KR R EETFK.

RS AR, BN T R P XRE S
YNEIE Y508
1.2 SERFH*E
1.2.1 R HBRAES MR E

W Fh R (5 0) 28 VS W R 58 iR B , 7 22 i
N HEEABEBRO R ER2Z, TREARK:S =

n

2 (I, —T1)?
S H W S, AtRERZE, L, IR E

n—l1

{8, 1ok 11 W& P2 {H  n S W0 5 YRR 5 WU 5 A o

10.0 ng/mL;Hg:0.2.0.4.0.6.0.8.1.0 ng/mL) Y
POEIREE IF, LAt vl 13 H1 & A o il 28, 15 B &

R EER IR Dy AR, D, = o0 3t

b
T AR TT R R
XHAR HER IR R ST R 7 WX, SR AR X AR A 22

AR RSD/ % =2 X100% , J1f1,S 4 7 Wl

FERIBRUER 22 , T S b o 15 U B0 S 38 9 o B
1.2.2 AUge R

43 3917 88 R 5 G G TS AN B AR SR A I AL
BE(8.9,10,11 mm), ft & F (250,260, 270, 280,
290,300 V), 4T % (As 4T 30,40,50,60,70 mA,
Hg 4T 10.15.20.25.30 mA), 2 3 & (200,300,
400,500,600 mL/min) % 4 A 22 K 2 XL 2% 1 5
Ma , %of [] — AR HE Y W AT B SR BE, B ShiERE, TER
BFTE] 1 s, SRR IR] 19 s, M AR &, AR PR R R A
MR kR 1. 2. 1, B AN TES K.
1.2.3 FHRERMES

BB T 0 AR B NS TR T, 5%
A TR) B 5 I B X W R R S e, 3 O A A R TR
DLYR BE TH0E D 6 2 DR B, AR E IR B A e E
J& AR 30 min J5 FF 4 W, (R 7F E IR BBV 7E
WEM £0.5 TN, IR E A A iR BE (16,18,
20.22.24.26 °C)XFa s kA R BUZ 8 T 40, Wl Oy
»F 121,

HRR T E AR TIELET %
FE [R) TR B T 00 o 5 D, AR YK % B8O [ T i
[E] (10~50 min) X & % ¥ F1 R SO B9 T 40, Wik 7
%R 1.2.1,

BT E AR TAESMT AR SR 5 &
BB B 30 min J&7 , IR FEE 5% (V/V) KR IF Fh 2K
8 (HCI,HNO; . H, S0, . HAc) . AR FE (V/V) R
(A%.3%.5%.7%.9%) . KA ¥ & KBH, (5,10,
15,20,25.30 g/L) X% & P F R 85 B2 i T 40, Wik
FiEE 1. 2.1,

1.2.4 FEABWHEE

HMAEBRRAE . &L RBEREREBRA)
FfAE . FRBUB BERIRE 0. 5 gORFH S 0. 001 9 &
THRNE A 5.0 mL FEER 5 847 S0 T8 % » T
LM 10 °C/min FHEZE 120 C,{£E 5 min;
5 °C/minFHEZE 160 C,4%$# 5 min;5 C/min FI&
% 180 C,fR¥F 20 min, JH #F W& & 0 J5 N &8 2l K &
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Bk A ST GG T A R e 0 AR R B R R R B AR R R T 3

A% 10 mL, AW, hnks R 7E i A RS BR J5
A — R PR FbR v 5 W35 B B AR VR B, N R R A
AXES S ) T4 R R AR 1 B0 T AT I € , [ B
B B2 50 A AT SE 5, 0 [ i 2R S 58 B o v
mR 1R,

F1 MARE KB MIRE
Table 1 Recovery test schedule

KFE - AstikrE/(ng e mL™h) Hg fnts &/ (ng - mL™1)

1 1.0 0.1
2 5.0 0.5
3 10.0 1.0

2 #REWe

2.1 (USBEHHEE

0T ARG R T AR B I R A R A TN AN B
W 5E 2 HEAT AL e
2. 1.1 R

K2 HH T AR T 8% BN I E TT R 8
o 5 BE AR H BR B9 B2

M 2 B w0, B A IR T Al R BE B 8
As RS E P ARG ST B AT As B9 B i I
TALAR R 8 mm; He B E PR SE MR T, Rl
BE ST e, MR T4 R 0 10 mm i, He B
RE LA RUE B . 7R BUE I [F] I, AT
BF R, H i, 8 10 mm 1F 3 E H , L i
Hg B h&AE, As BFE MM R BUE B B AEN IR T
BN

®2 ETUBRSENERE
Table 2 Selection of atomizer height

As Hg
:;j&jﬁ RSD/ D/ RSD / Dr/
% (ng * mL™1) % (ng* mL™1)
8 0.53 0.008 3 1.4 0. 007 2
9 0.54 0.008 0 1.1 0.004 7
10 0.77 0.009 0 0. 44 0.003 5
11 1.1 0.009 0 1.3 0.003 5

2.1.2 fEE

oG i 2 it o 7 AR A0 B A% 8] 9 R I, BB IR
SE G LA A Y ORI R, REBBERE
5, {EL B v 3 K R, £ 5 MR A 0 K, A 1tk
e A1 PR b, 00 e 200 0 B B B B ) R R IR L DL 3.

*3 HIRENEE
Table 3 Selection of negative high voltage

% = Dr/ Di/ =
E/V  RSD/% - - RSD/%
(ng*mL™!) (nge*mL™1)

250 1.7 0.053 7 1.0 0.0131
260 1.0 0.048 0 0.97 0.010 8
270 0.78 0.036 8 0.50 0.007 7
280 0.88 0.022 9 1.0 0.005 6
290 0. 87 0.017 5 4.3 0.003 4
300 4.7 0.011 8 5.0 0.002 3

M 3 A LARH, R R 250 & 300 V A,
As fl Hg R e % E R, REEHREE Bk
B, AW R, SR 20 V, REUFEAERET .
TE XU T8 7] e I B, A AT i R — B I, SE T i
B 270 VAEREEE, M As.Heg R € PE ¥ 0 &
f, REBEINRLT .

2.1.3 THRK

KT B U AE — 3 BB N 5 7 A DR O B B AR A Stk
RFR, FEE KT I A 38 0, 98O0 98 BE B W 3 0, (H A
TRHG R, MRS B R ARE R . Rl I AR 0 e
KOEBREERITHER, LK 4,

M 4 ATLIAR Y, B KT HL 3G K, As Hg B
HIRAW RS, EREEAE TR, 24 As fTHIRK
60 mA, Hg T HL 15 mA B, R 4514 0. 010 9,
0.002 6 ng/mL, &% & K2R, H et 84, AT
R AR SRR B, AR R A B (B E B
ETRE W RS REENERT, MR EFR
JNBKT B AR SR AR E U DA EE K KT A i A, R
I, As . Hg ¥THL 73 513 E R 60,15 mA,

2.1.4 BRWE

HTFHRARENRDEEZW Ar-H, KA
TEAR RN, XA ER 1 R Fde A R
M) BRI 0, 2 0 s B 7 3 3 6 W BRI, DL
5,

MR 5 ¥ AT A, A 200 BB KR
600 mL/minf, 53 E A R B 2 I T ERER
BRI E /AN, KO 1A B R %, e R R
FEHBAR, A BRI K, KIGRB BB HER,
FaE A R ER S, AR WHE N 300 mL/min,
As Hg BIRE M REE B B lE, R MR 4R L
HR R MR E IR T .
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Table 4 Selection of lamp current

As Hg
FTHL % /mA RSD/% Dy /((ng * mL™1) KT HL R /mA RSD/% D./((ng* mL™1)
30 0.73 0.029 8 10 0.98 0. 005 3
40 1.0 0.0210 15 0.59 0.002 6
50 1.1 0.022 2 20 0.71 0.001 9
60 0.95 0.010 9 25 0. 88 0.001 8
70 2.0 0. 005 2 30 1.5 0.001 8
F5 HEREMEEF
Table 5 Selection of carrier gas flow
L As Hg
HAWHE/(mL + min™1) RSD/% Dr/(ng  mL D) RSD /% Dr/Cog - mL- )

200 1.2 0.012 2 0. 85 0.003 6

300 0.72 0.003 3 0. 37 0.001 3

400 0.78 0.0111 0. 50 0.002 3

500 1.0 0.013 2 0. 54 0.002 4

600 0.93 0.026 8 0. 96 0.0037

2.2 FHEERHES
2.2.1 FRSEIRBE R TR
R R F 66 A T AR R BT A0, PR IR

RN E S, EEE RS RERR, S
f 3R Y A SRR A S TR N B R A T4 AN
SR, BRI, 00 e O o B 35 i BE B AR
BT E T, WK 6,

*6 HEEREHTH

Table 6 Disturbance of ambient temperature

788 As Hg

BE/°C =Y IF RSD/% Dp/(ng e mL™Y) r =Y IF RSD/% Dy /(ng *« mL™1) r
16 168. 600 2.1 0.022 2 0.997 8 273.726 1.3 0.009 3 0.997 6
18 169. 585 1.5 0.0117 0.998 1 327.639 1.1 0.008 7 0.997 8
20 171. 333 0.77 0.015 1 0.999 6 527. 481 0. 54 0.006 5 0.999 4
22 174.098 0. 59 0. 006 4 1. 000 0 966. 543 0. 50 0.005 5 0.999 9
24 172. 175 0. 67 0.006 3 0.999 9 1217. 071 0.55 0.005 5 1. 000 0
26 186. 391 0. 99 0.007 7 0.999 8 1532. 964 1.0 0.006 5 0.999 8

M 6 FTR, HIRSTIR AR T 20 CHb, A

2.2.2 eEREMN

4, B R A RORIRAL, B iR 2, REEA
TR R IR B R M IR BE iR B 20 C LU
LB AR R RT, BT A I e R Y
AR LR 26 “CHE, 25 [RGB &, 7S 3
K, REERMRAEM LR TR BREEEEIT
R, B AR B AT E NS AR R T /R 90 5508 BV AR
P& » 72 S BRI 28 o, R AR 20~25 CHHE

IR B RS M R T e e A —
M, 33 R 5 O BE DA B R S M Br sk 19, i T
EH AR RER T OHAL, —BRXRAHE
ot B A S A I TS 5, HORRA B E  SOLMR
5 HR S AR 5 SE 55, e AR D 2% U & 5 3% B
BUATER T30, PRt , AT 388 o 42 A TR B AR AT AR
SRR, AR 7.

®7 REREMENTFH
Table 7 Disturbance of light source stability

e 1A/ As Hg
min % IF RSD/% Dp/((ng * mL™1) r ZH IF  RSD/% Di/((ng « mL™1) r
10 97. 401 1.9 0. 065 0 0.988 3 211. 561 0.74 0.009 4 0.9839
20 156. 63 0. 55 0.010 3 0.990 4 232. 545 0.57 0. 006 5 0.989 7
30 168. 600 0. 56 0.010 2 0.999 8 327.726 0.54 0.006 3 0.999 6
40 169. 585 0.59 0.0117 0.999 8 327. 639 0.52 0.006 7 0.999 8
50 167. 391 0. 59 0.012 0 0.999 8 325. 964 0.52 0. 006 5 0.999 8
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Bk A ST GG T A R e 0 AR R B R R R B AR R R T 5

M7 TR, TR (RN R, A M 22
REPUEARR Ltk REE AR XA B 2 20K, &
i 30 min FHJR , KW IE R G2 T 9B K,
S SR L RBE SR PR S R B B AT A T
REEOR. W, FEBRAER, 0 T RIESE TR E b, 2
AL AR AR E 30 min FEITHR I AE , AT LAA BLEE 6206

PR P11 S04 4 R S B Ak 2R B B IR AN R G
R 7E S A AR Hh 2 B T O IS B AR R R LR
e B35 25 5 1 RSOR T YRR T e, B
R I R TR 17 32 3 0 A R R A B R
JSE VR B

2.2.3.1 BRFhISHIEFE

BARTEN R T . 7 [5] BR o 28 o 0 R B9 M) L 5% 8
2.2.3 RAF BT
F8 BMEMHTHR
Table 8 Disturbance of acid types
5 As Hg
Z=H IF RSD/% Dy/(ng * mL™1) r =H IF RSD/% Dy (ng* mL™1) r
HCl 154. 098 1.5 0. 006 4 1.000 0 966. 543 0.42 0.003 5 0.999 9
HNO; 70.519 1.5 0.006 5 0.999 9 494. 273 1.0 0.003 2 0.999 8
H, SO, 82.284 1.9 0.007 6 0.999 7 433.741 1.8 0.003 7 0.999 7
HAc 56. 321 2.6 0.008 3 0.999 6 317.98 2.4 0.005 5 0.999 7

MR 8 AT, FEAR [F VR FE T, A 5] ol 288 1) AR X At
EWMABENAE —EEW. 58 FR A,
AR Z N FHIR, W& RN AT, i F H B
B %S5 RN, IR ETEEE, 253
RN, B R H B =4 @B R, H i, THLER
HCI.HNO; .H,SO, Xffa € kM A EE N TR B
INFAYLRR HAc, M H 525 AT A YLER HAc;
HCI.HNO, .H,SO, [F#TTHLig& R, HCI 7 3k i T
Wt F HNO, ,{H HNO, . H,SO, Wl it 25 (4

RIEAEH BALF HCL, i H, SO, KA i F SOf -
WIFEAE, 5 SR T R s 82, R 8RR e
R T B, W R T KT HCLLHNO;, J i,
RN R, HCL AR A Bk R, B Bk 5
e 330 1V H W = B AR O DTV T AR ET, AT
e HNO, #E47 R M .

2.2.3.2 HCI ¥Ry

ANTE] HCL e B o I 5 1 5 i L% 9,

®9 HOREHTH

Table 9 Disturbance of HCI concentration

HCI ¥ B As Hg

v/V/% =\ IF RSD/% Dr/(ng + mL™1) r ZH IF RSD/% Dp/(ng+ mL™Y) r
1 45. 275 1.5 0.041 6 0.993 0 936. 543 0. 84 0.006 3 0.997 9
3 71.519 0.92 0.015 6 0.995 4 944. 273 0.73 0. 005 2 0.999 8
5 154. 098 0. 57 0. 006 4 0.999 8 966. 543 0.71 0.005 3 0.999 9
7 167. 321 0. 60 0.006 3 0.999 9 977.98 0.73 0.005 5 1. 000 0
9 172. 842 0. 60 0.005 9 0.999 9 982. 85 0.70 0.005 7 0.999 9

M 9 ", AR HCL ¥ BEEXT As. Hg I 5 )
THAR . BaEH HCLHREZHHE I, W As i, {5
Je58 B RSD. Dy MR BRI » BB =, 70
BEIKE] 56 (V/V) I FF 4 TR s T U Hg W, 4%
T8 AR R A BR BB, AT W HCL #e BE AR 4k %
Hg R B TRA K. B, 78 50, 9 B2 R A

F 5% (V/V)O ) HCLYRE , lLHF As Hg MR e
TR LM A SC RBCE AT, R ) R 24 IR AR &R
S SR TR TR, ol % B MRV,
VL3 IR A T 48
2.2.3.3 KBH, Wk %#

ANV BE KBH, X ) 52 Wi 0L 3% 10,
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Table 10 Disturbance of KBH, concentration

KBH,/ As Hg

(gL #ZEAIF RSD/% Dp/(ng + mL™1) r ZH IF RSD/% Dp/(ng+mL™1) r
5.0 63.379 - - - 376. 288 0.49 0.001 6 0.999 8
10 77.663 0.15 0.036 3 0.992 7 427.595 0. 46 0.001 2 0.999 8
15 161. 368 0. 33 0.026 9 0.999 9 445. 500 0. 44 0.001 6 0.999 9
20 174.098 0. 39 0.026 4 1. 000 0 466. 543 0. 50 0.005 5 0.999 9
25 147. 200 0. 40 0.026 4 0.999 7 461. 158 0.68 0.005 4 0.999 8
30 136. 105 0.42 0.026 5 0.999 1 432. 058 0.68 0.006 0 0.999 3

MR 10 AT Z0, R JE K] KBH, YREXT As (5 M
B Hg WK, % KBH, YRE K 5.0 g/L i, As
B AR e M R BRI M A R R TRk A, (]
Hg B 7] DAFa e I 45, HLw6 2 22k, i % KBH,
WRE I K & 15~20 g/L B W AT, As. Hg M5
FE M R MR AR O RO B, SR R RR
kg K, REE R hRE (A e Mgt R BT
R, BRI BRI R SRR N R AR A A
H* Fgelll oo £ 8 4 R S W, 3 J8 7 1 ok BE 3
KREWRBH TR, B 551 RS EITEN T, F At

KBH, ¥ EBARAH, BER7E 15~20 g /L,
2.3 HEBEEENMEREKEE

B R AR e R s DUTE AN R B 2R A O R K
A/NTF 0.997, As Hg BB ZHIAR/DT 206, K
B 43514 0. 06.0. 005 ng/mL" , FEA#F 5 #E B HEAX
A EHTRERREHL T HITIE, As 1
W & 0.20 ng/mL, ¥ H R & 0.004 7 ng/mL,
RSD 0. 37% , kAKX RS r=0. 999 9; Hg MyHk
R 0.023 ng/mL, & HBRA 0.001 5 ng/mL,RSD
0. 445, et Il 3 REL r=10.999 9, K TR AR 1Y

I JE VR BE 3 5 AR R KB A 90 IR B AR I A T IR E , W3R 11,
K, BEBE®ETR, REELE, WL, & JFA
F11 FBEEMMIRERLEER
Table 11 Precision and recovery test results
As Hg
Jndr g/ SEE/ EHME/ BRRFCV/ R/ fnpr g/ SeAE / FHE/ ERRFCV/ EKER/
(ng*mL™!) (ng*mL™') (ngesmL™1) % % (ng*mL™!) (nge*mL™') (nge+mL1) % %

1.13 0.11
1.12 0.12

1.0 L1z 1.12 0. 84 91.5 0.1 0-10 0.11 0.75 87.0
1.10 0.11
1.11 0.11
1.12 0.10
5.09 0.51
5.08 0.51

5.0 510 5.09 0.75 97. 8 0.5 051 0.51 0.63 97. 4
5.08 0. 50
5.09 0.51
5.11 0.52
9. 67 1.08
9. 66 1.09

10.0 568 9. 68 0.98 94.8 1.0 109 1.10 0.55 107
9.69 1.11
9.71 1.12
9.70 1.12

WA As.He KW E, J& TR & 2 8, — i
FEOLT B W B & 2N T 0.1 pe/ke, B &K p
U 857 BB/ T 4304, Jim Ar ] e & 3 [ W 2

60%~120% , N5 11 Brn, =42 B4 3 R E 8/
F 1.00%, Wi B bR UEE SR, As Hndp Bl R Ky 95% ~
105% , Hg BB H 80 % ~110% , 34788 THRUERLAE .
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Bk A ST GG T A R e 0 AR R B R R R B AR R R T 7

3 #ig

T 5% B T AR S X AN 8 AR o A R R
R MR, B 5 434 I AN AR DGR AR, IR AT T R4k, 75
B TS JRF 4 10 mm, fi i | 270 V,
As T HL 3 60 mA, Hg T B i 15 mA, B W &
300 mL/min, FEULIERE B X7 A T H R #4770
IE PRSI AR IR B B4R i 7E 20~25 C &
AT 30 min ¥ HCL VB K f L FH R » Wk BE N A IK
F 5% (V/V) 3R JEFIVER BE B 4% i 7E 15~20 g/ L, AT 3K
AT A A B IRRIOR, 5 B Ja R AT T = /K s el ik
LB R B NSRS, TIRERERK
EH R, As B ¥ B S 0.20 ng/mL, & R A
0.024 7 ng/mL, RSD 3 0.37%, & #: 0 % & %
7=0.999 9; Hg M ¥k B N 0.023 ng/mL, #& H R~
0.001 5 ng/mL, RSD 3k 0.44%, £k ¥ M % R ¥
r=0.999 9, BRI, RS, & T8 bn M8 T
PRAERLAE .

%% X

(I AREAMEERTEMTNETREN S EHELR
B A An B B R B A LR B RE - GB 5009. 17—

2014 [S]. b5 . o EAR#E i Ak, 2012,

L] AREMEER EAMTMNATRLS. AREL
EZbruE & o SRR % JE LR A R - GB 5009, 11—
2014[ST. JbxT: o B 4w ofi s B dt, 2012.

[3xU%i#, BHEL, ®HFH, &. & HHIM]. 58 2 7. db
AR R RA, 2002,

[417hEERI, RIEPe, XM, &, SWRE-RFRLN
RN EG R R PREMAMRLT] biEEnE
(Chinese Journal of Spectroscopy Laboratory), 2004,
21(6): 1088-1092.

(5B , S ol il , T 00, 46 R R o A0 bk T -S4 ) R -
FRFHREENES Y PETEKEmELI] b B
& % ( Chinese Journal of Inorganic Analytical
Chemistry) ,2018,8(6) :5-8.

[6]RFH, MM, LM, & AL E L F-J7 T 58
BWE BT PRI o E LS BT % (Chinese
Journal of Inorganic Analytical Chemistry), 2018,
8(2):1-4.

(TJeEThdRNEmERrEAER ST REARER
2. RFFIEE AL GB/T 21191—2007 [S]. X
I bR H AL, 2008.

Bl EMIENTTIR R AR i 2. LR = R EEH T
BRI :GB/T 27404—2008 [S]. Jb 5.  E AR #E
H AL, 2008,



