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HE.HY SR E&RREH T oM TESTHRRAMIN ML BBEE B FREMAE(CP - OES) ik & Hhikehil
fRAZ P 1 50 mg B AT K AE SR P A LR 1 mL B 0. 5 mL. 282 1.5 mL A Z AR 2 mL, £ 240 °C.3. 5 MPa %4 F 4 ## 30 min,
ICP - OES LA & 1 150 W, AL AR ZF 0.7 L/ min, A2 2R E 12 L/ min, HB 2R F 1.0 L/ min, # &R, 547 &% 30 v/ min,
PFA Bl FAL % ,PFA # A FALE , T8 3 &, 40k K5 % A4 396 nm(45) 259 nm(4%) 257 nm(4&) 251 nm (A ) 193 nm(#¥) 220 nm
(45).194 nm(5R).214 nm(4%) 327 nm(4RA) R 48 4k 4 2R TR EA 0~20 pg/ mL, A 45 SR ARARZREA 0~ 10 wg/ mL, 4%
REREEO~4pg/mLERAALERFTRELBLRZRIF; ELFORMMBA 0.1~13.8 pg/ Ly E E KB LR RSD A
1.02% ~3.85%(n = 6) , A0 & 48 A&t th; PRI M EH 96.28% ~ 103.92% ,RSD % 0.91% ~4.98%(n = 6) 4518  Frak kT
AT SR O TR LT, EREH, LH L HE AR,
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Simultaneous Determination of Nine Elements in Limonitum by Super Microwave Digestion

Combined with ICP — OES
LENG Chongjiao' ,LIU Qingshi’,JIE Dinghua',ZHAO Guigin' ,HOU Xiaomei'
(1. Yongchuan District Institute for Food and Drug Control,Chongqing,China 402160; 2. Hangzhou Puyu Technology Co. ,lLid. ,Hangzhou,Zhejiang,
China  311300)
Abstract: Objective To establish a super microwave digestion combined with inductively coupled plasma — optical emission
spectrometry (ICP — OES) method for the simultaneous determination of nine elements in limonitum. Methods The optimal
digestion procedure was as follows:adding 1 mL of ultra — pure water,0.5 mL of nitric acid,1.5 mL of hydrochloric acid,and 2 mL
of hydrofluoric acid to a 50 mg limonitum powder sample,and digesting for 30 min at 240 °C and 3.5 MPa. The RF power of the
ICP - OES instrument was 1150 W,the flow rate of atomization gas was 0.7 L/ min,the flow rate of cooling gas was 12 L/ min,
and the flow rate of auxiliary gas was 1.0 L/ min. Axial observation was performed,the analysis pump speed was 30 r/ min, the
PFA concentric atomizer and the PFA swirling atomization chamber were adopted for three times,the detection wavelength was set
at 396 nm (aluminum) , 259 nm C(iron) , 257 nm (manganese) ;251 nm (silicon) , 193 nm (arsenic), 220 nm (lead), 194 nm
(mercury) , 214 nm (cadmium) , and 327 nm ((:opper) , respectively. Results The linear range of aluminum, iron, manganese, and
silicon was 0 — 20 pg/ mL, the linear range of arsenic, lead, mercury, and copper was 0 — 10 wg/ mL, and the linear range of
cadmium was 0 — 4 g/ mL. The limit of detection (LOD) of each element was in the range of 0.1 — 13.8 pg/ L. The RSD of the
precision tests was in the range of 1.02% — 3.85% (n = 6), and arsenic, mercury, and cadmium were not detected. The average
recovery rate of each element was in the range of 96.28% — 103.92%,and the RSD was in the range of 0.91% — 4.98% (n =6).
Conclusion The established method is accurate, simple, efficient, and environmentally friendly, which can be used to determine the

content of nine elements in limonitum.

Key words:mineral medicine;limonitum;heavy metal elements;super microwave digestion;ICP — OES;content determination
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EXPEC 6500 % H JEHE 5 45 55 1K & S 6154 .
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1.2 X%

¥k (Fe, GSB04 — 1726 — 2004) , % (Al, GSB04 —
1713 - 2004 ) , %[ Si, GSB04 - 1752 - 2004 (a) |, %% (Mn,
GSBO4 - 1736 — 2004) , fif (As, GSB04 — 1714 - 2004) ,
#5(Pb, GSB04 — 1724 — 2004) , 5K (Hg, GSB04 — 1729 -
2004) , %% (Cd, GSB04 - 1721 - 2004) , i (Cu, GSB0O4 -
1725 - 2004) ST R AR R, 0 B B 2 A (648 KX
TR AT G BT R EE R4 1000 mg / L; 3R FR
(HCD) fiffR (HNO,) =R (HF) (BIRR 34 Ry 43 B 2, 7K
SRR AR o B AR BOIR 2564 (0 F DU 1] o 443t v 24 44 T
5,34, Hih AT — 1,2, 3 40 BRI AR ol AR 5% v
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2 HFEEHR
2.1 REHEERMAMK

RIS R 1150 W3 4L < 0. 7 L/ min;
AR 12 L/ min; B0 1.0 L/ min; %l ] 08
M A7 ZE3E 30 v/ min; PFA [R).0 251k % ; PFA iR %1k
%5 B4 3 U R 43 00 R 396 nm (AD) | 259 nm
(Fe) 257 nm (Mn) .251 nm(Si) . 193 nm(As) .220 nm
(Pb) 194 nm(Hg) .214 nm(Cd) .327 nm(Cu).,

T AR R A e 5 R4k - HCL AN HNOS 7] 74 fig
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AT S B 24 A A o T 50 A T A S -0 R I Ak B 7R
HRPE LRI R G I T A IR A5 A4 (TUIN R 4. 0 MPa, i
240 C5) AR HTHE R, 8% HCL - HNO; - HF
ff R 2, I A At AT AR (R 1) SRR
B, i F§ HNO, 0. 5 mL.HCI 1. 5 mL.HF 2 mL 79 fi# k¢
i, IR AL R VA TR 2 mL 5, T 0 U T TR
IR AR AR D, Btk T T R B A 1K

R B0 T A A AR AR A < T PR ] 24 30 min,
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Tab.1 Optimization of acid reagent volume and proportion

py  TRE AT () i Rk A
(mg) HCl  HNO, HF

1 50 3.0 1.0 4.0 ik

2 50 1.5 0.5 4.0 BE

3 50 1.5 0.5 2.0 EE

4 50 0.9 0.3 2.0 ik

T 4. 0 MPa, 250728 1 i il B2, 245 SR 0 i R 180,
200 °C,220 °C,240,260 CHF, 14 i 543 0l 5L 0 L sl
PG IRAS 5 P18 T FR IR R SR 240 °C, FiLiN & 4. 0 MPa,
AR R AE R[] 235 S PR R R [R] R 20 min, 25 min JZ 30,
35 min i, W AR B A VTR Bl TV IRES s e Jm [
PRIFITE] A 30 min, T i I 22 R 240 °C, U TN E, 45
HHNEH1.0,2.0 MPa,3. 0 MPa, 3. 5,4. 0 MPa i, 1
SRR A7 ) SV, Bk, VR RS o AR A A TP S B O
fFRIRLE 240 °C, PA4F 30 min, FUINE 3. 5 MPa. SEHHR

JEJ7WLE 1.
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Fig.1 Schematic diagram of real — time temperature and

pressure of super microwave digestion
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BA X B IAER  BELAL Fe, Si, Mn Fr #fE 175 K 4%
2.5 mL, As, Pb, Hg, Cu bR#fEIA A 1. 25 mL, Cd bRifER
0. 5 mL, B [7l— 50 mL A&, K E %, RIS

M T R I R R A B B R, 2o 100 H 7
R4, BHEE 50 CHEAR , 24 h BE T MER AR BB ARE
50. 0 mg, E G I MR AT A A8, iK1 mL, T3
Ja il A HNO; 0. 5 mL HCI 1.5 mL . HF 2 mL, il 35 ## &
30 min, ¥ W F RS B2 3R (/K 150 mL + HNO,
5 mL) A NS AR , PRARTA 2 T8 S SO, 48, s 4%
e 2 AR P TN F 1 2 DA T i, T T A R
240 °C, 5 95 [n] 8 i v o im AR IR 2 mLL, T8 i 7R
VEIE 5 50 mL 2R INOK 2, RIS .
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Tab.2 Temperature program of super microwave digestion

FHiE e R (min) B ARBZ(C) #R4F0E (min) FRAnE(MPa)

2.3 AEFER
LIRTEEEE 2. 2000 X I AAROE B, 44 2. 1. 130
TR AR DI E |, 0 R (I K A RAS TR R4S A

ey ¥ ) 3
>-0 150.0 3.0 3.5 TERE R A e R A, SR B Jm A TR LA 2.
N N — — N N
5.0 200.0 30 3.5 2 M 3R 5 U IR AU 45 08 BB 3
8.0 240.0 30.0 3.5 HNO, 0. 5 mL HCI 1. 5 mL HF 2 mL, K {6 Az ( 5 k¢
{5 53R /% 106 {55 IRE /% 10° fE 53R /% 100
5 160 6
140
5
4 120
3 100 4
80 3
2 60 2
| 40
. 20 8 B !
0 — s ) om0 Alnm 0 A /nm
b&u $ P F eSS S > o S o’f’é‘”Q S P F
I U . A > > P P A N U
Al Pb Fe
fEF 3R /% 10° fE 53R /x 100 {5 53 /% 100
140 25 1.4
120 § 0 1.2
100 - Lot
80 15 1 0.8
60 + 10 0.6
40 § 0.4+
20 3 0.2
0" 0 - A/ nm 0 A /nm
Q Q \] Q Q Q Q \] Q Q
- (\."‘o .‘”%Q .@Q .G’Q ¢ S wbb w&b
N R - A IO S DA
Mn Cd
{5 SR / x 100 {55 HRJE /% 100 fE 55 /% 103
3.5 e 40
3.0 3.0+
2.5 2.5 30
2.0 2.0+ o
1.5 1.5+
1.0 .o+ 10
0.5 0.5 = == o
0 Alnm 0 = —+ =X/ nm 0_ A/ nm
.‘)& 5%0 '@0 .@9 _@‘Q N T O ',\q,s T\A,Q f\@ &’Q .'\‘°° f\/\Q f\%Q
T A R R R SN I
Si Cu As
2 BFaitE
Fig.2 Ion chromatograms
" e L3 e 4 -
i PR BE DL )2 mL, B 50 mL A B, /K ER  1F RS 1L A4,

B — 3t AR 2. 1 1 R RIS A R 2 L LA
RN IT R BT R BE (X, g / mL) A RE AL AR, LUE 55
JE (V) A YN AL bRk A7 £ [m1 0T, ] 051 05 15 2 1 3 R
W33,

R R B 2. 2700 25 O BV GE 2, %62 1. 1
TR 6 A A F A AR A 11K I 5 S o it
SR ILHR U DR 22, DA 3 A5 o D 22 % IO 1) 25 0 38 o f vk B
SRR o 25 R A TR BRI BRZE 0. 1~ 13.8 g / L3t
FEIPN, TE DL 2 3,

2% P PRI 3 P2 AR il 4538 1, 5 AT 6 47,
Fie 2. 2 TN 7 ik il g A R A W, 4 2. 1. 1 R IR
S SLHERE I S, i SR W TR AR L 25 45 ST E I RSD
H1.02% ~ 3.85% (n = 6) , 3 B )7 i K % B 3047 .

SRS - 3 2GR AR AL A T 25 AT 6403
K3 BERREUXREZRERRENR

Tab.3 Results of the linear relation test and LOD of each element

i . SREE AR
. EEV R
rtE (ng/mL)  (pg/L)
Fe Y, = 188X 105, +1.31x10°  0.9998  0~20 6.2
Al ¥,=1.29x 10°X, - 1. 38 x 10* 0.9999 0~20 6.5
Si Y, =1.00x 10°X, - 4. 98 x 10* 0.9995 0~20 13.8
Mn Y,=1.33x10°%,-9.73x10°  0.9999  0~20 0.1
Cu V=4 12X 10°, - 1.08x 10°  0.9999  0~10 0.2
Ph Y,=9.53 x 10°X, - 479 0.9998 0~10 1.0
As  Y,=2.30x 10°X, + 616 0.998  0~10 2.0
Hg Y =9.44 X 10°X, + 23 0.999  0~10 3.5
Cd Y,= 185X 10°F, +3.67x10°  0.998  0~4 0.5
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F4 IMHAVHLBTELRLERPRSD (%)

Tab.4 RSDs of the precision test of three limonitum samples (%)

M A Fe Al Si Mn Cu Pb  As Hg Cd

HA4M -1 2.10 2.25 2.27 2.33 - - - - -
S -2 1.37 2.96 1.35 2.37 - 3.85 - - -
SH4HM -3 3.11 2.81 1.02 1.24 2.32 - - — -

E: - RTFEAFALE K6F,
Note: — indicates that the element is not detected (for Tab. 4

and 6).
G AR S AT B X R AR e, 9% 2. 2 300 1 T i
F PR A, 5 2. 11 BRI A PRI L D 5%
H ORI TR IR , 25 2R 1E 90% ~ 110% 115
WIS,

#5 RBEYKEER(%,n=6)

Tab.5 Results of the extraction recovery test (%,n =6)

htke Fe Al Si Mn Cu Ph As Hg (d

BA#-1 10160 10120 10200 98.88 10200 106.00 9400 9100  97.00
10559 9777 98.01 98.69 93.00 103.03 97.00 107.00 10100
10178 10175 10195 9947 95.69  92.00 105.00 105.00 9400
0L73 9832 10452 9929 92.00 105.00 9L00  97.00  94.00
0L13 9915 96,17 10135 103.00 109.00  98.00 101.00 106.00
10233 10175 10200 9870 92.00 10400 95.00 9400 107.00
10236 99.99 10078 9940  96.28 10317 9667 99.17  99.83
RSD 159 L7 305 L0 48 491 493 497 469
A2 10075 9831 9.3 9048 103.00 9748 95.00  93.00 98.00
08,54 O7.44 98.40 109.09 9400 10339 95.00 105.00 103.00
10,62 105.04 100.67  95.45 107.00 106.67 10400 104.00  96.00
97.08 10678 99.46 10454 9700 105.04 95.00 9200 9400
98,54 105.88 100.67 107.39 103.00 105.04 94.00 103.00 105.00
08.54 10424 10040 103.64 97.00 10588  96.00  94.00 103.00
X 99.66 10295 9.8 10L76 100.17 10392 9650 98.50 99.83
RSD L9 390 0.9 408 401 32 38 497 445
BAR-3 10136 10132 10347 9758 10400 10400 9600 92.00 98.00
10144 10L70 10545 97.3 9400 107.00  98.00 103.00 105.00
10169 98.43 9851 10433 107.00 103.00 105.00 10100  98.00
10156 97.59 10197 100.76 97.00 98.00 108.00 97.00  93.00
10373 10160 100.99 10495 103.00 92.00 106.00 106.00 104,00
98.07 10247 10446 9514 97.00 96.00 10400 97.00 106.00
1 104610052 10248 100.02 100.33 100.00 10283  99.33 100.67
RSD 149 199 247 401 4TS 471 462 480 498

sl

2.4 HREENE

3 24 A4 A i A5 i, 12 2. 2 00 O ol 4
AR, A 2. 1 IR IR SR AR LS5 R WK 6,
Al UL, 3R 2GR RE S A Fe, AL Mn, Si, B4 - 1,3
ZiAARE P ORE I E As, Cd, He, Pb, @4 — 2 2k
T Pb#0.27%, B A - 3256 & Cu 29 0. 003% . 1]
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*6 HHEREENESER(%)
Tab. 6 Results of the content determination of nine elements in

limonitum samples (%)
Gt Fe Al S Mn Cu Pb As Hg Cd
GRE-1 13 572 4978 137 - - - - -
Gam-2 0 8180 030 17.58 0.05 - 027 - - -
Hem-3 0 28019 9.79 6155 0.43 0.003 - - - -
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AN AT PR Bh AV R 9 | T £ 00 2[R s A AR
S 2% 4 SV RO T R 45 A TCP - RO
(AES) 32 B A 250 TTHLoT R & 2, (0 G0
il JCHLIR FH B K TS R T ELRE S S S 2 0
T LR, X IABE V5 Je i K, i 2 340 Si, He 55 7 ik ot
RIHE R R 7 ik 5 o — 20 vt

A I AR 2 B 5 A Ay
Ke H AT IASG 3 55 K T 4 & O 1R 2% S 35k B 98 6 42
MR L5 R Fe, 525 MUARST , HoA T K W e - I
R Z R W A S AL Mn 55 AR I
TR, RS m AR Y AIRYT ATE AR A8 I e A
K, A AR PN TE TR B KRR AR Ph B AE A
W TC R X ARAE F K L, X 9 2 &
ARG RS Fe S5 4@ o AR IR PR 2Kk 1
Gy WhEL R TF YA A 2% 4 SRR

1M B 2 2002 4F LUK 45 J@ 41 2407 53 19 2458, ST
RER, ZBICREN TR A AEFE S5 RHE
T 6E 45 BR A A (R A T AL RE 25 DIAH SC L2 0™ W 255 A 1Y
TG E SR AFIRAS 2 H 24 1 | 75 M A0 R 38 0 o 3
b EIBIFFE T 3 I LA P 2 rh 4 R OT R st
R AR 4y U R YA v RE SR — S BAE R S5 AR
FEAE RN, DRI, o B A M T R AR 2 o
BT RE Zn R IR A w2,

) 2 5% M Jo B DR B4 32 i), S 4 2 S 3R Sk P
UE 24 % 476 850, Tl ST 3 A MR 245 08 o e 4 il s, B A
ASTA] 7= 1 R0 B R ) 5 4 B 245 68 4% O 28 B B RN 2, X
JE SRS A T E R E B L E K Y
IS I S BT AT I NS iU S K Lt 5 e i IR SUeai
WA ST H 2R FH X 3 A2 AL AR i B4 T

ZE LR AR S T E B AR A M R £
FhOCE & 2 B P I % ICP — OES Y&, T ik %
JE PRI A BR AT R 25 4y e B v, B4R & 2020 4F
Fi CH ) 25 B ) SR A A TR | R R T B R
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