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—2018) SR FH i o 791 e YL e, 2 i J5 R 1CP-
OES I HHEAMBIBMW b RE S i, Foluiliag 1
HRIE T — R FH o iR i, B8 75 $ B ICP-OES I
AL K R VTR AN A SRR b RE S
AR B ARE T — R R R R IR SRR A 1R,
100 ~ 110°C. T THARAE S, LUBE R PR, FEAARDT R
M5 RE A BT, BB ) SR R O
ICP-OES L fE 5 2 o SR ICP-OES 75 At %
T, SR T A KSR, MRS 243 B T4 12
P HOBRIN A A AR B o SO T AR R A AR T B 5
TR G 715 T s ORI R . R, IR TF R
— PRI A B AT B RO L VR L 2R S A
FE R RS R T

FHR 75 5 R BE S T AL B 5 240, A0
T i FL R B 45 B TR T SE (ICP-MS) 0l 5 0 22
A A R T R i ) | R R B KR R
ICP-MS M PM, s ki 24 Fhémocs ot 17,
D K B K TS % 1ICP-MS 505 + 458 M., Co.
As. Ag. Cd, Sb fl Bi TE &t 1) | ExsediE v,
IR FH R R Tl 7l B O A U R e
SYICER, REETTRERE I H LA T R, AR SCHE
TR T g LA L, 5 EIRA TR T A I A RURR 5 RE
7 A B TR A ) HE A5 R © E LA TR B T 1) A
K FARR K- SRR - WU K AR %6 A 2% A4 R P T 1
FESh, JEXTRGHRT | R M SR E K
AR AT, SR ICP-OES Ml E ik e & & .
B 5 N7 0 7 3R E B R bR Yl GBWO07401a
(GSS-1a) GBW07405aGSS-52) GBW07377(GSD-26).
GBWO07379 (GSD-28) it & i, I 5 XRF 45317
X, BHIE T ik B HERR R AT S

1 SRS
1.1 U35 TESE

Avio 500 &) A1 BAH G A5 B IR R O kA
(3% ® PerkinElmer 2 #] ); # 4l 7K #l (MILLI-Q
ADVANTRGE A10); #75 I HL (ERA ).

NP HEL I R 163 ~ 782nm; T ERIR R 55 T
1400W; #E#EHE 1.5mL/min; 45 55 < % 12L/min;
A B A 0.5L/min; 2563 0.70/min; 42 ] WL
M7= wEM PTG ZA 251.611nm, 212.412nm,
288.158nm. 252.851nm 55, M 4f 43 #7715 £k 9 12 Bt
LU U VAL S v n U520 =T /A N> i b e & )
TEEL, [FIRT S HRAUEREAE, LR BOT R sl
Si251.611nm.

1.2 FERH

MR (CMOS 4l , = &fi > S & 90 ); #h R
(CMOS 4, (= 4l AR 90); E IR (CMOS 41, 541
e ARG ); WK (90 4E); EEAREZ T (1000mg/L):
W AT (0 4 @ i AR b
1.3 PSR HEY IR

+ 5 S BRBE e TE = RS AR I B — B
20mx20m FfEHb . 7EAEHD N HE IR S TR EK LR, S 9 4>
R, KRR 0~ 10em 22 HIERE SR A B — 13 FE i,
T FE AT G o BT I SE G 3 R AT KT, Bk
AIHFR R, B, i 100 B i, #534E 5 Tt
MTe G5Bk 8. 18, 23, 28, 31 fE NS FREEfh
N

FriEY) T GBW07401a (GSS-1a): 5745, By
TLPYAREYRER™ X 1 38, SR 1] XRF 2 e d f vk e A .
GBWO07405a (GSS-5a): BE 13, VILPE-ERILZ 4@
X 43, R A XRF i ) & &5 75 € (H . GBWO07377
(GSD-26): /K R UL B3 bR o, PO sl AR5 T
A X, RS B E 1 . GBW07379 (GSD-28):
IK RV B FREY T, 2=/ =2 FER R IX, SR
FAEE . DL EARAEY) TR 2 M SR e b
BRY)ER L BR Ak 25 A A 5T BT A
1.4 PESHIERAR TSR AT 75

FE VW AR AR 0.05 ~ 0.10g BE & BT
50mL B4, KSR 2 0.0001g, A 20mL 7K,
JirémL F7K . 6mL H AL . 6mL AUEUK, B 5 T
75C A Th, FFERARH 2= IREHH 2 1000mL
RIS I, A E R RS, . BWRE
SUN=EE Y 2V € E = e = T S S N /M
T AR B Y R 2 R i

BREA I 43 IR BT R ARERR T (1000mg/L)
0.0.5.1,15,2, 3, 5mL F 6 % 100mL % &+,
SN 2% GEIRE 25, Bel sk Bk 0. 5. 10, 15,
20. 30, 50mg/L 5 IFREE TR -

2 SRR
2.1 FESHATAE N BE S RIS, RN
R R R T O RS
B A 90 o e, s ) 22 PR % 7 S T 1CP-OES 247
e o FE S AT AL FEERVE 2B, AR REBIA T K
SO JE, U B SEAR AR BH S . AR SCOR FH 7R %
PIRATR (W T K-SR - AR K) T8 3 AT
Yy ik, D T SRR RS, P HER R
1000mL Ji /b FEARRN o A e 2 A 4 L B 7S 454
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L GBWO07401a (GSS-1a) 4 i, 78 4 [F] (1) R ik
J& | BB SR B ORI E] (Thy DAL, XA it i) A T e
B 75C AR 75°C AR, MAEE RS T 1,
FETHRI LS R A X R 2% . FESIR OIS, 7
BT MG S B ARG 75 °C in A 2 SR
AP, (HRZE SR IR 75 °C 8 75 A BRAE G
e S ENS AT A . A 128 (VR S ARt ak
IO A R T il i 0 G S D A2 SO R AT,
RFE SR . UL, TH A SO R i ) e
Bf, T BEAE 75°C A AR BRRE
2.1.2 B PARSCRNT R f EA BE ) R

Shy By 2 % P A5 B O I A B Y 5 e, DA
GBWO07401a(GSS-1a) 24 i, 76 AH 5] iY iR vk 1 . B8 75
W EE S BFTRI P (Th), E4T T RCE | 2R3 B R R]
T AL BEARE A, DU IAZE S5 B Y A R 15 22
HeN (6 2)0 M BB A A E T I AR, I
S5 LA G A3 PSRBT . AT RE SR PR A i ke
PP, 52N AR A PO AR 2 4 R A0 R, S B0
S5 SLAWARR, %% B A R R T RER R o R
FEAE i, 5 A 2R R I3, 5 A A AR A A L,
A2 340 T RS R g, R S AE TR 5 T R
FAVEF T I AR SRR, BN B R . R, S AR
- ERGTRI AL o T B % A 2% o
2.1.3 R IR A B 5 )

Shy By A R IR O6E R G T A B Y 5, LA
GBWO07401a(GSS-1a) A i, 78 AH [F] i iR v B2 | %% &t

1 AR TSGR LLRe

Table 1 Comparison of results with different digestion conditions.

25 B I RE RS (Thy P, X6 RE (40 ) A7 S Tl 3
A AL, MR LS SR T 3, IS R
FIXFRZE . i (25°C) K 45°C A A HLR, M4s
SR AR; 75°C BB 1h, A4S SR 5 BISEAHAT;
JETHEZE 85°C, MIALE IR 5L EEA AT . (KR
SAE TR U AR CR SE  R B L, AT AR R A
5 Bt 7 7 B T v, 75 5 R R A i
TH R R DR T AR AS R 305 A s vz )
T, e BEARA B[R] A RV 50 425 R K&, i BESs
S O R CR, SRS R WG UL, TRt
BORTTRIRE S P I RERT SR 75°C
2.1.4 7 ADGT A S A B 5

Sk Wff S R RIS [E) G A H AL B Y 52 e, LA
GBWO07401a(GSS-1a) A i, 78 AH [F] i R v & | %% &t
S5 B RN EE T, KR i 43 SR AT AN () R )
AR FE, AL, A TR 4, IR EAMRHRZE . 75C T
HRT 0.5h, FE A KIS EIH M S 4, B Ih RS E
THARoE 4 . Bl R P I TR E K, T i 45 SR T o0 4
FHRRRAE , IS SRS B Ol T, IR 2
WS S48 B[], BEREAE S VROEE 7S 1he
2.1.5 RS Dl SR ST A B S

Sk W 5 R T SR OGRS A A B 52, LA
GBWO07401a(GSS-1a) i i, 76 AH [F] A R v B | %% &
A PR ORI E] PN, X R A TR [R] Ty
b BE, IR EE SR B T2 5, IR A S A
X1 2% . Bl R P DRI, Ak R kY
K, IS5 BRI (AR BT, I3 %) P T 15 25 e
RN Y Dy KR, A R S B
WEARRT . PRI, T AR Sl e 300W )%,

5 - Si0, Fr I {E RSD L Sio, THFH#{E Si0, A E(E MK LA Si0, T iR
T SIS A
(%) (%) (%) RHESE (%) (%)
HE 39.86  39.90  40.26 0.6 40.01 56.60+0.46 -29.31
2 75C fingA 5113 5134 50.92 0.4 51.13 56.60+0.46 -9.67
3 75°C # 5729  56.41 55.71 14 56.47 56.60+0.46 —-0.23
Fi2  BIAFMEES R AR
Table 2 Influence of different sealing conditions on sample digestion.
. i Si0, & HEE (5 RSD L Si0, H-F-H4(E SiO, FitiAE(HA L) Si0, AR R 2
FE | s 2 : e :
(%) (%) (%) AHEE (%) (%)
1 i 1 49.14  49.14  48.84 0.3 49.04 56.60+0.46 -13.36
2 P 51.07 5092 50.02 1.1 50.67 56.60+0.46 -10.48
3 A 5729 5641 5571 1.4 56.47 56.60+0.46 -0.23
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Table 3 Comparison of results with different ultrasound temperature.

o R B Si0, & Bl E(H RSD | Si &EFHE | LSO HAFEHME | Sio, S AEMA | L Sio, iM%
(C) (%) (%) (%) (%) AHE BE (%) (%)
1 25 40.48 40.82 40.82 0.5 19.03 40.71 56.60+0.46 —28.07
2 45 45.59 45.46 44.88 0.8 21.18 45.31 56.60+0.46 -19.95
3 75 57.29 56.41 55.71 1.4 26.40 56.47 56.60+0.46 -0.23
4 85 55.45 56.71 56.18 1.1 26.23 56.11 56.60+0.46 —0.87
4 BN RO AES AT AEBRSCR Y bR
Table 4 Comparison of results with different ultrasound time.
o A ] Si0, & il e H RSD | Si&#-PHME | L Sio, HH-FHfE s&ﬁ%ﬁ@{ﬁ%ﬂ L Si0, HAHR 2%
() (%) (%) (%) (%) AHEIE (%) (%)
1 0.5 50.34 49.68 50.38 0.8 23.43 50.13 56.60+0.46 -11.43
2 1 57.29 56.41 55.71 1.4 26.40 56.47 56.60+0.46 -0.23
3 2 57.08 57.10 56.22 0.9 26.55 56.80 56.60+0.46 0.35
4 3 56.26 56.50 56.29 0.2 26.34 56.35 56.60+0.46 —0.44

2.1.6 KUK S i A BEASCR 52 T

P SR S, R AR K G i T i 1
200, LA GBW07401a(GSS-1a) 4 ], 76 Ho Al 25 14 4H
A LT, #EAT T AN [R] S 0 s 8 B4R KO A it T
fif Xt FE S B8, WatAs R L2 6, T AN 45 S A A
XFiR2E o AR S S50, ISR, a4 )
B AR IIA 3mL XUEUK G, AZs R — e FL e
P, (IR T RS A 6mL XEEZKATIA 9mL
MUK e IR 2 SR 15 55 B (AR AT, PR e 8 A
6mL WK o

K IR K-S R - SRR T iR, 75°C %
PZAE SRR, AT R AR ROWAT

s EE AR AT BERCRAGIIAST R bR

Table 5 Comparison of results with different ultrasound powder.

HNO,+3HCI= 2H,0+Cl,+NOCI

H,0,+HNO,=HNO,+H,0+0,1

2H,0,4+2HCI=2HCI0+2H,0=0,+2HCI+2H,0

Cl,+H,0,=2HCI+0,

3mL LI AT ImL A FR AT, A= i S A6 I A
P FUHT AR 1 R LA B ) A s BUERK S R
FCR A B R SRS TR, B 1Y) 48 AL RE T 7E # 15 TR I LR
NO; & T b i BUE /K5 ER R B 1 A Bl A vk S R L
AR SR P E AL, AT DA R R SR AL S TR,
Iy A= BRI 45 T AR A P A I 55 T O L el 1 R it
fife, I H - e RDURUA A i 0 5 R 2500 W E
AR B B i AT, A IR EH

L Si P I {E RSD | Si &l FIME | LA Si0, tHF34MH | Si0, & ihE i | LA SiO, THAHX iR
5 & n
(%) (%) (%) (%) KA P (%) (%)
1 |75°C HAYI%120W | 5644 5564 5539 | 1.0 26.09 55.82 56.60+0.46 -1.38
2 |75C HA Y 240W | 5590 5597 5575 | 03 26.10 55.87 56.60+0.46 -1.29
3 |75°C AT 300W | 57.29 56.41 5571 | 14 26.40 56.47 56.60+0.46 -0.23
4 |75°C HAEIIFE 360W | 56.50 5695 5697 | 0.5 26.55 56.80 56.60+0.46 0.35
26 AFTMBRTAE AL ST LS R b
Table 6 Comparison of results with different amounts of hydrogen peroxide added.
s WA Si i EE RSD | Si &l FIE | UL Sio, i FHIME | SiO, SiihAE E | UL Sio, tHEx iR
(mL) (%) (%) (%) (%) KA 5 (%) (%)
1 0 42.89 4225 4244 | 08 19.88 42.53 56.60+0.46 -24.86
2 3 5030 4897 4850 | 19 23.02 49.26 56.60+0.46 -12.97
3 6 5729 5641 5571 1.4 26.40 56.47 56.60+0.46 -0.23
4 9 5592 5573 5678 | 1.0 26.24 56.14 56.60+0.46 -0.81
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HE— 2D TR A AR o R TR AL FEAE A, AR R R
b At 5 K s AR R RRE R R EE R o 3SiF,+4H,0=
2H,SiF+H,Si0,, {7 K & i 70 R i A KW, Ik >
T SiF, SR E &, WHEETTREBUL . SRAM TK-A
TR - BRI A RRE, KRR 1 SO 8%, 4 8
N B TE], T4k T R AL B . R AT h
Fik I 2 AT R FH AR K-SR - AU UK AR 2 8 1A 2%
PR, 75°C B 1Th, TREE FAER .
2.2 BefErhZeR T ks H R

W BC A AR W AE A AR TAESE T 217
FE, ST 251.611nm, DL Si TR WK A REAL PR | #
FE R ALRR, R LRI Y 77 =X, 2xlbr il
2o SiJt Z &M L IH J7 #2E R y=3573.41847x—
430.08986, FHE 2 HCH 0.999974, 1 5 ~ 50mg/L i [H
WEPERAF. TERAL TAERMT, RS Ik, i
SEE 11 IR 2% E TR 25 W W, HE 7 2 K 45
(mg/L)43 % K+ 0.145, 0.147. 0.146. 0.145, 0.146.
0.145, 0.146. 0.145, 0.144, 0.144, 0.144, DL 5h
T 3 A5 bR 25 e IR RS 4L (BEFRE 0.1g, B4
| 1000mL), T A HBRA 0.0395mg/g.
2.3 JITERTER LA R E Rk

TE AN [A) T 25 1 [ G A5 ME P )BT GBWO7401a,
GBW07405a, GBW07377, GBW07379 # 17 il i ,
FARMED BT 0T 11 R A S bR
(B Z B AR X R 22 (%) Al it 7 VA ERR BE; 1155 11

R T T IRREE AR LR

Table 7 Precision and accuracy tests of the method.

UCFATINE B AHXS bR 22 (RSD) KAy & 7 W N 2%
JE . th# 7 a] 5, RSD £ 0.26% ~ 0.54%, i W] )72
K% B R AT . 1CP-OES 5 {E -5 b (R A9 AH X 5% 22
1£-0.28% ~ 0.25%, Vit BT L ER 1 R 4T
2.4 AFEGTEINRS S XY

SR 20T VR SR, BRI T AN R RE S Y
IS BRAE i, AR S G o i 8. 18, 23, 28, 31,
BEAAE PRI 5 A PATRE S, FHAS SCHYy M A v
TH AR FE S I, AR XRE S50 (=l
S, A HTE(E) . e 8 DR R T J, SEBRAE L I
Ty s Lo X & B, 245 SR 0 o0 22, WA 3k B AR G
TRZEFE—12.6% ~ 27.1%, 156 BH 3 P 77 329000 5 45 S fi
ZERER o MR FHAR SO 0 e AN TR RE 5 2 1 3R
) RSD K 0.52% ~ 0.77%, M 25 5K %5 1 K AT, &
AR SO 38 T S Bt St

X} [ % bR i ¥)F GBW07401a, GBW07405a.,
GBW07377. GBW07379 s [7] i} 5% F§ XRF #: il %2
(ZRDIE, 25 1 40E) AT T, R 9 Mk
SESTT g, AR SO e 5 XRE MRS A B0 2=,
FHXTIRZETE—0.65% ~ 4.80%. HHEAT AR vE (I F0
TURY TeHLoT R B9 PR B X 900
Z)(HI 780—2015) Rl AL, EZH A UEARMEY FiHH o R
TETE 5% VL L, R ZEERTE S U, BR T
GBW07405a FENE(EE Y, Ay = A Fr i i
TE XRF SR 2200 FH A

o o Si il e E RSD Si & B E LI Sio, it Si0, FhtAE(E L Sio, it
PRUEY) i 5 o ey
(%) (%) A (%) FEIE(%) B2 (%) A2 (%)
56.91 56.80 56.84
56.22 56.93 56.65
GBWO07401a 0.40 26.52 56.74 56.60+0.46 0.25
56.99 56.71 56.91
56.69 56.50
61.48 61.18 61.81
61.16 61.33 61.25
GBWO07405a 0.31 28.68 61.35 61.52+0.39 -0.28
61.21 61.21 61.44
61.36 61.38
63.50 63.17 63.75
63.52 63.47 63.43
GBW07377 0.26 29.65 63.43 63.48+0.43 —0.08
63.35 63.28 63.56
63.24 63.50
69.38 69.98 69.21
70.15 69.79 70.08
GBW07379 0.54 32.62 69.75 69.66+0.6 0.13
69.87 70.17 69.76
69.12 69.70
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Table 8 Comparison of analytical results of SiO, content in actual samples.
T [ e ARSI St I E RSD | Si &M FE | XRF & Si galle(l | ARz
SRR il G
(%) (%) (%) (%) (%)
FEih 8 29.98 29.72 30.18 29.68 29.90 0.68 29.89 26.12 —12.60
FEfh 18 12.13 12.03 12.22 12.04 12.06 0.66 12.10 15.38 27.10
FEdh 23 14.91 15.11 14.95 14.93 15.17 0.77 15.01 17.07 13.70
FEih 28 29.93 29.75 29.80 29.86 30.15 0.52 29.90 27.67 —7.46
Ffhn 31 31.81 31,65 3196 3166 3154 | 052 31.72 29.28 ~7.69

F 9 bRUEPIBTINIALS R

Table 9 Comparison of analytical results of SiO, content in national standard substances.

) AT St B i RSD XRF #: Si &g | LLSio, il XRF #: Sio, & Q‘U‘\i{a P Si0, HA T k5
W FHIE (%) (%) MEME (%) WE1E (%) R EPE (%) XRF MR 2E (%)
GBWO07401a 26.52 0.40 27.69 59.24 56.60+0.46 4.66
GBW07405a 28.68 0.31 28.57 61.12 61.52+0.39 -0.65
GBW07377 29.65 0.26 31.10 66.53 63.48+0.43 4.80
GBW07379 32.62 0.54 33.17 70.96 69.66+0.6 1.87
3 & P RE A i, IR HEAT TORS 85 I R T B S8,

ST T HRH T i ICP-OES ik P ) &
TP PR SR k. dad
Ot A6 FE S AT AL 3 5% R, X6 D 2% 0 R T I T
7 S5 OB K A A O 3, 32 4 Y
o Ml 2, e T A BRI DT A I R A 1 ) S
GBWO07401a, GBW07405a, GBW07377, GBW07379

AH X F U A 22 (RSD) 7 0.26% ~ 0.54%, A1 X} 1% 22
TE—0.28% ~ 0.25%. Ff i 1 52 i BE 5 P, 56
TAR ST VA R s Y

5 XRF 75 MR 45 S X b, AR 3007 48 fa 4
WAL, & H T RAEFES D5 HE LR ITTREN
W, % T HoAh 7 45 & oo 2 W i 2k — 2

Determination of Silicon in Soil and Sediment by ICP-OES with Rapid
Ultrasonic Digestion

KONG Shengnan, XU Shi’
(Instrumental Analysis Center, Shanghai Jiaotong University, Shanghai 200240, China)

HIGHLIGHTS

(1) When determining silicon in soil and sediment, ultrasonic heating method is used to digest the sample, which is
easy to operate and cost-effective.

(2) Dissolve the sample with dilute aqua regia-hydrofluoric acid under sealed conditions to avoid loss of silicon
fluoride, ensuring accurate results.

(3) Adding hydrogen peroxide during sample digestion accelerates the reaction process, improves reaction

efficiency, and is fast and efficient.
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ABSTRACT: The literature provides references for the accurate determination of silicon content in soil and
sediment by inductively coupled plasma-optical emission spectrometry (ICP-OES). Sample decomposition methods
often use acid dissolution or melting methods. Silicon reacts with hydrofluoric acid in concentrated acid solution to
form volatile silicon tetrafluoride, which is lost due to heating. The melting method can process soil and sediment
samples, but it introduces a large amount of salt, a significant matrix effect and high detection limit. This article
describes a method for determining silicon content in soil and sediment using ultrasonic sealed acid dissolution and
ICP-OES. After the sample was dissolved in dilute aqua regia, hydrofluoric acid, and hydrogen peroxide in an
ultrasonic apparatus and diluted to a constant volume, the sample was measured using ICP-OES equipped with a
hydrofluoric acid resistant injection system. During ICP-OES testing, 251.611nm was selected as the analytical
spectral line for silicon. The correlation coefficient of the standard curve in the range of Smg/L to 50mg/L was
greater than 0.99997, and the detection limit of the method was 0.0395mg/g. This method was used to test different
types of soil and sediment standard substances, with relative standard deviations (RSD) ranging from 0.26% to
0.54% and relative errors ranging from —0.28%—0.25%. The actual sample testing RSD range from 0.52% to 0.77%.
Verified by national standard substances GBW07401a, GBW07405a, GBW07377, and GBW07379, the measured
values of silicon element were consistent with the standard values. At the same time, X-ray fluorescence
spectrometry was used to determine the silicon content in these four national standard substances, and the results
were consistent.

KEY WORDS: silicon; soil; sediment; ultrasonic sealed digestion; inductively coupled plasma-optical emission
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