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2. o A R E RSB, dLst 100872)

FEE: SaT LR PARAZ N E ik 2% X HER B ERRE R, LR B 7 ko ik EIZ, 25
KA SR OIAT R Z A R R FAE S ik ER M0 B R, AR 5 oMk B Ao 2 Rl M o
BL,ALEITRER - AR - SRR - A8 (W) EM AR, & RABE B FIRA S L% %0 25
09 77 ik BT H IR I RIN M E KK TE e v BR UK ARG AR RIOCR M 25 R RO R A W BR AR AT ILIE R L
BEAS PR, TR REA 10 ng/g, MEEE A 33.3 ~50000 pg/g, M5t AF R E A 0.47% ~4.05%
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M T AP AN A5 SR AR AT AT AU AL R L & E A AR AT T B
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(1) I A PG ARAk 2 BR — AEBR — EABR — B AR A DB,
(2) ik P ey B AP A 45 4R L Z T v it ICP - OES R Bfm &
(3)iZF kP, — s T AR BN E 15 2 F T &, o E g,
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A0 P U BRI R D G B B A B AE 22 A IR S R R R RGE

JCH IR AR T P AR R TR i A )
BB I BB s 2R TR 4 AT SR L R
SRRV AR I E 22 <5 SR A P B 0 48 B 6 5 i/
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Je HEBA I A2 B A4 BT 251
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FURIR — e SRR 2 HE A P R 5 2 S AT
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1.1 438 K TARAME

VISTA — MPX 4= 3% By 3 A B & 55 24 1R R 4
AL (2L Varian 28w]) o AU TAESAT N S
21200 W, B1S (Ar) i 1.5 L/min, B H15
Wit 15.0 L/min, 4L 22 77 200 kPa, WL 10
mm , $ES A 15 o/ min, YRR ] 30 s, JERERS E
FET 20 s, AR E LIS 10 s, EALET ] 10 s, 324K
UEL 3 K

CT1461 - 35 B gl #tlk (R HHR 2 W] 52 304
ABRAF) o
1.2 brifEia i 2 2505

AR HER ¥ (1000 mg/L) « MERGFREL 2. 2139 ¢
F105°C 4 2 h fHEAETCKBLER Y T 100 mL BEbfR
IS KV R 584, I S mL R R, 5 R = 500
mL ZFE, 25

AR EVA TR - AR T VA TR 10% 35 R 38 e

T AR TR (RS TR  SRUER | 5 SRR P L 2l
( E 2GR AEFIARAFD) o

SEI K R IR BB FOK (FEBHAE =18 MQ) -
cm) o
1.3 SEu5 ik

H B IERE L AR S B E 5 A TR RE
AR AL B PG S AT B S T R = R
FOKEET W5 ik 1), 525 R AR G T i 5 78
T B B G B 5 i Rt bR A AT T e iR T
FAKBET Tk (i 2) , #5r TR Y B
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AR o
1.3.1 ik 1— T KR

HERAFREL 0. 2500 g #4f E T 100 mL JZFGHERR
D R B KT AL S mL SR AN 15
mL ERPR K e AR il B T R AR b, 35 BRI, T
150°C gy i , 26 EIRERR BCF WA 15 mL 872,
AT IR RS F /D R /K ol PR RE RN R TR IL, BT 458
R, BRI EE R & 25 mL IR LA,
EEFKERE 25 mL, 7 E 8 h {5,
1.3.2 5k 22— FIKKIB AR

HERFREL 0. 2500 g A4 B T 25 mL L @&,
HAHTHC ] A9 F7K 25 mL, WK 2 h B a4
B, EBFKERZT 25 mL, #5 8 h J5Ill%E .,
1.3.3  Jyik 3——PUFER L - i i

HEFAFRIC 0. 2500 g # 4 E T 50 mL R U &
Jabedt A e 2 B K IR AE &Y, A 2.5 mL
fifif2 2.5 mL #[#2 .5 mL SR | mL 58, 5
I RS BT HEXWE o S KR
IR ICE TR b BT 55, Aok e
VB, T 190 ~210°Cm#Asif , 75 T 2 I B R (A HF
b oA A ATTEAR ZE T Z AT MINH IR | SRR 4k
LL7ET) s RMAIHIE, ARG A 5 mL 50% (318 , 7E
FL AR ) T A R 0 0 o R 2 A 3R 2 o8 2 VS
R 25 5 mL Ay 25 8 F /K v v A8 BE, 4k 22 i #4
5~ 10 min = EEWIE 56 ; BOR BE AR H), oK i i %
BE2 ol BOMmLEAET, BT KERRE
25 mL,#E 4 h J5lE .

2 g5
2.1 hiRE S ATAL R I HER P LE AR
TRV T 7K KV VS fife R0 D R i 1 35 i =
R FR LI E 25 R ISR 1 FKEEFER F 7KK
TRV FE I 2 45 5 R oA, % T4~ A A il 11
FXF iR 22 EL AR F 27% , ] BE 5 F KA BESE 2R
RERRER ShA% 1 BURE (i 20 AN 76 4 B TG R AN RE 423
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SO %R T T A I OB, A SE Al 2 I i
AR (E R TR AR EER) N EE RS Table 2 Effect of electric heating plate temperature
TR PURRV I & 25 R0 T E K CBWO7446 GBW07453

. - e s Hul e
fife EAOKE AR, BT LAAS SR FH DU BRI i o e | BNSEIL B | GAREG AONEN G
([ )32
(ng/e)  (ng/e) (%) | (ng/e)  (ng/e) (%)
F 1 VUEE. oK FAROKIE v e 130 |108+14 74  68.52 [2000£300 1632  81.60
Table 1  Analytical results of samples disoluted with four acids, i:g 1132 * ii 19183 190(1723 iggg i;gg 1330 SZ ;(5)
+ . + 77 .
aqua regia and aqua waterbath methods 160 | 108+14 107 99.07 |2000+300 1993  99.65
— SHEES O R 0 oo o 10,6
Wit F g/ g - am + . + .
- PRIEEIRIRRIE(% ) 190 |108£14 112 103.70 [2000£300 2007  100.35
AN{:R 7
g -~ Cpkkm| - 200 |108+14 110  101.85 [2000£300 1987  99.35
K — VIR TR " i o QI V) @ 210 10814 104 96.30 [2000 £300 1965  98.25
T . . | - e
" Wil WEt | wE 220 |[108+14 87  80.56 |2000£300 1891  94.55
gt 230 |108+14 76 70.37 |2000+300 1874  93.70
GBWO7446|108 +14 112 9 103 | 3.70 -8.33 -4.63
GBWO7451|440 £42 436 390 410 |-0.91-11.36 -6.82 ; g g BN
. : BEVER VRL BVEE B B BT L BN VR VEKPRHETA TR
BW07456(254 12 257 238 26 | 1.18 -6.30 -3.15 N
BAN TN 10% BOENES AN RS TS | 5210 4 1A i 4
GBWO7457|281 +26 279 203 214 |-0.71-27.76 -23.84 R O3 1 10% 1R W ANRHR , S K BLAH RN

2.2 PERNIRIRARIEI LR
2.2.1 HIHRIEEE

FHE AR UEY) T GBWO7446 F1 GBWO7453 il
A VAR FE , 88T 11 B $A0R R B (SRR L)
XFIN e 5 SR M o 38 2 I 25 R SR, r AR 1
TEEART 140°C, B (A 75 Hh B IR R 68. 52% 5 HL #4
M L EE /& T 220°C, B A I HH 3R Ikl 70. 37 %
L AR () B AR TR EE AE 150 ~210°C 25 [ 3 3L B 3o
%, VA B TR I I AN R BR RS -, r AL
BEHE 190 ~210°C
2.2.2  FRYEIZ ATV RIER A 5 ) 3 4

s DGR, BRI ZS LR, D820 IR TS
e ARSCARYE A RE S I T 4 NEREE
HERRERE S, /D RSB K IRAE B, A 2.5 mL
fi§f2 2.5 mL $h/2 .5 mL BRI | mL =50, 55
SRR, BT HE R o 3 T T 0,48,
12 hiiiR i . 2% 3 e 25 R/ W, B 12 h,
—JRORE A AV R 52, AR SCE R I

S BGFL ] TR A AR B BT LA LS
3 R gER

Table 3 Choice of soaking time

ST KR 43 TC R AT L B e e TR R Ao, 1H 4
BRIERBRAL o N T BEAE— (3 1 [R) Bl s it L4
B ES VBE VER VEE BB OB B BT VB RGBS
ZATCE AR 10% B ERA T
2.3 ICP - OES 2Rk £
2.3.1 srFrik

WRICER FE i A W 2%, 43 il /& 180. 669
nm F1181.972 nm, 7E 180. 669 nm &b, FAKICE4E
(180.672 nm) X = AE IE T4, 181. 972 nm [ 3%
RBA T, 9 HHAF TS s i 180. 669 nm L4
%, T AR $E 181. 972 nm AN 704k .
2.3.2 AW

PAAE 10 ~200 nm FEEIMEREPOLRE 72 X
CRUVRL ARARR IR ) BTN, 1 4 e 174 Jzs 5 47
7R T Bl 2 M k0 AR ST S B G 20 B i £k
181.972 nm AbFHE 484 MX., B FHR AL i 1
AT . #E VISTA — MPX AN A5 1568 -5 e
FER WA/ T 30 min , 4% SCE AT & IR
WA 50 min J5 , [ —WREBARHER SRR ELE 1 h
WA/ INT 1%, Bif ARSI B[] 5E 7€ 50 min,

NG G R

B s
FRUED) SR S HLRLR TG Y on it sh 2h
GBWO07401 A KA SR, B A7 /0 E A A5 W [ A LA L
GBW07403 A KA TG S, /b E A FARYE FARWE
GBW07407 TR o /0 B AR A
AN W
chworaos  CREBIBULKE G g e Gme AoROE BEEE AR R AW
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2.3.3 X

JUT T A 1 i 24 5 FBE it 0y 23 ) 348 K 3 K, 1HL
R EW AR, G A2 AR LR AR
FHTIR 1200 W,

2.4 SPrTLBORIERAEGY
2.4.1 JriELAMETL IR H PR

FEASLER Foe A S 30 25 11 00 2 o o ot £ T,
AR EAE O ~ 500 weg/mL Y I Y, B A v il 2k
EAMERFR M FRECH 0.9993,

TEAN AR B A S 25 F T i 2 12 A 2
FHATR R BROM 0. 1 weg/mL (3 A IS 1 PR s 7 A
%), e LIFG B F 100, 5 4 BB 10 we/g,
JrENE TRR(E=10) 2 33.3 pg/g, J5 R S HE D
L 33.3 ~ 50000 peg/g. AT AR HER 0.1
e/ mL W 5 By A RSP 3545 1 K i BR 0. 04
we/mLo HJFR AT A5 BRI ()4 6, o Ak R4
SRR BRGNS [R] A 20 s, AR SCHESGI A 10 s,
2.4.2 FRUEWI BB

FEME 13,3 1AM L L SR A
T GBW07446 ~ GBW07457 H BBk & &, M & 45 R
DL 4,12 Y ~F- 2 (8 55 b (R 04 RE T 1% 22 1 268
XHEAE 0.00% ~2.93% ,12 Yl e -8 5 br fE(E
XTI 22 /N T 0. 01, AH XJ 45 #E 4l 22 (RSD) 7E
0.47% ~4.05% , 75 5 WA %5 B2 FNERA B2 50 4 0 12
DZ/T 0258—2014( 2 H 5 X fal 1 3K Ak 27 8 A 5 )
ZOR (BTSSR T rh i n i h PR A 50 pg/gs i &
AR AR PR DL B X B <0. 05, i & = KT
1% X EE < 0. 04 B & B 7 =5 R PR L i
RSD<10% , B &R T 1% 1 RSD <8)

24 EEEREYTP RS R praeR

Table 4  Analytical results of sulfur in national standard
references
B (pe/s) -
RS KB (g (5
R o (%) (%)
(n=12)

GBW07446 108 + 14 108.4 0.37 4.05
GBWO07447 (7000) 7041.94 0.60 0.50
GBW07448 (816) 820.06 0.50 2.00
GBW07449 27000 +2900 26995.59 -0.02 0.47
GBW07450 (167) 171.17 2.50 3.66
GBW07451 440 £42 442.96 0.67 1.12
GBW07452 (420) 422.02 0.48 1.46
GBW07453 2000 +300 2000. 51 0.03 1.63
GBWO07454 170 22 170 0.00 3.02
GBW07455 162 10 157.25 -2.93 3.59
GBW07456 254 +12 254.93 0.37 2.58
GBW07457 281 +21 281.36 0.13 2.04

AR S HEIR NS H (.

2.4.3  SPREERL T

ARSCNZBRAE Al AT 20 PEAS[R] e
B MRS e 19 SRR i, 2000 XRE 32 5K
BRI L A IL AT I LU, B AR Al A
)5 RS =k, SR A S0 A BTl 2Rk
A, XREF i HA B (00 3 B2, (RIS A iy o i
Fedh SHHEIEA EE S 22 (R 5 HPARTE"™ = " I8
A ZEAE) 5 A8 b i I A B S PR R AR Uk
5 MR A EC A 1A A T RIORS 28 2, 3 HL 23
NIRRT AL

5 SR HTTIER S R LR

Table 5 A comparison of the three analytical methods

XRF 3% T
e ICP - OES )

g2 | B A E = E RSD |Gif i =k RSD |G & = killE RSD
THE(pg/e) (%) PHE(pg/s) (%) FHE(ng/s) (%)

1 12+ 5.63 83.1 11.46 78.3 6.42
2 143 2.42 124 8.97 136.7 3.82
3 266 2.41 270 5.43 274.2 2.33
4 355 1.62 349 4.32 343.1 2.67
5 527 1.74 534 3.66 536.3 1.82
6 832 0.86 827 4.22 816.4 0.69
7 966 2.42 933 5.21 946.6 .11
8 1386 1.57 1276 4.14 1233 0.68
9 5233 2.44 4320 3.12 4362 2.43
10 5604 * 1.87 7465 4.17 7654 3.26
11 28335 * 1.52 21364 3.13 21362 2.03
12 55027 * 1.62 42187 1.86 43227 2.74
13 176 2.87 188 7.33 182.4 3.11
14 256 2.11 263 4.87 261.2 2.46
15 687 1.14 693 3.22 684.2 2.03
16 778 1.06 786 4.16 781.4 1.06
17 1125 1.68 1139 3.55 1132 0.97
18 7864 * 1.93 8546 3.68 8574 1.33
19 29365 * 1.44 24652 4.15 24468 2.36
20 43225 1.67 40271 2.87 40298 1.93

3 &5

ASCHIER IR - FHIR - SRR — o S BRI M b
afr, ICP — OES 505 B 5 i, M ok 1% FHBUA 20 #r
J7 10 5E 22 F bR X S BR AL 22 8 A R A I, 0 A7 %
AARANE AR B B A AN ik R
A VA TR ST 42, BB TR, I HL AT LA I 23A7 i
AT AT TR0 T, A — D3 P ] s 00
B VRS BE VBR VR BCVBE BB BT BL LR VB VBRSE
JUER P T TR I8 A TR R SR R R
L EVERICRIIME o 2L AT T SE PRk bl
1, B ICER B A TRROCR R B, b A A
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Determination of Sulfur in Soil by Inductively Coupled Plasma-Optical
Emission Spectrometry with Four Acids Open Dissolution

JIANG Yun-jun', LI Xing' , JIANG Hai-lun’ , ZHANG Ning' , HAN Xue', ZHU Yong-xiao'
(1. Hebei Research Center for Geoanalysis, Baoding 071051, China;
2. School of Environment & Natural Resources, Renmin University of China, Beijing 100872, China)

HIGHLIGHTS

(1) Sulfur in soil samples can be well dissolved by HCI-HNO,-HF-HCIO, acid system.

(2) Sulfur and K, Na, Ca, Mg or other elements in the solution can be simultaneously measured by ICP-OES.
(3) In this method, a solution can simultaneously determine more than 15 kinds of elements with high analytical

efficiency.

Soil sample Soaking with four acids

ICP-OES analysis Sample solutions

ABSTRACT: At present, sulfur in soil is mainly determined by X-ray Fluorescence Spectrometry and tube furnace
combustion iodine methods. The analysis speed of these two methods is slow, and the analysis accuracy is poor for
both high and low content samples, difficult to meet the requirements of accurate and rapid determination of many
samples. In order to improve the speed and accuracy of analysis, a new method for the determination of sulfur in
soil samples by Inductively Coupled Plasma-Optical Emission Spectrometry combined with four acids digestion was
developed. In this paper the digestion effect of aqua regia, aqua hot water bath and HCI-HNO,-HF-HCIO, is
compared. The four acids digestion method was proven to better dissolve sulfur in soil samples. The method is
simple, rapid and accurate with a low detection limit of 10 pg/g, analysis range between 33.3 png/g and 50000
we/g, and relative standard deviation between 0.47% and 4.05% . Many elements such as potassium, sodium,
calcium, magnesium, iron, manganese, beryllium, lithium, lanthanum, cerium, scandium, vanadium, cobalt,
nickel, and titanium can be determined simultaneously in a solution without increasing analysis cost. The method,
which has been verified with actual samples, is suitable for application in the geological industry.

KEY WORDS: Inductively Coupled Plasma-Optical Emission Spectrometry; soil ; sulfur; open acid dissolution
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