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Spectroscopy and Spectral Analysis
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Table 1 Instrument operating parameters
X BRIk % SR T RO 1 2
i 38 WE H i3 BE (H WE H BE H BE (H
[URGH TS Ag JLHE Ca K Na Mg
) 4k Ak 3 T 2 210 kK 422.7 nm 766.5 nm 589.0 nm 285.2 nm
B 250 pA ST e 0.4 nm 2.0 nm 0.4 nm 0.4 nm
HIE 40 kV XT HL i 3.0 mA 2.0 mA 6.0 mA 2.0 mA
RS 1 &34 0.6 1.0 0.6 0.6
HL25 I [A] 25's R[] 3.0 s 3.0s 3.0s 3.0 s
) -8 b [] 100 s PR o v g 6 mm 5 mm 5 mm 6 mm
T YR B 3 P eS| Air-C, H, Air-C; H, Air-C; Hy Air-C; H,
1.2 A% A AT T R 3 0 B R 25 0 T R R SRR AR 0 B R

Lok LR ARKTE, i 20 B L BR 2 A
MRRE 200 H, f5 A . MEFFRE 200 HEEM 2.0 g KBHE . A
XRF 135 &8 Tl E Ca, K, Na fil Mg &1,

HERFR & 10. 0 g 3 200 H G M#E &, B A 150 mL 3
ODARPT S B EiK 50 mL., FEIRGHL LIRS 1, 2, 3, 4,
56 h, ATHILEWRHNEFEM, kY 1 hIFE.O 20
min(4 500 r + min~ "), B EJZHR TP, KBmHA, &
KERZE S50 mL, H AASIE B W+ K, Na, Ca fl Mg &
T KR T A R 105 CHET, B 2.0 g SR EYE, A
XRF i 5 Ca, K, Na, Mg #1 Si & & .

Bt FEMHE R CL L, SOF, HCOs B K
COT , Bk, Se56 ) F b FH B 1 0535 0 5 Fr 15 1 )2 15 W

)

hCL A SOF 9 & Bt W LA R ) R % (DZ/T
0064, 49—1993) W 5 B % 1< 2 W i HCOS BB CO:F 1
it

0T B AER G S A R R T R R, S
Bl AR A pH A S A E BT A5 B R T DL SR AL
¥ pH {E AL R

2 #R5vhe
2.1 KWHERITLESHH

T REARI 3 (B 4R 152 2% . XRF s [R] — A i /A A AN [
L) Ca, K, Na, Mg Ml Si TR & &, % B3R & P06

R SR 3SR I B O AT Ak A BT, A S o
SR 1~6 h, B— B E B AR AT IR %, B s T
# 2, HFIRFRY )G AL Ca, K, Na fl Mg i, &4 HAh
B FRA R gL, RY% 253 Ca, K, Na #l Mg H 4
SRR, HHA R B A AP L Zn®t, CL, NOy %)
M 438 Ca, K, Na Bl Mg M E & mFE. T IHE
HA LR E ¥t Cas K, Na F1 Mg B9 EH 2 & BRI, A X
FIAKEME TR S RE T KK St FE & & 19 4 (Ca/Sis
K/Si, Na/Si 1 Mg/SD %} Ca, K, Na fl Mg J6 2 14 2251k
HEATANHT . S RBED T3 3, SRS EmE 1, T E
Hi, Ca, K, Na, Mg 5 Si i HLE AR 1h 53 % 24 1 8 [
i, 4kSEIR% 2~6 h )G L TRE . RS PR s
f) Cas K, Na fl Mg JGE M & RAE 1 h g FF&. JLEAR
A5, L HEBITE 1AM Ca, K, Na fl Mg JCE S RAE 1 h )5
JLF&F .
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Table 2 The content of Ca, K, Na, Mg and Si in the sample (%)
3 3 1 1) AL 1 2 3 4 5 6 7 8
Ca 6. 506 6.532 6. 586 6.573 6. 589 6. 554 6.503 6. 490
K 2.358 2.339 2.355 2.358 2.363 2. 360 2.356 2.338
0h Na 4. 944 4.933 4.622 4.462 4. 284 4. 434 4. 567 4. 827
Mg 1. 832 1. 824 1. 820 1. 818 1. 816 1. 820 1. 825 1. 809
Si 53.092 53.030 53.016 53.092 53.121 53.030 53. 006 52.929
Ca 6. 050 6. 079 6. 037 6.092 6.118 6.033 6.016 6.024
K 2.236 2. 206 2. 243 2.206 2.218 2.229 2.194 2.253
1h Na 1.014 1. 008 1. 069 1. 059 0. 936 1.017 0. 999 1. 000
Mg 1. 683 1. 685 1. 655 1. 661 1. 678 1. 675 1. 664 1. 684
Si 54. 380 54. 289 54. 689 54. 289 54.279 54. 495 54. 230 54. 653
Ca 6. 189 5. 991 5.811 5. 896 5.998 6.073 6. 115 6. 149
K 2.270 2.217 2.202 2.189 2.241 2.243 2.262 2.271
2h Na 1. 109 1. 026 1. 039 1. 067 1.051 1. 056 1.071 1.023
Mg 1. 776 1.724 1.723 1.725 1. 744 1. 756 1. 759 1.770
Si 56.693 56. 648 56.662 56.612 56. 436 56. 274 56.333 56.418
Ca 7.272 7.283 7.268 7.266 7.264 7.227 7.253 7.258
K 2.653 2. 640 2.615 2.637 2. 644 2. 648 2.643 2.652
3h Na 1. 429 1. 406 1.592 1. 368 1. 640 1. 569 1. 569 1. 626
Mg 1. 853 1. 842 1. 850 1. 873 1. 855 1. 852 1. 873 1. 851
Si 59.207 59.162 58. 842 58. 705 58.905 58.948 59.092 59.126
Ca 6.793 6. 745 6.769 6. 815 6.730 6.626 6. 682 6. 757
K 2.423 2.403 2.373 2.349 2.335 2. 365 2.370 2.373
4 h Na 1. 086 1. 067 1. 094 1. 040 1. 070 1. 042 1. 034 1. 006
Mg 1. 739 1.733 1. 706 1. 700 1.702 1. 696 1.718 1. 735
Si 56.678 56. 682 56. 717 56. 696 56. 778 56. 825 56.695 56. 587
Ca 5. 706 5. 677 5.684 5.765 5. 753 5.586 5.661 5.661
K 2.104 2.086 2. 086 2.114 2.095 2.092 2.088 2.073
5h Na 0. 949 0.925 1.012 0. 930 0. 925 0. 958 0. 987 0. 939
Mg 1.612 1. 602 1. 602 1. 602 1. 610 1. 581 1. 585 1.597
Si 55. 869 55.728 55. 669 55.628 55. 539 55. 681 55. 713 55.631
Ca 6. 248 6. 275 6. 243 6.275 6.202 6.173 6.169 6. 214
K 2.279 2.278 2.279 2. 264 2.239 2. 260 2.255 2.245
6 h Na 1.114 1. 067 1. 044 1. 080 1.042 1.082 1. 046 1. 088
Mg 1. 673 1. 661 1.653 1. 655 1. 665 1. 666 1. 635 1. 642
Si 56. 920 56.914 59. 790 56. 852 56. 904 56. 900 56. 983 56.916
x3 HWIEFRCa, K, Nafil Mg TEHEETN x4 HWMITEHFIHE Ca, K, Nafl

Table 3 The content changes of Ca, K., Na and

Mg in saline-alkali soil

Pewmtml Ca/Si¥fE  K/Si¥{H  Na/Si¥yE  Mg/Si HH
0 h 0.123 34 0. 044 37 0.087 38 0.034 54
1h 0.110 15 0.040 79 0.018 60 0.030 73
2 h 0.117 35 0.040 36 0.019 04 0.030 79
3h 0.116 57 0.039 59 0.026 61 0.031 16
4 h 0.115 65 0.040 92 0.017 87 0.030 48
5h 0.102 68 0.038 03 0.017 14 0.028 71
6 h 0.110 55 0.039 79 0.019 32 0.028 82

Mg tEZEMEE(pg - mL™")

Table 4 The contents of active Ca., K, Na and
Mg in saline-alkali soil(pg + mL™")
GmE Cayk)¥ Kk Na ¥ % Mg ¥ ¥
1h 121. 94 102. 85 1 862.10 124.90
2 h 92.01 96. 65 1 970. 85 128. 05
3h 72.21 108. 65 1 996. 90 118.90
4 h 62.53 107. 50 1 985. 60 115. 05
5h 67.81 114. 45 2 025. 25 111.90
6 h 60. 76 115. 25 1972.00 115. 40
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Fig. 2 Content variation characteristics of active Ca,

K, Na and Mg in saline-alkali soils
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WA SRR 8 T A R IR AL . BOR) P BS €038 1 L % 0 R
5 b gk 0 A A 19 B R WP CL L SO . HCOS LR
COP myorit. BRI 5. BB LB IESH A CL L SOF .
HCO; BAR COF Ao ik A5 (45 G A 161 3. T LA th o £ b
W 1 bR B L2 R L A R JE R AE 2
~6 h JE U R ETE 2 900~3 000 pg » mL ' ZJi]; ¥ 1 h
JE A LR SO YR 288. 175 pg + mL 'L HAAE
2 b SOF W BEAT /NI E RN . fFUE 2~6 b SOT WA
FELE 500~600 pg » mL 5 #R % 1~6 h g B4 _E R
HCO; e B fE 100~200 g » mL ' Z [, fif COP e
BETE 21 pg - mL e d7. BB TF A RO LBA S HET
SEA L BT XRE 201555 50 T 2

SR B9 T A T P R 2 LT B T A A A
[0 . 33K T I B T 00 ik . SO R NG pH (AN
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Table 5 Content of C1~, SO}~ , HCO; ., CO3~

in saline-alkali soil (pg + mL™")

RymtE  CloWepgE  SOF WepE  COF Wk HCO; WA
1h 2 667.00 288.18 21.17 129.12
2 h 3 020. 50 478. 25 22.15 118. 36
3h 2 908. 00 523. 40 21. 69 172. 16
4 h 2 999. 00 512.00 21.17 182. 92
5h 2 991. 25 542.75 22. 30 150. 64
6 h 2 999. 50 612. 25 21. 54 182. 92

o6 HWMIBEURERFRHN pHIBSE
Table 6 pH and conductivity of saline-alkali

soil and supernatant

TR pH fH SR/ (uSeem )
T ——— - — = -
KV 1% KW 15
0h / 8.59 / 12. 05
1h 7.59 8. 90 10. 23 618
2 h 8.32 8.97 10. 96 603
3h 8. 46 8.91 11. 02 441
4 h 8. 41 8. 83 10. 95 380
5h 8. 38 8. 74 10. 98 409
6 h 8.43 8.72 10. 95 392
~ 30001
s —&— COy”
650 —e—HCO”
S —A—CI
5 2500 %S0,
£ 500
3
2
Q
e W
0 I i * i e
1 2 3 4 5 6
Time/h

B3 &EzFCI, SO, HCO; MR
COi™ WaBELHE
Fig. 3 Content variation characteristics of active CI~ , SO;™ ,

HCO; and CO;™ in saline-alkali soils
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SR pH E LS B T R AR LR, AnI& 4 FE S PR
Hi B 4 T, B JZ N A A AR pH (R R 3 IR
AR AR AR . E SR T, PR p TR H BT Ik ¥ B IS B9
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Ja L EE R SR EAE 10.0~11.0 pS -« em ' Z ], I
B A e dh i HL S RAE YRS 1 h 5 B = 600 pS  em™!
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Analysis of High Content Water-Soluble Salt Cation in Saline-Alkali Soil
by X-Ray Fluorescence Spectrometry

ZHAO Yu-yan, ZHANG Ze-yu, TANG Xiao-dan* , ZANG Li-bin, LIU Xu-yang, LU Ji-long
College of GeoExploration Science and Technology, Jilin University, Changchun 130026, China

Abstract Saline-alkali soil is widely distributed in cultivated land in China, which seriously restricts the development of modern
agriculture and rural construction. The mass fraction of soluble salts (Ca*", K, Na" and Mg?" ) in the surface layer of saline
soil can reach more than 0.1% ~0.2%. The excessive concentration of ions in this soil can hinder the absorption of other ions
and nutrients by plants and harm the growth of crops through osmosis, stress or ion poisoning. Therefore, saline-alkali land
improvement is an important direction of modern agricultural research. Accurate and rapid measurement of water-soluble cationic
Ca*", K¥, Na” and Mg*" in saline-alkali soil is one of the important foundations and key technical problems for soil
improvement. The traditional analytical procedure is oscillating the saline-alkali soil in water for several hours and then taking
the supernatant solution for direct determination by atomic absorption spectrometry. As the detection limit of the atomic
absorption spectrophotometer is far lower than that of the sample to be tested, multiple dilutions are required in the test process,
which increases the systematic error of the test and reduces the credibility of the experimental results. Therefore. in this paper
the X-ray fluorescence spectrometer was used to determine the Ca, K, Na and Mg content of original saline-alkali soil sample and
residual sample after a certain oscillation time, and then the difference was calculated to obtain the soluble Ca’" , K*, Na' and
Mg®* content. The test results were compared with those determined by atomic absorption spectrometry. The pH, electrical
conductivity and the content change characteristics of the main anions CI”, SO} , HCO; and COj in saline-alkali soil were
obtained to confirm the method. The results show that by the X-ray fluorescence spectrometry the soluble Ca’", K*, Na™ and
Mg®" ion contents do not change much after respectively oscillation for 1 ~ 6 hours. Almost all soluble cations dissolve after
oscillation for 1 hour. The measured results of X-ray fluorescence spectrometry are basically consistent with those of atomic ab-
sorption spectrometry. In addition, the reliability of X-ray fluorescence spectrometry can also be verified by the mutations in pH
and conductivity of the sample after oscillation for 1 hour, and the content changes of main anions obtained by ion chromatogra-
phy and double neutralization indicator method. The X-ray fluorescence spectrometry method for indirect analysis of high content

water-soluble salt cations in saline-alkali soil has the advantages of simple operation, safety, reliability and high accuracy.
Keywords Saline-alkali soil; X-ray fluorescence spectrometry; Water soluble salt cation
(Received Mar. 31, 2019; accepted Aug. 5, 2019)
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