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Table 1 Basic properties of the samples.
o RO & AT H AL B o RO & BT H AL
SRR EER i p \ DINES iy R R RO S A p \ DIy
(mg/kg) @5%) (%) (mg/kg) @s5%) (%)
NSA-2 36+6 8.0 1.68 GBW07494 2142 8.3 9.90
NSA-3 1343 8.3 1.19 GBW07495 98+6 8.3 12.5
NSA-4 14.5£2.6 7.5 1.13 GBW07496 44+6 8.5 17.1
NSA-5 4+1 59 3.76 GBW07497 49+7 8.3 26.1
GBW07493 3243 8.4 15.6 GBW07498 44+5 8.6 9.40
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The phosphorous spectral background deducted standard series of (a) P 213.618nm and (b) P 214.914nm.
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5EPE. ICP-OES 23, B4 177.495nm., 178.211nm,
213.618nm, 214.914nm DU/ K52k, ¥4bF B 28
LHMX . HBAR P 177.495nm., P 178.21 1nm %4k R £k
JE v, ARJRAR S 5 52 825 A TR 1 26 i W S0
HPTHRE 25 . D244 12 e 0 et £ 45
W RO R, B E I P 213.618nm B KA
RO . o5 ANA BF5E W] 213.618nm Al 214.914nm
RMERITRNEESHHL P BRI
I TS A A B RN R A RE T, AR B 9T O B
P 213.618nm F P 214.914nm 1F N W 7 K 19 70 b4k
& 0.00, 2.00, 5.00, 10.00, 20.00. 50.00
WibrifE RN, T I8 ICP-OES % 5E (1 & 14 HE4 T
TE o VARV BN RE AR AR, 2 SR B P AL BR 2 il
HEINZR, 25 R M. BhnY Brs Ve A 50.00mg/kg LA
5k bt M R . X 12 1048 (A TR AT
S, LA 5 (BB O 22 10 3 A5 X 7B o 1) o 2 4
BAERITEREHRR . et AR ¥,=207.98X,-29.32
(P 213.618nm); Y,=128.78X,-23.95(P 214.914nm), ¥
WA BRI TR TAE I & ey, HAHC R
BAE 0.999852 ~ 0.999861, J7 32 K H R 4 % K
0.054mg/kg 1 0.066mg/kg. HEHE P 213.618nm ik £k,
At BR BEARR, T LA A e 1 - A o v A I ik
TEPEAN[R) A B 1 2 00 o A Akl L 3 ORI e 45
SO W% 2. A NSA £ %1 il GBW07493,
GBW07494, GBW07496 ~ GBW07498 + I #5: #fi: ¥)
Fai K P 213.618nm X 7 (1430 5 25 S 5 HEEAE AT

%2 AL E R S R AR
Table2 Comparison of analytical results of the effective
phosphorus content in samples by different phosphorus

analysis lines.

R R -
A
b (P213.618nm) (P 214.914nm) g
R W f W g v
(mg/kg)
(mg/kg) (mg/kg)

NSA-2 36.13 39.70 36+6
NSA-3 12.43 14.00 1343

NSA-4 15.24 16.83 14.542.6
NSA-5 3.96 4.29 4+1
GBW07493 33.11 38.63 3243
GBW07494 22.74 25.97 2142
GBW07496 44.73 54.77 44+6
GBW07497 48.63 57.67 49+7
GBW07498 36.37 43.36 44+5

A, T T 58 BT 5 0 B T 1 (GBW07498) J& I K
P 214.914nm X [ A0 58 25 SR A b (HR 25 A AG v
M2 AL R A H B, A5 %08 P 213.618nm 5411
RYE F, PrHPeae S5, 280 HEbr ey i a2
SEIRLE TS o T LAAE 3 AT R SE B A A
HEFAERE P 213.618nm iEZE, 1M BEHE P 214.914nm I
T 2N AT A R TR HE
2.3 RARRENK L RIE IS

MO A o CRR AR 38wl 1) T 5 ) (LY/T 1232—
2015) HEF7 B IR 4 A5 10 2 TREE ¥ I 7E 20 ~ 25°C fH
IREAF, Y677 M 160r/min, §73% B 18] 30min; 14l
P L A U 55 7 38 4. - B RCBE D E )
(NY/T 1121.7—2014) #EFZ R R A5 1 I R 3 il 78
25+1°C B ZME T, R %73 180+£20r/min, 41 % Aif [11]
30min, {H 2 SCERAIFFE |2 3 W3 X B P - e A
R (%) M) EL R 1 18 i R, X W] — 48, AEAS
W21 AR T TES /AN . 256510
Al-P. Fe-P hFfi 5 T =, (R ik K et th gk,
A7 RO B W R G f T i 220
DAED S5 9 v, PR PR AE 25+1°C, Rt
TERPEOR

Kt RIS AR R R R . R
[] 7K = E X 398G Rl o2 152 ) = AR B A 4 39
FE L T R I SRR, Y ARSI S )
A SCHFFEIN E AN TR] K = X - S RO 5 A2
ALK A Ho AR - SR Bk 7Y 1 47 4= (NSA-3)
FEE 4 4 HEBE U B 8+ (GBW07493) 52 A K,
JKAEE 10 2 1 F1 20 = 1 G55 A — 3, e (6 54
T ZE AR (36 3). WL 45 F 555 AR A H
BRALF P RE i 43 B R 225K (DD2005-03) H1 A 2%
W Hr A R 22 AR VFIR ZE R (NT 10%) o oAt 6 41
HHERIGEE K A 10 ¢ 1 BHI S 25 AR
B 45 A= B0 A RN 20 AR, K H 1 10 2 1
FET R A 0 s A o A R

RAEEBFFE LI 22 b AR ) 2 g
FESh, T REAFAE R A K - Lb, BV AT e AR M R
+ 5 A SO R B A 2 R BN . I,
A EAT RO B R R S, AT X ELAR AR 2
RUMEAT AR AR IK = A B, SCRE ] LA & V5 A i 1)
PEEUCR, AT 3R AT A AT S5 A R 25 51 . AT
< 3 BT - TR R e U AR - (GBW07498, 7K +
FE 20 = 1) A 058 45 2R, o 6 B 9 1 R (Ca™”
8.8g/kg, Mg®" 636mg/kg) Ji: [T HiAth, 5 41+ HEbrife
Wy o S B S - (B RY 32 A5 R 14 4%, Xl
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Table 3 Effect of different water-soil ratios on the determination

of available phosphorus content.

P P A 2 o d a2 4 BE o i el A T
A R e R 1, R TR IR AL S X S A

SRR, S5 O 2 W .l I, TR A 200l o5
AR B LB AN ok Ul I A RO 5 e e Y

AR i (mg/kg)
FRALSS KL Bk 1 SR IR IR AL b PR 2> Rk b R AN
P 213.618nm M E 1 EFEH ﬁUﬁf‘ I, %ﬁﬁmg&@&ﬂﬁﬁ‘ AKEF%}{%{&'#MZ
—— — (ST, JELFG S e £ A2 41 B T
NSA-2 201 44.63 36+6 TR AT WRER 73, R IRV P v, 58 R 8 1 T, D
101 12.09 /BT % ICP-OES 5 A 5E MR, I 235 R AS R P4
NSA-3 1343
20 : 1 12.48
NSA-4 10 15.23 14.542.6
20: 1 18.39 T 4 FRIEIRALN AR S e 5 R
10 : 1 . . . .
NSA-5 20: 1 2::? 41 Table 4 Effect of hydrochloric acid acidification on the
10:1 2.9 95 determination of available phosphorus content.
GBW07493 ' 3243 y
20: 1 34.54 I 1.0mol/L ;2 Rl 1.0mol/L #hRR2 A7 R & it
10:1 23.38 TEIRS) AR 5 RN E(H Ef{E
GBW07494 . R AN E 1H AR E (H R
201 27.27 (mg/kg) (mg/kg) (mg/kg)
10 : 1 44.84 NSA-2 36.09 35.85 36+6
GBW07496 20 :1 53.27 44£6 NSA-3 12.53 12.44 13+£3
10: 1 55.07 NSA-4 15.47 15.25 14.542.6
GBW07497 20 :1 65.37 4947 GBW07493 36.40 43.48 3243
10 : 1 36.54 GBW07494 24.64 28.28 2142
GBW07498 20 :1 44.62 445 GBW07496 44.03 52.08 4446
GBW07497 53.59 61.78 4947

R A D 555 | B A L A, Wik
iR =45 [Cay(PO,),] il 2 JK A1 [Cas(PO,);OH] 55 .
R AL e B AR TR AN ER 1R . Ak Bl S5 AE 5 L BE &
it b g b AV A AN B BURCR AN, T 1 FH BRSO
ICRERETRES | BERREE (L B 0YiE 112457 (NaOH+CTA
RGN, R mK £ (20 + 1) 345, 865
B TR SBERRAR B T I SE 4 1, T AR AR B
HEBR AN 4525
2.4 SRR ORI E R

JE 1 6 2 TS T PR (R R
VA VTR A 1 UYL F o = M8 A5 e ) e 24 R 1) S i)
P2 FHERIR (50%) PR Ak Jm I 5 el 398 v A 2kl
5HAFE W2, AR E 1458 H 1.0mol/L #h R iR

5 RS RS IR IR A RS RIS R

i 3 R I o 4 S I I e - A O
& (>10mg/kg) BOARE S, AE 5 1.0mol/L 3h R %
WA B TR ERR . & 5 BB RFEhR
FR Ak o5 A R I 5 S 5, S R R A
YR 5 1) 5 KAH X i 25 3597V T 10%, 15 A2 v ] b o
A J) i 5T IR A B R A5 1 (DD2005-03 ) A 450 I it
Oy BEARS I 22 LR o AR TR 0 A A R
FEM B4 HT, FI 1.0mol/L R R RR Ak A Bh T4 /i 7 vk
ARG % B
2.5 DRI FREIN DN A I R

B BRI 43 UV TR VR ) X 3
A RO A 1 RE M EA TS, SEERZE SR aniEl 2 i

Table 5 Analytical results of samples with high available phosphorus content after acidification with hydrochloric acid solution.

. o S — AR ENE | SRR R 2E
SR A0 E . (mg/kg) I (mglkg) %) AlogC
NSA-2 36.97 36.73 35.91 37.07 37.85 36.52 36.57 36.29 36.70 3.13 —-0.01
GBWO07494 22.70 21.82 21.93 22.36 21.09 22.10 21.10 20.45 21.69 5.72 —0.01
GBWO07495 100.5 102.9 101.7 103.3 102.6 98.71 99.29 100.4 101.2 2.11 —0.02
GBWO07496 49.24 50.03 48.65 48.26 50.77 48.58 48.00 48.72 49.03 3.55 —-0.05
GBWO07497 55.38 53.50 51.19 50.45 46.80 50.77 50.26 52.47 51.35 8.86 —0.02
GBWO07498 39.02 39.04 42.13 43.29 41.07 43.52 43.64 40.71 41.30 5.67 0.03

TE: AU 22 =2 (I () AE A X 100%
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A 5t 235 R S % AR A, AT AR AR 8 - AT YA 0 PR ) R ARl - S8 s v ) I 6 e 4
RETE WL — L6 KA W DT BOW I 2 0 BE B 08 12 0, FRMBAR SO 50 B A E b AT A B, e et 4%
INT R RN B F M B . BUR NSAS3 R PR RATA 12 3K, S TR AR EY T 12 K
GBWO07494 A5 &00% (1) 72 25 A B R e sh, (248 SPATINE AR XS AR R 25 (RSD) feffi i 7y ik 1 2%
KT REEBEAA, X REFNERE FRmEWSGESR 5, WIEZR (€ 6), K% (RSD) 4 0.93% ~3.87%,
CTA fFFERIE LT, HIEFAANURME YR ATHE 568 S M 45 0 2 A S HER L AP - ke i BT
2k 232 % o 8 R SO A AR R R B R MR B, B A AR E W TR . RUTE ALY R TR
A RO A AR O 2. SRR PR P 8 RO s, S I A AL e R
ATLA Y, Y3 ORI FLUB R AT BE s, S BLAE, RERSE R A TR 2

U TR ST 1) 7 45 A AE A F B 1 (0~5h) 58 SRR i

T A, LRI SE 55 5 i 7T o 5 PR T 3 &g
e T A BN S 7Sk = H It (CTA) IR
M —NSA3 P HLAAE e L AR S i TR R -
40l — dRW740 K1 ICP-OES Wl -3 5 200l HAG T 25 10 72 AL |
3 56| v\/\« MW PR SEE. R0k -+ B, 220
2ol A R Y 98 52 0 A, S5 ST
§M— PR i 2 2 e P oA R R R R,
ﬁﬁ: P FH S 2R 1 TR R CTA BYIN AR B T A s
T VA i FEE R BREIBCR, AT Ay B 398 A 8 4 0
0 s 0 15 20 25 AL T — B AT S BT T, S RIERE TR T
fh) T B AR R IR B A ) T & B AL T SE A B A

P12 D I 0 A S0 2 Bz LR AR3Ho

Fig.2 Effects of filtrate standing time on determination of TG RAEN, IR G RIEFIA R TR
available phosphorus content. PERCRAL 52 45 S AR e 1 [l R, it ELid 2 A A s

Fo LA RETIBFESA TR 12 IRIESTER

Table 6 Results of 12 determinations of available phosphorus in soil available standard substance samples.

NSA-2 NSA-3 NSA-4 NSA-5 GBWO07493 GBWO07494 GBWO07496 GBWO07497 GBWO07498

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 34.02 12.09 15.23 4.114 35.54 24.64 40.06 52.95 39.25
2 34.51 12.53 15.47 4.048 38.20 23.89 40.33 54.65 40.67
3 34.45 12.59 15.10 4.116 39.19 24.67 40.19 56.23 39.96
4 35.85 12.66 15.22 3.992 3823 25.15 42.08 52.18 37.13
5 35.89 12.33 15.26 4.131 37.62 25.58 42.83 51.34 36.02
6 35.97 1231 15.24 3.926 38.09 25.67 44.03 52.11 39.53
7 35.90 13.01 15.25 3.946 36.40 24.62 44.00 54.30 37.76
8 36.40 12.48 15.44 4.041 39.09 23.75 43.54 52.96 36.68
9 36.09 12.56 14.95 3.925 40.32 23.93 41.53 54.10 37.88
10 35.90 13.19 15.09 4.067 38.89 24.23 41.34 50.21 37.81
11 36.40 12.88 15.24 4.054 38.54 25.40 43.90 51.40 39.97
12 36.09 12.56 15.24 4.101 39.20 24.66 4245 54.69 39.53
SR 35.62 12.60 15.23 4.04 38.28 24.68 42.19 53.09 38.52
s 0.810 0.307 0.141 0.061 1.30 0.660 1.51 1.74 1.49
RSD(%) 2.26 2.44 0.93 1.51 3.38 2.67 3.58 3.28 3.87
HEFF{E 36 13 145 4 32 21 44 49 44
AlogC -0.005 -0.014 0.021 0.004 0.078 0.071 -0.018 0.035 -0.058
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Effect of Hydroxide-Based Ionic Liquids on the Determination of Available
Phosphorus in Alkaline Soils

LI Zhixiong"**, LIUZhenchao®, LU Qianshu®, HE Chengzhong®, ZHANG Song®, YANG Jinjiang’,
ZHANG Liankai
(1. Key Laboratory of Sanjiang Metallogeny and Resources Exploration and Utilization, Ministry of Natiaonal
Resources, Kunming 650051, China;
2. Yunnan Key Laboratory of Sanjiang Metallogeny and Resources Exploration and Utilization, Kunming 650051,
China;
3. Kunming Natural Resources Comprehensive Survey Center of China Geological Survey, Kunming 650100,
China)

HIGHLIGHTS

(1) Available phosphorus was extracted from national soil standard samples using a mixed extractant of 0.5mol/L
sodium hydroxide and 0.5mol/L cetyltrimethylammonium (CTA).

(2) The combination of sodium hydroxide and CTA synergistically enhanced the extraction efficiency of available
phosphorus from both inorganic phosphates and organic matter in alkaline soils.

(3) For samples with high available phosphorus content, the addition of 1.0mol/L hydrochloric acid for acidification

reduced the salinity of the solution and improved the precision of the analytical method.

ABSTRACT: The level of available phosphorus in soil significantly impacted plant growth, soil fertility, and
agricultural productivity. However, in alkaline soils, phosphorus mobility was low and was often tightly bound to
minerals and organic matter, complicating the extraction process. Traditional extractants such as hydrochloric acid,
ammonium fluoride, and sodium bicarbonate exhibited variability in extraction efficiency, affecting the accuracy of
available phosphorus measurements in soil. Recent research on novel extractants focused on combining different
chemicals to improve extraction efficiency and measurement accuracy. In this study, inductively coupled plasma-
optical emission spectrometry (ICP-OES) was employed to determine available phosphorus in alkaline soils, and the
effects of sodium hydroxide (NaOH) and cetyltrimethylammonium (CTA) as a mixed extractant were explored. The
experimental results indicated that the addition of CTA facilitated interactions between phosphorus and water
molecules or other ions in solution, thereby enhancing phosphorus solubility and extraction efficiency. Under
optimized experimental conditions, the mixed extractant demonstrated significant advantages in improving the
accuracy and efficiency of available phosphorus determination in alkaline soils. Additionally, the mixed extractant
also showed effective extraction for neutral (NSA-4) and acidic (NSA-5) soil samples. These results suggested that
the new mixed extractant had potential for broad applicability and promising prospects in the determination of

available phosphorus in soils.
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