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Abstract

Solid-phase phosphorus, as an important component in the phosphorus cycling process, has a
broad demand for its analysis of content and forms in the fields of ecological environment and
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geochemistry. In these studies, certain concentrations of HCl, NaOH, and MgCl; solutions are
commonly used as solid phase phosphorus extractants, and the phosphorus content in the solu-
tion is determined using the molybdenum-antimony-ascorbic spectrophotometry method. How-
ever, this study has found that excessive addition of acid, alkali, and magnesium ion extractants
can all have an impact on the phosphorus determination results, resulting in low accuracy. In this
experiment, the method was optimized by quantitatively controlling the maximum mole amount
of acid extractant added per milliliter of solution to be 0.15 mmol, sodium hydroxide extractant to
be 0.3 mmol, and by constructing a working curve under different Mg2+ concentrations. These op-
timizations aimed to improve the accuracy of phosphorus determination results, providing a reli-
able basis for further enhancement of methods for extraction and analysis of phosphorus forms in
solid-phase samples.
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1. 518

V] A B8 A g Bl A0 B I 2 v 11 F AL R 40, 0 L B S AT A8 1 0 W E AR S PR BT BR A 22 5t B
JZ TR U0 AE BRI (e B P E A RS A A7 A 1Y) 60%~80% 1 IR VE (1] [2]. IKTeis
SRS )8 SRR AR F=[3] [4], VAR S IERASIK R IS R . TRk Emf T AL i, BT
DY YR B B SR LB SR [5] [6], X K A4 & e SR AL AV K 5 VA B AR 9t BA B & X [7] [8] [9] [10]-
IR X AR B S 0 A (K00 2E U535 2 Fh[6] [11] [12] [13], Hrp A &) iz )52 20 tHheD 90 SEARLERK
AR RIMESE N R RIS b 715, fRIFRN SMT ¥4[5] [12]. SMT R — e ik B 1)
HCI. NaOH. MgCl, #4565 M eds: OHLE(IP). A HLEE(OP). mI AW (EX-P). Bhindi&
AWE(NaOH-P). 545 5 8®BEHCI-P). ZITEBRERE . WA 515 SBIEES M m+P/N14] [15].
FyAb, SCHR A SR IR VA AT [ A 5 v SR A T R B T AE B B[ 16] [17] [18]. TR HS B 1 22 77
VAT I (AR B L 20 e Y6 R [19] [20] [24]. 1 B ot il A A 1) 68 68 AT e KBl [22] . T 52 R B
SMT R R S BUBEHR BOGR R OmIR I, 72K BP0 G BEVERS I B (a7 e 6, RN 45 pH A
1345 A =i [14] o SRS 43R FH W AH W42 BBGRI PR SCHR, - I A 1 BH JHCAE SR FH 40016 ' FEE 1ok I ek i ol 42 BGHCR
HTRAL BRFE i, DAYH BRFEEGIDO BRI AT RTS8 (0 52 1 W e o Y6 6 %15 (GB 11893-1989)
[23] FOKMUE ARG 3 W 7 ik B VU RR) Hr [24], Rt 7o, Bdbd. ZSOes . TAEmRE . LASCBR G Rl
RIEZME AN B 770, (AR UEIIRR . B3 A BE B 1 R 5 )

ARG T T A S M b B A AR R (G NaOH, HCI, il Mg 25) AR B4 43 't 6 FE 2 Il
MIRoM . ASCH et T BN R R, REUTEEMNMN THER, A, Mo HEGIK K
B S EHBR BT o YO BRI e R . FLUR, BT R BRI K R HGRI I SE 38 K FE, 2 S 4T T ok
ORI AEIRE . B, T MoPHREGH, SR HIANE Mo BEBGRIHREE R i T 1F th 2k i 7 X L3R
e S 5 2 SR HERA I o A STV 9T 45 Sk itk — 28 56 35 [T rR B T S SR ORI 3 17 (1 D7 VA SR A mT SE 1
A
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2. M55 %
2.1, A EE

2.1.1. AFLERFMIFMMBELER 10%

HfR 10 g PURMR Tk, FHFRiREE 100 mL, WFITERS R d, AAah 4CHRICAE . AR R
Wil 13 g FHER % T 100 mL /KH, ¥fiE 0.35 g A RRERSH T 100 mL /K, FEABHRHET, K EHIREIA R
BARINE] 300 mL (1 + )RR, I ARREBREIVARORR G5, WATEAR T, Wi 4CHIEA7.
WERR SR AW G IR — A8 T 110°CF48 2 h, fETRATses, #RHEL0.217 g ¥FT7K, # A 1000 ml
FEMA, (L + 1)BEE 5 mL, F7KMRE BARLL, VA mL 7 50.0 ug (LA P i) . ShERHEH: 3 mol/L
RV . THIRTREG): 3 mol/L AHIRVAR . BRFRHRHGH: 3 mol/L BRERIAW . S A EAPREGH: 3 mol/L
SEANAE . FALBEIREF): 1 mol/L MgCl, iE . BREREERELF): 1 mol/L MgSO, I -

212 UBRESRBHNATRT
AL204, HEFFS) - FERI% (AR LI ATIRA T SANTT AMEOBIE - ABBO, B Z s Lits) F AT
P SRR 228 K, JERL B 18.2 MQem .

22. SKAE

HY 1 mL SRR ERARER (4 mo/L) I T 5 mL B30, B m A I A FARRR A R R . R TR
. S5, B FREGN. RFMIHFMA 0.1 mL Hib MERAW, 30 s JEMIN 0.2 mL 4HREShVA T,
BEIMNEAUKE 4 mL, RET. $IRERRE, WEROLE. AL E/DEE =R, RHFEMESHIhZ.
3. BZRE5 4R
3.1. ¥RfEMiZ S T {Edhk

RHE M 2 B A AR Hh 2 A0 TR 2e, RoEth ki I R e SEs e . T TAEdh ke ilidie 5
KA E R, WOH R AR 2R i 1m0, FERRZTHE TR 2200 0.45 mmol B i A1 0.3 mmol

12 F .
0.9 |

0.6 |
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0.0 | : _
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Figure 1. Comparison between the working curve after
adding acid and alkali and the standard curve (adding
A 0, B 0.3 mmol NaOH, C 0.3 mmol HCI into per mL
phosphate solution)

1. MBS B9 TEjhE: SHRE ik xT L (B
EABABRMA A0, B 0.3 mmol NaOH &, C0.3
mmol HCI &%)
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Table 1. Functional and linear relationship between working curve and standard curve after adding acid and alkali

= 1 MABRTEE B TAEfhZ SR Er &R R BX R X R

El1 S S A FRICSA AN
A Bt 2% y = 0.5506x — 0.0076 R?=0.999
B PRk £ + 0.3 mmol/mL NaOH &) y =0.272x + 0.8697 R?=0.7804
C FRfEZ + 0.3 mmol/mL HCI ¥ y =0.3x — 0.036 R? = 0.9202

BV 1 Sy T T A 8 1) AR 26 S bl 2R 22 K, B S AR 2R AR L (R? = 0.999), TAE M4k
RELFE(R? = 0.7804, 0.9202). brifEiizk 5 TAE MR MG MBI R ROVE LR 1, Rkl 2RI Rl
(k = 0.5506) 5 TAE £ MR 3 (k = 0.3, 0.272) Z R B ECK . Bk, R, BAEHR BGHXT B AR I B AT BRI
T, PRUESE S IR i B iy (e R P, 75 X ] AR S DU R mh B R S T AT AL

3.2. ERIREI MR NE

ASZREL A AR IR BRI MERIEHUN, WHFT T HNE SRR, JFE A —
SE RRR BRI SR A AT HE— 2D )W SREREE RN 2 Fiow, BEE IMANBRIEDGIAARR G0, WOt
FREE Al X TRRFEIGR], AR KR HYBE /R & AE 0.15 mmol Y, X 5E 25 SR TCBURFE s 4%
ZTPKFE H B R &L E] 0.3 mmol I, WROBEEA — MR EEAR; 12422 TR HYR B R B i
0.45 mmol i, WOGRERZIE 0. PRItL, /KARII 2 I 1 75 ZE N BRIR U, REZ2TH/KRE T H R BE IR B
£ 0.15 mmol W, I AN 20 SE0 45 G BRECKRE M . FL R DR BB e RE g M TR VR 261 T
IEWERR L5 IR B WA PR B AU BH SNE, AE IBRAR 2% 2 1R, HOLJFN G M RRIE IR, T2 Gl (2% S 4[23]
AT PR PR A L 1) S5 AT RO R M [22] o BRIE 2 UM BEAH 2% SRR, IR il RO A
fgity, SEROAEEIEENRE, 4IRMIK[25] [26].

0.8 —A— (]
i —a— 1IN0,
B —— 11,50,
0.6
0.4
R
Boof
0' 0 [} [} [} [} [} 1

0.0 0.2 0.4 0.6 0.8 1.0

IAER R AFR/mL

Figure 2. Influence of adding amount of hydrochloric
acid, nitric acid and sulfuric acid solutions on absorbance
of phosphate standard solution

[ 2. EhEg. RERANARER IR IR IN N\ B 3 B EL AT IR
USE dER=0EA )

HKFEREAE R BB AR, & BN KR AR I RR BRI LAk 219/ [ A B 73 A et 180 F . itk
I AR AR [ AR T A5 T SR I N AR AR BBV T, AT BRIRBEHGHI X AR B I e FEE s . A ig
SCHE BRI 2,4 — AR R 710 TR KRR IR P, 453 TR 2 i ot AV R pH B 4.4
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[25], fEfEE o ¥R (0 T IR B HHAAAAEAL S0 R 22 HaZ 5 i OCGE I T e kB b o TS BRs ot TSk
RoKFEEHE A €, MOCVERFNZ I ESR R KFERR BE o« BRI A SO N BB R K B AT 1 e e, sk
e R anE 3 fiw, A RITERZTKFER & 0.3 mmol FREZEGRIN 1 mg/L [IBEIR ER bR R -FIAASH]
PRIBRA RS o X T 6., HIRABRIRIEIGH], AR T KA iRl /R 24 0.15 mmol i, MR
BT ARAE 200 AR, B AR B AR IERCR s SRR K RE A B R /R Sl id 0.6 mmol 1, ROt
FEABLRREIN, W AERE. LRSI, SRR LG EE /K BAE 0.3 mmol AJ7KFE,
A B THKREFIIA 0.15 mmol BE/R BEROHRIR,  LABR e I B 45 SR A HETA L

2.5

—a—HCI|

00 0.2 04 0.6 08 1.0
NaOHJfIAE/mL

Figure 3. Influence of the volume of NaOH on the
absorbance of phosphoric acid solution containing acid
extractant

3. JAN NaOH FRIAFART & BEIR AT HYBEL
BRI E RIS

3.3. S EHHREGT RN

FESEMUERER S5 B BN, T A 7KFE T NS AN IR BGR] o R A E Ay R e R 3%, bl
JE A R AVERA A BN o I TEAE AN NAN [ AR AR BB A [ 94 J5E Y B TR b A VR 7€ 45 SR K 2

5 [ —e— dcnmt
—h— 1mg/Li

0.0 0.2 04 06 08 1.0
NaOHJIAZE/mL

Figure 4. Influence of adding volumes of NaOH solutions
on phosphorus measurement

& 4. NaOH BB AN AT ST 5 A9 52 A
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SR AR WK 4.

DL 1 mg/L HIBERR EAR R E N S, MR KA I NSNS GR BE /R & 7E 0.15 mmol 4,
XFI e 25 TR, MR KRR R IS AR BRI B /R I 0.15 mmol B, WROGFE Rl fE&
TEARE I E A AR 52 ORI BE R B 1 R IG K, A= T AR o N S SRS BGRI EE /R &4 0.6
mmol I}, WROGREIR B 5 KAE, 4hE4 KT KFE I NS SIS BN I BE /R &, WO RE I 22 BRI,
AR T KEER NN EE ARG BE ZR 9 0.75 mmol I, W% BEREE T 0, B0 1 IR 25 5 B vHE
Pho Hurgem A2 SENNIRIGH R B S R MR SHKR AR B E G, THRIesR, Sz
(ER DN

N7 PIIEIX —SE AR, AR S SR B A AN R B S B P R AR IS, K
PUB RIS A, 3P IE T ARG & B S PR R SR EIR I RS A, HORRE R
A5 a1 mo/L BB RR ShARAETR TN SR FE I S S BN ER BIGRI AR A AR — B YR IR IS, BEH 2%
2 B AN AR B (R 8 S, ELs ) i ik AR e ME[25] [26]. BRI EAARFR S AL A FE U 2 5
FBOKFEN & 25 RAER, ARUESCI S R HER 1, R /KRR I NS S A SR DGR BE /R 2 S92 il 7
0.15 mmol i,

34. ZETFRENTIR

B EZHASTE, FHIMA MClLRBUNRR SN, 2 B0 AR 5 FT AR BT/ ot BV < 4 L
WP BRI . ZHA T RIS T, BRETEANZERNR SNELREREZAEETI R R, HiK
BRFZTHKFEF A MgCl 32 B ¥ B /R BT MgCl 3R BGHIXT AHBR T Y BEEIA I RE . SR8 25 3D
Kl 5 fiR, B RFZTHKEER I MoCly SRBGH BE /R BRI, KARIE KOG — B m, s R
K. L SMT Jrikrp g TR MgCl, 2RI EE /K B0 0.5 mmol 047, WROIEEEARRT T 1 mg/L 1
PR Eh X N IR (B IG K T 500, %45 SRUERAEAR. JvHFEREA S 714, #&ft i MgSO, $RBIGHIE [A] 551
WA N HEAT SR, SRIGA R AE] 5 FR, HWROC R AR THKRE I MgSO, SRR ) BE /K & (142 1
S MgClp SRR — 5. oA A 2071 3R IR ) Mo 3 /KRR s 45 SR = A R, 3 /KRE I 5 45
e3P

0.80 —a—MgCl,
—A—MgSO0,
0.75

8 0.70
§ 0.65
0.60

0.55

0.0 05 1.0 15 2.0 25
MMAMG? 7B R RIAEFR/mL

Figure 5. Influence of adding volumes of Mg?* solutions
on phosphorus measurement

5. Mg T MR A\ A FR ST s A 32 )

TR T T FERF TR AN [ BRI BB TR BRI KR T, F TR Mo IRk 2
BN, 2RI E 25 A K, AT B R T KA T B R BRI B R A R AT DL, SR il
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Table 2. Functional and linear relationships of phosphate working curves under different Mg?* dosages

1.0
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Figure 6. Phosphate working curves under different
Mg?" dosages (per mL add A 0.125 mmol, B 0.25 mmol,
C 0.375 mmol, D 0.5 mmol, E 0.625 mmol Mgz")

E 6. TR MgCl, IIAEFH TRIMERE T Eihsk
(F=ZFHMA A 0.125 mmol, B 0.25 mmol, C 0.375
mmol. D 0.5 mmol, E 0.625 mmol Mg*")

R 2. MATEWFFRE MgCly /A R A BER EE TAFB ) R BIX RANL M X &R

K451 SIS A PRIER & R
A FruE#IZE +0.125 mmol/mL MgCl, %k y = 0.6814x — 0.0314 R? = 0.9901
B FriEZE + 0.25 mmol/mL MgCl, ¥ y = 0.6987x — 0.0149 R? = 0.9954
c FruERhZE + 0.375 mmol/mL MgCl, 7R y = 0.7216x — 0.011 R?=0.9976
D PRI ZE + 0.5 mmol/mL MgCl, A7 y =0.7776x — 0.008 R? = 0.9991
E FruERiZE + 0.625 mmol/mL MgCl, ¥k y =0.7957x + 0.0018 R? = 0.9985

0.8
0.6 |
0.4
_}R
o2}
0.0 |
0.0 0.5 1.0
BERYIRE/(mg-L )

Figure 7. Comparison between phosphate working curve
and standard curve after adding different amounts of acid
and base (adding A 0, B 0.15 mmol HCI, C 0.15 mmol
NaOH, D 0.3 mmol HCI and 0.15 mmol NaOH into per
mL phosphate solutions)

E 7. mMAREEER . BEMNRELE T EMLk SirErhsk
BIXTEL (B ZFRAERARMA A 0; B 0.15 mmol HCI, C
0.15 mmol NaOH. D 0.3 mmol HCI #1 0.15 mmol NaOH)
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Table 3. Functional and linear relationship between phosphate working curve and standard curve after adding different con-
centrations of acid and base

3 MATREIRER . WEHMERE TEHhs St EM&LI R B RMEM X R

Kl SIS A AT xR

it i 28 y = 0.5506x — 0.0076  R®=0.999
B FrfE 2t +0.15 mmol/mL 5% 1 y =0.541x + 0.0033  R?=0.9956
c FrEZE +0.15 mmol/mL S &AL y =0.5784x + 0.0043  R®=0.997
D PRUEMIZE + 0.3 mmol/mL ERFRVATE + 0.15 mmol/mL S8 LANIAT v = 0.5694x —0.0154  R?*=10.9975

AR TAEMZR T SLIRER I 6 Pran, HAVECRIEEIAS] 0.99 LLE, #ieSLRTiR, %
Sk LAEMZ M BAASHOE WA 2. RIVEEOSAN A BE ZR Bk 8 1 SR UK, 3 I 22 1) A [ 1) A% il 29
BrREeE T T

35. @I

DABERR EEAR MV E NI E X B, ArdEIZoN S, (ESRIRdAR b, 1M BIREsHIRg, Sy m i)
Jiik, W TARML, SRWE 7 PR, & TAEMKHEARIFN&ERR, RP¥AT 099, HEis
HERRZR L . VRO Be RAEMESR R L 3, =4 ARHEME T T/EMZRIAIEE(k = 0.541, 0.5784
0.5694) 3 5 bRk i 28 (k = 0.5506)Fz1T .  HEIER 213 B R IE BRI EEK o

4, g5ig

1) BRARHGH A BRI YOOE IR IG5 R AR R, A0 5 25 R, #E S B B2 P o LA ) 4 TR
SRR R . N E AR TR RE R HT R ENAE 0.15 mmol Y, EAI N B S HUR 15 00 K v
RPUMAE EARFRAOHOR IR T LR TR P IMAIHIR, SRR MR RS HIGH BE /K BAE 0.3 mmol il
A AR K FE NN 0.15 mmol BE /R & IR, LASR e 00 e 45 SR vl 2

2) SO 2R S B B S R AR, W SE PR B AR L4 i 4 S SR A B
FIBTIINEE, A THREEF ISR Z T ARRE I SNSRI BE /K BV AE 0.15 mmol

3) BEES T MBI BRI AE R AR RO, AN A R v, R SE PR N R AR SR
DU ICA TG IR (K MO VI, RAIE [F]— ZH /K RF Hh AR 2 KR HOIN 1 Mg B F B IR B — 380, I 2211
HER 2 B T A 25

E&WmE

2% SRR} < BT B 30T H (51808415) .

&E 3k

[1] IR, BN PRI H A6 [J]. AR, 2001, 13(3): 247-254.

[2] Penn, M.R., Auer, T., Van Orman, E.L. and Korienek, J.J. (1995) Phosphorus Diagenesis in Lake Sediments: Investi-
gations Using Fractionation Techniques. Marine and Freshwater Research, 46, 89-99.
https://doi.org/10.1071/MF9950089

[81 Z=E. PUNMEm KRG 4 LRI BREBOK SN 1AW FE[D]: [ #0018 3], BUM: #TVT K%, 2006.

[4] R, ST /NIERIKIA A URTS e KA ORISR LT FE[D]: [ 200 3], maat: i Ka7, 2007.

[5] Rk, ST VT I DX RL AR AR s 0 e SR AL [ A4 BT FE[D]: [ 22 i 50 b AR5, 2022
[6] AL MEHRJRIRVEWER) 73 A KM R R 7T [D: [l t-2A e 3], Jbnt: fedbiiJke7, 2014,

DOI: 10.12677/jocr.2023.114014 148 HHL A5


https://doi.org/10.12677/jocr.2023.114014
https://doi.org/10.1071/MF9950089

o
=
L
8

[7]
(8]
(9]
[10]
[11]
[12]
[13]
[14]

[15]
[16]
[17]

[18]
[19]

[20]
[21]
[22]
[23]

[24]

[25]
[26]

FHRE TR, S, XUEE, & Wi /KA)RER R BRG], R 580K, 2022, 45(3): 58-63.
2SR, WM. BB IRKIR R IR BRI T[], Lkl R, 2012, 40(21): 11008-11010+11013.
TUEZE, JRYE PR A RA AL 25 R FE[D]: [ 240018 3], TH22: PR iR k2%, 2013.

U, AEE, TR, AR VE BRI & BTSR[], FREY AR AR, 2015, 9(7): 3350-3354.

BIARAR. TARBIRAT IR B A LS B E IR R[D]: (L0030, M R OK, 2006.
A, AR, TR, 5. AR Ve BRI & I R T b e 0], SRR, 2022, 24(14): 16-22.

XSy, R, F/NME. BAETTRRY T =R R BT R LR D]. AR, 2011, 30(3): 276-280.

RBE, ), B, 55 SMT JEEFR 2 T i) H B I ER (L2 S 0], E PR, 2012, 32(8):
1502-1507.

Ruban, V., Lépez-Sanchez, J., Pardo, P., et al. (2001) Harmonized Protocol and Certified Reference Material for the
Determination of Extractable Contents of Phosphorus in Freshwater Sediments—A Synthesis of Recent Works. Frese-
nius’ Journal of Analytical Chemistry, 370, 224-228. https://doi.org/10.1007/s002160100753

BIRH, FREES, A)1. SMT JEFIBRIE- 42 TH A E 33 W (1 LU [J]. = W3R ER 543, 2009, 2(4): 10-12.

AT, T A5, ANGE, 5. [EARK AR BERR SRl e g5 SRR R R A ARAG[I]. 2RI AR 2B 2
2019, 19(1): 5-8.

R e X, 7366 BE VI 5E A R 7 ch i) B B & B (3], b B B AR 7= 5, 2013(24): 5-6.

Shi U, TSR TR A A - 23 O BRI E K R R T IR L[], R [ A AR B8 Ak S, 2006, 16(2):
171-172.

. IREE KO MR B A ARAIEFA[I). 6 gk, 1989(1): 62-55.
S, R KK B IR e oy e BRI E D], A TR THIE T, 2022, 48(11): 222-224+243.
FED. B BRI B K RS ) = B R R AT L[] SRR SR AR, 2022, 40(10): 23-25.

b iR Gy, EHE AT RS I ot GB11893-89 JK i L I i SH IR AR 4 6 EVE[S). ket HrE AR
HE L RA:, 1989: 4.

MAE R, BEFRAEMAYRR, AREKEM T TEmE s, KBRS A EM]. 8408, dbst R ER
Rl R AL, 2002: 784,

EH. BOREXTEBID RN E I BB R[], AR S i, 2015, 7(6): 30-32.

TRRERE, gkIH, XUHkLE, DR BREREANIRIE-EHERDT YR A e g A AU [I). BRI 5T, 2011,
3(5): 12-15.

DOI: 10.12677/jocr.2023.114014 149 HHL A5


https://doi.org/10.12677/jocr.2023.114014
https://doi.org/10.1007/s002160100753

	固相磷提取剂对钼锑抗法测磷的影响及校正
	摘  要
	关键词
	Impact and Correction of Solid Phase Phosphorus Extractants on Determination of Phosphorus by Molybdenum-Antimony-Ascorbic Spectrophotometry
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 试剂与仪器
	2.1.1. 试剂准备抗坏血酸溶液10%
	2.1.2. 仪器设备与实验材料电子天平

	2.2. 实验方法

	3. 结果与分析
	3.1. 标准曲线与工作曲线
	3.2. 酸提取剂的影响
	3.3. 氢氧化钠提取剂的影响
	3.4. 镁离子浓度的影响
	3.5. 检验

	4. 结论
	基金项目
	参考文献

