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Characterization and Optimization of the NaOH-EDTA Extracts for Solution

*'P-NMR Analysis of Organic Phosphorus in River Sediments
ZHANG Wen-qgiang'?, SHAN Bao-qing' , ZHANG Hong' , TANG Wen-zhong'

(1. State Key Laboratory on Environmental Aquatic Chemistry, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing 100085, China; 2. University of Chinese Academy of Sciences, Beijing 100049 ,China)

Abstract ; Optimization and mechanism of NaOH-EDTA extraction solutions were studied in phosphorus (P) pollution river sediments,
which were Fe, Al-rich sediment, by solution *'P nuclear magnetic resonance spectroscopy (*'P-NMR). Different proportions of NaOH
and EDTA showed different extraction efficiency on total P (TP) and organic P (P,) in the sediment. The concentration of P, in NaOH
+ EDTA extract was higher than that in NaOH extract. The mechanism was that the TP and P, were released under the conditions of
EDTA chelating with Fe and Al. The concentration of TP and P, were the highest in 1.00 mol-L~" NaOH + 75 mmol-L~" EDTA
extract and 0.25 mol-L™" NaOH + 50 mmol-L~" EDTA extract, which were 3.88 mg-g™' and 0.24 mg-g~', respectively. The
extractions of Fe, Mn, Ca, Mg, Al were increasing as the EDTA increased under the same NaOH concentration. Extraction efficiency
of Fe, Mn, Ca showed negative correlation with the pH of the extracting solution (P <0.01). Exponential relationship was found
between the extraction of Al and the pH of the extraction solution (P <0.01) because of the AlO, and EDTA-AI complex. The quality
of spectra of NaOH-EDTA extract was better than that of NaOH extract. Six P species were detected in different extractions, including
phosphonates , orthophosphate, pyrophosphate, orthophosphate monoesters, phospholipids and deoxyribonucleic acids. Therefore, 0. 25
mol-L ™" NaOH +50 mmol-L~" EDTA was the optimization extraction solution for P, analysis in Fe and Al-rich river sediment by *'P-
NMR.

Key words ;sediment; organic phosphorus (P, ) ; *'P-NMR; NaOH-EDTA ; extract
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Pl 1 o 5 s ), SR At H AR DU 7 e L
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A VU R LR T T i IR R IR E S5
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1.1 SRS

TURIRE I TR 3 e 5 2 A o (0348 PE B
WLV EUEE NS SRR D 37. 5000
N,115.058°E; 237.681°N,115. 665°E; (3)37.827°
N,115.862°E; @37.930°N,115.967°E; 5)38.117°
N,116.075°E. Rk AR e RETIRY R )Z
295 em BESYBER BT A BHASR IRAE, T I SL
FIGRIRT W IBR A Y R AR S5 2 T J5 o8 5 B
TRA, P53 IBGHS 43R S AT 2ot 7 FH T 52 3843
1.2 DIBW B A b

DO AL i EZ o Hr bR 48 pH. A HLJR
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1t 20 HIEUURYILL 2. 5: 1A9K L IR AR pH 11
SE 3 OM, KB , 25 B K 20 W UL R B i 2
H1 550°C KBS 4 h, KIBEHT G 226 R0 OM™ 5 TP Al
P,, TP K Aspila 773, RUKs TR AL i B T S ol
Jrp 500°C 4b BE 2 b, FF A BCE B E RS AL 1
mol - L.™" HCI $2H 16 h,P, EFEHFH 1 mol-L~" HCI
PEEL 16 h, FEHURCR FH A R £k e vk il 2 o TP
AP, UURY TP F1 P, (1) 2218 BIR TR W) A3 AL
(PO &R T,0.1 g1t 100 H G YIFE &
I FH Y I8 T4 A {7 £ ( MARSXpress, CEM, USA) ,
THARCA HNO,-HCI-HF, B 5 5¢ 42 )5 In HClo,
JEERR , FFH ICP-OES/MS Il &
1.3 JAH 'P-NMR 4#7F

TS B G SCHk A 1Y 386 I, 5% EDTA F1
NaOH R4 R, BAH KR53 H 4 ALK
PR 2 PRS2, S AME I 0,10, 0.25 . 0.50
F11.00 mol-L~" NaOH $2HU5TR A $E B x il 52
WA 22 ANAb . BARSCI AT B DL AN 1.
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Table 1 Design of experiment

EgE|

EDTA/mmol - L. !

25 50

75 100

NaOH/mol - L.~

0.10 0.25 0.50 1.00 0.10 0.25 0.50 1.00 0.10 0.25 0.50 1.00 0.10 0.25 0.50 1. 00

FRECGTTA I RE S S EEBGR 2 1010 AU HL IR 42,
S EE IR 240 romin ' FEIRIR TS 16 h. $2HL

PR 7 45 U5 BT UR B DAL 4°C 254 1 8 000
remin "' B0 30 min. i 3§ EIE REBGE T TP,
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P, B4 R B TR, AR PR ORI R TR TR . 42
UK % /D76 B 25 154 e H T B 9 40 #r, LA B 1k
EDTA 37 BB e 004 IO A FH o B R
PR T TP DUSE , P, RN, SR P, Sl TP
FP, (2E(E, TP F1 P, & f5 2Rk AL 24 43 A 4300 7 &
2 (SmartChem200, [ AMS) ; 4J& B 1| ICP-
OES/MS 43473 T4 VR 108 20 A8 AR
H. FREGATFES 300 mg 7T 0.1 mL 10 mol - L™
NaOH F1 0. 6 mL D,0 [IRA W IR G W~
AL 30 min J5 FEE T S min FRHRGIERE T E
WELHLF14 000 remin =0 15 mln,L{%@%%
FREREACIRE KD, KA #S B+ BRUKER 22
A4 77 B9 BRUKER AV400 #% #% 3L 3R L. R H
BRUKER #a#EfE 5 mm () BBO #£3k, *'P i (1) ik ot
P1 =12.00 ps, [ikihzh= PL1 =3.00 dB, *'P fy3L4E
TR 129. 534 Hz JEFAEIR dl =2 s, $1420 000K
LAy, E IR EE A 20°C. a2 IR 85% 1)
H, PO, , FF St G DU T 15 W (B 2 2% £ & 3R ST 22 AN
] AL 2E R R AL R X UR P, R IR 414)
RS AT R, PR AR 40 P, 1)

i
2 BREHH

2.1 UIRW AR

VEPHBr LR Fe . Al S8, DU W W TS
Pt ke Y PH BT AT I 3 TR AT A K, AR IX 4
UNEE S W S K i o) 1K N e
() R AR FAR 35 Y5 7K 3 ATRTE , 6 BGTRT 3 TTE AR
BRI E ) AR ST B DU AR & TP 755
1K (4228.86 +98.11) mg-kg™', Hrf P, & H>
(535.35 £23.09) mg-kg ™", P, HFN LAY TP (15
R 12.66% 5 25 TR TS G440 i AT 30T AR
Y1 OM %7, 12.09% +1.18% ; JIFRY) pH N
7.25 0. 31, R EINE; VIR Fe, Al B FIREE &
F Ca ¥ ,Fe, Mn, Al, Ca, Mg WY -FHE 0 R
(57.59 £1.23) . (0.63 +0.11), (27.12 +2.76) .
(14.15 £2.87) . (3.90 £0.66)g-kg".

Bfi EDTA ¥ fE 756 A TH] NaOH Ab# ) pH 251k
ZHER(E ). BRI, NaOH ¥ BBy, 2L
W pH #%5,0. 10 ~ 1. 00 mol - L~ "2 Bk pH F 18
4394 10.24 . 12. 66, 13.27 F113.47. X T[al—u
FE B NaOH $2HUR , BE#% EDTA ¥ B 38 I pH ¥
FE SRR A3, ot 0. 10 mol - L' NaOH ¥
4 4~ EDTA ZbPEESE pH FRAGIRE BB K, Hk ol 0. 25

mol-L ™" NaOH. HAWALFEREE EDTA ¥ B 0
pH FEARIE BN,

—— 0.10 mal-L™!
—C— 0.25 mol-L™!
—— (.50 mal-L™!
—7— 1.00 mol-L™!

0 25 50 75 100
EDTA/mol-L™!

Bl1 FEHREA pH EL

Fig. 1 Variations of pH in different extraction solutions

2.2 RBEAA LB B

NaOH F1 EDTA (A [A]HC e i R4 TP i P,
HE IR 26 S 30K, BV 3, R MBS NaOH i i
T TP A1 P, 4RI (K 2). #E 4 4> NaOH B
rh TP 4 A5 Bl Ve B8 38 A T 38 K S 3 P IOk
BEA R 1,72, 3.02, 3.47 F13.58 mg-g~'. XF[A]
—WRBEE NaOH ¥, TP AOHEHUSCR B EDTA MR 1Y
K0 IS0 S BEAR A R #, 4 PP NaOH %W FE
EDTA €& 50 ~75 mmol-L ™" i TP A4 $2 B R 5%
fe 3 XF Al — NaOH ¥R BE T 5, P, £ B 3R 5 IH Fifi
EDTA V& FE 38 I S 58 hn J= B IR A9 ¥ 35 76 EDTA ¥
87 50 mmol - L™'B P, 3B fe . P, BY4REEL
RIFBA G TP ABFEF B B NaOH ¥ & 14 i i 412
BRI a3 4 4> NaOH ¥ B P 0. 25 mol -L~"
NaOH & U P, 097 ¥ 48 B &= &% &, 8 0.19
mg-g™', H K A 1.00 mol-L~" A1 0.50 mol-L"~"
NaOH #2HU ,0. 10 mol-L ™" NaOH HEHUR HEBUH R
A, F 82 B 53 00k 0.18, 0.18 K1 0.09
mg-g~'. EDTA & 50 mmol-L~" i}, 0.25 mol-L~'
NaOH $2 Bk 42 B & B K, 48 BOM vk B2 o 0.24
mg-g ', HIK K 0.50, 1.00 F10. 10 mol-L~" NaOH
PRI, AR R BB T P, 4 0.22 0.20
F10.10 mg-g™'. EDTA #JE 4 75 mmol -L~" i A [
NaOH $2Hf P, W JE 48165 50 mmol-L.~" EDTA
FApL, PEBGE T P, WREE 439070 0.22 0. 21, 0.20 F
0.10 mg-g~", [ A ¥k & NaOH 151 P, #MKF 50
mmol-L ™" EDTA. #% NaOH #6 & NaOH 5 EDTA f4
TRA W TP P2 AR 5 T NaOH S . 42
B pH {E5 TP 1 P, (A FH 58T s (E 3) , TP
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T 1 Fe SEHI By SR 423. 11, 100. 02, 34.32 Fil
. mol-L
~0— 025 mol.L™! 25.63 mg-L™". 0.10 mol-L™" NaOH-EDTA jR& %
—£—0.50 mol-L™?

4 = —— 1.00 mol-L™!

("]
T

TP/mg-g™!

|)"|.'mg,g— 1

0 1 1 1 1 L

0 25 50 75 100
EDTA/mmol-L™!

2 AERBEF TP, P, TLE

Fig. 2 Variations of TP, P in different extractions

0.3
4 * po
5 .0
- R?=037,P <001 Oq&’
e [s]s]
o TP *
| —— R*=0.56, P <0.01 o2

TP/mg-g™!
Po/mg-g !

E3 TP, P, 5 pHHHEXXER
Fig. 3 Relationship between TP, P_ and pH

AP, AEEICE SR HEBOR pH BT = T AR K.
2.3 EEE TR

FH A M B NaOH #2 OB ' 4 J& B Fe. Mn,
Ca, Mg, Al $2HURFHEE O/ H EDTA ¥ 23S R 2 9
T ry e (K 4)  AHFEH B EDTA #£ NaOH ¥
J9°0. 10 mol - L~ A} 43 J& 5 F- 1y $2 Ui fe K. 0. 10,
0.25.0.50, 1. 00 mol-L™" NaOH-EDTA JR4 LB

WP BE EDTA YR 20K Fe B FIREE R T
LTk X v B2 (R 43 0 R 86. 82, 115. 42
318.94 . 668.79 F1925.56 mg-L™"; 4 NaOH &
29 1.00 mol-L~" B, $2 B ' Fe B F & & A bl
EDTA ¥ BT 1 B AR A R 45 4R 0D Mn B85 1
WeEERE NaOH ¥ B2 i M F A1, NaOH ¥k BE H 0. 10
~1.00 mol - L', I ' Mn B 7 V3594 B 53531y
16.25,8.24 . 2.01 F12.75 mg-L~". &4 G BURK
71,0.25 mol-L™" NaOH +50 mmol-L~" EDTA $£H
T Mn BT BRI Mg, Al BT 7E NaOH
WEESR 0,10 mol - L™ A 42 B 55 /57 , Bl NaOH ¥k JiE
ThE SRR AR, Mg, Al B 7 09 7 24 52 BUMk 75 o0
30.07,20.27., 8.19, 3.27 mg-L ™' F116.25, 8.24
2.01,2.74 mg-L™"; Ca B F7E4 NaOH #f & i
FEASL —BH MR BEEA 22 A K. 4200/ pH 5 5 Fh 4
JRE T IA S RAF (B 5) S HBK Fe, Mn,
Ca BT SHBOK pH 2B FRMLELER (P <
0.01); Mg BT SHEUR pH TR EH KR,
Al BT S BUR pH 248506 & |, RIBE 5 $2 5
W pH T JEEBOR AL VR R IFR RO K (P
<0.01).
2.4 P EREIIRE

4313 0. 50 mol-L ™" NaOH + 100 mmol -1~
EDTA ., 0.25 mol-L~" NaOH +50 mmol-L~" EDTA
0.25 mol+L™" NaOH #11 1.00 mol-L~" NaOH + 50
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