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Abstract: The typical Suaeda salsa marsh in the newly created marshes of the Yellow River estuary was selected as study
object. The variations of phosphorus (P) fractions in soils during the growing season were investigated by in situ nitrogen
(N) import experiment which included four treatments (NN, no N enrichment; LN, low N enrichment; MN, middle N

enrichment; and HN, high N enrichment). Results showed that the contents of non—available P ( HCI-P, and Residual-P)
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were the main part of total phosphorus (TP) in soils of different treatments accounting for 87.75%—90.04% , while both
the proportions of available P and moderately available P in TP were very low with 4.81%—5.58% and 5.14%—6.57%,
respectively. Compared to NN, the contents of available P in MN and HN increased by 9.16% and 12.44% , respectively,
whereas the values of moderately available P in LN, MN, and HN increased by 2.25%, 6.92%, and 24.24%,
respectively, indicating that N enrichment generally increased the contents of available P in soils. By comparison, the
contents of non—available P in LN, MN, and HN decreased by 3.08%, 3.08% , and 5.22% compared to those in NN,
respectively. Although soil nutrients, moisture, salinity and acid—base status in different treatments were the key factors
affecting the amounts of P factions, with increasing of N input, the types of nutrients affecting P fractions changed
significantly from NN and LN which were mainly affected by N and sulfur (S) to MN and HN which were mainly affected by
P. This study found that exogenous N import not only might affect the transformations among P fractions, but also might
influence the variations of P fractions in soil by altering the growth rhythm of plants and the nutrients and acid-base status of

soils.

Key Words: phosphorus fractions ; nitrogen enrichment; newly created marshes ; Suaeda salsa marsh; Yellow River estuary
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WFFE XA T LU ZR B0 = AR N B A0 SR DR X (37°40" N—38°10" N, 118°41" E—119°16" E) (& 1) ,f#
IR R 15.3 7 hm?, FEARIPH A RIA S R B MBS % X8R R R, 1025
B, PRI T SRR M g B B AR K B 551.6 mm, AE IR 12.1°C, JTERE ] 196 d, 478 & i 1928.2
mm, 1% X RO O R AL - AW R 2 ( Phragmites australis) BH3E (S. salsa) AEM)
( Tamatix chinensis) F1[15F (Imperata cylindrica) 5% .
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Fig.1 Geographical location of the Yellow River Natural Reserve
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BRI, B PRREHLIE S 3 N EEFEH (5 mx  Medium N enrichment; HN: &% High N enrichment
10m) (K 2), A4 HTHaIHR, LI 4 FhkB7EA R
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L NaOH 1 Imol/L HCI 73542t - 398 g M v 55 B9 (14 TS mIE A | J5cJa MR B I R vy S0 v IR 8 42
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2 EREHH
2.1 FU ARG MRS O AR5 )

) U AL PR 9T - HE P G 3 FP IS MR ( Resin-P \NaHCO,-P, NaHCO,-P,) & &AL (& 3) , =%
Z RN U AR B AT 33 TP &% 4.82% (NN) .4.81% (LN) .5.39% (MN) 1 5.58% (HN) , 4= K Z&
M, 4 FVEAE R 13 Y NaHCO,-P, % SEAEAE 835 25 57 (P<0.05) , il Resin-P Fl NaHCO,-P, & ¥R ETE
FHEF(P>0.05) HBLA BN (5—6 H ) Wi F , AR EALFE T 3 i) =ik & A B E 2R (P<
0.05) . HEMAAL, AR AT LI A TE R & AR K RN R IR ZLRHE (18] 3) . i Resin-P
BB B IR AR, NaHCO,-P, 75 B S SRR AR A %, T NaHCO,-P | 75 R 5 e 30 M AR AE Ak, w240k
B, AR AU T 139 Y Resin-P 55 £ BN HNSNN>MN>LN, NaHCO,-P, & 5 HN>MN>LN>NN,, fif
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Fig.3 Variations of the contents of available phosphorus in soils of different nitrogen enrichments
2.2 AU A AT PR AR I
T 2R A AR B A 4 - 3 v ) v A5 5 LB (NaOH-P, \NaOH-P, | Sonic-P; Sonic-P, ) 7 JR B8 (&1

4) DU Z Fnar A S AR EAC PR 398 TP &% 5 AY 5.14% (NN) .5.40% (LN) .5.62% ( MN) 1 6.57% ( HN) ,
ARKZFEN 4 FEAAET 580 NaOH-P, Fil Sonic-P, 7 & B3 3 (L% /N s B MN AbPRAN , NaOH-P | % 8 7F H
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b Ah BT ¥ 5 U S G nEE#A s T Sonic-P, i bR HN AbHEAN AR AN I 35 2 B s RRAR ARk, OB &,
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Fig.4 Variations of the contents of moderately available phosphorus in soils of different nitrogen enrichments
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Table 1 Average contents and proportions of different phosphorus fractions in soils of different nitrogen enrichments

05-31 -
06-24

07-18 -
08-15 -
09-08 -

10-27

11-21 -

e PRI RN
R AL Available P Moderately available P Non-available P
Control group ResinP  NaHCOyP, NaHCOyP, NaOH-P,  NaOF-P,  SonicP,  Semic:P,  HCLP, Residual P

b &/ (my/ke) 5.84£2.0  9.05:1.9  18.29+5.1  7.8+¢1.9  1543:43  1.80:0.5  10.33:2.1 481.69+48.8 138.10+24.3
No N enrichment CV/% 34.41 20.69 2197 24.28 21.59 26.26 20.89 10.13 17.63
B/ % 0.85 1.31 2.66 113 2.24 0.26 1.50 69.98 20.06

1% i/ (mg/kg) 531:1.3  10.99£3.2  15.92¢43  7.50:24  15.00:2.3 171104 11.58+3.3  450.96+30.8 149.71£15.8
Low N enrichment CV/% 24.07 29.54 26.90 .12 15.36 25.80 28.86 6.83 10.57
HAH/ % 0.79 1.61 2.38 L12 2.24 0.26 1.73 67.44 22.39

TR Fi/ (mg/kg) 5.35£2.2 1358243 16.67+6.2  9.48z1.1 144438  2.06:0.6  11.05:2.8 429.10+54.6 169.24£18.6
Medium N CV/% 42.02 3151 37.30 11.37 2641 30.55 25.38 12.72 11.00
enrichment HAH/ % 0.80 2.02 2.48 141 2.15 0.31 1.65 63.95 2852

HA i/ (my/kg) 6.17¢3.0  13.52£2.6  17.61x3.5  9.28+2.6  18.87+49  2.09:+0.6  13.68+2.6 424.83:75.3 162.57+12.9
High N CV/% 48.45 19.42 19.81 27.89 26.02 30.88 18.74 17.72 7.94
enrichment A/ % 0.92 2.02 2.63 1.39 2.82 0.31 2.05 63.54 24.31

NN. & No N enrichment ; LN {%% Low N enrichment; MN; % Medium N enrichment; HN: #% High N enrichment

2.3 ZU AT & A AR

AT AL R -3 b ) P 5 258 (HCL-P,  Residual-P) & S %05 (8 5) . Hob  HCL-P, & #7351 4
A AL BT 3 TP & 511 69.98% (NN) .67.40% (LN) .63.82% ( MN) F1 63.54% ( HN) ; 1fij Residual-P 5+
1 5 He 23514 20.06% (NN) .22.38% (LN) 25.17% ( MN) F124.31% (HN) , =K Z=N 4 FhaUm A AL BT 115

AU
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1 Residual-P & 5 1928 (L ¥R K, T HCL-P, % &35 2 i sh 3 omta 3, BB iR HN 4B N K (CV =
18.0%) , HLELIM T ,4 FPEALEE T 1380 (1% HCI-P, & EAEIE R E 2 5 (P>0.05) , 1] Residual-P & EA71F 2
FHER(P<0.05), FFHRR& S, AR Z AT £ 5 d (%) HCL-P, &% 5 32 8L 4 NN>LN>MN > HN, 1fi
Residual-P &4 MN>HNSLNSNN(Z 1), AHXFT NN 2R3 LN MN Fl HN Zb33 T 6 A 35 250 & 5 20 I 1%
T 3.08% 3.08%H15.22%
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Fig.5 Variations of the contents of non—available phosphorus in soils of different nitrogen enrichments

2.4 AT BE T AR S A ) 32 B A3 AT

g ik — 25 B AN [) U A S T S e i+ R TR Al 7 s A AR i DG SR R 3R SR F2 43 4 B Xof
S LR AE R AR DG I P AT (1 6) o Z5 SRR I, NN AREE R, B4~ £ 40 (PCL A PC2) [ BETTRR R GA
84.55%, 1, PC1 I TTHRRRIK 45.41% , T B AESE 48 N F250RO0 (TN NH;-N) A3 ;1 PC2 A DTk 365
39.13% , FEARE T HHE N S F240R 0L (TS \NO;-N) . #E—20#r & P, NaHCO,-P, Residual-P 5 PC1 A%
S AH OGP, 1 Resin-P NaHCO,-P, 5 PC2 fF7E R YA C M, LN 4R B R, PC1 A PC2 1Y R BTk R ik
84.59%, H.rf1,PC1 MTTRRFIL 64.71% , Pl BEAEZ 13 N S F250R0L (TS TN \NO;-N) AR s 1 PC2 (9 BTk
IR 19.89% , 7] FAEE T IERR ORI K 26 53 25 #F (pH (EC) 19fR 3R . NaOH-P, Residual-P 5 PC1 A #5R AAH
Ktk , 1 NaHCO,-P,  NaHCO,-P, 5 PC2 77 7E 558 1 A & M, MN 4b#F, PC1 A1 PC2 1) R B BTk R 1k
84.23%, H:r1,PC1 TTBRRIX 57.33% , Al B AR AP S P 325K 50 (A HLETF TP) A3 ; 1M PC2
HYTTRRAIE 26.90% , FEARK T 158 NS F 43555 (TS F1 NO;-N) . Resin-P \HCI-P, 55 PC1 A #3% B AH K
P, 1 Sonic-P, Sonic-P, 5 PC2 fEEAZHR A, HN ZLBET  PC1 #1 PC2 1) BRTTHARIL 76.43% , Hi,
PC1 B TTRRRIL 42.24% , Al B AE 2 T IEMRBUIR B (pH) Bk 600 518 (F KB (EC) MIARE T PC2 1Y STk K
ik 34.19% , W B AESE LI N P F743 254 (TP \NH}-N NO3-N) 03, NaHCO,-P, Sonic-P, 5 PC1 A 43R 1Y
AHIEHE , T Resin-P (HCI-P. 5 PC2 fE7ERSR AR X1
2.5 FUASAE T IR SO0 - I A 1) A S A BT

A HT R (2 2) , LN AP R 9 HCL-P, 5 LT & B 1EA 5¢ (P<0.05) ;NN ZbH T [ Resin-P Fll HN
AEBEF Y Residual-P 5 TS 5 i 2 71405 (P<0.05) , 1ii MN bR Y Sonic-P, 5 TS & i Z IEAH5E (P<
0.05) ; MN Zb# T Y NaOH-P, Fll Residual-P LA K HN ZbHE T Y NaHCO,-P, 5 TN #7518 3 1E M 5¢ (P<0.05) , 1
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Fig.6 Principal component analysis for phosphorus fractions and environmental factors as affected by different nitrogen enrichments
Resin-P ; #f fi§ 38484 ; NaHCO5 -Pi il NaHCO,-Po: NaHCO, 32 2 25 8% ; NaOH-Pi Fl NaOH-Po: NaOH {2 #2758 JCHL#E 1 NaOH 12 $2 57 LB ;
Sonic-Pi Fl Sonic-Po ; -1 8 P SR AR TEHLBE A L S AT SR (AT WL HCL-Pi B AT BB s Residual-P ; 5R & A58 ; pH . FRIAUEE ; EC . HL 38, TS : BB
TN B TP - B s NHL =N A5 50 NOS -N L S

MN KBER [ Sonic-P, 5 TN S 8 3 61426 (P<0.01) ;NN I LN Z4bFE R ) HCI-P, 55 TP & & 3 IE A6 (P<
0.05) , 11 MN F1 HN 463~ Y HCI-P, 55 TP 24 2 3 1EAHC (P<0.01) ;NN 4bFE T (1) NaHCO,-P, 5 NH-N 2
HEIFAIE(P<0.01) . BN, NN A3 T 11 Resin-P, 5 % /K & 52 3 7M1 96 (P<0.05) , LN Zb 3R ) NaHCO,-P,
58K B IEAIE(P<0.01) i MN A0 R (%) NaHCO,-P, 5% /K & 52 W 35 1IE MG (P<0.05) .

3.1 F AGHEH R RSB S = 152
ARG, & S R AR A AL B R+ TP & 4k, Hodh HCL-P, &85 TP SR EIN T
63.54%—69.98% , Ifii Residual-P 2 1 5 LA T 20.06%—25.17% , i 5 75 156 B 451 7 58 iy % 4 155 Ji - 4 v
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HCL-P, & 5 TP & &0 (20 70% ) DL % Residual-P & 5 TP & &0 H B (22.55% ) FH3T . T HCL-P,
FRE Ca G54 MRES B , BUFBURBIGE H HCI-P, 5 B A9 S5 R AT RE S5 5% X 38k 4 + 18 3= 22 Ry
G0N R s i =194 [ o ) I W R AT 5 =82 e = K2 Y A 7 = S TR S || s N S AR 52
KB EHFEEN Ca Mg 55T, (HREE & 5 H30h F 5 L6 B R EHEA Y Ca,-P  Cag-P & Cay-P,
MR, Bl R A = A3 0 R TP % 2 R IUE A (NN<LN<MN<HN) | Ji P 25 Fik HCL-P 2l TP
FAK H HCIL-P, 25 5 bl U AR A I BRI G (1) o XK BTt & B, AN [) US4 B A1 1 -3 v
Cag-P Fl Ca,o-P 17, BLAE R U AT BRARVE B S B, 22 oy AR R U A B N T -3 b HY A ik
B HAR RS PER S A AP A ZE B, M) T Ca,-P AITEREL . Resin-P \NaHCO,-P, fll NaHCO,-P #JJ&H4
B AR YA RO ) R Sy ARBIFGE R, AT A B R ORI B T P TE AL ( Resin-P \NaHCO,-P,) &
R B HN>MN>LN>NN | BRI B e A Bl U A 38 i s . 5536 P8 ( NaOH-P, \NaOH-P, ., Sonic-
P, Sonic-P,) & B INKE AU A B BRGNS, A AE LN MN FHN AR R AR NN A5 538 T 2.25% ,
6.92%Fl1 24.24% , NIV T3> X 75 1RE I A 125 2 w0 A 25 2R 8 BB 9 (A5 B 2S5 38, BV RS I S S50 1
AR T BAEH . SRR KR, Z B BRI E R OU T, 3020 8 9 T N B8 % - S92 0 53 Dl T
MR EURAE ) A v Ay i 2R e ) ol A 25 2R 0 DA 32 R T ) 2 i PR A DR, s B U A i e T
S HA 43 (R T 3R, DN 4310 5 22 (Y B IR TR AR IO 3kl . AT =2 Wi AR fF 9 2 B, 2 Y b, = 2 22 K0
Fr v BRI, LRt 5 20 A (R T, R PR T 104 DA g , 3 i ol 45 A 25 R e Al 5% 43 B A 10 75 A
A BB IE X FP IR 4 BR AR A6 AR | 30 S5 0 i 16 P 2 A, AT R 422 5 i) 381 - Sl W Ao 1y el A
XA A5 P R R BT S P TCA U A S5 TR A A i I — A R A

x2 FEEMALETEHESELEBAERZEPHEXXER

Table 2 Correlations between phosphorus fractions and environmental factors in different nitrogen import treaments

R WIS Hilk . ] ki
Contol group Phosphors fom pH EC Organic TS N TP NH-N NO3-N Water
matter content
FA Resin-P 0.218 0.452 042 -0770°* 0.556 0.687 -0.193 -0.471 -0.868 *
No N enrichment NaHCO5-P, 0.599 ~0.509 -0.509 0.205 0.556 0.306 0.92** 0.3 0.342
NaOH-P; 0.297 -0.258 -0.258 -0.505 0.796 * 0.372 0.410 0.153 -0.142
HCL-P, 0.019 0.59 0.592 0.352 0.32 0.870 " 0.002 0.111 -0.682
Residual-P 0772%  -0.648 -0.648 -0.428 0.760 * 0.440 0.526 -0.159 0.216
fTA NaHCO;-P; -0.798 * 0.592 -0.614 -0.397 0.467 -0.533 0.422 0.452 ~0.556
Low N enrichment NaHCO;-P, 0.703 -0.781* 0470 -0255 0.290 0.355 0.488 0.532 0.927**
HCI-P, 0.449 -0.002 0.857% 0251 ~0.167 0833*  -0314 ~0.524 0.388
P NaHCO5-P; -0.957*  0.627 -0.553 0.613 -0.143 -0.621 0.173 -0.355 -0.398
Medium N enrichment NaHCO5-P, 0.491 -0.801 * 0.287 -0.315 0.517 0.281 0.727 0.698 0.896 *
Sonic-P, -0.258 0.215 0.103 0.849%  -0.248 0.189 0.256 -0.071 0.025
Sonic-P,, -0.130 0.048 -0.033 0.206 -0.891 (.04 -0.419 -0.730 -0.642
HCI-P; 0.8897* %" 0.636  -0285 0.108 0.947**  -0.018 0.573 0.496
Residual-P -0.805*  -0.658 -0.259 0.473 -0.178 -0.403 -0.074 -0.512 -0.533
A NaHCO,-P; -0.765* 0.829*  -04988  -0.198 0.024 -0.428 0.427 -0.418 -0.217
High N enrichment NaHCO5-P, 0.355 0312 0.146 0.028 0.823 0.666 0.621 0.538 0.617
Sonic-P,, 0.756*  -0.665 0.224 0.448 0.137 0.481 0.358 0.592 0.434
HCI-P, 0.261 -0.322 0.650 0.266 0.480 0976**  -0.122 0.286 0.493
Residual-P 0.062 0.063 0.278 -0.802 0.185 -0.016 0.040 0.667 0.416

# FORBEM, o« FRMBENL; EC.H F3, Electric Conductivity; TS 515 : Total Sulphur; TN & % ; Total Nitrogen;'I'P;E\@i;Total Phosphoms;NHI-N;@%}?}:L;NO;-N;ﬁﬁ%}fﬁ—t
H AU AR 2 1 AR AR S M0 1) T 03 o3 BT SR mT R A e AN [) R A R IR BRI A ) G B
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K Z N IR0 55 K ER KRR BRI | (Rl 2 U A S 3 SE i B S AE & I IR R R AR T
W1 U BV H NN LN PR F 2852 N S 52meE 06748 4 MN Fl HN 203 2852 P sZ i (K 6) , iX—
S5 SRR T R — 3, VR U A B ARG e 10 b 2 BR 5 D0 AR DA GE e AR AR AR R G P
T BRAEBOAS LA™ 8, 1 R Rh R o B 155 0 B i A, 5 385 9 P s AN [l A R A 1) A R 74
KA T IR
3.2 G AT PR A I O - SR A I

55 NS EF2 504 FAS] A MO 77 40 B ME— 3 A8 R ad AR R A el R i - R AR R A
RIHREE b n] sgm + 3w i WAF T S A 80k DL R el 35 pl b 3d S 5043 20 B vl i, - 9 B A0 % 0 ( pHL,
EC) X HHEP B AR S (REAZ LN Al HN 43 IR BAA 2, AR5, A K 20 1R pH %
AR it R A (R3S A0 T v, EC S AH S AR Ak ka3 (BT 7) o AR DG4 A 3 BT, FT RAH ) 45 T ( Resin-P,
NaHCO,-P, ) 5556 8] P9 v % A R Bl b IS 15 PE B ( NaHCO,-P, ) %252 pH Al EC Y520, LN Al HN 4b 2
T NaHCO,-P, 55 pH & i # f1 A (P<0.05) ,MN AL B F iy NaHCO,-P, 5 pH S 4% i 2 7 4H ¢ (P<0.001) ,
1M LN F1 MN 23R 9 NaHCO,-P 5 EC ¥J5 W& TAH I (P<0.05) (KR 2) o a7 J7 R 0HEI i e A o8 to i 2]
FNgE R, BN CA i A e R S TP Y LU (A BE pH A T MR pH 32 B i R DU R X
BT 5 1 R o R 25— 38 48 o 2 T 0P AR rh A B R R AR S e, AE TR AR T B IR £ 2L HPOT R
HPO, fE7E, JF 89 W M T OB . B pH BT Fel R e 40, O SUTR T Y Fe™ (AT 45
FHES G B RR R 1 B8 7= A e 4, I T A= BB S B 1 & S A0, 28 T A AER T 0 R A o s A e T M 1Y

EHE
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Fig.7 Variations of pH and EC ( Electrical coductivity) in soils of different nitrogen enrichments
2 AN [ AR B L e IR B0k 4 T SRR AP AR 2 F AN TR 25 B &5 A T8 20
LM . S350 NN ZLBET Resin-P & f 780 T 252 5K & TS 1 pH K520, NaHCO,-P 5 A2 fk

3 NH,-N 528K, NaOH-P, % 5484k %252 TN 5200 ; LN AP R, NaHCO,-P, 7 484k 32257 pH A1 NO; -
N B30 ; MN AR | Sonic-P, & 528032 TS 52004 ] i, HCL-P, & fa 28 {k 325 TP #5200, NaHCO,-P,
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FRARAEAZ pH FI NO;-N BUSEIRH K  HN A FE R NaHCO,-P, & 828632 TN (52 E K, Residual -P 75 78
fb EEAZ TS RS2, 1 HCL-P, & ASfE 537 TP A TS MR (% 3) . Mkl I, HIEpe & E 82 57
G35t OKER R RRRCAR DL AN, 5y — F M R 2R O & A 5548 BT NN AT LN AbFE R %237 NS fEmig L 5
5k MN FI HN ZRFRF 252 P sgmm, X5 ARG b B RER  45 8 DA K ) -+ 38 v AS [m] il IR A7 T 285
FRLIT T IR LS IR I —E, KT 3 AR AN E AL T () HAGBE ST S, HAEA R A Y
Ak 7 - IEER AL R A S T BB R R A%

£3 TRBRLKETERSHSHERTESERET RS

Table 3 Stepwise linear regression analysis for phosphorus fractions and environmental factors as affected by different nitrogen enrichments

Xf B2 31723 [l =15 e p
Control group Phosphorus form Regression equation
A Resin-P y=-6.141-0.119x,—0.003x, +2.443x, 0.986 0.001
No N enrichment NaHCO;-P, y=-4.829+2.409x, 0.819 0.003
NaOH-P; y=1.975+0.017x5 0.561 0.032
HCI-P, y=-83.028+0.653x4+3.311x, 0.893 0.005
Residual-P y=-892+131.674x, 0.515 0.042
iy NaHCO,-P, y=127.059-15.145x,, 1.266x, 0.873 0.007
Low N enrichment NaHCO;-P, y=27.395-0.543x, 0.532 0.038
HCI-P; y=316.766+10.834x 0.681 0.014
EREA) NaHCO;-P; y=322.661-39.596x,, 1.134x, 0.961 0.001
Medium N enrichment NaHCO;-P, y=48.607-1.573x, 0.570 0.030
Sonic-P; y=-0.708+0.002x, 0.665 0.016
Sonic-P y=21.663-0.025x5+0.151x5 0.896 0.005
HCI-P, y=-354.245+1.165x¢ 0.876 0.001
Residual-P y=11350571-123.077x, 0.577 0.029
B NaHCO,-P, y=7.069+0.296x, 0.624 0.021
High N enrichment NaHCO;-P, y=6.094+0.021x5 0.614 0.023
Sonic-P ¥y=-65.953+10.106x, 0.485 0.049
HCI-P, y=-286.176+0.894x,+0.087x, 0.978 0
Residual-P y=248.359-0.066x, 0.572 0.030

%y, pH; x,, EC; x3,/ﬁ‘1‘JLﬁﬁ; %y, TS; x5, TN; xg, TP; 27, NHI'N; xg ,NO3-N; xo,ﬁ7kﬁ

3.3 YRR S BRI HPAR BT - EREIE AR i R

AT, Bl U A BN, S PO R S0 S AR A KR T N S AN TR AR AR T3k A AR
PG AR AT LU M 5 MR 2 (B SR 40 SE R B UIANSE . ARBESE R AR U BT Al B pAE
Wi 15 A JCHL B (Resin-P NaHCO,-P, ) 9 f AR AL R AT (181 3) 3k 32 285 0 ik S0 2 A 9y 5041 LA
Lt IR o3 AR DA G, B AR AR K E AR, AR [ AR B AR R B 77 03 BT SR B X B,
AR AR I3 B R AR A A e DA S 31 DF i DA 398 v IS A8 O B 7 AL 25 AR OB B Y7
R, XA FEC P TGP TOLE  RE FEARR E SN, T P AY Resin-P &R BRI HAZ L
HE [ -V PSP 0 ORI R (S AR SR B 8 T NaHCO,-P 215 M JEHLIE Y 443, UK Ta) AU
N ¥ NaHCO,-P, &t AE L) R AR AR AL S o 28 i . p T ASBIF S 000 T 800 C97 A 1Rt X, 3 LA
W3 398 v AT B A RBOR FH 5 7% 20 B AIK, Resin-P, Fl1 NaHCO,-P, 75 5 P RE N & LA & A A K X il 7=
IYBIFR T NaHCO4-P M0 Al PR A ALIE , 5 T8 A3 Al 7 0 A B ol S5 A, 380 NaHCO,-P 1A=
KRR G BTG i, AT BEIESE AN, 58 2 19 NaHCO,-P B AEAR KBRS D ARRE TAE K AEII A KR &
XBEFR I AR OR

TE SN KA DA B R 0 5 SR BRI, AR CESE Tt 2 1) T S AR RS i % 00, AN ]
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HALFE T 19 NaHCO,-P 7EAE KARIAS H IR [RIFR B A3 i . NaOH-P, 2 A8 A3 R0 1) 31 B2 IR, MW 37 47
AL VAT JEAE ) TR I | A 550 5 S IR T A WL AN NaOH-P, ') 0 ASHIF5E X 19 1 b+ 3% L A8 2005, NaOH-P,
BRI A IR PR, X R R BRI TR R EAL N NaOH-P, & BN — D EZ R,
NaOH-P_ 3= %2ty A48 v (1 LB RS PR R 2H A%, J5c Ry i LI R AR, TTTAEL R 20 T4 -8 h 1) Fe . Al ALY ANZT 1
TS ARIFSEIX LR Fe, AL AT, L AT AE S EON R AL B R A9 NaOH-P, & B 505
Reddy D %7 (W58 IR0, dh AR TEMA MUBE 2 A T R P A SRR, 36T LR /il 4, 24
B Y b, - 498 T A A B S R DAL R I TE R AR KR B I, NaOH-P WAL S A o ORI E 2, =
FOAF ZAL T (Rl HN Ab38) NaOH-P & f fE A K R AR IR EERR (81 4) 5 73 8h B i K A S5 R
BT 5 A WL 0 OB ke, BEMTANFE T NaOH-P, X 2 NN AbF R H 5878 7—9 H 38
TR (L 4) o PR 7 ) e A o o 2 A o P 388 v 348 o 4 S0 3 B0 SR 1) NaOHL-P 7
B IR AR RN 145 NaOH-P, & i 7E 7—9 A MR & H#IEA . TR IHe T, a2 AR T
R T AR E— @ R LR T NaOH-P, & i, (45 HN AbFR T “ i Bl ” AN B ., ikt 2 53K
HN Ab3F AR AE 7—9 H B LN F1 MN 4P R NaOH-P | & 30 MAS B B i — N R R (KT 4)

AN FEEIRAFIE S 2 A AR & 20 M 6 B, NN AR BE R () NaHCO,-P, 5 NaOH-P, B # i 3 A 56 (P<0.01) ,
Sonic-P, 5 Sonic-P 2 3 1 AH5E (P<0.05) ; LN 2L P T Y Resin-P, 55 Sonic-P, 2 M it 3 IEAH5C (P <0.01),
NaHCO,-P 5 NaOH-P_ 4 3 IE A (P<0.05) ; MN ZbBE R ) NaHCO,-P, 5 HCI-P, & .3 A (P<0.05) ,
iii NaHCO-P, 5 Residual-P 5 i & IF A5 (P<0.05) ; HN A FE &S0 2 A PE A 3% (P>0.05) , I
IREERFI NN LB R 2515 AT AL 9 NaOH-P, W] BE B4 b M 3G M TCHLBE NaHCO,-P, , 1 45 16 AT
HLBEH Y Sonic-P A3 HH 24— 5004k R [5] S 16 PE I TEHLBE Sonic-P,, A A SRR, MN A3 T E A
TCHLEE HCL-P, AT GEZZ T 0] 15 PE A HLBE NaHCO,-P 74k, A UL, SRR U AT BEEAS T N RIS 2Z (a1 4% Ak
B

41 AEFEAF T + 3 p 4] E A8 (HCL-P, 1 Residual-P) J& TP Y 314 (87.75%—90.04% ) , T i 7 #
(Resin-P \NaHCO,-P, fil NaHCO,-P ) Fl-P 4575 M i ( NaOH-P, \NaOH-P,  Sonic-P, Al Sonic-P,) i TP ) Hu i3
K (4.81%—5.58% M1 5.14%—6.57%) ,

4.2 AHXTT NN AL MN A1 HN ZE3F 976 PR & 5 20 SN 1 9.16% 1 12.44% , il LN \MN Fl HN Zb3#
B SRR PR A BRI T 2.25% ,6.92% Fl1 24.24% , A& ASBE S EAE LN MN Al HN b # T 2 2 R
B HAAAIXTF NN A FE A3 FIREAIE T 3.08% .3.08% F1 5.22% .,

4.3 JREARRIEEIT 55700 550 KR SR BHCIR Bl 14 2 52 e AN [ B A7 1) O B R 2= {H e 2 A Tt 1) 3
T, B RAEIE A SR 0 2Rl NN R LN AR 32 22 22 SRR W 328 25 75 48 o MIN T HN b3 22257
B2

4.4 HMNERE AR RESZ N T [RIBEIE A 2Z 8] B % Ak, i HLJR AT BRI o OB AR ) A KT DL S R Ay
KRR A 5 i) 1= 8 v 4 T S BE R AT
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