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Abstract: Estuarine marsh is one of the most sensitive ecosystems that respond to global change and human activities. The
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estuarine marsh generally acts as a sink of exogenous nitrogen ( N), which might produce significantly influences on the
processes of biogenic elements. In the background of enhanced exogenous N import in the Min River estuary, it is
significance to explore the effects of N import on the distributions and key transformation processes of phosphorus ( P)
fractions in marsh soils. In this paper, the effects of exogenous N import levels ( Ny, control treatment; N, , low N
treatment; N, , medium N treatment; N, , high N treatment) on P fractions in soils of Phragmites australis marsh in
Shanyutan of the Min River estuary were investigated by in situ N enrichment experiment. Result showed that the exogenous
N enrichment not only increased the total phosphorus (TP) contents in soils, but also altered its distributions in soil layers.
The TP contents in soils of the N, and N, were approximated, but the values in soils of the N, and N, , compared with
Ny, increased by 3.5% and 4.4% , respectively. The enrichment of N generally increased the contents of available and non
—available P in soils, but reduced the values of moderately available P. Compared with Ny , the contents of available P in
the N, and N, increased by 6.5% and 12.6% , while the values of non—available P in the N,,, N, and N, increased by
3.3%, 3.9% and 7.0%, respectively. It should be noting that the decline of moderately available P contents in the N, was
particularly evident and the deceasing amplitude reached 6.7%.The proportions of non—available P in TP in soils of different
treatments were the highest (51.8%—54.1%) , followed by moderately available P with 38.1%—41.2% and available P
with 7.0%—7.9%. Moreover, the proportions of HCI-P;, Residual-P, NaOH-P_ and NaOH-P, in TP in soils of different
enrichments were much higher, followed by Sonic-P, and NaHCO,-P,, while those for NaHCO,-P , Resin-P and Sonic-P,
were generally lower. This study found that the exogenous N enrichment altered the nutrient and acid—base conditions of
soils greatly, which further influenced the distribution and availability of P fractions in soils. The increase of available P

contents in the N, and N, , was mainly associated with Resin-P and NaHCO,-P_, while those of non—available P contents

0

in the N, N,, and N, was primarily related to Residual-P. By comparison, the significant increase of moderately available

P contents in the N, was mainly dependent on NaOH-P, and Sonic-P .

Key Words: nitrogen enrichment; phosphorus fractions; marsh soil ; Phragmites australis marsh; Min River estuary
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[AIAHE A0 AR A i S W 3R o 2 T 56 R ) 4605 i F R T 209, TAFSk, [ PN 56 T30 1198 M B 47
P IT R T 452 TAE , HF o IX BB 95 KA 3] 1 8] 11 PR 3aTye) (1 RV 1 BR YT 0 R ) gy (1 0o e fAk
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( Phragmites australis ) J& LI 1 43 A fe R 12 0 A AR =2 — A 2 i) o7 2 1l 7 - 56 Sy 00 iy s 750 310 s A
Bl RV I OG T R VT VR R O AR T — e ST (H X 2 TAE R B R T R R ORE DL R
NGB R 1l et R A AR g A s T AL e AR A 1 R e T DG B A R
B AGRAT T HEBEAAIE S U R A IBIE ) BB A HRIE . i, A W5 L) R VL] 1 5% £ 9 75 b
PR 25 TR M A A S0 52, 55 T Y AP i A7 U AR, BRI T AR U A 5 T SRR A A
TERISEI  WF5E 25 A B T B 0 - S i P DG B R X S U A i 7, 5] SR i X A S R 7 4
HERF AR

1 ARRESHARFZE

1.1 WAL

V] 0] 1 A T T v STV Ay AR o S A Ao 98 X A IR VT RRTER R AR 19.3 °C L AR R K f
i 1380 mm, fi A7 S ) T 9T 115 K Y — B AR B4 (119°347 12"—119°40740"E, 26°0036"—26°03'42"N ) ,
SVAIAR 3120 hm® o RS DX A5 A6 A0 BEPE L AR, 1% X1 VR SR B0, 32 3] i AU i 2L [m VR 7K S B8l
Bk, i IX A Sy - R R 4 A E AR A S (P, australis) YT ( Cyperus malaccensis ) Fll
H ALK (Spartina alterniflora) 55
1.2 5k
121 REET

BEPRE A0 M PU G (4 2 =B R N WIS X 5, T B A A U ARSI . 45 G XA BER}, %5 R R
TREHIA(21.0 gN m™a™") (FZLLINO-N A EMIHLE) 7 AV (3.0-3.5g Nm ™ a™) O HLEE
Wi BB U A A RIS S BE N 25.0 g N m ™2 a™' FE LA BRI 0 4 AU A K, B N o) FR AL 3
HAE R AT A A, TP A 0 g N m™ a™' N ARAAE B BE0Z AR BRI Al A i, SCPrf A 12.5 g
N m™a™ Ny RN, BEHIZ X AR R A &, PR A 25.0 ¢ N m™ a™' N, OV S RAL B AL
X AR N E AR, PR A 75.0 g N m™ a™', B NCHBEEPLS E 3 N ELZ (1.5 mx2 m)

ZEG 7 SRR YT IR TR R ACTRE 5 F7 R A9 NH-N R NOS-N EE ], K 4 A A9 NH-N (NH, C1) #il NO;-N
(KNO,) Fbfilis e A 1:3.317% 20 356 2021 4F 3 A FAIJFIR, & 2021 4F 9 H45H, ks 6 A, K56
HEAFIS F NH,C1HKNO, L 1:3.3 B HL AR AE 2.5 LK 4366 30 d Z245 , 76/ H 422 18 4 Fibh 3100 E i A
TR DUR A /K TR TR 0 LR R gt 4 746 40, Yo B A i 36 258 F () K
1.2.2 FEACRESIE

2021 4E 9 J 75 iR A AREHL N RAERE (0—5 em) MW FEZE (5—10 em) HIERES, 3L 24 A ¥Rk
() - SR 5 S Bty LS B0 2 AR KT, RBRAR R AE 242, WFEE i 100 H i 5 2481, B 0.50 ¢ 39+, >R
Hedley 3% 2R 4R 00 5 A FIE AR & L (1) A TR BA B T B A5 75 40 72 5 , F5 W0 B B B o ok v
JEHEA 15 mL 0.5 mol/L HCl % 38 LAFK S Resin-P FF I ; (2) 1] E— 5% P A 30 mL 0.5 mol/L
NaHCO, i A4S NaHCO,-P =242’ 5 (3) 0] b —25 195% # TH A 30 mL 0.1 mol/L NaOH ¥ LA 3545 NaOH-
P IR ; (4) 1) F— B9 5 3 H fin A 20mL 0.1 mol/L NaOH ¥ ¥, # 75 52 ¥ 20 min J&, F AT A 10 mL
0.1 mol/L NaOH ¥ L3R Sonic-P 129 5 (5) ] _E—2E195%HE H A 30 mL 1 mol/L HCl ¥ LAZRTF HCI-
P IR (6) B E— A msRiE TS |, 4 H,S0,-HCIO, Wi LA3KEFS Residual-P R, 78 iRZE G IR b
JITA9.0 mol/L H,SO, & LASRAF TCHLBE (P,) FEI 5 iMA 0.50 gK,S,04F1 9.0 mol/L H,SO, %W , 4 i K
Ja ABRAR A S 4t (TP ) RV, 3 3 3% 223 8h 43 B0 ( SKALAR-SAN™ | fif %) G AR &8 & &, %%
BB (P,) i A% TP & Bl R AR I (P,) 53],

FRIE Maranguit 25 (19812005825, 85 32 2023 =300, BNE M8 ( Resin-P . NaHCO,-P, Fll NaHCO),-
P,) ; &S PEME (NaOH-P, NaOH-P, Sonic-P, 1 Sonic-P, ) ; 125 28k ( HCI-P, Fl Residual-P) , + 348 (TP)
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Sy B3k 9 Rl 432 F, SR A ICE ML (Elementar Vario MAX , S [E ) il i 3% 4% (TC) M4 % (TN)
s THESE A (NHE-N) FS 22 (NO3-N) 28 2 mol/L KCl 5 R 4R 5, R 4 22 37 3 20 A A 5
(SKALAR-SAN™" , faf 2% ) ; 3855 /K 2R FHME T30 5 3 358 pH (ECR A 775 (K 1 5:1) ( Starter 300, USA)
DIZE ; T HEERBE (EC) SR B HE U AL (2265FS,  [F) W . AN AZKF- T i 4235 (0—10em ) AL
FIELER 1,

£1 FRAFHNKETERTEE(0—10 cm) B ER

Table 1 Average contents of different phosphorus fractions in marsh soils (0—10 cm) of different nitrogen import levels

AT AR AR Al 2R AL T A Bk
Nitrogen import levels NO3-N NH3-N TC TN C/N pH EC Moisture
Xt ARALTE Ny,
2.4+0.5a 12.6+1.0a 24.5+1.0a 2.120.1a 11.9£0.3a 6.3+0.1a 7.7£0.5a 31.8+0.0a
No N treatment
MRAEALHE N
b 4.6+0.7h 13.7£1.0a 22.9+0.6ab 2.120.1ab 11.1£0.0a 5.9+0.1b 8.8+0.6a 36.0+0.0a
Low N treatment
=
FALFE N
EP% Mt 8.2+1.3¢ 13.4+1.0a 21.1£0.5b 1.9+0.1b 11.3£0.1a 6.1%0.1a 8.8+0.4a 31.3+0.0a
Medium N treatment
NP
AU EL N
" = 6.2+0.6hd 12.8+0.8a 22.6+0.7ab 1.9£0.0b 12.0£0.4a 6.20.1a 7.8+0.4a 27.7£0.0a

High N treatment
[AFIARR/NG FEEFR R A R H A FRIR) 22 5 8.3 (P<0.05) 5Ny, X IRAREE No N treatment; Ny - fIREAEHE Low N treatment; Ny, : F 4L B Medium N treatment; Ny, ;
I RALHE High N treatment

1.2.3  FdEab 5 5534
iz JH Origin 2022 B %8R BEA TV B R34 SR SPSS 26.0 B4 xd B HEAT B R K 200 2N &R
Tr 22500, W E KR E A P=0.05 ;532 ] Canoco 5.0 XA 547 3 553 (PCA) 70 #7 .

2 ERE55H

2.1 U A Hh - S Ml S )

ANFEREACFE T 3 AT B4 LA NaHCO,-P, & 52 5, 117 Resin-P Al NaHCO,-P & 3%, + 2 E
X 3 Bl S A EAR S R (P <0.01) |, T U A KT LA K Ui ATK T x 1 2 TR BEEIX) Resin-P Al
NaHCO,-P, & 4715 . 25w W 35 5200 ( P<0.05 8 P<0.01) (£ 2) , AFEZAHTF B NaHCO,-P, &5 K H
RERZSWHRZE, B N, AHSN HE AR Resin-P & a8 M AN RIE ST H)Z , {H NaHCO,-P 7 & IE4F A
(E1) . ANFEEALE T PZE 13 NaHCO,-P, &t AR LI AN 1 (P>0.05) B AU AR = T M2 3
NaHCO,-P &1 (P<0.05) , HE I TE N Ab Bl o s . 5 Z AL, Resin-P & 5 (8L B 2%, R 2 HIER
Resin-P & 57 Ny AL T B0 (P<0.05) , HAAM L N ALFHE R T 78.7% ; WK 2 3 Resin-P & 7E
N, Al Ny AT 3 AR (P<0.05) , JLAEAH LL Ny A3 HIREAR T 85.0% 1 76.0% , HEVKTH & , AH L N Ab#E,
- IFETE R S R N, H N, AR B 20508 T 6.5%F1 12.6% , i {E N, AL FFEAR T 0.9% (£ 3) .
2.2 U AT b 3 S PR

ARV EAEHER 5Py rh AR PR Y DL NaOH-P Rl NaOH-P_ & 425, 1M Sonic-P, & IR, +2HE
XF NaOH-P, % 1 A7 7E i & 00 ( P<0.05) |, Tl 25 AKX Sonic-P, & fEAFAE i & #M0 (P<0.05) (£ 2) . A
ML T () NaOH-P, it N, ALFH T 9 Sonic-P, 7 i LA K N AL R 1Y Sonic-P, & i3RI MW R)Z>R)Z
B Ny AEBRAN JEE A B NaOH-P S S BRI RIZ SRR (K 2) o AR EALHET P 25 ) NaOH-P,
1 NaOH-P , 35 B (L2 R WA (P>0.05)  (HZ S A B %5 T P L JZ P Y Sonic-P, % 5 (P<0.05) , HAHTE N, &b
R RIZ HHEh R, B AU A BRI, P ZE 3T Sonic-P, & B RN, UHAETRE L
BN, Ny AN, AR [ Sonic-P, &4 i FH AR (P<0.05) , AR, ML N AL BE | 4358 v 25 35 P 5 12
16 N BRI T 4.5% , MAE Ny N ABE RIS T 6.7%F10.5% (% 3) ,
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Fig.1 Variations of available phosphorus contents in soils of different nitrogen import levels

ARG RN R BAL B AR )2 0] 22 5 .35 (P<0.05) 5 A [Rl/ING P REFR IR A ] 12 A8 [ S0 b B 8] 22 5 {35 (P<0.05) 5 Ny, « X T

L",Iuﬁ,No N treatment ; N, ;1&ﬁﬁf¥,an N treatment ;
A58 ; NaHCO,-P; : NaHCO 242 S TEHLH ; NaHCO,4 -Po : NaHCO , 12 -5 P

*2 EBMTERRESHESENNERFESN
Table 2 Two-factor ANOVA for phosphorus fractions in marsh soils

Ny HEAEFE, Medium N treatment Ny, : 51 ZL&L"IE High N treatment; Resin-P . MR A

T WM A7IE A Phosphorus fractions
i H ar Resin-P NaHCO;-P, NaHCO;-P,
[tems

F P F P F P
i ATKF Nitrogen import levels 1 37.374 0.000 ** 1.14 0.363 9.545 0.002 **

JEBRIE Soil depth 2 79.769 0.000 ** 25.315 0.000" 14.694 0.002**

/:'— Ty 7K 7. % <3,¢ £i ) )
;ﬂ.‘%u}\ kq: IR . 3 45.317 0.000 ** 0.164 0.919 3.672 0.044 "
Nitrogen import levels X Soil depth
il W WAFJE S Phosphorus fractions
~ df NaOH-P, NaOH-P, Sonic-P,
Items

F P F P F P
Z i AJKF Nitrogen import levels 1 1.699 0.207 1.109 0.374 1.134 0.367
+ 2B Soil depth 2 4.528 0.049 = 0.369 0.552 0.147 0.707
/:‘_* o % =AY
Ef%u/\ﬂ(,q: LRRE . 3 0.275 0.843 0.527 0.527 0.277 0.841
Nitrogen import levels X Soil depth
i E IR AFIEZS Phosphorus fractions
- df Sonic-P, HCI-P; Residual-P
Items

F P F P F P
FAi A KT Nitrogen import levels 1 4.373 0.020 " 0.537 0.664 2.054 0.150
+ 2RI Soil depth 2 3.287 0.089 7.344 0.015* 0.075 0.788
?—‘ way W =1 R [F
B AR LIRREE 3 2.577 0.090 2.549 0.092 1.030 0.408

Nitrogen import levels X Soil depth

# P<0.01 ARG s + P<0.05; B EHHC ; Resin-P A IE3C e A5 8% ; NaHC O, -P, - B2 S ENIZ $2 8 TEHLBE ; NaHCO,-P - B IR SN IR $E 2
BLB% ; NaOH-P, . SR LIRS A TCHLEE ; NaOH-P, - SR AN ARG UL ; Sonic-P, - #8 75 A JOHLIE ; Sonic-P, #7547 HLBE ; HCI-P, . SRR HEA

% ; Residual-P . 7% ¥4
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% AnR ;2_;
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5 I ; EE b ;Z A
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&S 4l 7] P —2P AP
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g ]
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EHI N\ KT Nitrogen import levels
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B2 FAERHNKETEBTEREFERSETN
Fig.2 Variations of moderately available phosphorus contents in soils of different nitrogen import levels

NaOH-P, - S LA ToHLIS s NaOHLP, . SR L H B RAS AT DL ; Sonic-P, - K875 75 WL ; Sonic-P, - M7 2545 BBk

%3 REEHNKE TR 0—10m) REHABH FHEE (me/ky)
Table 3 Average contents of different phosphorus fractions in marsh soils (0—10cm) of different nitrogen import levels
F A A K Nitrogen import levels

BIEA

Phosphorus fractions Ny, Ny, A\ N

T Resin-P 10.97+0.48ab 4.99+1.53a 11.34x4.02ab 14.14+0.70b

Available Phosphorus NaHCO,-P, 47.82+4.05a 49.70+4.42a 43.61+3.56a 49.55+3.23a
NaHCO,-P, 5.75+2.09a 10.69+1.64ab 14.71+1.55b 9.64+1.95ab
/I Subtotal 64.54+13.24 65.38+14.05 69.66+10.24 73.60+12.58

Fh 48T T NaOH-P; 148.05+21.65a 153.36+17.42a 103.09+13.60a 110.39+26.60a

Moderately available Phosphorus NaOH-P, 151.47£15.62a 163.74+16.82a 184.64+15.12a 196.26+23.72a
Sonic-P; 0.71+0.25a 3.48+1.07a 5.20+1.77a 5.12+3.30a
Sonic-P, 62.72+4.03a 58.59+5.96ab 45.84+22.40b 49.69+4.17h

EiE=F
Non-available Phosphorus

4T Total Phosphorus

/I Subtotal
HCI-P,
Residual-P
/T Subtotal

362.96+36.36
242.28+11.61a
220.23+3.73a
462.51x11.02
890.85+37.23

379.44+38.58
248.87+19.15a
227.75+8.53ab
476.62+10.56
921.81+37.45

338.78+38.90
240.72+15.09a
240.03+6.63b
480.75+0.34
889.19+47.88

361.45+20.68
262.50+20.18a
232.40+3.66ab
494.90£15.05
929.76+45.27

2.3 U AT M - S B AR 0 R )

ANFAEAC BT 3 i b 2 A DL HCL-P, & FE 8, 11 5% B8 8% ( Residual-P) % fEAHXT AL, BR N, 4k
AN, HE AL BEAY HCL-P, Y RM TR Z>RZ, H L BREXN HAERFEZL M (P<0.05) (£ 2),
Residual-P # i 7E N Ml N, AHEF YR RZ>TWRZ 76 N, AN AT WA, RE RS T W
JZ T HCL-P & LA (B N AR 3R 2 158 b i HCL-P, & S AR A R )2 L
HCI-P, & AIXT AR, S AL S T2 B3P Y Residual-P &1, JUHAE N, Al N, AP T B3R )2 35,
HABAH L N A3 5 210 (P<0.05) (1 3) o AR , B AN T 3800 & 50k & i, HAE N, N, M
Ny AR AH LG N KBRS AE N T 3.3% 3.9% 1 7.0% (% 3)
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Fig.3 Variations non—available phosphorus contents in soils of different nitrogen import levels
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(I H 5 AA L) HCI-P,  Residual-P NaOH-P_ 1 NaOH-P, % , Sonic-P, F1 NaHCO,-P,¥X 2 , i NaHCO,-P, . Resin-
P 1 Sonic-P FBAR(E 4) , AHXT T3RJZ 148, Ff A$E = 1 %R)Z 11 NaHCO,-P, \NaOH-P, #1 HCI-P, 1) (5 Lt
Hodr HCL-P, (5 Fepy B4 i B S, BEHRA T 2.4%—9.8% ; SK1MT , B AHIEAR T 7 3)2 13 Resin-P NaHCO,-
P, NaOH-P_ Sonic-P,l Residual-P 5 I, Hidt NaOH-P, (5 H O B A 2., B IR T 0.9%0—6.5% .,
2.5 G AT - SR A AR A F2 805 p

Ry B AS [ ZRU A S S, R [RS8 b i R 3R SR U3 4 B x5 e LR A7
BYARSC R F-HEA T () 5) o 455 BoR , N A H R HEEAY P4 £ R (PCAT PCA2) i BT BTk R 1k 87.8%
Horb PCAL BYTTERAT 51.9% , Al B A JE R IR 70 (NOS-N) Ml % b (C/N) BACER ; PCA2 (Y ST kAR Ny
35.9% , A B AR T HEHEFRIY (TP) IR £ . Resin-P 55 PCAT F77E 4558 B A E 1, 1] NaOH-P, 55 PCA2 F71E 4%
SRIAEEHE, N BT, PCAL A PCA2 /) B2 TTRIRREIA 93.8% . Hot PCAL Y TTHRAE N 65.6% 0% T T
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I (NO3-N) FIEL 73 (EC) ; PCA2 fTTHR RN 28.2% , T B T H A 3570 (NH,-N) , NaHCO,-P, il
Sonic-P, 5 PCA1 fE7ERCRAHIEM: | 1 NaOH-P, 55 PCA2 FEAERSR A OCE . Ny 0BT, PCAT Fll PCA2 1 3R
FATTHRRIR 96.2%, Ho, PCAL I TTHRF N 69.2% , il B AE S - 3540 (NO-N) R 3%, PCA2 [ BTk %N
27.0% , FEAR T FIEREMESR I3 (NH-N [ TP) F1Eh 73 (EC) 554, Sonic-P, 5 PCAL FFTEELIR A AHICHE , T HCI-
P, 5 PCA2 FEAERSR AR e ME, N, AL FR R PCAL Al PCA2 ) R TTHA R IE 99.0%, Hid, PCAL By TTRk R N
94.6% , X3 T 1 HEH 743 (NO3-N NH;-N TN) ; PCA2 [ STHR %N 4.4%, EEARK T 1343 (EC) FIBRA L
(C/N), Sonic-P, HCI-P,#l Residual-P 5 PCA1 fA7ERGRAAHICHE T Sonic-P, 5 PCA2 FAERCRAAHICHE

3 e

3.1 FEASHEH A TP &80 AR AE 15

AT R, it 6 A H BIRFSE A, AR AL EE T 1 3 TP & AR LI R B (P>0.05) . SEBR
b A RS AR RIS, BV RN (<3 4F) Xt 58 TP IR B, SR, DR o
R AR X - TP & & ] 77 A R [A 520, Herbert 75 1 JR 5 W W R % B 5% vh & 90, #5482 10 4F
(1 W/ B AT AN 1 TP 5 5= 2558, 2% 22 MO 35 1 g I v JE TR P I 98 20 & B, 1
B2 34 (1 /AR IR W5 R ARG T e R R TP S (R 4) . 5OHE KESEEFF AL, A58 10 i
BT, N2 5 07 ok Z2 RS A A5 AN [ A BT - U0 i 200F 1l 2 5% (AR 3 4 ik B J3 10 2 1 PR ¢
55, UL S B TP S AR ARIE . Ao B 3 P F 25 A A KAL SR R ok 2 5638,
IAFEBL S (PH,) KSR E Y, KR T UG IR N 2 V8 + e b R 5, X5 P A W BFERE i, 6 P 1Y
S EMRIAME IR B Y X e SEOR AL T 3 TP SRR BN EERNZ —, [HEEE
A2 AR EL T 58 TP &b A 3 H N, B TR TP S5 N A, 0N, F N, A3
T TP SRR N AR BRI (R 3) . AV R, 2 RS IR A B — e w W AR AT
Xt B AA A3 it = A AR A P (LI 8 B4 RU A T Ak AR R R A PRS2 S A, A al PR A3 T 4R
SIS IR RAR A3 LA S P 3553 B VA IA 5 B3k 5 A m ) P P 2B o ST R S R ARk W 0 e, 0 1
o, SEGRIR T P EEERE A3, ARFTF P R MIRE Y AREgE, SEON, BB R TP S EE
TN AR PR PR AT BE S5 AR i AU A DR E T AR R oM, RT3 P SR IH RGN 56, AR R
B, — 2 YU BBl P A RS I 2 AR A A A, A 4 ek - 398 v 5% 2 A WAL 5 1EL 3 s R B A R i U 4 S B0k 9
PRI 9 A, SR A0 ] T R X 35 A RO R AR T ARG, BN AR BN TP i
55 NGO FEAHZEAS K S5 AR AT T BB Ny A BT M SRR AR R 2 3R i P 3543 5z Ab BT A %t £
P SO RSORE A OC  BE A AU A A HE— 2D B (N A3 ) | R 6 R R AR o0 il Je P SR A 1Y
PEHEVEFH AT REAEDRES (0 N AL R 2B X P 3550 I WSO A T B2 B0, R DLl A3 6 Py iz oA i 2241
T N LB TP EOZAL BT e 5 TP & A 0, BAR N, AL EET A 5% K 2 i v] 16 52 3] — 22 A9 3
il , S BRI R, (U 3R Y P IR RAR AL T ACRAS . BB R R E N, b H
TR IE TP S N bR,

AR R, FE A AR T TP 5 5 () 120 A FRAE B N, ALFRAN , g AN R TP & 2 3R B0 W %
JESFRIZ, ABGEH, AL T A K 0 ) S T a0 A T 2 R )2 v AR ROk R Wl 1
) P 3R, A BLIRI LSRRI R A 1Y P 3743 IR AT BB A, (H i T o34 T 3RIZ AR & X P 3743 1 i il
HATREE R, UL S ECRIZ T8 TP S A AR, AR R, Y HErh BUR T Kt P 35400, e R
SR KA P IR R AR E T T ARG IR RI S 9 ) BRAK T, B 2 A HE A 4
P R4l R A B W RZE L3 b 8O R)ZE H 50 TP S RE s TRIZLE, 54, S8N, &
PR RZ T TP & L m TWEER)Z 1800 J5 R IR 7E T, 1A OGS 1 2 55 A 4 ik 1) 41 a2E A FH PT R T8 R W Ik
I B R IRIAR ) P IR0 VI8 5 TR R0 382 13 P SR i
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3.2 FUH AR AR R IE A A RAE 1 52 1)

AR, F AT A RIS S8 S -7 A T AR E W, IR #2520 A = NIk A
Er T S SR IR A e i, R AR A a3 i S P R RSO R N B A A R T
RGN FAE BT TG o5 5 5 TP 0 B 5k (7.0%—7.9% ) (HH AL 51 3 Fhii P 25 (Resin-P
NaHCO,-P. Fil NaHCO,-P ) Z1J& 3 A 5 i 0 P 40y, ABFSE v, AU AR F3 e T H s e &
i, HAE N, FN, AR B A G N AR B8N T 6.5% F1 12.9%, NaHCO, 2542 it # (NaHCO,-P, \NaHCO,-
P ) VB R 35 i A W 5w 0 2 B4 43, AT AE Resin-P @AEIL SC IR G, St AL IR ST 6 P 37400
AR RSk, ARRFSEH, R AT 32 450 NaHCO,-P, & 876 Ny, Fl N, Ab 31T 1 5 S KA 5 8 m fry e 4
1M NaHCO,-P 5 7EX PR BN A AR (] 2) . b, NaHCO5-P, 75 228 Ak i it P Al E 2 260 A 124
T RPN P IR BIRSCIR L . T N, Zb 3T NaHCO,-P, \NaHCO,-P, £+ 52 3 A4 A B 728 1k o] REA HLIE A5
A, AR, FERB IS A AT N 58 rh W SO 2 () OB | i 280 A AT SE ok A AL Y B
kA TR TCHLBE Bk U AR S UK T 55 = ), U A T A 2 -+ S 02RO RAR A 2R R T8O 22 ) B TR
fiff, 3301 P FZ sk A TR PU L ZRARAE AR ST IR R I, A RO A R AR AR AN N A T
B, AR TP E AN N 2R Yang ZFROBFFEIE & L, R A B + e DLk i fhad 72 | i
AN 7S L JCHLBE A L

AT F B, AR Z AL BT 438 4515 3% ( NaOH-P, \NaOH-P_  Sonic-P, fl Sonic-P,) i TP A9 b ]34
B (38.1%—41.2%) , H N, ACFR A S5 35 PRl & i B = T N A3 i N, F N, Ab 3 (TR N, ) IR 46
EHERE S AT N BB (FR3) . CAPFRERY, ZUR A TTE— @ R AR T v 8500 Pl ) 6 PR 1 5%
b, M S 30 25 Pl B BRI AR TP AR PERE P, NaOH 2 BUS B ( NaOH-P, NaOH-P, ) 2 —Fh 5} 5
TR AW A N P A AP, RFE AT NaOH 48 BUS B & & 0 & e
(32.4%—34.0%) , it [R5 [ T3] 11 Mo A 7 By | 3 RUAb i B R, 3 b ik R e L AAUAe i & s, oF
S ECLE R ALY HAFEENE, 5 N ACHA N, AR A NaOH-P, 2 A7 Frhn, i N, F N,
AEFER A NaOH-P, & HIBEIR R (2 3) o N ALIER NaOH-P, & HH 39 i, — 77 10 53240 FRAIR A4 R s A {2
HET MR GRIAR # Je P IR R ¢, 3 —J T 512 B0 U ABEHE T fEad B2 NaOH-P [7] NaOH-P,
MIACE O, 52 M, N, N, ALBE T NaOH-P, & AR IR T B T AR -5 A5 10 7 25 40 T A K e,
P FR4r iR BB N2 5 i AU At 2 S 80 Yy %) + 38 JCHLBE RO TR NG G, NaOH-P /R b + 3
WV PR, BARNRE ELIE G AE D ORI (S AR P 3R o e SR 3G e, HmTSE o — R0 A8 W)
FRANAb 20 R Ak A ORI T S B B e ) RIS, NaOH-P J& v A5 76 PE B v 3 i de
() P Ay S R B U A RS T s (3R 3) o BT NaOH-P & —Fh il 5 -3 PR Al R 45 & 1 AT
BUBE , BOHS H3h T DA AR B VIR R L U AR AR ] (45 £ 38 b i 2k P A AL T BR AR S T RE
SRR AT R EGE YT R, 2RI X NaOH-P B W fad B2 7= A 90 . 55 oh, SN AU A T S 80+ 18 pH
BEARG , 45 38 i AR BRI A i e S A e B, 41 i MLBE A Ak B R L AR 9 A0 1 e 1 1 R R v 05
TER AT, H A4 pH(5.90—6.22) A HL %t B AL (6.26+0.05) FE7E—E HIFRAR (2 1) | Tk M A 7] REXT
NaOH-P [a] TEHLBE 16 A =R 0], f ot 3O S s . S8, AR 98 i Ui A LB T 38 pH 9 R RE
PRATFEL Fe™ F1 AL (3 Sl 14 5 A 75 ™ B v fin s A8 5 O 45 0 PE W R 46 2% 5 T BLITUE . Turner 55 A1
DeForest 25 (5T IS B LEE , B IR TCHLBE S & I8 R ALY A &8 B T i sh s A o6 ) x—
HLHLAERE T HIA N, AN, BT NaOH-P, & s BRS8 TR . Sonic-P ( Sonic-P, | Sonic-P, ) EEAF/ET
T Yyl R AN, R 5 A R T H Sonie-P, SUFR - HE A R P B, 5 0% BE R
(Fe) SB(ADALAYH  ZEARBEFE T N, Ny, N AR BT B9 Sonic-P, & R EE N, Ak B2 R I8 389 A, i ]
g5 g RS EE RS VR AL DL Fe & 80 A OC, ATIR 3 W5 43 BT R W1, Sonic-P, 5 T+ AR5
(NOZ-N) fFERR AR CE (B 5) . BRI om0 b 4 39 UG fh et 2 DA B ALk -3 R 2 7 Ui A 15
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SN R AR B E TS, i T AE AR s R R R P RS SR SRR B NOS TR WA
T RAST IR A ], v R R R AR AR S S AALTE I SOT, B FeS, FRUE & B B ALY Fe™ 1R
WO A R IR R AR T NOS IR R R Fe2 5 51 A} Fe® Lo EALTE L Fe™* | #E T 338 +
e Fe SRS, AN BoR, AT AE—E R AR DR R R A A AT Y AR A
ORI AL BT 48 Sonic-P, & 1 A TR AT RE 5 AU AR I T 3 NOS % it USR] D A 3 I Al A A
AP TA &, RO HF A S 80T 13 Fe™ ST BN, 04 BT & B, U A 2338 Jin 18 oo s AUk &
S, T AT R R JOALRAE 14 W BT, 5 S5008 A o HE 3 1 A JE AL A G TR AR T N AR, Al Ak BE R Y
Sonic-P, & F P FRAR S X T AE 5 AU ALEHE T Sonic-P, B4k, T P B & RFEICA X, AR Sonic-
P ORRE AR YA, (H 24 6 TE ML A 9 S 2 U, Sonic-P VB ATETE P ERT b AT 4b 78 ), ARHF
5511, Sonic-P, 5 & G ML I Sonic-P, & 5 P RRARFE — & B LB T —F Z R AL X R A Sonic-P,
B BN A T AR AU AR HE T Sonic-P B il B A 56,

ARWFFEIRZE W, A A B AL FE R + 48 v i B 25 S (HCL-P, | Residual-P) &5 TP A4 H 9] ¥ 8% &5 (51.8%—
54.1%) , T HAL & PRI B 25 2 R R 8 PERCIR 1Y P 443, LI S B A W f . HCL-P, R Tl o i 251
W, AT 5 Ca GRS G ML HAE AR ZUCHE R p & i 5 et (K 4) B TASHFSE X A0 %%
FW 00 PSR, =2 K PR S KRR Ca® M B T, i S BT S i B e, AT BEE R
B PRGN, EER AR PR B A A i 1 AR LIRS B3 (P>0.05) , {FH R S A R XUAR R Ak S AT R A 1k
JAEYI AT RIAZS PN A AEE AR P ER/E

4 g

(1) A AAEIG I 1 1881 43580 TP & i, M HARAE 1TH )20 RIE . BR N, 5 NGBR3 TP &
A YA N AN AR 8 TP S i AH L N AEER 3038 0 T 3.5% 1 4.4% .,

(2) AR AR 3N 7 1 kb - S0 1E PR RN 3 R i EREAR T P SRR TR i, A N Kb
Ny AN A ER R TG PERE S i 43 B3 N T 6.5% A1 12.6% , T N, (N, A1 N, A0 P 5 255 B o il 38 in 1
3.3% .3.9% M 7.0% , FEEEERETE N, ACT A REIR G B, HABAH LG N B FRREAR T 6.7%

(3) AN[F) AL {8 kb 398 LU PH 25 250 o5 e s (51.8%—54.1%) , H A 1G PERE IR 22 (38.1%—41.2%) |
TEPERE AR (7.0—7.9%) . ANIRIALFE T 252 2585 5 F 2L HCL-P,  Residual-P . NaOH-P_ il NaOH-P %% &, Sonic-
Pl NaHCO,-P, X2 ,NaHCO,-P, .Resin-P #l Sonic-P 4% .

(4) A 228 3 AR 355 5y R R e i — 205 i 3 b 5 T R IR AE . o s A B
TG PERE SR I £ 2 S Resin-P Al NaHCO,-P A ¢, AR ZACBE T M1 & 585 & 2 0938 i £ 25 Residual-
P A&, M A AL EE T S PR 35 PR E 225 NaOH-P, 1 Sonic-P, %,
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