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Abstract: The precipitating crystallization with aeration was used to recover phosphorus from the livestock wastewater after anaerobic diges—
tion. The release characteristics of soluble phosphorus in RPP(recovery product of phosphorus ) were examined with the continuous water ex—
traction method and a pot experiment was carried out to investigate the fertility of RPP. The results of the extraction experiment indicated that
the release amount of soluable phosphorus decreased slowly when more extractions occurred; the phosphorus release amount of the sixth time
extraction was only 1.42% lower than that of the first time; the cumulative release amount of phosphorus accounted for 57.97% of the total
phosphorus; it proved that RPP was a good slow—released fertilizer whose nutrient was not easy to lose. The results of the pot experiment indi—
cated that the biomass of maize all increased when RPP was used in different proportion, with monoammonium phosphate (MAP); the optimal
application proprotion was 40%; additionally, the absorption amount of phosphorus increased 19.14% in shoots and 2.50% in roots, respec—
tively, when RPP was used as phosphorus fertilizer instead of MAP. In conclusion, RPP from livestock wastewater after digestion was a good
phosphorus, which was beneficial to save resources, protect environment and alleviate the crisis of phosphorus.
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Figure 1 Structural diagram of the crystallizing and

flocculating reactor(CFR )
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Table 1 Basic characteristics of RPP

pHH 2Z(N) 2£2Bi(P0;) £#(K0) (Mg 45(Ca)
903 183%  2265% 346%  411%  6.28%
1.2.2 BE5ET5#

X RPP AT /KA HEBEIR 11, FE DL AR ES
YERRT L o ¥ SF BRI 0.5 g FEMTBA 100 mL B0
B WERINAZEIEK 50 mL, 37 B ZE, 5, TEYR
GitL(B#H 180 r-min™)_EHRY; 30 min, SR/ O
HL(EEHE A 3 500 remin™)B.0> 10 min, /NOBUE EIF
W, RIS UEWE 15 3T AF S B E B O h IR I AZE
187K 50 mL 1248, ¥25), ¥ 30 min, LAAH [R5 3 S0
15 min, /NCGEUH _EIEW, RIS UEW 2. FARRIAY 7
B4 6 ¥k, 153 6 (R U8 . B AL 3 MES KA
FHER DT L I 8 U K S R & B, T BER
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Table 2 Basic characteristics of experimental soil
y EBUR/ fi/g-kg? BRBG & E/mg kg
gke' N PO, KO N PO KO

6.08 16.24 0.89 0.98 0.38 7836 24.63 12226
CMEY
WREXK, K 2009,
(3)HER

WA — 4 (BB 48.5%, L P,0s ) JRZE (&R
46.0%, LA N 1) EALEH (B304 60%), L K0 )i
WRBRAS (B %Wk 14.05%, LA P,0s 31 ) ABEERIE (& 5%
14.6%, L) P05 11) B =4
1.3.2 R HE

(1)iRE

R T R VS B RERAME, K 45 = LA
—E tpl (B B )RR IR — 42, PR ZRIAE . I
B 3 fim.

R 3 BEKMERIHRB TR
Table 3 Scheme of the pot experiment using RPP

pissEacy IS HExl i

CK AHEBEAE —

Tl 10095 — 4% B —4% 0.65 ¢

v 20% RPP + 80%m5B—4% 0.13 g RPP + 0.52 g Bl —4k
T3 40% RPP + 60%MEE—4&k 0.26 g RPP + 0.39 g BEiR—%k
T4 60% RPP + 40%BfR—4%k 0.39 g RPP + 0.26 g Bifs—%k
T5 80% RPP + 20%B§MR—4% 0.52 g RPP + 0.13 g Bl — &
T6 100% RPP 0.65 g RPP

B 7 AL, AR 4 REE, KA BRE
BHHR IR 3 PR o Ira AL BRI RS LA NE T2 20t
A, RANEPHEFAEAR, %8 150 mgN kg™ £.120
mgK,0 kg™ LHIFRIE, FIREMAAIE NK =
HAFIKF . FART 2009 4F 11 A 3 Bk, Ba2E L
4 kg, /IR ZFEK 4 bR, —JAJGEMA 3 bk RAM
R BT ¥, BEALHES I Z08, MK AR, il AR
FEMRE AT, 12 H 23 HGR, A2 K300 51 d. i
AR 0 BOR AR b A T SR PR EE AT, MR R

IR, R SRERE]E JBTAE 105 CHt 2 h 4T RF
AbE , ya/ 0 TR AOAE L S BOEARRE R 28k, FBR S
SMERREIE AR, AT R 100 BIfiRE

(2)W e B X7k

W BB 1 9 2 R A B 2 1 R A H.S0,-H,0,
&, 54 B s ZAL AH BT L B B Rk A
FETHEIRE . B YE 1% TR IR YA R J5 R H GB
11905—1989 J57 ¥L Ml E 5 86 % & . k2B M
H,80,~H,0, I, LA L il 2 . + 3R 8k
F3 0.05 mol - L'HCI-0.025 mol L' (1/2H,S0,) 1
MxE

(BRI

3% FH Microsoft Excel 11 SAS9.0 #{4#47583t, 3F
833 Duncan K334 75347

2 HBREHZM

2.1 BEEW= B R B REhASS T

i 2 fs, EKE R IR T, B
WG FRIBKELIR L 6 WK, B P B S B AR E TR
g, BB S & REAA K, FIRIRKIERK
BB EZMRAELER, F4RZAEEER,H
6 K 1 AL R TFRET 1.42%, HSR4E 6 I
IKEEEBE BN 13.13%, &7 BB 57.97%, WEHIBE
BBy K B PR LA R AT R SR , VR R AR
FHBI A Z ORISR o T B BR 5 i R i 2 & B B AR
P, B —IK B 10.48% , Z JE K K 0.35%.0.12%
0.16%.0.08%.0.13%, 7] LB 8. & H RE B, BT
BERIC T2 R TE 5 T ey, =9 ipH
B4 9.03, 7ERE M & H i 25140 T VS , FEFR MR B 55 iR
KM TG, I, 7ERS 7 X A B4 1 48 it
AT DA B AR R 3, T LAk S /K S R i B OR
e BRI T R DR, TS BB R S R R
2, B TEYSTBENT R

ZEAAYHT, BN ZAURT LA Tl B R, T
A=Y R BRI AR RE , 1R 4 RERME A AT LRI
DRy BRI S B SR 53 IR R R A B 3 L T
TP AT BT R R
22 ERBFKAWERST
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Figure 2 Dynamic variations of soluble phosphorous
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T6 AbFRTEHY o T H S T 8 T &8
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b PR CK B3A W R HABCR . RME LU
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HE T B ENEHER

L BRI, F RPP LU HeR B IR — Bk A
NHERHEA Y EISRER S B A3 I A
SEY R RS SR UTIERE B & KR UK B (el
T SR B M3 FORAE R ATHEAE B, HRETE—E
PR EIREIMEANER B — SR AL ROCR , AT LItE—
SE B BB HURR AL A HE R P o 1 1E B 2 [ i
Y B B AR LB 40% ., AEXT FALFALRL, X
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Table 5 The maize growth vigor of fertilizer efficiency experiment

WEEGES  ARFfem 38 (B CK) ZEHL(EAR )/em 3EHL (B CK)

CK  71.92:2.81d — 0.94:0.09d —

TI  96.89+254abc  34.71% 1.33+0.02a 35.88%
T2  97.78:131ab  35.94% 1.27+0.05a 35.79%
T3 95.83:2.87bc  3324% 1.23:0.02ab  30.85%
T4 9444£295c  3131% 1.15:0.02¢ 22.56%
T5  99.58:1.73a  38.46% 1.20:0.02be  27.66%
T6  95.67+1.16bc  33.02% 1.22:0.07ab  30.37%

222 FERERMBERF B

FEH Xt 5% 3 B4 U S O T PR A 1R PR 5 0 B4
o B AR 3SR o BRI B SR R o AR XA
BHOBEBCE R E A FEREIBCR BRI 2R th TRE
R 5 R HARMERS 3 , WS R X A B Ry
HE YRR B R R AR AR P9 Al AR
BRESRRAEM , A SRR AR AL HAE 4 X Bl A i
TEHLANEE 6 Fim o

FE Kb SRR A SRR T T, T1 2 To Ab¥R
e & E T ARBIER CK, A iRy RPP /LR

R4 BEABHEREDE

Table 4 The maize biomass of fertilizer efficiency experiment

HYpie (#8458 )/g - pot™

HYe (& )/g-pot™

Qb HGg T

i B #r T il o B -0 R il

CK 106.81+5.74d — 16.79+3.88d — 19.89+1.09d — 4.07+0.88¢c —

T1 146.49+5.68a 37.15% 27.32+1.30a 62.67% 28.07+1.07a 41.11% 5.87+0.30a 44.22%
T2 145.09+5.35a 35.83% 26.85+1.65a 59.88% 27.57«1.01a 38.56% 5.83+0.65a 43.24%
T3 145.00£12.0a 35.75% 24.37£1.77ab 45.08% 26.75+2.28ab 34.46% 5.45+0.77ab 33.90%
T4 122.46+6.03c 14.64% 19.46+0.56¢d 15.87% 23.27+1.14¢ 16.95% 4.90+0.56bc 20.39%
T5 129.19+3.64bc 20.95% 25.19+4.24a 50.00% 26.73+0.69ab 34.34% 5.12+0.24ab 25.80%
T6 133.70+4.89b 25.17% 21.83+2.14be 30.01% 25.40+0.93b 27.71% 4.72+1.14be 15.97%

T R IR BUE A P LA HER  n=d; FIFIER - B A MR 85 FOR T6 B & 12 5+ (Duncan 1, P=0.05), T,
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Table 6 Phosphorus using situation of fertilizer efficiency experiment
e - ER S TS
AR /g kg et /mg - pot! BERFIHE% W it /mg - pot™ BBt kg B FIFH/%
CK 2.54+0.15¢ 50.42+1.5% — 1.33+0.08e 5.43+0.52f —
T1 3.29+0.09a 92.49+1.91a 23.05+0.04¢ 1.59+0.06a 9.33+0.31a 2.33+0.14e
T2 3.11+0.35b 85.74+1.00ab 24.47+0.28de 1.47+0.05¢d 8.58+0.32b 2.45+0.53e
T3 2.98+0.12b 79.58+1.45bcd 26.56+0.76¢d 1.47+0.04d 7.98+0.25¢ 2.66+0.63d
T4 3.10+0.34b 72.26+0.57d 29.04+0.65¢ 1.46+0.06d 7.15+0.18e 2.87+1.01c
T5 3.10+0.26b 82.73+1.33bc 41.78+1.72b 1.53+0.05b 7.80+0.46d 3.79+1.45b
T6 3.03+0.08b 76.84+1.06cd 52.19+1.93a 1.50+0.07bc 7.10+0.73e 4.83£1.57a

WRIR—ER ) T2.T3.T4.T5.T6 AbB > (6] B 2 7,
{HEMEF T1 4b3, HE R B3 T2 £ To AFAYH L
AR R MR T CK T T1 AbFE, Rk
FEST R E B B O T S5 B B A R, T2
Z Te b B ER T CK,HEBEMT T1 43, {H
BT RPP (BB & IS TREMR —4%, LRI AR
B — 55 MR i 28 A e P L B d RE AR L 3]
3 KT REAR, T2 2 T6 AN SRR E &
AR B BT T1 Ab3E,

AR R AR AR AR PR AR
SEAEEHARENEREZ . NE6ATLEH, B
EFHRFEE RPP ELBI A3 i 2 0A 5 A 38 Kk
Hr RPP ZEH | EB A 852 R F S i T 3= A A
Ay R 52.19% F1 4.83% , T Bl e — &% 4% B K
23.05% 1 2.33% ,RPP #: B ik — 424> B 5 H 19.14%
1 2.50% , 2 B A6 DA 3 8 2 7K VA SR B el
BRI EA RIFR TR . B TR — R T
IRV ZEIERL, FERARAE R R AR 5 BRI 2%,
T I 2R T AR T A A PRI R R AR, AR
SCH AT BB (BT P ) RPP e Bt 45 148 T AL,
HEBRERIR S . BRSSP R =
RPP /KIS MBI DA 2.1 RS RPN, A
RIFMZBMEGE, BILESSS ERA R TRR—
B BB RN BB E, D T BT

3 i
I AR T2 6 B M T A
BBV FAEL 980 B 51 M R, A 4R
H T B I A R RO, Ao
I L R AN ) v
H FEAMEY T RIS, IF LU T S5 4R
A TR, BRI 0 OB B BT 2

FRILRTE TR R BN, AR 22 T 1 1
FEFRTLR PR BN 2.5 mm BEBS T8 S
mm, P, TIPS HE LA TG THHE R N, HA)
WA BE i S A9 T7, TIOR3 3% 1w U AE
2o RFNE N JBHE ) &8 F EMREY, ENER
B R, BB A REBRIR , A A TR B IR UR
HIVE . HUITOEME AT , 5RFALIR -G 1F5E
JE, REZC B A

7 [ A ST B P AR B 2 820 , AR SCn )
TEAETLLER) 51 d TRGRAK P XACRGHEST T3F
e, o FAEH A X+ s KA _E RRENELIA
B AR A A (8] 54 5 B B RAN 8 A1 e 92K
REBARIH—HIT . R EISO™ Y1 5AHLIE |
HERE JBRNE S AR RHR AR A A ORI 2
LIREL

4 i

(D) ER-IABUERA T IS Wk vt LA 2R
FEaS VR HEAHE FIB AN S kb g o RIS i
BT BN 22.65% , ZFRIB/KELIZHE 6 K, IR
TRAMRETRER, ABRERHBHSESMEAR
K6 REHE 1 MR TRET 1.42%,

(2)FRAFRIAI LR R, B RI= Y3 £k
AR BV TR 2, AT DAL — 5 1R B He Ak
SRR RIS SRR A BB R B h 40%,

(3 EIC = P A i R — e 1 b3 43 R b, T 3
SBEEF RS RE S 19.14%F1 2.50%, FH AT
B =Y B B B SHOR , EIR & B 5%
SR A R ERMETE , 2—R e Yy
PR ORI R R IR LA BT AL L S R IR
AT X — U B FE 5 F IF AR A 7= Ml B U5 48
MR E B IR I A B
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