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Effects of microwave, glucose, and hydrolyzed urine on
phosphorus release and recovery from sewage sludge
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Abstract Recovery of phosphorus from sewage sludge alleviates the phosphorus crisis. The sludge
phosphorus requires to be activated before it is recovered through struvite method. We investigate the
effects of microwave, glucose, and hydrolyzed urine on phosphorus release from anaerobic sludge,
and also evaluate the feasibility of recovering phosphorus from sludge supernatant through struvite
method. Results show that microwave, glucose, and urine promote the phosphorus release from
sludge. The phosphorus release rates are 64.57% , 66.93%, 65.63%, and 68.78% for
microwave , glucose, 0.2 L urine, and 0. 4 L urine, respectively, which are significantly higher than

the rate of 40.77% under control treatment. Hydrolyzed urine promotes phosphorus release from
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sludge mainly because its high concentration of free ammonia nitrogen disintegrates the cells of

polyphosphate-accumulating organisms and then accelerates the inside-body inorganic phosphorus

release. High-quality struvite precipitation is obtained while magnesium chloride is added into the

urine-activated sludge supernatant. The method expressed in this study can be used to well realize

the phosphorus recovery from sludge.

Keywords

BEe & A A A i s ir L M E TR Z —,
SR A AR AT BB TR A, BRI
SEARO 7 i AR, B AR NN R H R
FH FOR A LR A X 22 e FeE ™ . B, #EE
FERABEY . BRI R )G 24 80% HTE
FEREAL  BEE N DB R, 5 8L
X RRED AR SRS IR, T 0 R oK,
BN Z R R R, BRI
i BT RETE 60 a NI PIL, T4k — 2k Rg
SEIBE PR FH R AR T A Y

AT TG KO — e SRR B A
WK 5~20 g B MET, V5K FE) F
SR A=W BR e, ol 2 SR B T TE IR A B BORE I
A PN R BRI A S B B I WS K v R Wl S A LA
TSI RIAE TRUE W ERIRNY PR, 2
90% YA 1 V5 K B IR A e 25 e b, BT
BRI EAAREAEY, 15 RWAE & Bk
FH 3 sl i bl 0 U 1 e E TR B MR AROR
BFeAk RS e th R BEC 28 3 Tz i
FE o AR IO 1Y R T N T U8 rh i
DITCHLBHE 2Rk . R NSNS 5 U8 rh B R
JECHYBIFSE S AR rp e R BB, AR 7 i Tk 3
46 DA I A A T I B B 5, R
S IXBETTVEAFAE I W S — el TR
i EAN BRI, A 5 o TS U P BRI
S ok e ) 2y T {5 Y8 TP R O
A RIS KR

WEFE IR, o W B2 ) v e d i 7 1OV
A BT B 5T AR S e = | T
S T5 7K A W 20 L ) 2R el AR P g s R
BB, BFE R, 189. 4 mg N/L & A
Ab RIS 75 6 LI VR R Y E B R AR B vk B A
15.1 mg P/L _EF+#] 101. 6 mg P/L'", B4h, 2
BTG K A pH L RE SR 2 T4 R b Bl AR AR A R
KA BRI & A R i R A A A, K pH B
B, 200 9.3 FETS R IR A B R A iR
JI it REIRA R T 15 Ye BRI, ) an 45 I 4 49 W 2

human urine; free ammonium; sludge; microwave; struvite

ST PR BERRIR , 7T A AR i SRl o 20 ML N e R
RIS P REER TR TS YR IR B
SRWARTR AT 1, AT 2 B Bl A 0 R P e R 6 14
W AT LR 3 AN ) b BT s (DR R
AW 7 ) XoF ¥ 0 TR R P S O
B AT DITE Mk IR AL B Y75 6 L T h ik
AR RIAT P WP 45 R R Ry F K AR A 15 08 8 [ i
PARFEMEMSE

1 #RERFE

1.1 SRR LIS

S5 T FH R R Sy IR ks PR, BV 7K i DR R 28 5
B3 VIETE 2 BRuk iRk 1Y IR, PSR 4
PEAE R PRI, 2SS EE IR L
1. 1:1 PR EE 180 v/min  ULFERTH] 30 min, Mt
B PR FRALPE BT L3R 1, Herp pH 24 9.3 NH,-N
e ¥ A 4 383 mg N/L, PO,-P JFifH i & Ny
4.5 mg P/L, SZEG T A 15 K E A ALt A/
TG KA Wi, W RTE KA T 4 C ok
P&, T5KE) R ACYE R LEE 1, Hod pH
H96.8, LIEWH PO,-P Hl NH,-N Joi g ¥ B 33l
9 12.4 mg P/L Fl1 34.3 mg N/L, 757K B i B
WePEN 177.9 mg P/L,

S A PR A HE 25, PR (R AT KA AR
Ftoh 0.2 F10.4) #2588 (0. 5 o/L y57K) , LK%
P (1 min) . SCHRT, 20 L 5K, 7EBE PR R N
200 t/min 54T BB S h, SEBATFNF . 1) 55
FSCK. B 1 Ly5/K3EA 3L AR (RS,
BLBIO-XM 1~10 L, i CAEWRHEABRAF)
FEUEAT R AL 2) T AL BE L B 1 LISk, B
BISTJE AT B (L5 . 4% 2= AE GTOD20CN1P-
D2) BN 1 min, TEPIFN 200 W,
SPRIE RIS A 3 L R BRI E AT % B A B
3) HIAIHE BT L V5K, MA 0.5 ¢ #i%50% , bifi e 3¢
A 3L RS SAb L 4) R B 1 L5 KA
3L ATERE, 3 A B 0.2 F10. 4 L BBk R EA K
FESE PP A R I RER R 4 200 1t/ min, RAF



746 R RRA B R 22 %37 %
F 1 TR ARG kIR A R THEATT CRBRR TR
Table 1 Characteristics of urine and municipal sewage E\";j‘( mg/L)=
used in this study T WG R P < AR+ 5 108 5 TR B AR
0.2 L IR+ 0.4 L IR+ 157K AR :

% Wit 1571 - -
ZH RIS TR T e Lk
pH 9.34 682 7.56 8.23
TN/(mg N/L)  4802.36 444.92  1171.16 1689.90
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PO,-P/(mg P/L) 4.48 12.40 11. 08 10. 14
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Cd/(mg/L) n. d. 0.03 n. d. 0.02
Cu/(mg/L) n.d. 12.60 n. d. 9.00
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Ni/(mg/L) 0.03 0.08 0.07 0.07
Pb/(mg/L) n.d. 0.12 n. d. 0.09
Hg/ (mg/L) n. d. 0.30 n.d. 0.21

TS BT R BRI, D285 15 26 7 UL B 2 TR L
T B PR SR P AL B SO U, BEBRBE AR L 1. 151 m. ., #8738
RS BRI TR L TN, 8 TP, S, SR BRI 15
K CIRATRAT) W, RS BRI L i it
BFEIY 1,2.4.8,12,16,20,30 h, &Ab 3
4 NS,
1.2 BEARNEXRE

W LR FRAG 5 K, 2255 7 4 000 r/min B0
10 min 5B IR, T 22 A DL, DA
FEBEVA TR (M EE N 1 mol/L) NEETR % E Mg/P JEE
JREE 1.1 21, 3635 R 180 r/min, KW 30 min, 5
FEAVIE RN ZE RS HE 10 min, ffi 5 2853 4 000
r/min Z.0>,0. 45 pwm JE B ( Whatman ) 15 38 | W4
LV T AR T, DIVEZ: 48 CHE 48 h,
F X BHEATEF (XRD; X Pert Pro PANalytical B.
V., the Neterlands) #1494 HL 5% (SEM; S-4300,
Hitachi, Japan) & 1 W % 3 Ak 2% 4 ) FE &
FHE,
1.3 Hmath

SZSHT, V57K 2833 4 000 r/min 2.0 10 min
Jei , A B bV R TS e i AR I, B
THWRZTT 0. 45 pm JERET U8, UEVR BV EUR A
B IR B 4R Ak — 52 A1 4 O VR I 22 |, 7K R TR
FRAMDG R E NH,-N, ToHLBE & & R H 40 1
A %, B R H 1CP-OES ( Leeman Prodigy,
USA) "™ | y5iegead KT, BERE, i 1 mm G
BEAHT . TR I I A 15 e P
AR AR 05 b Gkl 2 S T 7K A U B 5

SCEH G T A K AEL AT 0. 45 pum U8 B U8
Ji , B R A B R A SR A — SR A 43 B 1
SE KA R R SR AN 6 B 5 I 5 K B T NH,-N,
TCHLBE & R FHAH A He kil . 48 B 7 LR
BER A ICP-OES M5z V5 Ve i i B ORI 5
mr.

TR R (% ) =
SN I 15 Y6 R B - 5 I I 15 U H ) s
SRR TG e R B

BAEAUUIESH 0.1 g BEAVRIAT
50 mL, 1 mol/L HCl %W, EVAE K H i it 2 1
AL R E, BB TR
I ICP-OES M %& . 73 4h, S A DITE L Mt T
J&  BUb (0.1 g Z247) Fl T XRD A1 SEM 4347,
XRD i i Jade 6.5 P AH 53 #7142 DL E
AR N, R SEM X UL TE ¥ 26 i #1739 4
NWSERITRELY/ DI S (| N OIS D R R ke 27w I )
15 LB R A4S ¥ R o pr gl 1 B b stk
T,

1.4 BUERESSH

AHEFE b PR [B] 9 22 5 2 SAS 9. 4
Proc Mixed 4387, K34 %] Sigmaplot 13.0 Fl
Office 2013 HIfE

2 GRS

2.1 AREIET IR R BRI 220

IR I, FEIR L A 1 h N, BTy ik
FET B4 2 0 R R B R A 0k B AR T T S 6 i
AREARCER 1A 1) 302 O 7 52 5w i, IR
SRR b A7 2 R, I AU A 8k R
BVEF ., WA SO0 0 HEAT, RON VR TP B R R vk
JEZALHEI(E 1) o TR R, AN [F AL
() RNV R R R B Mk B 22 S 3 (p=10.03)
R A AL 3L 7 R T R R o vk R Ak B e
KAE 120.75 mg P/L, B2 AL 1.5 £5, X
EFER YRS A RRKER" . K
T, 55 ) R A B T Hp R IR AR R 7 R
45 R R TR, A FF VS W pH B A X RS, A
5 TR AR, HREYAMKE D&, S5
b 1 2 B IE R, HE A e A AR

x100%



%6

il 90, 5 < BRI AR A R LA B AR RS 15 Y0 PP A L e Wi ) R 747

RN A A AR X T 45 1R, At (S 8
THRFP BRI R (p=0.03) , —J5 I, ik 4k
FHBE S BE 150 /K VS VR P IR AR e K T i R
IG5 55— T, St Ak B RE A5 42 20 5 O o
R K AL A 0 0 BRI, X SR AT B A
PRAEAN TR B8 FR R IR0 PRVBAG PR R R AR E T
15 U B A R, AHLR: B A PRV I BN, B2
W R Eh W B e D/ (T8 1) o IR RE 8 e iF
TEIR P EER E A TR w1 Bk
FRIGH pH 855 (2 1), IR R I AR 5 7 K
() pH {E ., & pH ANUBEME IR 5 e A 24k, i m]
RERSE IR Bl A 0 5 4, 30 717 4 1 Bk 24 00 A e 1)

140

120

100

80

60 | ¥

PO,-PJi &K B /(mg/L)

—e— control
—O— microwave
—w— glucose
—&— urine=0.2 L
—&— urine=04 L

40 (A

20 ¥

0

0 5 10 15 20 25 30
i [ /h
(a) RBLHR HPO,-PH BEBEIN M ZE 4k i 28

25 U R R H Ok 1 2 PRI AR A A T
KEMHHSER, RN, TieE pH 13
b2 A FR A 2R B R B, #T AR 8 4 kR
8 T 25 A O A A o e 2 G R A A0 B R N 1Y
TR R R B K A e ) R X T 2 R A
AR F | R A B ) VS VR T W R v R AR, X
FEEHREE RGN, ARG T,
TSRS REICR A W (40.77£1.21)% (25 11)
(64.57+1.92)% (i), (66.93+2.20)% ( #i
k), (65.63+1.69)% (JRWK 0.2 L), (68.78 +
1.51)% (JRW 0.4 L) . JRIGALIRT (1975 e i ik
1 TR RO AL B A5 Je B RERICR

1400

1200 —‘///.—*——*’_’4
1000
800 —e— control

—O— microwave

—w— glucose
600
—4— urine=0.2 L
—&— urine=04 L

HAEFRRIKE/(mg/L)

400

200
0?2 . . . . .

0 5 10 15 20 25 30
i [ /h
(b) S BLHE - NH,-NHe BE BEI [ 224k i 28

control, %5 H ;microwave, % ;glucose, FZIHH ;urine, JRIK .
E1 AELGETHRERFR PO,-P 1 NH,-N BIKE

Fig.1 Concentrations of phosphate and ammonium in reaction liquid with different treatments
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Table 2 Concentrations of metal ions in reaction

liquids with different treatments mg/L
S8 A [Z¢)3 AR 0.2LJK 0.4 LRI
pH 6.21 6. 04 5.98 7.24 8.01
K 54. 54 89.53 110. 43 35.53 21.54
Mg 34. 64 37.34 42. 56 21.43 4. 64
Ca 47.43 69. 65 89.23 35.56 14. 69
Fe 1.96 1.54 3.43 0.53 0.28
Cd 12. 64 13.54 15.42 3.54 1.58
Cu 12.53 33.65 40. 32 11. 31 3.01
Zn 7.32 11.53 13.22 5.97 1.76
Ni 0.08 0.07 0.11 0.05 0.04
Pb 1.23 1.74 3.32 0.53 0.32
Hg 0.53 0. 62 0. 82 0.31 0.26
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Table 3 Chemical composition of precipitation recovered from the sludge supernatant with urine treatment
mg/kg
PO,-P NH,-N Mg Ca Cu Fe K Zn Na
Bt 126. 53 57.14 97.96 — — — — —
0.2 L R 98. 02 41. 49 88.93 34.23 3.64 3.64 204. 54 2.54 153.74
0.4 LR 103.92 43.48 93.41 29. 15 3.34 2.53 211. 46 2.83 115. 85
LT B AR R BT,
x10°
8t
ERY
38
2,
g
E
0 1
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Fig.2 Characteristics of the precipitates in the phosphorus recovery
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