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1 #MR5EREE
L1 it

TSI BTG IRIA ZRSEA SR PR EBUK 58, b SR & B T EE A 95 (GB
4284-2018), AP AYTSIE BBV EE R AT T 2 /KRG RIBRIL TS U, ) M R bR 8
3 FREFSEAPEIR L 1.

R 1 LI IRALSRAE AR

Table 1 Basic physicochemical properties of soil and sludge

FeHE I TIKE% HHL/% pH TP/(g'kg ™) TN/(g'kg™) TK/(g'kg™)

+3 21.41+0.73 0.52+0.01 7.29+0.04 1.37+0.06 0.55+0.01 4.11+0.42

QbR JE 175 U6 7.89+0.08 10.40+0.63 6.3120.02 43.48+0.30 16.09+0.68 6.55+£0.93

HrEESR 37.75+2.64 10.24+0.50 5.66+0.02 44.7842.11 20.54+0.54 6.77+0.39
W BB, n=3,
HEXEATRZE . BUAT RA SRR A _ s
SO E SRy, B, 2F

HRZE ) AT REZE .

APUEWE B ARAKRI T 5l 5 BATROR G H
SPARURT IR AN, SR o
BRSBTS, 500 T A
BERRG AR ZEME 1 Fos® o ARRBER SATH L
SRU AR 2 250 L, BEHEJE 2 A B Wi 24 VBT AR 3.

227.5 L, BIRAERSHLY) 45 min, 55 1 HEUOBEL 1 SRBERARGER
FHEE N TP R R P Y B S YR DLk 2, Fig. 1 Schematic diagram of sludge incineration system

R 2 FEEFRSELS R RR SRR R RS TANRE

Table 2 Concentrations of major pollutants in adsorption wastewater generated from sewage sludge incineration

fite BERETITleinke  HbeTHWhR/Kg  KpH COD/(mg'L™")  TN/mg'L")  TP/(mgL™)

it 7.02 7.44 7.19+0.11 2214+107 65.28+1.35 0.32+0.09
2dit 6.30 5.00 7.54+0.11 1110+£11.5 53.45+1.51 0.30:£0.02
EEREiln 4.72 5.00 7.54+0.06 835.8+23.8 65.96+5.20 0.30+0.02
it 4.92 5.00 7.27+0.06 935.5£15.3 43.66+1.80 0.18+0.01

Vs BT n=3.

1.2 X5t

1) ARSI L, SCIE 3 PR, RS Ye . A s e L, R E 4 4>
W, SRR (RPN 104, 56, 145 mm ) &b BATRD, 405 A SATRAY 1 1Em s
Ve, B 1.5 kg #réE5ial O T5YE . 2 kg 158, BEHIAHTE 2 BRETREZE, 2R
W, —EEHRE, RHEREKERLN—tk. ZKHCE R FEE:, BASEUKHA (560 mmx
460 mmx290 mm ) "', FHSEECYRIR, BAMAS R (7L, 293.8cm ) , BEHMWES, M~
R, PRUEAR POV T & B R 2 s FE 8, HLARR RN A R 5 PR 25 PR 2 0 T A () — v
(3cm) , ICFSEE R ATRIRED .

SEISTESRIIHINTERE, AL IEIER 2022 4F 7 A 14 H—10 F1 14 H. S50 B DU 8 04t FF s ] 4
T 5 1 ALERRE . 20224F 7 A 14 H—7 A 30 H. 28 2 fitiEFmtmEl . 202247 H 31 H—8 H 7H.
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o5 3 e Ft ). 2022458 H 8 H—9 H 11 H., %3 FEFERERSHEHURE RN E

S5 44 R ] . 2022 4F 9 A 12 H —10 A Table 3 Amount of wastewater added to each

14 1. igﬁﬂ*ﬁ 4 ﬂlﬁﬁ;ﬁ{& B/‘J j]l] A i i %:Z 3. batch in the cultivation substrate experiment L
2) N[ R A B W %S MR WU Mt Hsi At

a5 e AR AT S A5 20 B R AW IR0 TR FE A L + 5 10.0£0.0  5.040.0  39:0.0  27.4+3.89

#* 4. TEEZ (2023 4 3—6 H ) HL 20 kg #rfifls WFUEITETE 100400 5.0:0.0  39.080.0  44.5:6.7

e, ETREH RS, JFE 4 1 H TS 10.0£0.0  5.0+0.0  39.5+0.5  38.8+13.0

2, TEHMERE 14 d FHE— 2R, BERITE
L FERIMIGEOKIRFF RATRIER A K, 245 4 4t
AFIFERISTR, BREIY 1523, 90~120. g 4 smpgsmmimrm st B AR RS2 S
140~150 A1 150~175 cm, HH 1 82478, HF Table 4 Properties and pollutant content of adsorption
MBS YR, H4 3 NEMT ks ] T wastewater generated from sewage sludge incineration I
Wb PR FE T ST . A S I 7 R P ik used in phyto-treatment and reutilization experiments e

T BRI ERERE, n=3.

11, bid 4 #ASTR] 7 EE Y AT B A SR KA Sepedtik pH COD ™ TP
(560 mmx460 mmx290 mm ) 1, FEA-b P st 6.79:0.00  1085:29  67.48£1.79  0.15:0.01

WE 3ANER, JFECE ERHHE R ATRZER 0 & ) 6.99:0.02 138848  57.58+1.71  0.23+0.02

JE AR R IC TR FIX IR, R 2 2R s3 6.73£0.00  1047£10  60.06:1.72  0.210.02

GRS A T 2R A5 — R KA

. |~ l\ . S4 7.15+£0.02 1 723+£59 50.28+1.66 0.21+0.04
SERESR, | = S A
T E’J(/fﬁl‘ﬁiﬁﬁtiio *E%} }ﬂ*iﬁﬁ % {&%Béi}]_ﬁ Al Wi 7.5940.01  1276+29  55.23+1.02  0.18+0.02
A7 LW, SEUeala: HRES, 100 e B A
W2 7.32+0.02 1527493 47.994+1.07 0.214+0.02

FEZE il A A Uee HUENTbRE, 13, SToRE B AT
i % HH N R TR TR YIE 5 om (kb 26 [a] R php RPN, 1 Se STURSTE ‘
30 d, BEFLEI L S R 3 A OB, WRRA = AN AW SR W
TELTHFESEER, S, WCHISAS BN, R A PSR AT =

FERKAZR (2023 4F 10—12 H ) DARTIRARREIR 7 AR 2705, 158 S #URRR R 25, B
SRR 1~5. 6~20., 28~35, 40~65. 100~125 cm. FJFREFEFHFHHENHZE (0 cm S5) ML, B~
W 3AER . T 2024 45 1 AT 1 DA WRBAEE BRI FSCE, PIGIIA 8 LR, JGEL R THakss
FITRIM ATy =05 B 2B A
1.3 HESREFMSH

TR BRR BT RS IRARRTE G, WERAERKFE NRKAE, FHBEEIMRI 1 L ARSIl
SERY I TAHTINE . pH KA pH HHHLA7L; COD SRAEAKIRERTS (HI-636-2012); TN SR EN iR
THAREIMI RS (GB/T 11894-1989) Ml ; TP RAVHIRE /ELEETL (GB 11893-89) illlE .

Tl B HHERER . SCRTF IR Z AR AT UC AN TR o Ao R U K o B (105 °C
) 5 FREAEZHAE, FEUFEESL 20, 100 HIE B, PRAFRI. T5le e HHERER &K E . pH (A,
TP ¥ ( LR A= Hr ik ) U, 248 & & R FHl HCI-HNO;-HF 31 2 -J5 7 W 335 I e 2%
(GB/T17138-1997) llzE. C. TN. S FaRHICR MM (NY/T3498-2019) Ml

BRI . SCIRTTUR MR, I AT . SCIZE ARSI ST R SR e T
105 °C A7 30 min, #Rf5 65 C. 48 h b, HBGCHTE., THAANSENMEYEAM 0.25 mm KE
0, WCETHBRASEI N, P, S, K &h., MY N, S &ERAICRMIMUE (NY/T3498-2019) I5E,
FEY) K 5wl R A H,S0,-H,0, Sl i f-In Fuobotits, HEANE ES R (gl izt
)
14 HRLIBS S

{#i FJ Microsoft Excel AbFEE IR ANM K, F{di ] SPSS25 XL UG EE U775 223 H1 Fl Duncan (K22 714
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2 SRS
2.1 AERBEEFMEMEE KHMERHEFEERISND

FIE L e S A R TR 5. R ST £ 5 FEBIEERTEMENEKIERFLERRRZ
M, RS IR R SRR ARG FRRARE T, Table 5 Growth parameters and wastewater consumption
AR AR B T T AT R Y BES ﬂ{£$ amount of pennisetum hydridum with different cultivation
$7100% , BRI WIS S A B K ] substrates
RN, EISEIRGOE, MM s e pgon  EORT IR
FEMR S B T T, i H A A TS mmlke /L

JENE e B R TR L 4 A 2 e e T + 1 100£0  164.25+28.21b 0.07+0.01b 82.05+3.95a
WESTRH -, TR MRINRE R T, 3 FISLIAT  ARMUSIOISIE 10050 248.50£15.30a 0.24:0.03a 99.05+6.85a
BEER, (BAHENS TR EFER R RS, A5 G 10050 210.75£17.45a 0.08+0.02b 93.75+12.35a
99 Lo Ve B PR =3, SRR R A
ARSERCR ) ST PR IRATHE, AR 2meRBEP<005).
N. P FMEPY, i HARSCI A G FHACRE, AR
SR P VR A, BATRIATRERN POEFRAS R MAE K2 . SRR, 15IefENE, FRadE, M
Haggirs (HERVN) |, AT K HERGOHEEHES5TE, SREn N EANY, 3N
PR IRE IR, VIS /N FAVIRGER PR R T, — AR TR & ZERER R A KU,
Zeit HERE S AR A AN S, 5 R A ERERRRY, AR TR R AR, WA TR YR
Ko ARSLESHHEG Ve L EATERE R 100%, HAERKER TR, RUBXGREYEEHRAL, DAriars
HIB BRI FEE R S e, DA LA g Rk, B A AYT5 IR nT IR 18 BT B 2SR 77
T, IS TRFIRERN, HAERRAHERE T, SRR AT A Y A R RN FE
22 FESEEHNELIRRRIR 0T 745270485
BTG LR Rk S 5 E T R*=0.944 2, n=9
HE R ERHOERDCCR (F 2) , aIRI%. or .
A AR E R A TR AR K A AT R A i £
S AR ST TR R =
ok, MR 2SR H RS 2R e 52
PR TR (£ 6) .
HE% 6 AT, FILARE S AR AT R A A A . . . . .
Vi DAAE R E RS ARSI, FEARE 0 33 7°f*ﬁ/c ;05 1o 17s
SETR AT R B TS AR KT T P
IR IR 140 B L6 B B2 EEFSRLEKNSNSRESEONT
e REZANLE
:F):ﬂﬁ‘iigbniijﬁj(o Fig. 2 The relationship between plant height and biomass dry
BB REAESTRD T A EREER, R ,

20

weight of Pennisetum hydridum growing on sludge in summer

*6 EFRA LEKHNENEERERKAREFRTRESE

Table 6 Growth status and nutrient element content of Pennisetum hydridum plants growing in waste liquid in summer

RmIX Rl Wibakkms  diRbkms BT/ T/ RRiiEs N/ P/ K/ S/ AHLY
cm cm cm g g Hintt/g (gkg)  (gkeg)  (gkgh)  (gkg!)  EE/%

0 0.00+0.00e 39.90+4.84c 200.0+61.0cd 24.81+11.17b 24.81+6.22b 21.64+4.06a 8.22+0.57a37.01+2.09a3.91+0.47a 70.20+0.83a
15~23  18.1745.95d61.19425.50¢306.7+£303.8cd 53.56+52.85b46.06+31.36b 17.04+4.80ab 7.90+0.552 30.31+£7.26b 4.21+£0.42a 70.91+2.18a
90~120 103.3+18.4c 134.7423.7b 468.3+290.4bc 88.12+57.15b41.56+14.28b 12.47+1.94bc 4.88+1.26b 15.87+2.02¢ 2.93+0.37b 73.82+0.51b
140~150 145.0+20.4b 160.5+25.4a 970.8+568.7ab283.9+167.8a 218.0+33.4a 8.55+0.42c 2.91+0.31c 9.31+0.71d 2.30+0.13¢c 76.39+0.41c
150~175 164.8+14.8a 182.2+11.0a 1 098+500a 333.7+154.8a 264.2+79.7a 8.34+0.70c 2.90+0.46¢ 9.74+1.28d 2.02+0.32¢ 75.61+0.74bc

TE: R I N 0 7RT sAkF o BOl A PIERERE , n=3. [l—FhAF T RN Z A28 57 B3 (P<0.05) .
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T EATRERB B ANFE AR AR S, MR
B BAMER AN B, BT I A R AR
X, (HEEFNZHRBRZHAIY) (£6) ,
FEPE AT RER AR T3

B APk B B AE Y O 1 S AT R
RIHFEMPB WAL Z , RIS S5 IHFEI R
ZI R R HEIEADCC R (K13) o &l 3
RIS T R AT LIRS AP AN Rl A e B Y . . . . . .
SRS AL IR, BRI 7. 150 em I
R BT R HEROBER R 8.8 mm, I e
A RORSE TR 500 m® THA, R K A RIS #E
45 m® B (HPYT 1638 m*a') o ZEPEWAEHE B 004 ex15997
TARRRT b, MRS BB A I AR R0.8034,n18 :
kR R, PR R

bR EEAEA DK R 3~4 m &Y, KAE
AR FBKER, AT ARSI RER 1 MR
e o I, RATREAERM B, 2E T
H R AUBOR, SIMARR R RO
PRiE 1~2 m (Y AR TRERRA: K BB, itk h > s
FRARRA AR FR, &% R .
X, SATFARENS, SO BIEFER K (b) &%
W2y RN 50% , UL, EAFRAIIE @y gesersemkssyrmeeanLRE
FgEfEtkm R (HEEET 2 m) BRREHTL Fig. 3 The relationship between the initial plant height and the
PP, HOSFERBER T IR, (Rl AEAb 2 amount of wastewater consumed in summer and winter
PR R AR A R T AT R
2.3 BORAITHE

T TS b e R — MO A Ve A B A 3

oo

S FEREHE A E (- )
L]

SHPREMEM I (mm - &)

R TEREHESENETHERERS
Table 7 Estimated wastewater consumption amount by
Pennisetum hydridum with different plant heights

BRI B PR ) J5 5 B A A P RS R A

GHRMBRIK . WEIRBLEEARE e ek BARRIRE
YLV SR ULTE A A TR LB 4L A T A o - e o)
O S LIRS T SRR S W B | '
. AEEIARTT . (TR B9 TR S0 7! 76 e
Hﬁ?%ﬁ%ﬂ@’a\ﬁﬁﬂ% (0.016 67 t‘mfz) (ﬁfﬁé"{l S-120 7.88 3.94 1438
11t) o TABFFCH R AR, R S0 523 2 130
IR A BRI BRI AT K 691~1 638 t (£ 7) >0 sl 1 L7
S AU RERIRHE B 35 2 B35 A5 - e e e
St ST ARSI BER T K 53, b e o o7 170
A b BT AR FH Sk Sy, T EL w-100 3.06 153 3584
VWP N 4N ERE , FR R AT 3 1 N ey W-110 321 1.60 5850
ﬂi“ﬂo W-120 3.35 1.68 611.7
TEMATTH, RS £ R TR (HL W-130 3.50 175 6383
B4 700 m*d ), RPN AL S W-140 3.64 182 665.0
1t -AO(anaerobic oxid)+MBR+NF(nano-filter) T. W-150 379 1.89 691.6
L SEFRARLIN 120 Tt ABFRRGEFTRA W-160 3.94 197 7183
fiiteyh 20 ot FEAFEAT (L 1570t") Ve SHEE R, WIRKAE; A MoHH I BE500 m?

RS EANY (SRFRAET, st . Bk -
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SR AL S AHISEARIE COD HUBEAREEK , SR Fenton ZALIREELNIT, MZGHIRAN 8 Tot 5 ABIFIHY
FEM AR TR 5 o0t 7, FEE N BT MHIER AT, Rk, SRR R AR A B
BH—ER Tk,

3 &g

1) COD 7£ 1 000~2 000 mg L™ PNETSTRAR MR ] B FARRG S48, B S Ts e bk Y
Hh AR T IR S e B OIS B ARSI A5 AR AR

2) EATRGER AR RS SRR TR A B I IE A R, IR AT L AR T 2 A B
SRR I AT R R . BRET 100 em LA 8 SR AT [ SISO RE AR A A= o 7=
{EAS AR

2 F x
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Treatment and using-up of adsorption wastewater generated from sludge
incineration by Pennisetum Hydridum
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College of Natural Resources and Environment, Guangdong Provincial Key Laboratory of Agricultural & Rural Pollution
Abatement and Environmental Safety, South China Agricultural University, Guangzhou 510642, China
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Abstract In order to to determine the potential and suitable conditions for the treatment and using-up of
adsorption wastewater generated from sewage sludge incineration (AWGSI) by a high biomass plant Pennisetum
hydridum, the organic and nutritional wastewater as the only water and nutrient source for the cultivation
mediums, the comparison tests of planting P. hydridum were conducted among three types of substrates: soil,
treated sludge and fresh sludge. Then the wastewater treatment effect of P. hydridum with different size or
height as well as reasonable process parameters was studied. Results showed that AWGSI with high COD
(Chemical Oxigen Demand) and total N had no obvious adverse effect on the growth of P. Aydridum. The
highest plant height and maximum biomass of P. hydridum could occur when the treated sludge was taken as the
cultivation medium, and the highest amount of AWGSI could be consumed. There was a very significant linear
positive correlation between the initial plant height of P. hydridum and the consumption of AWGSI, that is to
say that the consumption of AWGSI increased with the increasing plant height. It was estimated that 24570 m’
of AWGSI per year will be treated and consumed by P. hydridum with a height of 150 cm per ha in summer,
together with a harvest of P. hydridum biomass.

Keywords Pennisetum hydridum; sludge incineration; cultivation medium; organic wastewater; plant height;
biomass
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