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TR 8 T WLIAE 15 T5 /K AR s Ak BE - SRANARAC A 4 B B2, 2008—2009 477 KM 7 J2 A 45, SR AN IR) K g 4 (0,36
9.12.15 e/ ) ,#4T T 15K BB LB LB . WE T 15K BEHA E 4% B3R oA K i, X322 (0—40cm) FI R )= (40—
100cm) T EHAAE BT T 087, A DRAE AR SR 2 28 E R M B EE N LR RE R T, 2
TR R AR A R AL BR)Z TR, X T R SR B R B AR AT T . SERERB L HE 39 e/ K S fR
A, 2 TR R LR SR (QF 1) A Hu 37 A= < B BEE /K 1 S8 I3 AT 34 0, 76 9 e/ JA 7K 97 Ao B 3k )
K/KARMFRT 9 em/ &, QEEFG I 31 _E IR K EFEE K S RGN R FEK ) ST B AR, 15 K AL B T /2 13
PR MEN KR RT 9 em/Ja, 15K T2 PR =4 T A REM . A£G 15K WM AL B L BSE B K S 1
i 6—9 em/ i
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Effect of slow filtering eco-treatment with different hydraulic loading rates of

domestic wastewater on soil and poplar growth

BAI Baoxun', YANG Haiqing”, FAN Wei’, BIAN Xinmin" *
1 Nanjing Agricultural University, Nanjing 210095, China
2 Henan Academy of Foresiry, Zhengzhou 450008, China

Abstract; Along with the development of urbanization and the improvement of peoples living standard, the domestic sewage
is dramatically increased through time, resulting in serious environmental deteriorating in the water body. In order to
decrease the pollution of surrounding water environment, the sewage treatment approaches through lands have been
developed quickly and widly used. One of the most successful method is the slow filtering eco-treatment system, which lets
sewage to go through the land planted with vegetation so that the sewage can be purified via flowing through the soil system.
However, due to the high NaCl content in the domestic sewage, this treatment method may bring negative effects on the soil
and plant. Accordingly, the hydraulic loading rate is the key parameter in slow filtering eco-treatment for the health of soil
system and plant growth. To get a scientific and rational hydraulic loading rate is critical for sewage dispose and usage in
land system.

Therefore, our objectives are to evaluate the impacts of sewage through slow filtering eco-treatment system on soil
properties and poplar growth, as well as to choose a suitable hydraulic loading rate for poplar plantation. The slow filtering
eco-treatment system for sewage treatment was carried out with five hydraulic loading rates (0, 3, 6,9, 12, 15 cm/week)
from 2008 to 2009 in Longhu town, Zhengzhou City, China. The aboveground biomass growth and the physicochemical
properties of topsoil (0 —40 cm) and subsoil (40 —100cm) were investigated during the experiment duration. Eight soil
properties were investigated, such as soil organic carbon (SOC), soil nitrogen (N), soil phosphorus (P) and soil
potassium (K) and etc. In order to simplify the comparison of the differences in soil characteristics, an comprehensive

quality index ( QI value) was used for topsoil layer, while the subsoil properties were analyzed with the single soil

EEWE : BE" +— 1" EAR S H (2006BAD03A1704 ) ; B Z0M0l R A7 Mk 23 25 % 0 3551 H (20070414 )
o7 H #9:2010-03-30;  f&1T H#9:2010-09-16
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physicochemical property.

Our results showed significant differences in the effects of loading rates on soil quality and poplar growth. The QI value
of topsoil and the poplar aboveground biomass increased along with the hydraulic loading rate increasing between the rates of
3 t0 9 ecm/week, and reached the maximum at 9 cm/week. When hydraulic loading rate outpaced 9 cm/week, the topsoil
QI value and the poplar aboveground biomass growth decreased along with the increased hydraulic loading rate. There
existed significant positive correlation between topsoil QI value and the poplar aboveground biomass growth, indicating the
topsoil QI value representing soil fertility change. Sewage disposal had little impacts on the subsoil properties as hydraulic
loading rate below 9 cm/week but produced harmful effects on subsoil properties as hydraulic loading rate above 9 cm/
week. The higher sodium ion contents in topsoil and subsoil were one of the main reasons to the reduction of soil quality and
poplar aboveground biomass growth. According to above results, the slow filtering eco-treatment of sewage obviously impacts
soil properties and poplar aboveground biomass growth. The soil properties change is significantly correlated with the poplar

growth. And the suitable hydraulic loading rate for domestic sewage treatment by poplar land is 6 —9 cm/week.

Key Words: slow filtering eco-treatment system; hydraulic loading rates; soil properties; poplar aboveground growth

BEE SR AL A & R A R AR T 7K 3R 0, SR A 15 V5 /K HE OB B K, R AR Ko %, L5 /K4 H
I R SBUKEIERAL E B S Y, A E KR B E Y, NAESSNE L, 5KkEEE
AAFAMEREED . 2 YRKER BB BB ET , i A A X 275K , BN 38 V) B AR Y
EENE, HKERGHEE AR LR, 5K B EAF R A T T M RTR, A BT SR Bk b X 5 7K 5% I8
Bk R, SR E R E K XK IR R P th B BB R L 188 A A R G SR DL A K B R
W7 S5 K BN G R A H HIER  , 15 K AE R £t 3R - R G BB Fe oAb B AL B T 227
I FAZUAR B S A B AR AT AR RAT RE K B AR _E RIS /K, DABERBOE K A =g,

REPIFX KRR Z TG KT YT E . AR TARERAR K, (H2 A A Tpk ) o & A
KERSFEARKATEY o A KR AR BB BB RUCKB/K MG 3, %% F T kEmeEs,
TEK A IE N T E 515K EYBE S &7 —&, I B R AEY B i5 K, AR BT AR
KSR SR, R EAM A TARRI AR =8, [ AT LR 115K S i SR K o ER, R
HKPERBRRERENE EGRY, R E RSN E B, AT 15 K Mo b 38 v B Xt + 38 5K
HERZHERNRZ,

KARFRIEB EBLHRE KBS T —, REX NS HER A3, A GBI 5 K A B F1Y5 K F
PR &k o 7EV5/K LA B ABIFIT b, S5 K M BE 9 T 2 R 5280 5 e = R R ST
Fei et HRENEK A AN | i R R R A K B LS D . ASBFFE 0 B B A A 3
TE 7K A 88 A S A BT + R A SR A R, 8 B AL ST R [RIK ) St 3 R iR S AR AR K Y
BN, A A T TS KA AR S o A A A B R G A B SRR 1T IRAMK R
1 HRMWREARFE
1.1 BFRXHES

A= T V5 7K AR PR b8 B A 25 A R IR ZERR N T I A K 2 R AT, 1M F AR TR 5.5 km A, b3
AR R 7R 22 113°42/36" , L4 34°36'50”, 4K 136 m, b T 7K A% 8.59—9.30 m, BRIR KRt ME, FFHX
IR 14.4C AR TR B 640.9 mm, TGFERA 220 d, A+ R0 1, pH B 8.4,

PRI FAVE TS KR A TR FIHES O, HAL 24 B4 B B8N 77 3R 58 5 00 0o 48 B A B 2 190 5 12 T 5
(£1), EEGKF COD &E MRS BB TERE N =S, SHEKPHLESB TR SRR
13T W50, V57K A TR 4 B - 35 & 43 0k 0..001.,0. 003.,0. 014 mg/L, Ho & 5 ¥ 4 8 oF A5 #1195
HEME
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FEA G 15 /KPR AR 3 R Ge S ST A, X R T A N TARRIB IR SLEAT T 2, % 083 1-72 76 Lk
BHARBKR, KR 4a £ CEEAGRA , B BE A BB, R E KFEREN K 5550, g
T 4a 4 1-72 ( Populus x euramericana ( Dode) cv. “SanMartino” [-72/58 ) 4 N\ TAR#E4T 4= 1 15 7K A B R 56 o
YR 1-72 Bt AN AR BE Sy 2000 B/ hm’ 245, MOAREE ST, bt ST b A PR AHE

®1 EERFREERSREE

Table 1 Chemical composition of domestic wastewater

pH {ii FH AT EE F T BA Js¥7 MEF AET
pH value BOD;/ (mg/L) COD/(mg/L) TN/ (mg/L) TP/ (mg/L) Na*/(mg/L) Cl~/(mg/L)
7.5£0.2 42.7+8.6 743 £161 27.5+5.8 2.8 £0.5 208 £16 629 +49
1.2 ¥t

I HEALAR S 20m x 20 m , BEH R B FEN LA 19 7 XA I, B E I E R 3 IR, 5KASEHERGH
[ EC/K AR AEYIIE N | H B 27545, XIRXgbkl e 7%, 2V 2 g dtm , T 22K . 15K Libab 3 T
LR  JFIG KT KRBT R VT M oK RS — LMY -k ) RS LA AT K

WRIEAR A+ 90858 R H 5K LK iR RIE TR 5 K s, e ST
TKAEFIK T3, HETE TG 7KbRHBAL BRAE 2008 425 2009 4£3 A 15 HE 11 J 15 BT, AT KERAERE 1
W KA1 AA 0( CK) \3.6.9.12.,15 (em/J ) | SREUHLTE A /K B9 7 BT 7K  ARTERSORBL 54 T &
& YRR K], AR TS TS /K AC SR A) B0R #E-AT H [E) 8 2, 78000 FE A R B A AR A IR MAC e Al A T T 7K b 1Y
1.3 BHEh
1.3.1 #EmRESNE

43 HITE 2008 12009 4F 11 H oof]  TEA IR S TR AR R42 LI RITE , RERE 0—40 cm FI'F 2 40—100
em TEH A, WL FMR GG AR DAL R 5 R 595, B LR = ik, Tk
PRI E TR E IR A BRI E HENB R, TR AR R 2a W52 45 5 10T 3
{EHHATHIR

2008 4F 3 H A1 2009 4F 11 H Hr), 435100 e A shAROR i B e S5, S B S 4 BIE B 5 #ROF
BIARMIE T 58 A Py & R MR AT 7E IR X P R, I 25 R 5 7E & IR A H g P Y R) o 4351
EF ARG T E , IFREBA TR, AR S, 0 R e TR P E T0CH 2B, R 5 E
HT =, R B AL E BRSPS T B8 E A T#E TR RO oA KE,
1.3.2 DHEREFHTE

TR E F R T AL, BT IR T B i 5 A, S R BN BT AR 7 # P TR R Sk
FER IR, PP SR AR — B, %SRBI AR TE V5K Mt b B ) SE PR UL, 2 BE RIS 5 0 i 2t
TEEERFREES L AMREN T EAE BIUR . 2R 20 28 HR R BSE N s
BERENET .

B T 3L 0 R A B RS R TRI HE A R A BB 1R S B SRR B R, R AR R U R
TR AB I S0P R U B SR A BT, 3 5 4% TRl e R R A B 1 o SR T B4 A BR 3K
(D) X E BRI T, 5 BB IR ER R TR 22, Bt LUK FARERL 401 R0 (2) ot 3%
AEM.

Q(x;) = (%, = %iin ) / (K = Fiin) (1)
Q(%;) = (Fimin =%,) 7 (Finax = Fiin) (2)

K, Q(x,) & BT W F R IEEAE, 2, 058 | T IEAE ST B FAH, e T %0 7370 56 £ T+ 3T

T T R R (B AR/ ME
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T N IE S B R LR A TR B IS B E B S SRR AL, BT DUE B FIACE REORE R A T
MEZE Nk, AHIFEH A SPSS16. 0 B AN T M I TTRR A R+ ST R, @ i £ a7 i T 1
fipee T4 B TR R B R MR R RN s B A E

W, = ci/i C, (3)
K, CONE i N HEFHEFRfE,

AR A AT L3RR B LR & 1R E QD I S IR T i £ IRIE H 5 B Ha AR AR, 0 &4~ 15
B 7 B ARE R FAFRIE AT 6 8, 2 T MR 32 & BB F BUE (O M5 A 308 -

ol = 21, Wi x Q(x;) (4)

QI fEBCK , - 3By s A, TR PREE
2 ZR55H
2.1 RPN

HE TR ARHAL B I T R )R A KR, BEE K I A A I, ISR BRI, HIRAFER A
ik BV S PR, R RIE HIRR R EESHCT . LR BB K I AU TR, 3—6
e/ FISCERA RN, X IR SEIOR AN HRABERA(K2) . ATRKIRAREEEH RV LREFER
TR | BT LA 3 505 K R A, -+ 498 R LR BE S 0+ 5 KR 2 IR K R AR 0 38 38 A B AE
Pk + 3K A RIS AR R S5 R R IR Z I B FLBREE R K 7 SRR AT KL #E 6 em/ JAI7K
TG IRBN B R AE , SR G BB 7K 3 ST B T AR, 308 2 i R AR A A A - SRALBR AR DL (R 2)
REIREKBEFEMKNAMZIEE BEER, MILRESBERELEEZR

®2 TEMEER
Table 2 Soil physical properties
T2 K3t Ae K AE LB BEHE
Soil layers Hydraulic loading rate Moisture content Bulk density Porosity Permeability rate
/em /(em/ &) /% /(g/cm’®) /% /(em/d)
0—40 0 (CK) 7.44 1.47 37.99 18.36
3 9.18 1.42 39.58 18.93
6 10.16 1.38 40.79 19.92
9 11.65 1.52 35.58 17.38
12 12.83 1.56 34.44 16.19
15 16.09 1.58 34.45 16.13
P <0.01 <0.05 >0.05 >0.05
40—100 0 (CK) 6.92 1.52 37.24 17.66
3 8.26 1.50 38.69 18.05
6 9.14 1.49 39.38 18.39
9 10.49 1.54 37.49 17.44
12 11.81 1.58 36.38 16.96
15 14.97 1.61 35.92 16.37
P <0.01 >0.05 >0.05 >0.05

TRIEMEKE AE LBREMS BE R AAMEMNERRE DAL, (BRI S XA 2 [T
BEZR, TRIBNAEERTRELE, MEKE LRE BEERNTRZELE,

TIRATE | LIRALBR B AN B R A AR R B & B K T ST B T LRSS, SRR ) AT
R, BB EE R, R T I ENR M LR B
2.2 BRI AR L

WIEREMN (3R 3) B X TR, 7B R S S Z B ERARE . REHFEAVR TR
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7K ST B TS A0, 72 9 e/ JH 7K F1 S AT IR BB RAE, AR5 SR 7K 3 ST S A T i 2, 15 7K Ak 22
AU S B TXR, ZEK A AATBORN, {5 K SRR A ML 8R 2 3R IR K SR
B2 LB B ERER TR 2R GEMR e BT BB H SR LR 2N BIEE
TR FI BT B3 PN T3 A, 76 6 em/ JAIZK 3 AT B 3 e 0 % B vy, SRS 0 B SR K I 77 B i
B s BEAE 7K 3 ST B, S AR R S B N, 7R 12 e/ JRZK ) ST N IR B B RAE, AR5 S B R R
TEAVUR 2R MR EABHEA L SX R E AR BEES. TELIRAVRSR 2R 2SR
e R ABEEMN LR HEAL, ERESREHRT LR,

®3 TEAPMER
Table 3 Soil chemical properties
T2 K J3 g HHLE 2R £ gl
Soil layers Hydraulic loading pH Organic matter Total N Total P Total K
/em rate/ (em/Ji]) /(g/kg) /(g/kg) /(g/kg) /(g/kg)
0—40 0 8.38 3.67 0.34 0.40 17.38
3 8.36 4.11 0.41 0.44 18.40
6 8.37 4.59 0.46 0.42 19.12
9 8.31 8.53 0.59 0.45 18.59
12 8.35 6.64 0.47 0.46 18.91
15 8.33 5.33 0.43 0.44 18.13
P >0.05 <0.01 <0.01 >0.05 >0.05
40—100 0 8.36 2.29 0.24 0.33 17.28
3 8.39 2.45 0.29 0.40 18.91
6 8.38 3.67 0.33 0.46 19.16
9 8.33 3.91 0.38 0.42 18.76
12 8.37 3.83 0.42 0.44 18.25
15 8.30 3.88 0.47 0.42 18.04
P >0.05 <0.01 <0.01 >0.05 >0.05
T2 K I Hu ki HA R AP T AT
Soil layers Hydraulic loading Availabe N Availabe P Availabe K Na* Cl-
/em rate/ (em/ ) /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg)
0—40 0 19.56 1.99 88.08 9.42 16.57
3 20.96 2.97 93.28 28.06 22.10
6 25.15 3.61 94.28 37.61 26.24
9 29.34 7.76 97.08 44.28 22.06
12 23.75 6.76 108. 41 49.83 16.52
15 16.77 5.12 100. 85 40.52 15.19
P <0.01 <0.01 >0.05 <0.01 <0.01
40—100 0 — — — 20.26 12.28
3 — — — 31.83 15.19
6 - — — 38.86 15.30
9 — — — 47.06 16.04
12 - - — 51.80 15.40
15 — — — 21.77 12.23
P — — — <0.01 <0.01

. =7 FRIEI RN E

BT A TS 19K P RACEA & BRR , AR TR TS /KR AL B I T 3 R RR R T 5 B, BEE K I AT )
W, L IREBNES T BB, 7E 12 e/ K ) ST I IR B RO AEL, SR G S B T B AR XS IR S & A B
B, E TS RARBEER, TRLENTERE TRE (IS e FK N AR , EE T SRR TERE
(R 3)o BAR TN R T RO RE 185 , (ELR SR G B 77 - 39 P 4 AN BE BB R o T LA g - e (A
WS BT LABERE K D ST B, RN ES T AR K. RELEMMRRL T RS, Bk T i
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Z  WRELRTE T IR TR LREE & ERE K S 00 B3E s i, £ 6 cm/J&7K 11 1
AT IR E B R AR, AR5 SBEE K A g >, @ T S B RS S RA R BEER (KR 3).
TR TR B WM, W AEE T R, AR REE K T B, BT AETS /KA TR AR i, 3
AR THERIFAR(ER3).

HE TSR AR IR A AL B B B T AR LR R R HA A EE R B, B R T
METERABETHEE. LREVUR. ERFERY TR IA R T LRI T1, 2K T e BoRn , &2
TRADR S BRI E IR 2 AR 15 R T B BESE IR Re ot AR PIR = A A R
2.3 RELRFELZSHER

FJZ 0—40 om EHR IR R, L HAR IR oA 2R BRRE R, /DT 1| mm fAARFT &
I, 7T A 39 A R B ARAT (0 A K R L A R R B S KA B B AR R
R Al M O SRR R AR AR MR, BT LA 8 5 AR A2 Y 1 S BRAGE J, SR FH 2 B 0 T EE X
Kz LR E AT A, BALBT ST 15K MG B AL S AL B R R TR MR R o

e 8 A LIRIRIRE e DR B KRR T (R 4) , EEAUEER LA TKF . —28 etk
pH 5 BA I AL E N ENER R LR R ARFEE" o P NE 7 BBV, 3¢ 3R
BATREBCA W R , & B R R 1, i R R, IR P A TR IR MY, 7R K T B
BRI & B MR . 3605 S T3 IR B o B AR S 1, B AR ORVE D TR N 1

TR SRR TR FK S A R SR B A A FAAK (D) 2) R LR T
MREEIE(ERA4) .

*4 LEIHFERFHREEE
Table 4 Membership function value of topsoil quality factors

7K F1 54 Hydraulic loading rate /(em/J]) 0(CK) 3 6 9 12 15

# T Bulk density 0.55 0.80 1.00 0.30 0.10 0.00
ALK Organic matter 0.00 0.09 0.19 1.00 0.61 0.34
4% Total N 0.00 0.28 0.48 1.00 0.52 0.36
4% Total P 0.00 0.67 0.33 0.83 1.00 0.67
44 Total K 0.00 0.59 1.00 0.70 0.88 0.43
FHALA, Availabe N 0.22 0.33 0.67 1.00 0.56 0.00
R Availabe P 0.00 0.17 0.28 1.00 0.83 0.54
FHAP Availabe P 0.00 0.26 0.30 0.44 1.00 0.63

RS G TARRRE R T ERS TSR AE T R K TTRREORE 5 — 2R ST R R
K, F—F R OIEEMRE AR 2R, ENTEABARMEE, 2540 0.979.0.938.0. 901, {HEH—F A
SR TEIREA R 2 NRFELENGEL, U REPHTE - B ERE. NERBEMAF— B
ERAEARR AN () Eid AKX (4) R il LT RESIEIME.

BN TN M E R R P E LA VUSRS R G B2 L, b T X R A R, A R BT
GERA-SMELARS e, HL RS B A DURE B AP A LA ol TR B R T SR R S R A 4R
T AR R9L5-E okl HoE AR R R L™

AHFEHE I B QNER R T A TET5 Kb 322 LR E K. B 1 BRARTE KRR O {H,
0—15em/ AL 3 + 38/ QI {H451R 0.359,0.904,1.458,1.646,1.037 F10.375, QI {EFEE 15 7K AL FH &1
TGN, 7E 9 em/ K N AT IR B R KAE, ReXS IR L8 H 4. 5 4%, SR BER K T AT OB AT, 5 9 em/
JEIK F1 ST B, TR B RK I ST L 3 - SR AR AR AR T 73% R e T IR L LR S TR B 18 5UE. &
LRk EER S T LR E, HRE MR B R AK, K S R TR
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®5 LERIBRERFERSDNT
Table 5 Analysis of principal components of topsoil quality factors

F 4> Component number 1 2 3 4 5 6 7 8
SR . 63.92 22.14 10. 84 2.02 1.08 0 0 0
Percent of variance

;%ﬁ‘ﬁﬁ$ 63.92 86.06 96.90 98.92 100 100 100 100
Cumulative percentage

%—iﬁﬁﬁﬁ%ﬁﬁﬁ -0.10 0.18 0.18 0.17 0.13 0.13 0.19 0.15
First component capacity

ﬁ_iﬁﬁﬁﬁ%ﬁﬁﬁ. 0.46 0.02 0.19 -0.13 0.26 0.40 -0.07 -0.25
Second component capacity

%—EEEE%E%*X.E -0.10 0.17 0.17 0.17 0.13 0.13 0.18 0.15
First component weight

=M AT AR 0.52 0.02 0.22 -0.15 0.30 0.45 -0.08 -0.28

Second component weight

2.4 igPiH EEASEKEAR
eI ] ,0—15 e/ JE AL B A7 1 E 38 A 9 A= K &= 4 512 8. 33,12.27,16.19,18.77,12.41 1 11.47(t
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