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Analysis on the Pollution Characteristics of Landfill Leachate

LI Guang-ke, NIU Jing, YUN Yang, WANG Ai-ying, XI Yu-ying, SANG Nan

(College of Environmental Science and Resources, Shanxi University, Taiyuan 030006, China)

Abstract: The physical and chemical characteristics of leachate in Xingou landfill of Taiyuan were analyzed, and the effects of physical com-
position and chemical element in municipal solid waste (MSW) on the characteristics of leachate were also investigated using Chemical Oxy—

gen Demand (CODg,) as an important index. In addition, the landfill leachate-induced toxicity to seed germination and plant growth was stud—
ied using plant-test system. The results indicated that the landfill leachate contained high concentration of organic matter, and its physical

and chemical characteristics changed with season and were affected by the composition and chemical element of MSW. COD, in leachate

reached the highest values in summer, a raining season, and the lowest in the winter, a dry season. Hence, raining and penetration of rainwa—
ter had great effect on the leachate quality. At the same time, the seasonal change of organic matters and C, H, O, N elements in MSW con-
tributed to CODc in leachate that increased with increasing percentage of organic matters and C, H, O, N elements in MSW. Compared with
the negative control, the seed germination and plant growth were restrained with the higher leachate concentration (COD, 320~1 600 mg-L™)

treated for 24, 48, 72, and 96 h, respectively, and the inhibition depended on the leachate concentration and the treatment time. However, low
concentration of leachate did not affect, even improved, the seed germination and plant growth. 160 mg-L"* COD, leachate increased the seed
germination by 93.7+3.5%, 97.3+2.5% and 100+0.0% respectively for 24, 48 and 72 h exposure.
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HR R B AR B TR f i, Hs e
FEPE M 532 RS,

SR ARSCO T T ORI B A B R I B IR
1 FFK TARE , 3 LA COD, M M A FR T T
B oy (A AL, Bk # LA C H O N 4§t
RO XPB UMUK AR AL A2 5 78 S IEhE A FH A
R 7 s (K32 Fn e 52 ) XHB B8 A FE MR AT TR
W08 AT B 7 AR SO B A BB IR
VB WA HUIE " (R AT A7 | B e i ) - b b # %
L5 YL il P S A A

1 SLIAHE

1.1 SREIEGEARER

S50 FH B B IR R LU P 48 RS T B VA 3%
DAY R E T s R A RS IR
HIY, B 14 48, 5 3B 280.29 1 m3, B3k 37 H
ToHbFRAK KR, Ho T K AR, P2 08 W 3 R IR F 7
IK () B AR BIRA G ) o, TRLIL, B UEOK BT
Z 2T ARSI R B A
1.2 BiREHERRES ST

M 2001 4F 12 A 3 2002 4£ 9 A, 78 KB HiA
B3 DA U H oA AT A5, 8 WRAE K TR AR 11
BT 80 Hfi, BRiaILH 4L, WE KRR
CODG (‘PR 72 1 , IARHETEAL IES) | 0 (R B AL
) HUEE (WGZ-200 73t B2 4300 %2 ) A1 pH {E (pH 2
FETHINR) S HLE AR

6 J1 15 R HB AT S bR A T BEAE AT,
FEFRTFAE DRI
1.3 &FELIREREES S

M 2001 4F 10 A 3| 2002 4F 12 H |, P BOKJE TR
X 10 NSRBI R (Bikizs 280E DA
) RASHT R, U e I RAE . FESEES
FHGFES MR A 5T, FIUAE T2 25 kg 73K,
BEAFHI R334 B 500 g 3K s SRk 43I
B IR A BB AR /N T 0.5 mm BT REIN & 12T
%‘?[10] o
1.4 FAEYRFERNSRESE
1.4.1 BUEWON K FZFP - & MLt A & & s

(L) KFEZFIFH K kPRI 1) K F R, 25 °C
12 R0 3h, EARIL L ZE 25 CIETRARRG 77 , B0 24 h K
W 2R FEE .

(2) REH RS BEFPRLIEE I R Fh 7,

T 25 CHRKEF 3 h, T IGEFRM AL L,
25 CIEIRAERE AR, ER Tl &S, R BT —3um
FPRLH FAE K B

Xif BEALH ARk, A B TSR] T B 15 e T 77
(BUEWH A kKB, FL CODg 4352k 80,160,
320,800 F1 1 600 mg- L), Sediz 3 A Hk 12
h P — R KGRI, B B — 5 B ) 0] e AN [ e A P
30 PRANHT I 2 AR I AR I B, T A i
BRI AR iz B BE A
1.4.2 BUGHO A G4 A K R B IR

iy P28 5% MR FR AR 20 min J5 , 7K i
Pk, F 23 CHKAKFIR M 36 h, HiIa| A 12 h ek —
KB AL S ZE 24 h |, EARK 1.0~15 cm i &
BEHLA 4, T 325,

Xif B A oK, A B TS [) T B 15 e T 77
(BUE W A kK H B, H COD, 43 %I~ 80,160,
320,800 1 1600 mg-L*), S8 3 M, & 12 h
Pe— WAL PR, kB — 7 s T 3000 5 AN [ o 2 Ak 4
30 FRANWTAOAR . ZERBE, THEAS ALY PRk
1B, MM S A B AR R 2R

2 HBRE5SH

2.1 BIRHRKREES

1 IEIEE R B IR ML E CODy, fH.
1E 1.5x10%~11x10° mg- L JE Bl Py, BTl ol 500~
900 NTU, {4 % 64~1 02* fi%, pH {ELfm Bt , /- F 7.2~
8.8 Z[al, 6 ik A ZE, ST, /K £ 3HIE
SN 3R DR A3 o B e, R il AL 5 0 o
it AT AR 5 P93 AR BT T , 6 W 7K 7 el 4 R
THEANBUEW, BB UERA TG Y IR B e i
CODg 47 1.08x10* mg-L-, i 891 NTU,pH {i 5%
7.22 FARAH, SRS UG IR B &, B IR, A W S
A, 8 1, MK A B 3K, 78
MK RAE T 15 Yk B2 T, COD, i 3.96x

R 1 BB ILERNER

Table 1 Physical and chemical characteristics of
landfill leachate for one year

KRR 12/01 3/02 6/02 8/02 9/02
CODg/mg+ LY 2.28X10° 1.86X10° 1.08x10* 3.96X10° 1.54X10°
MUE/NTU 700 509 891.25 720.5 646
i 128 64 1024 512 256
pH & 841 8.13 7.22 8.07 8.75
1T 12 195 25 29 21
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10°mg- L, i 720.5 NTU, pH {E % 8.07, 9 Ay, X
TETF IR T B, B3R R A 53 A AR ZE FRK 9 1 —
AT, CODg FFHIH AL 1.54x10° mg- L, BLI 5 g
W I pH (B 24 8.75, 12 Afy, #E AL ZE Tk
TR, BRI A AT WL Y AS AS BI i B
CODy, ¥ JE i T, 15 B TR A0 €20 B PR AT, T8 B A Dl
b 3 B IR A 64 %, 1Bk 509NTU,
2.2 BIIR R 5> X1E IR COD,, BN
2.2.1 53 T A B % COD, (521

B R G ALY B R sh MRS,
1] E N, B IEE I A S o i (B
W2 2), XEMTERRER R, NE, GRS 0,
MAZEG R EFT, R, SN Rtk 5%
1 B IR COD,, HIZETTASALAH EL , 3573 HH oA HILAL 43
AL 5B U8 COD. ARSI A —, 8
R EN & fer, BIEHIY COD,, {H7E 6—8 A
Oy iR BN A i, FEIE AR R, 8 H B IE Y CODy,
{HEL 6 A0 KIS, X FERE R 6 A EiEA
WIZE, KVER MRS IR TR
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Figure 1 The seasonal change of organic matters in MSW

2.2.2 Bt B KRN} COD, 5201

17 3% 7K R 5 W L R 7 3% A o R ) 4R T
F o NI b IR b ) A WU B o N T
50% , 25 KRR L7 40%~50% 2 0], 383 T
VIR fRAE R, mIE 2 aTEH, 7—9 A hkikrh &
IR, R T X B (R R A, S g

B3R DA R IR T8, 3K — e R B e ™ A

ik, H cop,, Tt .

2.2.3 Bk C,H,0,N JLE X CODg HI54Mi
C.H.ONJCEREAWYMN FEANICEK, HE 3

ATLVE e S A2 AR IR —5, 3

A&k, 8 A& aim, mFdr&F=a%

JHEUR A>3 3 C L0 LR AL T & Rt i

TG B AR I RS2, B A N T

EE SRR BRI 2), XETTRE S RNTHE

BB COD (H I A R TTRR .

2.3 BRI AZI BT L E ERKATN

2.3.1 BB RO KR R A A 1 g

R 3 LA, MBIRBUER COD, fHikH|
320 mg- Lt B, JFUR R OR AR B K A AR AR
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Figure 2 Monthly change of the moisture in MSW
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Figure 3 Monthly change of C, H, O, N element in MSW

F2 EFNRAMEBLERSETEALR%)
Table 2 The seasonal change of physical composition and chemical elements in MSW (%)

SN KA c H le] N
HETL 16.71 30.68 24.79 11.09 2.39 0.55
2T 27.78 4357 26.79 15.06 0.74 0.72
KT 27.47 44.50 31.59 16.31 2.81 0.71
K7 27.74 4191 38.45 17.04 2.92 0.59
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Table 3 The impact of landfill leachate on seed germination of Hordeum vulgare
CODe: /mg » L™ Ab I T
24h 48h 72h
0 97.0+3.0 99.0+1.0 99.7+0.6
80 82.3+9.3 94.0+6.1 97.3+25
160 93.7+35 97.3+25 100.0+0.0
320 63.7+11.0% 90.3+6.5 96.0+ 4.6
800 70.7+4.5** 89.0+6.0* 94.3+5.0
1600 18.7+6.5** 32,0+ 7.0 32.3+7.0%*
iR % (y)5 CODei(x) % Z y=-0.043 6x+92.541 y=-0.03 9x+102.83 y=-0.039 9x+106.27
KRR 0.93 0.93 0.91

. SHIMEXIRA ML, * P<0.05,25 7 B3 ;%% P<0.01, 2 Fik B %,
FH vl B b J A= AV FH G , A0 24 h BF, CODy,
1 600 mg-L* b FRZH B A e de Ik, 7EALIE 24~72 h [7]
COD,, 80~800 mg-L" &bF 20 i & I H Fr i i,
i/ T SXTRRA Z 225, 72 h JE AR AbHE 2 )
KEZFIF 1) K ZF AT .22 5 5 1l COD,1 600 mg-L*
AEFRLH 24~48 h (8], B ARG PTHIN,48 h JE W & %
FEARR KA, BT AR 453k &
W B B B IS R A BB RH s KA A1 %, 4R
FRZF SR ASRE R A 5 ELAM AR X B[R] A 4R
S, B AhFEE ] A S A R
[l 4 Sy AN [a) ik B B B I 3 7 e K A2 4
A4, B H AT LIE i, COD, 24 80 mg- L™ Ay
Ab P o R A7 Ay AR A A TG B I 41 il 856 ; CODg,
160 mg- L™ AAbFEAH  ZEALFE 72 h 5 5 X R Ak 22
5 (P<0.05) , fifi 5 B[] A B4 | 22 5t 25 14 K CODy,
g 320 mg- Lt AbIHZHAE 24 h i RIS %k PR S B0 AR
WD M) 25 57 (P<0.01), Bifi b B ESS i) A9 24K | 2 e 4
K ;COD, *A 800 mg - Lt b FRLH K A2 SR K FE7E 48 h
WA PN, ZJEMAERW NSNS, iR/ (P<
0.01);COD,, & 1 600 mg- L™ &b FHZH 1) 4 AR 7 12 56 )
IR 2N T AR ATFHPIRAE (P<0.01) , FHILAT L,
— FE R () B B U MR BB A R A2 A AR A 2R K Bl
A R P (3G R, G Lk 3 0 Bl 4b FH
At fa] AR SIE K, b PR 550 B 21 2 A G 22 S 4 k| R
Sk Xt Kb SR AR FE AR FH i 1] ) R A
T o AN R B B U G AR J K 4 A
PR, AT LA (WL 5): B T4 28 AR SE 30 T i
JE 48 h 224y, R AEAb L 72 h Bsf v ik B 4 5 5% R
HZER B — 2 25 55, AR 2 AE A 38 L 4))
H I ZER TCIA s 22 57, {H Bl FH S ) A9 S8 4 45 AN [F]
W B AL FRZA ] (Y 2R K 25 S R, AR i, 5
X} B 118 22 S B, 29 B Ay Xof A PR 5 AR (1] g XL

e, 11815 I, CODg A 80 mg- Lt FALFRZH Xk
WA TCH B A /E A ;CODe, 24 160 mg- L (1)
REFRZH  AEALFE 72 h )5 5 % RE2H 77 A 25 5 (P<0.05) ,
Bifi 5 Bsf (] R SIE 4 | 22 5t 25 P K, COD,, 4 320 mg -
L 1 800 mg- Lt ZbBRLH 7E 72 h Bf BP-55 % BEZH S B
I W 22 5 (P<0.01) , B Ab BB ] A 4, — 3
BN ZE K FE S s, (H 5% B 2 [a] 1 2= 57 1
K MiCOD, A 1600 mg- L™ &bH2H il i) K32 A B A4
Tr~-0

|- 80mg-L*

—A— 160 mg-L*
><- 320 mg-L*

A K- 800 mg-L*
O~ 1 600 mg-L*
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Figure 4 The impacts of landfill leachate on root-growth
of Hordeum vulgare
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Figure 5 The impacts of landfill leachate on bud-growth

of Hordeum vulgare
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2.3.2 BB UE ROV R A A K B

&l 6 Sy 2 AN [a) ik B B B I 3 5 I A AR
AR, B EHAT LA, COD, 4 80 mg-L Fl
160 mg - L fry ik B 2H X A 5 4l A A K T BH 8 400 i 3
) ;CODg, oh7 320 mg-L* AL PR, 7EALHE 48 h J5 5
Xof B 2H 77 A= 22 53 (P<0.05) , Bifi 45 I ] () SE 4 | 22 57 (i
ENE K COD,, 2 800 mg- Lt A FHZH7E 24 h IR
X R S 0 R 2 Y 22 5 (P<0.01),, Bifi Ak 3L As) [
HYAER: | 22 53k, COD,, iy 1 600 mg-L* ZbFHZH (4]
HRAE S I6 I3 08 (] G 2 Ak —F A 553 IR A (P<0.01)
F AT AL, — 8 Vi B B DB TR RE M i 28 ' gl AR i A=
o, Bt AR MG BE 1 1 K, WA B R ik ; B
AP R RER , AbBRZ S5 X HRZH 2 (R A 22 S 1K
IR Ry XoT Ak PR AR RN FF S ] () AR A

T G4 2R IR S iR Je Y 48 h 24,
DR MR AL 72 h B v 3 445 6 BE A 9 2 B —
TERIZE 5 | NV BE L 7E AL B I4h 1 /9 2K 0 i
25 5% (L BEE 1E FH A B) A JE < 45 AN TR ¥ 5 A 320 R] 7Y
ZER 22 IR b PR B B ) L2 1) 22 S
K, FEI AR Kb v 3 A (] 9 SCEEAK R 7 T

3.5 -0 —& 80 mg-L*
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Figure 6 The effects of landfill leachate on root-growth
of Viciafaba
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Figure 7 The effects of landfill leachate on bud-growth
of Vicia faba

F1,COD¢, 47 80 mg-L™ A1 160 mg- L™ FALFRZH X} K27
2l 2 K TE B R A i 7 ] ; COD, 24 320 mg- L f 4k
PR, FEAL P 120 h J5 5 X} B4 A= 25 57 (P<0.05) ,
B I [B] ) S 22 57 S 25 P4 R ; CODy, > 800 mg -
Lt ZbBRAHTE 72 h B BP0 R S B AR B 2
5t (P<0.01), B4 FRE a] A9 14, = ) 2F K B Y
A P A8 5% B 22 ] 9 25 S35 K T CODe, My
1600 mg - Lt &b FREH (1 (14 A S B AR BT 2

3 NG

(L)ABFFELL CODe, M MK IESR , 2047 T K
ST TS B B R R . SRR B3R
AP, & K3, LR CHO N S0 R &
M UEBOK 5L, Al RERIE L T5 Y

(2) FH ARG S UL A5 SR A, vo Tk JAE 92 IS T
TRREL B e MBI B IE A I, HLAR B W s i
AR BRESS 1] 8 S AR 5 (ELAIRHR B DG WO A Ay ]
KA E A A R B B A E R
PR A AR KA T X AT RERB ISR P & A
REH) NP S A RALUEFROUR TS, X —45
FRARIR , BB PEBON A AR HAT RO, 7EN
RPERIZEAT T AT SE BB U AAOL T RE R , -5
THEIEWAT N “ A HUIE " iy T4 54k
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