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Difference of Contaminant Composition Between Landfill Leachates and

Groundwater and Its Reasons

HE Xiao-song' >, YU Hong'”*, XI Bei-dou"”, CUI Dong-yu'?, PAN Hong-wei'”, LI Dan"”’

(1. State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences,
Beijing 100012, China; 2. Innovation Base of Ground Water & Environmental System Engineering, Chinese Research Academy of
Environmental Science, Beijing 100012, China)

Abstract: In order to investigate the groundwater pollution by landfill leachates, the distribution characteristics of inorganic salt,
organic compounds and heavy metals in leachastes from a simple landfill and groundwater and its reason were study using conventional
analysis, fluorescence excitation-emission matrix spectra and multivariate statistical analysis. The results showed that the landfill was
heterogeneous, and the extracts from the landfill wastes showed a high concentration of NH, -N, but low contents of CI~, SO~ ,
dissolved organic matter (DOM) and heavy metals. The nitrification process was blocked due to a strong reducing atmosphere in
landfill, which caused a low concentration of NO; -N and NO, -N in leachates. Cu was mainly associated with DOM in leachates, while
the distribution of the metals Ba, Cd, Cr, Fe, Mn, Ni, Zn and As was primarily related to hydrophobic organic compounds. The
contaminate compositions in different groundwater were similar except for the groundwater under the landfill site. In contrast to landfill
leachates, the groundwater showed a low concentration of NH," -N, but high concentrations of C1~, SO;~, DOM, NO, -N and NO, -N
except for the groundwater under the landfill site. The organic compounds in the groundwater were mainly originated from microbial
activity, and the distribution of the metals Ba, Cd, Cu, Fe, Mn and Ni was mainly related to fluorescecent organic matter in DOM.
The results showed that the leak point of landfill leachates can be identified through the cluster analysis method on the basis of the
contaminant composition in groundwater.

Key words : municipal solid waste; landfill; inorganic salt; heavy metal; organic matter
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Fig. 2 Typical fluorescence excitation-emission matrix spectra of

dissolved organic matter isolated from landfill leachate and groundwater
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Table 1  Basic physicochemical parameters of landfill leachates and groundwater
(o ol ORP ‘EC | DOC,I S0;~ Cl~ ) NH,; -N NO; -N NO, -N
/mV /pS-cm /mg-L /mg-L~! /mg-L~" /mg-L~! /mg-L ! /mg-L~!
LI 7.77 -78 1282 2.79 7.88 2.55 292. 62 0.13 0.41
12 7.7 -74 1261 2.48 10. 02 4.78 121. 19 0.12 0. 46
L3 8.26 -106 1108 1.49 2.90 2.87 373.57 0.09 0.22
14 8.14 -99 925 1.07 2.67 2.00 280.71 0.12 0.15
L5 8.22 -103 1175 1.93 0.30 0.37 321. 19 0.11 0.27
L6 7.71 -75 1301 2.46 0.24 0.36 271. 19 0.10 0.26
L7 7.69 -74 1293 0.92 8.82 1.88 292. 62 0.09 0.28
S1 7.05 -37 1590 5.53 205.72 122.48 0.81 42.85 5.12
S2 7.15 -43 1150 2.74 148. 12 84.81 1.90 18.13 4.52
S3 7.23 -47 1440 3.78 199. 66 108.91 0.14 20. 80 5.37
4 6.47 -5 1631 44.73 35.55 948. 55 171.19 0.32 7.43
S5 6.88 -28 1649 4.03 167.70 139.61 0.95 35.34 5.42
S6 6.82 -25 1584 3.86 161.72 126. 63 0.33 45.17 5.59
S7 6.65 -15 1679 4.11 180. 25 151.03 1.09 41.67 5.66

B T M N K S4 Ah, H 4y R oK
NO; -N, NO, -N F& NH, -N ¥ K ¥k} 18.13 ~
42.85.4.52 ~5.37 % 0.14 ~1.9 mg-L™", 3}
NO; -N > NO, -N > NH," -Nfy 5 fii #a # | B 37 fr 78
S SA R K S b R SRR A S B AR R e
B =S ¥R 53 4 W NO; -N < NO, -N < NH,' -N, Jf:
HZ AW E (171.19 mg-L™") i & T Al &
(7.43 mg-L™") FIAHA (0.32 mg-L7"). =& &&=
F % B ORP A1 pH #k €™, ORP & i pH 1,
NH, -N5 %4k i NO; -N. # F /K # ORP % il pH
i, IENO, -N > NO, -N > NH," -N, fif S 45 3 oy |
LS A R B RNH, N, S A MLk .
S, 5 pH, I ORP T, il fbad 7252 L, NH, -N#E LA

AL ANO, -N, MINO; -NE iR JFENO, -N, K i 53k
S IR AR TP NH, -NEIINO, -NAIE.

32 MR R R PR P AN R FR R S U A
PEOTHT, e BT 4 SR o, S R AR WP pH
EC 2 ARG, WoRTEfik pH 2518 T, THLER L&Y
Gy VIS IE AF TR, B T B UM e %, i
Ah, 2% 2 IR IR R RO SO, ClT 2R
FIFEMXE(R =0.765,P <0.05) , &7 B by 3% vh
SO;~ 1 Cl~ A] fig EL A AL Sk IR, BRIt =2 4h, S
BRI 5346 b SO A, R R [R] S
MEIRRAE SO 15 CL ATREACIFAR L, Fofth s el
A3 RUR 25 ALK, X 0] R U R R R[]
SHCR G P O ) 25 R AR K.

®2 HEBEBRRPAESBAXMESHD (n=7)

Table 2 Correlation analysis of different parameters of landfill leachates (n=7)

pH ORP EC DoC 802~ cl- NH, -N NO; -N NO; -N
pH 1 1000 *  -0.764% -0.397 -0.616 -0.214 0.619 -0. 121 -0.630
ORP 1 0.767" 0.408 0.617 0.216  -0.628 0.135 0. 641
EC 1 0.555 0.397 0.004  -0.285 -0.124 0. 698
DOC 1 0. 092 0.135  -0.397 0.536 0.723
803~ 1 0.765*  -0.555 0.243 0.707
(il 1 -0.571 0.286 0. 566
NH; -N 1 -0.461 -0.657
NO; -N 1 0.457
NO; -N 1

1) # #m|" P<0.01; =R P<0.05

% 3 NI T K PO RIFE AR A DA BT 4
AR WK, R KT pH 5 NO, -N 2 i A ¢

ORP 5 NO, -N iE 1 5¢; DOC 5 €17, NH,-N,
NO, -N&E B FIEM I, 5 S0, B B EMAK,; S0;-
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B RFEIEMX, Cl- 5NH, -N, NO, -N& i 2 E 41
5, NH, -N5NO, -N2 3 E A 56, 1 5 N0, -N &
HBE UM G iE— 2D B AT R b (]
3), T LLES], SRR ES R IR R A =25, ORP,
DOC, Cl~, NH, -N, NO, -NZ¢1E A 5648 3 1)
febn , BB R ER G —2, SZERMCHIE

B pH L SO2™ 7645 =4 REE H—3K S02” 5NO; N
(T = I R R o % 3 T 19 B A
ST EC B4 HEBR IR BB T, 5 4% 4
FRORE S 2 R 38 38 A X e 7 5 4 7 35
SR U RO SRR ] R K ok 4
SRR S e BT, B L b 45 45 3 0 LA L
Hei.

£3 WTARRESEEEEST (n=7)

Table 3 Correlation analysis of different parameters of groundwater (n=7)

pH ORP EC DOC S0%- Cl- NH; -N NO5 -N NO, -N
pH 1 -1.000** -0. 669 -0. 689 0. 692 -0.723 -0.683 0.162 -0.827"
ORP 1 0.673 0. 694 -0.691 0.728 0. 687 -0.167 0.831"
EC 1 0.271 -0.076 0.299 0.232 0.342 0.576
DOC 1 -0.918"* 0.998 * * 0.998** -0.74 0.912**
S03- 1 -0.926**  -0.936"* 0.759" -0.799*
cl- 1 0.997** -0.729 0.928**
NH,' -N 1 -0.767"* 0.903 * *
NO; -N 1 -0.514
NO, -N 1

1) # = %R P<0.01; %= %m5% P<0.05
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Fig. 3 Principal component analysis of different

parameters of groundwater
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Table 4 Contents of heavy metals in landfill leachates and groundwater/p.g-T.~!
(DA TS Ba Cd Cr Cu Fe Mn Ni Zn As
L1 281. 1 0.5 3.3 8.3 26.7 10. 6 14.2 10.2 8.4
12 264.6 0.6 3.3 16.2 42.6 113.9 14.8 29.6 7.1
L3 106.9 0.4 6.1 5.8 307.1 21.5 14.4 35.6 13.8
14 122.8 0.4 3.5 1.8 69. 4 138.3 10.8 22.2 10.5
L5 90. 6 0.6 4.9 5.8 158.7 7.3 12.2 26 13.2
L6 282.4 0.6 1.7 7.7 95.6 87.9 11.7 26.2 4.7
L7 241.7 0.5 2.1 0.1 20.4 89.9 10. 8 34.4 5.5
S1 919.8 0.9 1.5 0 20 0 2.2 3 2.5
S2 717.5 0.8 0.7 0 8.8 0.2 1.4 1.1 0.8
S3 864. 1 0.9 0.9 0 6 0.1 2 1.6 1.8
4 4626 1.4 1.4 0.8 1104 1670 21.1 2 2.6
S5 446.5 0.9 0.1 0 23.1 8.2 3.8 4.5 1.1
S6 1172 0.9 0.6 0.1 22.2 3.2 2.6 5.3 1.5
S7 1083 0.9 0.5 0 13 0.1 2.4 1.6 1.5
F5 EENBEBREPELBHEXESH (n=7)
Table 5 Correlation analysis between heavy metal contents in landfill leachates (n=7)
Ba Cd Cr Cu Fe Mn Ni Zn As DOC
Ba 1 0. 443 -0.788 " 0. 406 -0. 686 0.229 0.153 -0.285 -0.898"" 0.553
Cd 0 1 -0.395 0.554 -0.332 -0.062 0. 086 -0.050 -0.429 0.612
Cr 1 0.035 0.820* -0.552 0.470 0. 193 0.956**  -0.140
Cu 1 -0.071 -0.018 0.778 " -0.135 -0.139 0.797"
Fe 1 -0.478 0.289 0. 455 0. 748 -0.178
Mn 1 -0.421 0.200 -0.510 -0.323
Ni 1 -0.098 0. 248 0.616
Zn 1 0. 069 -0.551
As 1 -0.232
DOC 1

1) * % 3R P<0.0l; * 3R P<0.05

26 o MR KR Cr, Zn J As A, HAth &
G Z A2 2 AEAR G, OF BB & A5 DOC
Pk 3 i 2 EAROC , W] R K Ba, Cd, Cu, Fe,
Mn ., Ni KJEAH A, FF HH 534 5 DOC A K. Jensen
SOt A2 3B YRS Y R K AR5 o, bR K

FEARLA SR

Cd, Ni, Cu, Pb FELKELE DOC I, 1 Zn EE LI
THALE P HIE XA TE, AR R Zn 5 DOC
IR E ARG, I b ORI 2SR, R K
Cr 5 As Wik 8 B EF ¢, Bn Z & T aE A

®6 HWTKPEEBEHEXESHT (n=7)
Table 6  Correlation analysis between heavy metal contents in groundwater (n=7)
Ba Cd Cr Cu Fe Mn Ni Zn As DOC

Ba 1 0.977"* 0.563 0.990 " * 0.986" " 0.986" " 0.975** -0.193 0. 648 0.987 " "
Cd 1 0.512 0.979 " 0.984" " 0.982**  0.989" " -0.105 0. 681 0.988 " *
Cr 1 0. 501 0.516 0.516 0. 464 -0.335 0.857" 0.543
Cu 1 0.993" " 0.992*" 0.988 " * -0.113 0.593 0.990 " *
Fe 1 1.000 " * 0.996 " * -0.185 0. 602 0.999 " *
Mn 1 0.995" " -0. 196 0.599 0.999 " *
Ni 1 -0.125 0. 591 0.995**
Zn 1 -0.067 -0.184
As 1 0. 637
bOC 1

1) * % 3R P<0.0l; * 3R P<0.05
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IR AT, AT 25 SR B R (R 7) bR T SA 0L
ARHKH Cr, Zn o As 4b, A A R &R i 5
DOM = 4E5E GG AN [R) IX I A4 BB 433k B 2
IEAISE(P <0.01) , B/ F/AKP Y ESJE Ba, Cd,
Cu, Fe, Mn J Ni W51 529OCA I A, IFH

A 5 0 56 A WL A O A5 Th DOM 1Y
POCHIY EE N REAY R (POLXE T | 1T,
V) | 285 BRRY (F6 X)) A iR i
(DXL V)  FrliE 4 & Ba, Cd, Cu, Fe, Mn,
Ni FELEEAEX LG LY . — ok v, 94 Pl
YRR AIRGE R MELARE R, 522 45 A I E 4R
AP RTRHEAG, B B, AR B ST R K B Ba, Cd .,
Cu. Fe, Mn ., Ni ff&E PR,

®7 Tk DOM KA RBERRASSESERERXEST)

Table 7 Correlation analysis between the volumes of different areas in EEM spectra of DOM and the heavy metal contents

Ba Cd Cr Cu Fe Mn Ni Zn As
Vi 0.986 " * 0.982"* 0.522 0.992"* 1.000 " * 1.000** 0.994** -0.201 0. 603
Vi 0.986 " " 0.982" " 0.521 0.992 " * 1.000 * * 1.000 * * 0.994 " -0.201 0. 601
Vi 0.987 " " 0.981" " 0.526 0.992** 1.000 " * 1.000 " * 0.994 " * -0.203 0. 604
Vi 0.986" " 0.982" " 0.516 0.992"* 1.000 " * 1.000 " * 0.995" " -0. 198 0.598
Vy 0.986 " * 0.983** 0.516 0.992" " 1.000 * * 1.000 * * 0.995** -0.197 0. 600

1) = = 3R/R P<0.01

2.3 EHH T KA LR AT

DWICHEEL 150,500 HWPLK W 370 nm F & FHE K
450 5 500 nm KT 2G5 B A, BT LUK
X438 AL A8 SR R it 05 A A 9 0V A ity U5 A LB
B frsosso0 20 M 0 1.4 1 1.9 D ACHIF 5 vh b R UK

FososooFE 1.90 ~2.31 Z [H] (£ 8), /R Tk
DOM N AR, B K A 90355 sh sk 2h IR 6k
A IE SR . — i B VR HLA 25 A I 2
R R, AR U5 A DLW, 45 40 187 B0, G2 0
P

£8 MK DOM B fis0/500 ST
Table 8  The f;50,500 analysis of DOM in groundwater

(AL Sl 2 S3

S4 S5 S6 S7

Jiso/500 2.02 1.90 2.03

2.31 2.05 2.02 2.04

2.4 HbRNOKEZTS YL S AU

SHAFFEAN [R) S by R SR 1 KR (4
IV K BT A M 7K R SRR by 35 2 B R A T T R
Sy B 4 Son YA R e BN T 5 B, TR RE
Ao =2 S — 2O T B R AR IO BR

Rescaled distance cluster combine

CASE ¢ 5 10 15 20 25
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Ll g8 —+
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Fig. 4 Cluster analysis of different parameters of

groundwater and landfill leachates
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