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Fuzzy Mathematics-Based Groundwater Quality Evaluation of Six MSW Landfills in
Beijing

LI Chun-ping's LI Guo-xue's LUO Yi-ming', LI Yan-fu’

(1. College of Resource and Environment Science, China Agriculture University, Beijing 100094, China; 2.Beijing Solid Waste
Administration Department, Beijing 100067, China)

Abstract: The qualities of leachate and groundwater of six MSW landfills in wet period, water period and dry period in Beijing in 2006 were
analyzed. The results demonstrated that: although BODs and suspended solids content in the leachate of Beishenshu landfill were within
acceptable levels according to China standards, COD, ammonia, fecal coliform,» BODs and suspended solids content in other landfills were
greatly high above the permissible range of GB 16889-1997 standards. Ammonia and fecal coliform were mostly serious among assaying index.
Using fuzzy mathematics; comprehensive evaluation was that: the underground water qualities of six MSW landfills are all substandard and
95% of groundwater quality was bad. The primary pollutants in groundwater of six MSW landfills were total hardness, followed by fecal

coliform.
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Fig.1 Space distribution of the MSW landfills
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Table 1 ~ Standard analyzing methods of leachate

| PR [WIR?S TR
BIEY A GB 11901-1989
it A (coD) TR RPE GB 11914-1989
ATHEE(BOD) BB G PERNE GB 7488-1987
A FEARAI T 5 GB 7478-1987
KM v EA Y 4 GB 7959-1987

2 REIBISRGSER R T K F IS

2.1 IEII BB DR I 2 R

2006 - # T 7 35 98 WP 0 dhe 0 ST B4 B4 W
#*3.

H1# 3 nI 0, B IR UK iU SS, F A
UG A, (e TR E AL TR S el w &,
ot VA 5 43 3 AT 3R 8 640 mg/L F118 200 mg/L. HLAb,
TR B2 PR R A VB BB W ) K BURFAE 2 — FLHR S
M1 100 ~ 2 930 mg/LANEE AN [F] EEH I 7 357 S 1B 9K
AR ZE8 R, an A pi R B 37 1) R ) 1 B 3
T 324 mg/LEAG TR AR S BN 90.2 mg/L, T
N T AR I b () ) O A D A 4720
mg/L AEA T A B B E AR 51X 18 200 mg/LL.
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Table 2 Standard analyzing methods of groundwater quality

i H NI J7VERE

pH CTKJBE pH AR 10 5 3523 LA V25 ) GB/T 6920-1986

St g CAR TG R K bR AR 9035 ) GB/T 5750-1985

AL CA VR R K AR HERY 56925 ) GB/T 5750-1985

HH) CAVE R K bR HE R 5092 ) GB/T 5750-1985

A CEE S KR UER B0 5 ) GB/T 5750-1985

Fi R CAR TR R0 5 40 A7) BL (0D GB/T 7479-1987

R IR ER AR A T v B 12 6 0 0 5 ) GB/T 1189-1989

R CA TR K AR HERY 56925 ) GB/T 5750-1985

K J R R CLETE U AR HER 505 ) GB/T 5750-1985

A CR U B B4 PR D 1 R 3 D6 6 B V) GB/T 7475-1987

VAV IX: S ARSI B 1A s — 28 Bk — ik 43 e 6 BE v ) GB/T 7467-1987

ROR CORTE R TR TR D 5 14 i VB AT 43 516 016 8923 ) GB/T 7468-1987

Tit CORBRBERTIRI I E — 2L — AR TR AR 73 D606 ) GB/T 7485-1987

#3 6 ELIEIBIAEIERENER
Table 3 Mean results of leachate assaying of six MSW landfills

LRI ERE] By 5 12 e Jepiby NH AL 22 FERY

pH 7.73 7.85 7.77 6.83 7.81 7.91

A /mge 1! 2.93x 10° 2.22x10° 1.64x 10° 1.65x 10° 2.61x 10° 1.10x 10°
BOD;/mg* L.~ ! 1.12x 103 949 90.2 1.82x 10* 3.93x 10° 1.07x 10°
COD/mg* L.~ 5.20x 10° 5.04 % 10° 1.69x 10° 3.33x10* 8.64 x 10° 2.07x 10°
SS/mgeL~! 834 1.12x 10° 324 4.72x10° 1.08 x 10° 920

FER RS 1! 2.38 x 10° 2.30x 10° 2.38x 10° 2.30x 10° 2.30x 10° 2.38x 10°
5% /mSecm ™! 29.0 27.2 22.8 24.2 28.7 18.05
AR 8 A /mge 1! 1.34x 10 1.38x 10* 1.26 x 10* 2.40 x 10* 1.67x 10 1.02 x 10*

17 P2 3B 9 W ) COD~ BODs « NH, -N Z5 4% 51
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Table 4  Assay results of groundwater quality of six MSW landfills

I ] Kt H By 55 12 e Elaxiib i) AN SR BRI
pH 7.93 7.34 7.67 8.32 7.65 7.06
ie4 B R EE PR B/ mg e L 0.82 4.17 3.94 1.74 1.72 0.592
A /mge 1! 0.15 0.29 0.19 0.28 0.57 0.167
M /mge L 211.98 807.25 743.20 179.37 648.40 315
AN /mge1.~! 18.61 158.83 281.50 27.00 124 .44 13.8
R /mge1L~! 0.00 0.00 <0.002 <0.002 <0.002 <0.002

ik 49 A /mge1.~! <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
WA /mge L.~ 0.92 0.89 0.70 0.61 0.30 0.21
SR REAS 1! 34.83 76.25 22.00 > 230 101.80 <3
K /mgeL.™! <0.0001 <0.0001 <0.000 1 <0.000 1 <0.000 1 <0.000 1
i /mge . <0.01 <0.000 1 <0.01 <0.01 <0.01 <0.01
fift/mge 1.~ 0.01 0.02 0.01 <0.007 <0.007 <0.007
AN /mge L' 0.01 0.01 0.02 0.08 0.01 0.008
pH 7.87 7.66 7.81 8.18 7.67 7.21
IR ER TR AU/ 1! 1.63 2.98 3.51 1.05 1.63 0.459
Fe R fmge 17! 0.46 0.25 0.56 0.29 0.37 0.332
SRS /mge 1! 223.17 549.25 682.20 152.78 474.40 314
AW /mge 1! 20.04 97.75 276.70 31.88 117.10 9.59
FER WY /mge L~ <0.002 <0.002 <0.002 <0.002 <0.002 0.003

FKM HU /mge1.~! <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
B /mge1.7! 0.73 0.67 0.65 0.92 0.28 0.17
SRR A 1! 85.17 >230 96.80 97.75 105.00 4
7R /mge1,7! <0.000 1 <0.000 1 <0.000 1 <0.000 1 <0.000 1 <0.000 1
Hi/mge 1.~ ! <0.01 <0.01 0.04 <0.01 <0.01 <0.01
fifi/mge1.7! <0.007 <0.007 0.01 <0.007 <0.007 <0.007
AN /mgeL~! <0.004 0.01 <0.004 <0.001 0.01 <0.004
pH 7.64 7.08 7.61 8.35 7.33 7.26
oo Bl PR EE PR B/ mg e L 0.93 5.87 4.12 1.74 1.52 0.50
R /mge L 0.10 0.25 0.12 0.22 0.35 0.158
SR /mge 1! 206.80 720.00 768.4 158.19 539.40 301
AN /mge1.~! 15.92 169.28 315.12 32.50 105.76 9.76
R /mge 17! <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

P 7K A /mge 17! <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
A /mge L.~ 0.80 0.70 0.64 0.85 0.29 0.23
SR REAS 1! 100.20 212.75 81.6 13.63 71.80 4
K/mgeL.™! <0.0001 <0.0001 <0.000 1 <0.000 1 <0.000 1 <0.000 1
A /mge1.7! <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
it/ mge 1.7 0.01 0.01 <0.007 0.01 <0.007 <0.007
AN /mge 1L ! <0.004 <0.004 <0.007 <0.004 <0.004 <0.007

5 EMITEN RIS
Table 5 Classification index of groundwater quality

KBTI H T P €T D) m 4o N ( V URZED

T B R £ 4R A/ mge 1! 1.0 2.0 3.0 10 30

RS /mge 17! 150 300 450 550 1650

Fie R fmge 17! 0.02 0.02 0.2 0.5 1.5

A /mge 1! 50 150 250 350 1050

R /mge L~ 0.001 0.001 0.002 0.01 0.03

B /mge L.~ 1.0 1.0 1.0 2.0 6.0

SRR AS 1! 3.0 3.0 3.0 100 300

B /mgeL~! 0.005 0.01 0.05 0.1 0.3

fifi/mge1.7! 0.005 0.01 0.05 0.05 0.15

AW /mgeL~! 0.005 0.01 0.05 0.1 0.3
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Table 6  Results of the fuzzy mathematics evaluation

I 349 EAS R PR 5 FE C WR)D £ P F B RY)
By 5 T 0.157, 0.071, 0.16, 0.16, 0.48} vV R 7 S
WIE £.053, 0.057, 0.123, 0.123, 0.643} \ 1R7 SV 5
HoA] Je AR 0.045, 0.031, 0.061, 0.109, 0.641} Y R S
N 0.048, 0.033, 0.149, 0.149, 0.488} \ 1R % JSWN7)E ki
[ .053, 0.053, 0.036, 0.195, 0.612} Vv 1R 2 R
BRI 0.049, 0.049, 0.085, 0, 0.707} V R 2= S
R 55 T 0.096, 0.051, 0.153, 0.301, 0.389} \ 1R 7% R
GIE .04, 0.035, 0.043, 0.35, 0.436} \ R%E T
ok I AR .039, 0.056, 0.098, 0.155, 0.541} V 12 R
NHEL 0.13, 0.041, 0.071, 0.372, 0.287} v %= ISWNI7LE Sk
et 0.059, 0.059, 0.043, 0.24, 0.536} \ 1R 7% R
FER I 0.049, 0.049, 0.125, 0.125, 0.696} A 1R ST
B 55 12 £.103, 0.053, 0.064, 0.345, 0.352} V 1R 7 SV
4 5E 0.036, 0.051, 0.071, 0.291, 0.487} \ 7 S
KA Btk 0.037, 0.017, 0.128, 0.128, 0.597} \ 1Rz R
ANEI 0.164, 0.08, 0.097, 0.071, 0.406} \ 1R R
R 0.055, 0.055, 0.168, 0.168, 0.623} V 1R 7 S
FEFR I 0.051, 0.051, 0.088, 0.01, 0.7} \ 1R 7 R

M 6 1550 B/ B s b e SR A, B 9 10 4
W IHSg) | 2 5E BLE IR GRS by S SR K £
FIE I LE 2006 A 4G K3 F= 7K BRI SPK
WAL R K RIS A V 2, BPHE R /K AR 22 Hh R K
P G e R 2006 AF IR RS ZK R0 SF K
W, N BB I (R K R A S V 4, MR K
JEAR 22 0T A (1) 32 B e 4y 0l R K i R
FLRRERE 2006 4 7K #1, 75 5L by S 3837 (1) R
IKOTER A IV G, bR K00 A 22 | Hi R 7K v (1 3 2y 4
W) A

2006 F 6 MBI IHIRIZ 1) 3 AN AN [R] )
KBTI A, 1009% A& H6 H R K T 95% ¥ 1R
756 RIS [ BB 1 it i oot

HiR 7K A NS DA AR A7 1 B K WU S
509 BN LU R 7K A AR K PR ],
W AN AT AT GBS P8RS Fe R 7K 75 QLUK K
b P S R U A R K
A R BN Ry B e S e R N U E B E
(3 S SR gy, B B Wi o B B 77 AR IR AR A G K
e 309 P 3 ke v ) Allen™ W5 K B, B 2
TAIRROR, W AFAE A o B2 M P A 17 3 98 U vt U
T3 B N 7K 75 v (e fa i 8 B A R LA &
A ] G At 3 T, b A7 7 R M 7 00T X bR K
5 Y s

et L B 3 490 4b, TE BB R I AL
6.2% . 3L 4% 93.8% ¥4 N AR IE MU ZE 3% by i 371 A 4E
U5 1.2 % 10° ¢ B R EIE A E R A R ok 5 TR
BI7 4 (RS A7 S B ARG J Hb Afy v, 0k B 458 0 7K 0% 5 A
T R, AR T A B SR 8, G
A 1Ry S AT S I R W5 % LY e Hb R K 3 3
TR AT IR B, A A TR, 15 T 5t
Too5 AN, Bk R KT G, 3 B S S A
Iy HE AR B A 358 b 5 4% Y ot L, 2 2 I i
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(Y AEAF PR AT R 7K T U5, R M3 T 4 0% IR B 1 ]
FRO R .

4 it

(D B IR OK BU% S, F 2 A LG G
FM AT A B AR AR S EARE &L R
43 3 I 158 640 mg/L A118 200 mg/L. MAb, ik
(1) A A VB IRV 7K TR AR 22—, JLUR FE AT 100
~2930 mg/LAGE.

(2) BB 7 2 S 3595 D8 W 1Y) BOD,
BV G AN, AR B P I 7 15 08 1) 25 1 1
Hesm H ¥ T GB 16889-1997 — Ak . Mo
RN 36 K T TR R R b B b R, B R GB
16889-1997 —ZARUEIT 44 £ (B 71 T & 117 5 (fE
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