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Fig. 1 Hydrogeological cross-section drawn of the landfill
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Table 1 Chemical constituents in landfill leachate

Wz o S 6 4%

2 RSO ENE X 2B IR R P IR
B S E J 5E
TEIE B B %3729 900 m IR JE N 3 m AbRAEAYEL

PP sh A, e & e i g+

AT B 127 5 S IR W B SR8, SRR = IR R

40% ~75% , % W E R 20°C 2 25°C

21 BRESHERBEEARLIVESAR
IR Z T IR ZEFIOR I ghi ] B E T 40

mL BRI, I = R i R T, AR O

it . o TDS CoD NO; NO, NH; cr | AT ehildt
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) | (mg/L) | (pg/L) (ng/L)
WS A0, | LRI FL [ 7.3~9.1| 3510~3920 |738.3~1186.8| 68.0~98.0 | 0.05~0.72 |65.0~94.0|1551~1829 | 0.1~15.0 | 0.8~1.1
R2 B8FFHELHENFIER
Table 2 Physical characteristic index of clayey soil
LRSI (wm) LR 7/EN
LT AR
<2 2-75 75~250 >250 SRR PRI B
12.099 6.53% 84.19% 9.06% 0.94% VS NI SN X ]
BRTHEE p(g/em’) | FALHAKE W(%) IR W, (%) SRR W, (%) IPERRALL, WER T,
1.75 17.6 31.0 18.0 13.0 -0.12
3 LWAFELHIREERIER
Table 3 Physical and engineering parameters of surface cohesive soil
FIORL M1 (%) Akt R FH
AR D B ww | e
<0.005(mm) [0.005~0.010( mm) | 0.01~0.05(mm) | 0.050~0.075(mm) (%) (g/em”) (g/em”)
17.4 13.0 59.0 10.6 19.2 2.04 1.72 2.73 0.583
fLERRE IR (%) TR (%) WIRR (%) VSRR | WMEIEEC | R4 RE(MPn ) | RAERLE (MPa)
0.37 89.2 28.7 17.5 11.2 0.15 0.24 6.44
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Fig. 2 Adsorption kinetics statictics of naphthalene
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BV 7 308 TV P A7 A (75 R - i B
Ja I HLE ahig B3 K, € 0.01 mol/L CaCl, % i
b W RSN T 2 20 h (CFAF W R 5.5 we/
), MTERIR B UEW T %R 48 h 2247 (P11
B R 8.64 we/g) o FhE X b B e T ZE A
RFHE FH 22 55 T X 0.01 mol/L CaCl, i ¥ H Z5 1) Wi
BV, B3 5 B VA Bh T 201 R IR 25

Kl 3 W, 7 0.01 mol/L CaCl VAWK 55 Ik
W BT XA ghi ] HERI MR 3h ) 27 i R A
AT, W BRSPS (R 480, S 1 h 22 Ay, Bl R

R4 FERMEI[ ghi ] TEWF BRI LI R (LA KE pg/L, RHE peg/g)

Table 4 Data of isothermal adsorption experiments for naphthalene and Benzoperylene

(units: concentration pg/L, adsorbing capacity pg/g)

#* ZIF [ ghi]dE
CaCl, ¥ BB CaCl, #K BB IR
WU EE | CPEREE | WMERE | ODRRREE | PATEREE | W | RIRAVREE | CPATWREE | WRRHER | RIARWREE | CPATUREE | Wi
1 000 602.4 7.95 1000 52.7 22.95 52.5 0.09 1.048 52.5 0.53 0.59
2000 1518.9 9.62 2000 174.0 32.52 100.0 0.12 1.998 100.0 1.00 1.98
3000 2307.0 13.85 3000 400.0 56.42 200.0 0.20 3.996 200.0 2.50 3.95
4000 3095.8 18.08 4000 615.5 61.69 400.0 0.27 7.995 300.0 7.50 7.56
5000 3800.0 24.58 5000 821.0 89.36 500.0 0.34 8.870 400.0 12.00 11.76
6000 4446.5 31.07 6000 1026.5 99.47 600.0 0.42 11.990 600.0 16.50 15.67
7000 5200.0 36.30 7000 1436.0 106.32 700.0 0.50 13.040 700.0 22.00 13.21
8000 5923.3 41.53 8000 1845.0 123.10 800.0 0.57 15.990 800.0 27.00 11.16
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Fig. 3 Adsorption kinetics statictics of Benzoperylene
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TIRIFART[ ghi |46, WP AE Lamguir J7 2, BI S
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BB e ZE A B AE 0.1 ~260.0 wg/L( Cecilia et
al., 2008) , A&Hf-[ ghi ] 6 ETF 0.02~1.10 peg/L; 7F
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BELASE 7R X 280 1~ 8 £,

=1

F 5 XFE FH[ ghi] TEHIE S IR B 42

Table 5 Disciplines of naphthalene and Benzoperylene’s isothermal adsorption on clayed soil

SEHR IR SEH Y SRR T AR U 214 S A A B T
s P,
2 - 22 K, =0.0068 T
0.0 mel/L % C5=0.0068C,R*=0.971 a Ry=1+ K, = 1.06
CaCl, ¥ . m X
? HIE[ ghi ] 36 (s=28.621C,R*=0.94 K,=28.621 R‘,:1+7|Kd:257.4
e pKNCD
#* Cs=2.857C"*” R*=0.974 K;=2.857;n=0.4992 | R =1+ =1+12.7765¢C %%
K5 1 :
FILiHE | Com2.364C/ (140.135C) , R=0. 89 | K1=0.135; 5,=17.51|  R,=1+70 1t 21170
ghi |36 =2. +0. =0. =0.135; S, =17. =1+ =1+
& ’ ( ) ! U0 (14K,0)% T (140.135C)2
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Fig. 4 Isothermal adsorption curves and equations of naphthalene
(a; in the solute of 0.01 mol/L CaCl,; b: in the solute of leachte)
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Fig. 5 Isothermal adsorption curves and equations of Benzoperylene

(a: in the solute of 0.01mol/L CaCl,; b: in the solute of leachte)

(3) %3 4 PWIAIREE S L X128 [ ghi]de KRR ATF[ ghi | HEAYF-H A it H 2k BT,
(ST B 500 537, % BRI 276 0.01 mol/1  ERPETTRRINSR 6,
CaCl, i T BURAERIB IR T, SEES W IR vk B 5 (4) BiME XTI B U 2R KT [ ghi 19k
EREE HIF [ ghi | TEACP AR B g TORA R HURIIASER, B Bk o
RVEAIEICZR BV P 28 ST [ ohi ] J6 A0 vk i 1 HTE0.1~15.0 pe/L, KIf[ ghi ] 6% HAF 0.8~ 1.1
6 MIARES L 3EE K[ ghi| LW FEHRMEX R

Table 6 Relation between PAHs’ initial concentrations and equilibrium adsorption capacities

. % Jif:5=0.0051C R FHL R =0.986
0.01mol/L CaCl, &
HIF: [ ghi ] 4k JF2:5=0.0194C AHIE R B R =0.993
% I .S=0.0162C HISE R R* =0.966
BB U
HIH[ ghi]HE J7#E:5=0.0262C R RER>=0.975
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Research on the Mechanisms and Disciplines of Clayed Soils
Adsorb PAHs in Landfill Leachate

LIU Changli"” , PANG Yajie” , WANG Cuiling"” , ZHAO Yuewen' , HOU Hongbing" , LU Dunyu"
1) Institute of Hydrogeology and Environment Geology, Chinese Academy of Geological Sciences, Shijiazhuang, 050061 ;
2) Center of Hydrogeology and Environment Geology Survey, China Geological Survey, Baoding, Hebei, 071051

Objectives: On account of limited understanding and inadequacy studies, the current standards of landfill
environment and pollutants control both lack of the upper limitation for Polycyclic Aromatic Hydrocarbons ( PAHs)
in landfill leachate, which is a kind of carcinogenic, teratogenetic and mutagenic persistent organic pollutants.
Based on the investigation of 831 landfills in 306 cities of China, PAHs were detected in almost all of the fresh
leachate, and even groundwater beneath the landfills was polluted. So far, research about PAHs’ partition and
migration behaviors in porous media have focused on PAHs in surface polluted water, farmland sewage irrigation,
crop soil and riverbed sludge, while reports about PAHs in landfill leachate sorbed and migrating in clayed soils
beneath landfill sites are scarcely found. Furthermore, in North China plain and other area, the clayed soil in the
vadose zone is the main layer which can reduce the aquifer’ s pollution level. For above reasons, research about the
mechanisms and disciplines of PAHs’ partition behavior in clayed soil in leachate are meaningful.

Methods; Taking one landfill in North China plain for example, this study have chosen Naphthalene and
Benzoperylene as research objects, the transport abilities of which are strongest and weakest, respectively. Based on
field investigation, samplings and chemical analysis, experiments of adsorption kinetics and isothermal adsorption
the 0.01 mol/L CaCl, solution and
fresh landfill leachate, respectively. By this way, the mechanisms and disciplines of PAHs in landfill leachate

were conducted, during which two kinds of background solutions were used

adsorbing on clayed soils in the vadose zone were revealed.

Conclusions ;: (D Landfill leachate can enhance the capability for calyed soil to absorb Naphthalene, but it has
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nearly no influence to help the soil to absorb Benzoperylene. 2 In the 0.01 mol/L CaCl, solution, the Naphthalene
and Benzoperylene adsorption regularities on calyed soil meets the linear equation; In landfill leachate, for the 2-
ring PAH Naphthalene and 6-ring PAH Benzoperylene, Freundlich equation and Lamguir equation are more
suitable, respectively. @) The retardation factors for Naphthalene and Benzoperylene in leachate pertain to these
PAHs concentrations, and the relation are complex. As for the same equilibrium concentration of PAHs in liquid,
the clayed soil” s retardation factor to Benzoperylene is 1~8 times of it to Naphthalene. @) In adsorption experiments
both in 0.01 mol/L CaCl, solution and in landfill leachate, the primary concentrations of Naphthalene and

Benzoperylene in the liquid have a good linear correlation with the equilibrium adsorption quanttity of calyed soil,

and the regulations are similar.

Keywords: PAHs; landfill leachate; naphthalene & Benzoperylene ; claye soil of the vadose zone; adsorbing

mechanisms
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