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ABSTRACT

Groundwater contamination caused by landfill leachate leads to various changes in

aquifer environment according to the characteristics of incoming contaminants and

aquifer geochemistry. These changes in aquifer environment are known to contribute

to the natural attenuation phenomena of contaminants. The knowledge on changes in

aquifer environment is necessary to determine the extent of groundwater pollution, to

assess risk of the pollution. and to develop an appropriate remediation technologies.

In this paper. the changes in aquifer environment caused by landfill leachate-

development of various redox zones-and the natural attenuation phenomena occurred

in each redox zone are reviewed. From this review, an appropriate research direction

and control action is presented for the groundwater pollutions caused by unsanitary

landfills scattered across the nation.
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Table 1. Electron accepting redox processes and assumed dissolved and solid intermediate and

final products from the processes?

Intermediate and final products

Electron Accepting Processes

Dissolved species

Solid species

CO2 + 8H™ + 8 — CHs + 2H,0 CHa

SO& + 8H" + 8 — 8¢ + 4HO0  HeS. HS, &°
Fe’' + ¢ — Fe*” Fe'', Fe*”
Mn*" + 2¢ — Mn?' Mn*', Mn?

NOs; + B6H" + 5e — %Nz + 3H:0  NOz. N2O. N;

~complexes

.
-complexes

.8 FeS, FeSy, &°

FeCOs, FeS, FeSs. Fe" -ion exchanged
MnCOs3. Mn? -ion exchanged
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Gibbs free-energy changes at pH equal to 7.

Methanogenic. fermentative:
2CH20 — CH3COOH — CH4 + COz

CO: + 4H; — CHy + ZH20

Sulfate reduction:

Iron (ferric) reduction:

Manganese (manganic) reduction:

Denitrification:

Aerobic respiration, oxygen reduction:

CH:O + O2 — CO2 + H20

These processes are microbially mediated.

2CH.0 + SO + H' = 2€02 + HS + 2H:0

5CH:0 + 4NQO3; + 4H® — 5C02 + 2N» + 7H:0

Conversion of organic matter, represented by the model compound CH:0. in different redox
environments may be represented by the following stoichiometric reactions and the corresponding

4G° (W) = -22 kcal/mcl

Note: For organic matter deviating from the used model compound, the fermentation will ‘ead to
generation of Hz, which may be oxidized by CO: reduction according to:

4G° (W) = -25 kcal/mol

CH»O + 4Fe(OH)s + 8H' - CO; + 4Fe®’ + 11Hz0 4G° (W) = -28 kcal/mol

CHzO + 2MnO; + 4H' — COz + 2Mn*’ + 3H:0 4G° (W) = -81 kcal/mcl

4G° (W) = -114 kcal/mol

4G° (W) = -120 kcal/mol

Fig. 1. Examples of redox reactions involved in degradation of organic matter (expressed as
the model compound CH20) in different redox environment®?.

OXC=4[02) +5{NO3 ) + [Fe(IID) avaitatie]
+2(Mn(IV) avaitabie) +8(S047)
+4 [CHZOava]lable] ( 1 )

o7]M BE FEUE moles/mioln], At A4k
9 g At e 2 &g Yol gk 2, CH024
HFYEE fr12n A ¢ 30Fe ded ESY
Zgk A% (22 FhEA st R Ee 5714
thF ol e 7187 Ao ofo] Aslwel 7HE B
714 E A B>

29 Al ddde A&y Y FE, HEF
o] 893 Asled A g 2 AL
=, a3 el Egdate] gestsd
zre) 783 oFoll olsf o ezt AP AT A3
F od ol A 2 uzte BASEr =8 A
S B gy 2 By fddivt A4
A "oy, dbA " 9 gizte] Y& wE B
olE& AFE ] Mool AT FAAE

e EoelAte] A 9 i) o] niS- A& A

3
S Hae Be A 2 Hof We Wl

AR ey gs 349 TAAE el Ut
weld Atash Aude 54 @ gel 4 Uy
o WS AW Boh WA we ) B o
e Fhan e ds8Ee B A85E A
S0} visky gl s B BRABL WA of < A
@en 2 % W BAUsE PESAA B
oleiw ¥ L BT ETFW U5y ALgse
Bzulel Arsh-gen] 34¢ olshEl As) B4
Holth,

g

4.2. &5 2H0f LHollMef Msp-2HalTy

Ag-geldie] gl A& A HellM e 2
FEY HeH & olsf sty A Bggoint. o]
g dsl Wrlsted oz dah-gtl 2R S FA s
e hge vlad goldht FF el APAY
Aol we e 23 AFE 2R s Aol
Age o8 SAHAG . whih] H B Abs-g
Y Telde AR &F 718 o3 2
oA & Mz £E4AE FAFo M F9 A3-2d




i) AEgd o) 2 dE ed HalMel -8 e tig o

& Aok 5i, o] & fJal Nag AlEE A
Hale) 4bah-gel whgol R EEHEESY EX
2 BAsla deu ds-gd g AR se
dhjo] AMRE 7] AlFee 7 Be) o] whye
A et ol W Abs-ghel Ze] AME &
FAHmapping)dhedls i 9 F-83HA AL&dE
¢lor]  Lyngkilde®t Christensen®™® 2 wlu}zie]
Vejen Wl YA Z8E AT &5 24d 9 st
NizE 2% ANE uigo g 7} Atg-gd i A
AE 9% EE4REEY TR F 7S AAst
At} ol vigo 2 Bierg £ Wnk2 9] thE )
$7¢ Grindsted Pig Aol e dohel thgh AL &
} 2 2€] Lyngkilde$} Christensen®] A|Al$ 7]&
r B8 Table 29 2& 7)5& AAsig ey, of
-2} Fig. 29} Fig. 3€ °o|& 2A=2 39 Grind-
sted vhPR 2} Vejen sl Aol &S LGyl
gt Absl-ghelote] BiE Jehd Ao}

ol9} o] atzl-gduie} FH B ABES
Aot MERRPE F3F ALty ey 13-
galdle] #elg el Aetr ARTE o] &5tE Ul
=2 7 fedel @ ASHES 7HA A Aok
24 o] W Adteulef Ml 8V 235
W Aol ABE Yehgr] W Fo] F8 Absh-g
9 BATE 2™ Uz, FAS B s A}

A Bgol vt 2B A4 £Te FAISH €t
£ FeS FeS:, &2 FeCOs 59 #Ad ¥4d& A
stz ot A AR 27A7A H8, MnCOs

=¥ m\o 7

\11

:'o o

2

re

391

Distance from l:andfill (m)

Landtitt 0 50 100 150 200 25) 300
— 40
L __water table ————
3 36
. - <
2 34 N - - ~~\\
2 32 \ o
£ % 2
1 » el
28 ‘ } W/ x
W Iav/sul % \

Meth i

/ EZOM se-reducing lellaleﬂeducmg

suiate reduclng T Manganese/nitrate- 3 Aerat ic
R (ron-reducing reducing

Fig. 2. Distribution of redox zones down-
gradient of Grindsted landfil , Den-
rnark®”.

Distance trom landfill (m)
300

Landfill O

m above sea tevel

R Methanogenic
- Sulfate—reducing

Nira: e-reducing

iy Aerodle

- Ivon/mnngan: e

reducin

Fig. 3. Distribution of redox zones down-

gradient of Vejen landfill, Denrnark®”.

Table 2. Criteria for redox parameters used for assigning redox status to groundwater samples
at the Vejen landfill, Denmark (All values are in mg/L)%**"

Nitrate

Manganese

Iron Sulfate

Parameters Aerobic Reducing Reducing Reducing Reducing Metharogenic
Oxygen 1.0 1.0 1.0 1.0 (1.0 {10
Nitrate-N : - 0.2 0.2 0.2 02
Nitrite-N 0.1 ’0.1 0.1 0.1 (0.1 01
N20O - 1.0 (1.0 (1.0 (1.0 10
Ammonium-N (1.0 - - -

Mn(ID) <0.2 0.2 5.0 (5.0 (5.0 (5.0
Fe(1D) (1.5 (10 (1C 2150 (150 (150
Sulfate - - - - -

Sulfide 0.1 0.1 - - 0.1 -
Methane (1.0 - - - - 5

? No criterion in applied
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