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Characteristics of Groundwater Pollution and Contaminant
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: The objectives of this study are to investigate the groundwater and surface water contamination,

to interpret the attenuation mechanism of contaminant transport, and to find the appropriate contamination
indicator at the two big landfill sites : Nanjido Landfill and Hwasung Landfill. Leachate from the Nanjido, the
Hwasung and the Kimpo waste disposal sites is characterized by high temperature (31.7-40.1°C), high electric
conductivity (14,650-32,800 uS/cm), somewhar higher pH(7.58-8.45) and low Eh (-119.4-20.4 mV), and is
enriched in both major (Na‘, K, Ca™, Mg”, HCO;, CI) and minor (Mn, S**, Ba™, Li', ¥, Br) ions.
Municipal solid waste leachate and industrial waste leachate are effectively discriminated by the content of SO,
Fe, and heavy metals. The attenuation mechanism of each component was assessed using the chemical analysis,
Cl-normalizing process, WATEQ4F simulation, and preceding flownet analysis. Based on the calculation of
Contamination Factor, K, Na, Ca, Mg, B, Zn, HCO;, Cl, F, Br and TOC are effective contamination
indicators in the Nanjido landfill site, and K, Na, Ca, Mg, B, SO,, HCO;, Cl, F, Br and TOC in the Habsburg
landfill site. Particularly, TOC is the best contamination indicator in landfill sites influenced by sea water.
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Figure 1. Water sampling location map in the vicinity of the Nanjido landfill site.
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Figure 2. Water sampling location map in the vicinity of the
Hwasung Landfill site.
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Table 1. Physical properties of leachates and groundwaters sampled in the vicinity of studied landfill sites

Landfill ~ Sampling site pH Eh(mV) Conductivity(uS/cm)  Temp.(°C) Head(m) Characteristic
Nanjido UP-1 6.38 -32.2 396 16.9 * uncontaminated groundwater
UP-2 6.54 42.9 455 10.6 *
L-1 8.16 -97.8 17260 37.1 *
L-2 8.21 -1194 28600 317 * leachate
L-3 8.40 -106.4 15640 11.2 *
W-1 8.45 -72.8 32800 39.0 -15.96
Ww-2 6.48 -7.6 1092 252 -19.25
BM-1 6.92 383 2820 19.5 -16.19
BM-2 7.24 -49.5 8050 204 -14.71
BM-3 7.22 710 8580 21.6 -15.33 leachate + groundwater
BM-4 7.19 -54.6 8620 211 -16.00
BM-5 7.27 283 7300 20.5 -16.18
PT-1 7.15 -46.9 12120 233 -17.90
HR-1 8.20 -83.8 314 11.7 *
HR-2 7.27 -85.1 309 12.1 * contaminated surface water
HR-3 7.61 -97.7 312 11.8 *
SR 7.65 2.3 657 9.2 *
Kimpo KPL 7.61 -129.3 19630 17.0 * leachate
Hwasung HSUC-1 7.19 -118.4 265 132 * uncontaminated groundwater
HSL-1 7.02 -118.9 25800 17.7 * leachate
HSL.-2 7.02 -1189 25800 17.7 *
HSE 6.68 -130.2 6030 9.1 * groundwater in monitoring well
HSB 8.32 -81.9 767 9.8 *
HSTR 6.87 -133.0 4820 22.8 * treated leachate

Nanjido landfill : 1995. 3. 31
Kimpo landfill : 1995. 4. 4
Hwasung landfill : 1995. 4. 7

Table 1. continued

Landfill Sampling site pH Eh(mV) Conductivity(uS/cm)  Temp.(°C) Characteristic
uUPr-1 6.29 127.8 402 21.1 uncontaminated groundwater
up-2 6.71 129.1 448 22.6
11 7.58 20.4 14650 40.1 leachate
L-3 7.63 7.4 22900 29.1
BM-1 6.86 299 4420 28.8
Naniid BM-2 6.83 -16.1 7550 27.2
anjido
BM-3 6.88 6.3 7850 27.7 leachate + groundwater
BM-4 6.98 -89 8180 25.6
BM-5 6.77 -12.0 6550 25.0
PT-1 6.94 37.5 8300 26.5
SR-1 7.19 27.5 865 30.0
SR-2 7.06 238 1210 31.6 contaminated surface water
SR 8.03 1304 531 3l.1
HSUC-1 6.16 1199 451 16.8 uncontaminated groundwater
HSL-1 7.79 36.9 17150 28 leachate
Hwasung HSL-2 7.79 36.9 17150 28
HSB 622 125.4 1277 214 groundwater in monitoring well
HSE 7.54 732 4380 229

Nanjido landfill : 1995. 7. 26
Hwasung landfill : 1995. 8. 7
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Figure 8. Eh-pH relationship between leachates and groundwat-
ers sampled in the vicinity of landfill sites (Shaded area
represents the limit of pH-Eh in surficial en-
vironments).
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Table 2. TOC and ion concentration of leachates in MSW landfill

site and IW waste landfill site (unit : mg/1)

Landfill Municipal solid waste (MSW)

Industrial waste (IW)

season spring summer spring summer
Ca 15.6-102.3 40.6-77.9 405.409.9 471.1-475.1
Mg 39.7-285.9 402-47.0 192.6-1944 219.8
Na 1760-2910 890-1665 5780-5920 3085-3200
K 1059-1555 470-870 855-877 358-375
Mn n.d.-2.43 0.02-0.11 14.4 3.03-4.14
Fe 0.56-4.50 1.53-2.81 0.06 0.07
Li 0.55-14.5 0.77-99 0.48 0.16
Ba 0.13-041 0.16-0.82 0.04 0.08
Sr 0.14-0.86 0.37-0.40 1.54 1.59
Si 879-16.33  15.75-19.10 13.36 643
Al 0.79-5.37 3.43-6.40 10.25 15.14
B 1.71-2.80 2.12-3.27 4.57 6.13
Cd n.d.-0.02 nd. 0.04 0.06
Co 0.07-0.11 n.d.-0.05 1.15 0.37
Cr n.d.-2.18 n.d.-0.38 0.31 0.06
Cu n.d.-0.03 n.d. 0.21 2.53-3.39
Ni 0.23-0.45 n.d. 23-28 88-11.0
Pb nd. n.d.-0.22 0.27-0.38 0.38-0.45
Zn 0.12-4.48 0.08 354 0.16-0.19
Cl 1474-2821 1801-3102  1978-2202 2904-3112
SO, 3.2-130.1 42.1-225.7 7630-8814 4716-4839
HCO,; 6715-13058  5695-7526  1485-1545 44.5
NO, 1.3-271.0 1.6-24 25.3-274  464-505
NO, n.d.-73.9 n.d. n.d. n.d.
F 3.75-10.98 891-16.21 6.65-826 12.34-1291
Br 9.49-2347 7.21-1094 448-529  269-287
PO, 0.84-16.49 n.d. nd. n.d.
TOC 206-777 * 173 *

MSW : Nanjido, Kimpo landfill leachates
IW : Hwasung landfill leachate
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Table 3. TOC and heavy metal concentrations of leachates and water samples in the Nanjido landfill site (unit : mg/1)

Constituent TOC Cd Co Cr
scason spring summer spring summer spring summer spring summer
Leachate 388-777 * n.d.-0.02 n.d. 0.07-0.11 n.d.-0.05 n.d.-2.18 n.d.-0.38
Leachate + groundwater 12-172 * nd.-001 nd.-0.02 nd. nd.-0.11  nd.-028 0.04-0.10
Contaminated surfacewater 8.1 * n.d. n.d. n.d. n.d. n.d. n.d.-0.05
Uncontaminated groundwater nd.-1.2 * nd. n.d. n.d. n.d. nd. n.d.-0.05
Constituent Cu Ni Pb Zn
season spring summer spring summer spring summer spring summer
Leachate n.d.-0.03 n.d. 0.23-0.38 n.d. nd. nd.-022  0.12-448 0.06
Leachate + groundwater nd. n.d. 0.09-0.21 nd. nd. n.d.-0.26 0.97-12 0.12-1.38
Contaminated surfacewater n.d. n.d. n.d. n.d. n.d. n.d.-0.28 0.08 n.d.-0.06
Uncontaminated groundwater n.d.-tr. n.d. n.d. n.d. nd. nd-023 0.08-0.13 1nd.-0.31

nd. :

*

not detected
: not analyzed
tr. : trace
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Figure 5. Horizontal variations of TOC and ion concentrations at the Nanjido landfill site (data from 1st analysis except HCO).
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Figure 6. Vertical variations of TOC and ion concentrations in MLMW (Multi-Level Monitoring Well) at the nanjido landfill site (data

from 2nd analysis except SQ,).
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Table 4. Percentage of ion species to the total concentration calculated by WATEQ4F

Element Species Leachate (IW) Leachate (MSW) Leachate + groundwater Contaminated Uncontaminated
(HSL-1) (W-1) (PT-1) surfacewater (SR) groundwater (UP-1)
Ca Ca™ 56.23 29.50 75.25 92.58 96.64
CaHCO;" 3.83 2457 2297 1.36 0.62
CaCO;, 0.14 45.49 1.47 0.26 0.00
CaSO, 39.79 0.01 0.03 5.80 273
others 0.01 043 0.01 0.00 0.01
Mg Mg 53.18 38.13 76.07 92.92 96.54
MgHCO;" 4.02 28.83 22.58 1.69 0.64
MgCO; 0.09 31.66 0.89 0.15 0.00
MgSO, 42.64 0.03 0.36 5.22 2.80
others 0.07 1.35 0.10 0.02 0.02
Na Na* 93.27 88.23 97.87 99.66 99.87
NaHCO; 0.55 4.63 2.05 0.11 0.03
NaCO; 0.00 712 0.05 0.00 0.00
NaSO, 6.17 0.01 0.03 0.23 0.10
others 0.01 0.01 0.00 0.00 0.00
K K 92.58 99.99 99.97 99.73 99.88
KSO, 742 0.00 0.00 0.00 0.00
others 0.00 0.01 0.03 0.27 0.12
B H,BO; 99.24 77.65 98.98 98.04 99.87
H,BO, 0.76 22.35 1.02 1.96 0.13
Si H,SiO, 99.83 91.57 99.75 99.61 99.97
H,SiO, 0.17 843 0.25 0.39 0.03
Al Al(OH);, 2.36 0.10 2.76 1.22 8.08
Al(OH), 62.15 99.89 93.29 98.00 3591
others 3549 0.01 3.95 0.78 56.01
Fe Fe™ 44 45 456 27.58
FeHCO;' 27.24 2451 64.66
FeCO, 0.00 69.24 7.62 nd. nd.
FeSO, 26.39 0.00 0.09
others 192 1.69 Q.05
Mn Mn”™ 4275 24.55 73.65
MnHCO;" 23.34 51.31 1048
MnCO; 5.95 nd. 22.46 12.11 n.d.
MnSO, 25.23 0.08 3.46
others 2.73 1.60 0.30
Zn Zn™ 28.11 0.00 9.60 56.90 89.39
ZnHCO; 21.68 0.01 28.34 11.44 6.50
ZnCO; 9.84 0.60 22.06 2351 0.90
Zn(CO,)~ 495 99.39 3943 2.12 0.00
ZnSO, 23.82 0.00 0.04 4.26 298
others 11.60 0.00 0.53 1.77 0.23
n.d. : not detected
QAX|AIQIXI} U7 |Fofo] M= 2d%E AL ovsitl. Contamination FactorE AAHE uff uj
A%GANA Fagke] JEhiA %8 943 Cd, Pb, Co, Ni,
Kerndorf{{(1992)el] 2]&] AlA]= Contaminaion FactorE & Cu, 52 AJAlZom o] 945 =3l 2lygHoz 9L
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Table 5. Contamination Factor of inorganic contaminants and TOC

a) Nanjido Landfill (1995. 3. 31)

Sampling site K Na Ca Ma Al B Sr Zn Si
W-2 159 35 1.6 0.6 1.6 3.0 0.9 15.2 0.4
BM-1 16.3 9.7 2.0 1.1 2.1 10.4 1.8 114.3 0.5
BM-2 100.6 345 4.6 7.1 32 41.3 4.1 929 15
BM-3 1394 324 5.4 82 3.6 46.2 3.4 224 15
BM-4 1359 338 5.1 8.0 34 44.6 33 9.2 14
BM-5 105.4 28.7 49 8.8 3.3 41.0 4.4 9.2 1.3
PT-1 1385 48.0 2.6 84 2.6 67.0 25 25.8 1.7
HR-1 22 0.8 0.8 0.3 0.8 1.7 04 0.0 0.0
HR-2 21 09 038 0.3 0.8 0.8 04 0.0 0.0
HR-3 21 0.8 0.8 0.3 0.8 0.5 04 0.8 0.0

SR 7.1 1.6 15 038 1.6 29 1.1 0.8 0.2
HCO, NO; Cl SO, F Br PO, NO, TOC

W-2 5.3 0.1 25 0.1 5.0 12.3 05 0.0 10.3
BM-1 132 0.0 9.3 0.1 16.1 379 0.0 0.0 474
BM-2 34.3 0.0 36.5 0.1 17.5 75.0 0.0 0.0 147 .4
BM-3 521 0.3 287 0.0 31.0 58.4 0.0 0.0 1295
BM-4 554 0.0 30.7 0.0 30.7 55.7 0.0 0.0 120.2
BM-5 432 0.0 71.1 0.0 21.3 649 0.0 0.0 86.2
PT-1 68.6 0.1 46.4 0.5 29.0 73.0 0.0 2.3 106.4
HR-1 15 0.2 0.7 0.7 3.0 16.3 2.3 24 5.0
HR-2 1.7 02 0.8 0.7 338 134 25 2.3 1.5
HR-3 1.5 0.1 0.6 0.7 3.6 13.6 0.0 0.8 4.3
SR 2.6 0.1 1.5 22 37 3.3 0.0 69

b) Hwasung Landfill (1995. 4. 7)

Sampling site K Na Ca Mg Al Sr B Li Ba Zn
HSL-1 628.7 365.8 214 31.0 10.4 9.2 97.6 54 12 4.3
HSL-2 644.9 374.7 21.6 31.3 10.5 9.2 97.7 5.3 1.2 44

HSB 4.6 9.8 0.0 0.3 0.0 0.0 2.6 0.0 0.8 0.1
HSE 51.3 823 15 10.9 15 1.7 222 0.7 1.1 0.0
HSTR 76.5 639 1.1 1.7 1.1 0.3 99.5 1.4 0.0 0.0
Cr Si HCO;, NO, Cl SO, F Br PO, TOC
HSL-1 1.5 11 152.1 42 401 24511 381 214 .4 0.0 73.7
HSL-2 1.0 1.1 158.3 4.6 44.6 2832.8 47 4 181.6 0.0 73.3
HSB 0.0 04 55 0.1 24 99 1.7 24 0.0 4.7
HSE 0.0 0.6 445 0.1 28.0 63.9 11.9 29.3 0.1 0.0
HSTR 0.0 0.0 5.5 8.8 192 236.8 0.7 395 0.5 4.0

(Contamination Factor = conc. contaminated/conc. uncontaminated :

KerndorfT et all, 1992)
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Table 5. continued

¢) Nanjldo Landfill (1995. 7. 26)

Sampilng site K Na Ca Mg Al B Sr Ba Si
BM-1 3092 27.00 1.12 0.80 1.13 49.23 297 497 0.83
BM-2 75.36 32.35 4.82 7.25 3.17 108.16 4.02 2.60 1.66
BM-3 10290 28.24 5.74 8.15 354 119.32 3.14 16.22 1.66
BM-4 101.93 2941 524 8.05 3.30 121.92 291 12.78 1.55
BM-5 91.30 29.00 6.51 8.56 3.81 90.88 3.38 15.74 1.76
PT-1 93.24 32.06 543 8.14 3.37 153.78 2.66 22.59 1.88
SR-1 6.18 3.07 2.06 1.01 213 11.24 1.19 3.88 0.67
SR-2 7.73 3.09 294 1.63 3.05 18.67 1.84 6.55 0.62

SR 3.62 1.58 1.67 0.67 1.73 2.31 092 1.58 0.68

Cr Zn HCO; NO, Cl SO, F Br

BM-1 1.00 1.06 9.36 0.00 28.29 1.29 29.83 22.15
BM-2 0.80 142 35.61 0.00 34.14 0.06 49.36 7.99
BM-3 1.60 323 45.07 0.00 28.60 0.85 51.56 13.06
BM-4 1.60 213 48.86 0.00 31.14 0.60 50.15 53.22
BM-5 1.60 0.39 43.56 0.00 21.16 1.13 39.65 4452
PT-1 2.00 445 4394 0.01 32.61 143 50.63 44 .49
SR-1 0.00 0.19 3.39 0.08 2.20 1.64 28.16 5.85
SR-2 0.60 0.00 4.89 0.10 2.77 2.37 10.75 10.56

SR 1.00 0.00 1.75 0.43 093 147 222 1.79

d) Hwasung Landfill (1995. 8. 7)

Sampling site K Na Ca Mg Al ‘Sr Ba Si
HSL-1 295.3 205.1 12.4 17.5 49 5.1 19 0.6
HSL-2 2819 197.8 12.5 17.6 49 5.1 1.9 0.6

HSB 32 82 0.0 0.1 0.0 0.0 0.7 0.5
HSE 359 30.4 0.9 2.5 0.9 0.8 0.4 0.7
Zn HCO, NO;, CL SO, F Br

HSL-1 19 61.3 56.3 253 5971 819 76.6
HSL-2 16 61.3 61.3 236 612.7 85.7 8l.6
HSB 01 8.7 02 1.3 49 0.7 1.9
HSE 0.0 65.2 0.2 8.0 16.9 21.1 10.0

Table 6. Water samples of exceeding drinking water quality standard

standard* Nanjido landfill Hwasung landfill
Element
(mg/1) spring summer spring summer
Cd 0.01 L-3 BM-5 HSL HSL
Cu 1 - - - HSL
Fe 0.3 L-1, L-2, L-3, W-1, W-2, BM-3, PT-1 L-1, L-3, BM-4, PT-1 - -
Mn 0.3 BM-3 BM-2, BM-3, PT-1, SR-1, SR-2 HSL HSL
Pb 0.1 - uUr-1, L-1, BM-3, BM-4, BM-5, HSL
SR-1, SR:-2
Zn 1 W-1, W-2, BM-1, BM-2, BM-3 PT-1 HSL -
Cl 150 L-1, L-2, L-3, W-1, BM-1, BM-2, L-1, L-3, BM-1, BM-2, BM-3, HSL, HSE HSL, HSE
BM-3, BM4, BM-5, PT-1 BM-4, BM-5
F 1 L-1, L-2, L-3, W-1, BM-3, BM-4, PT-1 L-1, L-3, BM-1, BM-2, BM-3, HSL, HSE HSL, HSE
BM-4, BM-5, SR-1, SR-2, PT-1
NO;-N 10 uUr-1, UP-2, L-1, L-3 UP-1, UP-2 - HSL
SO, 200 - L-1 HSL HSL

* . Guideline for drinking water in KOREA

47



, SR-20\| A= Mn.»} F7]- 27
¢—g—oﬂ WE ede 12 1A
HEb o5 WS BE4s) 55 Y
o g 4712 Areleh 24
ookl WG A4S o Fo] A%
the Aolch. @712 FRahobd B Fu )
#e} ABEFE AEH T Q= 2d@HA
UPr- 44- UP-2&= 4 A 47}, UP-19|4]&= Pbr
= Holm wrh A 2Ash A2 7ol

aj!
JP)
l".\_.

o
o S

L

oxl o o
>~

3 |
_Qg
AN Y 2 ol o

&2
" r\5 2w
[ATERSU
to 2 b N

o b

79

A 2

1. H7]E s HA)oA] FAH=
ot Fr)182 Lo os)
2 oziele] pHE vehli & z
A2 Na, K, Ca, Mg, HC03, c1 Eo], B
Ba, Li, F, Br *ol Ti}ﬂﬂ ML, Yyt

=X

o=
it

ofy
03‘.

A]

=
i, FAEY
2 Mn, Sr,
R -?—

ool
6
N
I"‘
23
n:?.
-
i
e
2
i)
2
e
oX
_l
2
rr
w
9
N
>

Jo
2. QQL%AJ c1 z—gmxg,WATEQzLF 24 A7, =]l
]oo]—o:] Azts] 242 K, Na, Li 59| ool
E3te] =3, HCO,9) %9 521383
1, F, Br 3& 347289 ofaf A=, Ca,

Mg, Sr 52 Ié‘wﬁiﬂs}ﬂ ol2wghzhg- o2 wi x| F o)A
7187} M AAE Bt Qs 5 2z v o
A&E P At

3. 784S YEIE TOCE vy FHL oLl
F7A3] it s AoE Hol {722 AR oH
A UR-of 23 FRoA dojyy, TFE A vigx Ful
9] ggdhel Fe-Mn S-dthollA] thEE 2AE o] x|e5=

4. Contamination FactorE® £3F QgxA)01xle] =& Axt
At 7| E w P FA = w o] A2 K, Na, Ca, Mg, B,
Zn, HCO,, Cl, F, Br, TOC S, At ®)7| 2 vl 8=|2 &4] u)
U= 2] A$ K, Na, Ca, Mg, B, SO,, HCO;, CL, E, Br, TOC £
o] FEidt =G Holw & AAIRIRIY FE&E &, s
BEE W AGdx= TOC7E F2& AA Aol r}.

A

o ATE TIHFAGAAY HHFEALATAE Y A
o7 FYPAAS.

Lt
NAE, £5%, 1994, BAA ARE A7 EoiAA} 59 2 o)A
o) Ak P Bkl Aok o, At BA, 1, p.80-84.

A Ee

A9, 3, PRF, 1994, TE ©18 %Hfz DAY A
2000 AH9a AR A, PAQB AR Ak - e A st
3] A108) FEe&E74A3) %}:ﬁew iy

A%, 1992, AFE A58 AW Ak A &

43 BE, daxd8322dets] - o)A 2 s |83 FEat
£74d3 2R =R, p.13-28.

v, 1991, SR RAAEHANE Al Aes dEus ¢
1 A Esd BT A, FFUTm dEhY HARMEE,
34p.

ol7Ist, HE T, 1994, A= LA Gl A7 WA g FAL, A8t
27,1, p.51-58.

oigE, &AE, 1994, AVIE ohHAAM Ads|F e
ZOOOLEEH AA7 BAAA, RFALDAA D3] - ohA| A g
3] A103] FETFELAS) LHR=F, p-88-105.

o], 1994, B A FW At frgo] HEEH A - 7y
A4 BE AL T MEAE FAUAANY, AR, 1, p90-
99.

o] AT, ol Bl &, olEl A, A 5, 1995, 2 ARE 13 A5} o
do B, dgAd a2 dets] 2283 S UES] SE=F
2ok AL VAR A p.65-66.

o] 4F | 1995, Natural weathering of pulverised fuel ash and its in-
ﬂucnce on groundwater composition, th g2l 21 2843 )
287 SR TS| FFEE 20k, NRAARTA A%, p.67.

o|H &, 1994, GA = PR A E el o7 Aot =4,
Hgietn B ek AAlaele g, op.

%, ol B, 1994, IAE AU A B
Alef, Z]’é]——.—s‘i}%‘, 1, p.1-5.

A%, BHe, 0BG, 1993, 4718 h@ge) AR Y&

w4; Astret 87 Workshop, A&distm AA#akd]
BEATA - hax A 2ek3], p.101-131.

995, 24 Ao 9718 Wl Lehel A sk o

7,2,p.1-8.

| FAE, WEE, 1992, 27] A Aaal 9% 0

159 B @ A3 A9 883 8, DAL

3 M@ An AsA TENEAAN BEEE,

Qo EX
- 71 O

T edolESA4R

F

ot —!

A

]
=

—Hz
p— [UZZ 0L

, A8t

-

ox
4y ox 4

oy o g op

L
X

oY M
[N

el
[
- P
kN
N

993, el z|at A A5 RS ez E

2814} 873 Workshop, A-&theta xFAzglo)sh 2
& Q@x AT, p27-74.

A, & &, 1994, A F

B
j&ﬁmﬁ:ﬁiﬂ).
4~oxu(mJ
nO_u
R

>y
o M
=
2~
N
Zl‘:
N
E.
L
}N

off ~
of

£ Al

e
[o
o)
o
U

L P oo
:I:’;
E
1L
N
ol

r°“

FA <l 1]‘401%‘, 1993, A4 712 ofH3 <Ay

B34, 167p.

QA o] F, 1994, FAE wjHA]|
AT2A} HIA, 498p.

@ 2, 1994, 4] A7) 2 g elA ] BEF A g B
T3l A, Agudta vighel AALeke=E, 86p.

Baedecker, M.J. and Cozzarelli, .M., 1992, The determination

and fate of unstable constituents of contaminated groundwater.

st 71 EAEA e

A

n : S. Lesage and R.E. Jackson ed., Groundwater contamina-
ton and analysis at hazardous waste sites, Marcel-Dekker Inc.,
p-425-461.

Barcelona, M.]., Gibb, J.P., Helfrich, J.A. and Garske, E.E., 1985,

48



A71E YA Fde) Rote odT oPERY QA B4

Practical guide for ground-water sampling, EPA/600/2-85/
104, 169p.

Christensen, T.H., Cossu, R. and Stegman, R. ed., 1989, Sanitary
landfilling: process, technology and environmental impact, A-
cademic Press, 592p.

Dance, J.T. and Reardon, E.J., 1983, Migration of contaminants
in groundwater at landfill : a case study; 5. Cation migration in
the dispersion test, J. of Hydrol., 63, p.109-130.

Ehrig, H., 1989, Leachate quality. In : T.H. Christensen et al. ed.,
Sanitary landfilling: process, technology and environmental im-
pact, Academic Press, p.213-229.

Freeze, RAA. and Cherry, J.A,, 1979, Groundwater, Prentice-Hall
Inc., 604p.

Kerndorff, H., Schleyer, R. and Milde, G., 1992, Geochemistry of
groundwater pollutants at German waste disposal sites. In : 8.
Lesage and R.E. Jackson ed., Groundwater contamination and

49

analysis at hazardous waste sites, Marcel-Dekker Inc., p.245-
271.

Kjedsen, P. and Christensen, T.H., 1984, Soil Attenuation of acid
land leachates, Waste Management and Research, 2, p.247-263.

Nicholson, R.V., Cherry, J.A. and Reardon, E.J., 1983, Migration
of contaminants in groundwater at a landfill : A case study; 6.
Hydrogeochemistry, J. of Hydrol., 63, p.131-176.

Parr, J.L., Ward, G.K. and Walters, G., 1992, Establishing an
analytical protocol for measurement of EPA's appendix IV list
of compounds. In : S. Lesage and R.E. Jackson ed., Ground-
water contamination and analysis at hazardous waste sites, Mar-
cel-Dekker Inc., p.53-72.

Yong, RN., Mohamed, A M.O. and Warkentin, B.P., 1992, Prin-
ciples of contaminant transport in soils, Elesevier, 327p.



