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- Tracing Groundwater Contamination at Landfill Sites Using Stable Isotope
Technique (5'°0, 8°H and §"°C)

Abstract

In this paper, the stable isotope (30, 8°H and 3"C) was used to recognize groundwater
contamination at Ottawa landfill site. The enriched *Cpc (averages of 6.4 %o, -1.0 % for the shallow,
deep aquifers, respectively) in comparison to the upgradient pristine groundwater (-15.2 %o) confirm
the leachate (+8.8%o and +10.7%0) impact on these aquifers. Biochemical reaction of DOC in
groundwaters is confirmed by deviation of groundwater samples from the mixing lines on DIC vs.
8"Cpye and DOC vs. 8" Cpoc diagrams. Therefore, mixing and the reaction are two important
processes which effected on groundwater quality at landfill site.

Keywords: Landfill leachate, stable isotopes (5'°0, 8°H and 8'"C), dissolved organic carbon (DOC),
dissolved inorganic carbon (DIC)
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Introduction

Leachate contains a mixture of dissolved organic constituents which can decay and dissolve through
bacteria-mediated reactions resulted in generating different major carbon pools, such as DIC, DOC,
and CH,. The biogeochemical processes and outgassing of CO, can produce characteristic °C
signatures in the major carbon pools and also generate H enriched of water in landfill leachate
(Baedecker and Back, 1979; Hackley et. al., 1996; Christensen et al., 2001; Van Breukelen et al.,
2004; North et al, 2004; Mohammadzadeh and Clark, 2008). The objective of this paper is to
investigate groundwater contamination at Trail Road Landfill (TRL) site, located approximately 25
km west of the Ottawa City, using stable isotope signatures.

Site characterization and analytical methods

There are both a shallow and a deep aquifer at TRL area. Several individual and nested piezometers
representing more than 200 monitoring wells were installed by City of Ottawa to sample the
groundwater. The nested piezometers were screened at different depths including the shallow aquifer,
the upper deep aquifer, and the lower deep aquifer. (Dillon Consulting Ltd., 2006). Leachate samples
were taken from M32 monitoring well and groundwater samples were taken from multilevel
monitoring wells located down-gradient and up-gradient of the TRL site. The detailed description of
sampling procedures and analytical techniques is given by Mohammadzadeh et al. (2005) and
Mohammadzadeh and Clark. (2008).

Discussion and conclusions

All results are tabulated in Table 1. Review of the available geochemical data from M57 and M120,
as reference groundwater, shows no evidence of leachate influence at these locations.

The presence alone of methane at some locations (M4-1, M4-2, M37-2, M23-1, and M23-2) is
evidence of leachate impact on groundwater. Further evidence is provided by 53C of DIC and that of
CH,. In comparison with pristine groundwater, samples from the shallow aquifer show variable
concentrations of methane. Associated 8" Ceys values range from -60 %o, indicating biogenic
production, to -32%o indicating subsequent oxidation. DIC also carries evidence for leachate impact,
with high and variable concentrations as compared to pristine groundwater, with 8"Cpc values that
show variable additions of *C-depleted DIC generated through the oxidation of methane. The deep
aquifer monitored further from the landfill (M23 and M16), also has been affected by the landfill
leachate. Similarly, the 8"Cpc in the upper (M37-2 and M23-2) and lower (M23-1 and M16-1) part
of the deep aquifer shows variable degrees of both leachate impact on groundwater and subsequent
methane oxidiation. The 8"Cpyc values at the lower part of the deep aquifer (M23-1 and M16-1) are
enriched, 11.8 %o and -8.0 %o, respectively, and the enriched values of 8Ceyy at M16-1 clearly
provide evidence for methane oxidation at this point.

No methane and a low amount of DOC are present in up-gradient (M57) and down-gradient (M120)
background groundwater. Concentrations of DOC and CH, in M32 (5130 mgl" and 1.6 mgl’,
respectively) signify the input of the leachate plume from the unlined parts of landfill, and decrease in
the groundwater flow direction. The high concentration of these species in M77 is due to the impacts
of the adjacent Nepean landfill leachate on this part of the aquifer. Also decreasing along the flow
direction is the 8"°C value of DIC, from the enriched value for the landfill site at M32 through M16-1,
M114, M77-1, M77-2, M93 and M64. This reflects both dilution with background DIC (8"C of -
17%o) plus contributions from the oxidation of dissolved organics and methane.

\tdi



“ .}"

i = <3
m APAY giar jadiadd @blie olo oo s - jlaal .g‘ﬂ'#wibﬂé{hﬁwyﬂ DYl degams E all t
N L/
--ffm ,f

None of the average data obtained from samples taken from these aquifers plot on the mixing lines
generated for the DIC and DOC vs. 8"°C diagrams (Figure not shown here), indicating reactive
evolution in addition to simple dilution. Moreover, while DIC shows largely an increase in 3"°C,
DOC experiences a marked depletion in “C with evolution.
The groundwaters samples from both the shallow and upper deep aquifers plot on or below the
OMWL on 82H - 50 diagram (Figure is not shown here). The absence of a deuterium excess in
these waters reflects both dilution and lack of significant methane production. Shifts in 8°H due to
methanogenesis is strictly occurs in unsaturated zones with the landfill where high organic carbon
loads coupled with low water to gas and solids ratios imparts a significant enrichment of “H on the
residual water.
At Trail Road Landfill (TRL) site, both the shallow and deep aquifers have been impacted by leachate
infiltrating from the unlined portions of the landfill site. The concentrations and 3"C of dissolved
methane, the concentration and 8"C of DIC, provide evidence for landfill leachate impact. Bulk DOC
concentrations and 8"Cpoc in groundwaters are affected by a combination of dilution and continued
reaction. Consumption of DOC via acetate fermentation and oxidation of DOC within the aquifers is
documented by: 1) deviation of groundwater samples from mixing lines, drawn for DIC vs. 5 Coic
and DOC vs. 8" Cpoc: 2) correlation between net reacted (lost) DOC and the net gains in for shallow
and deep aquifers.
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Table 1: Gwchemmal and isotopic data for the ground\wter samples collected at TRL site. All concentrations in
mg I' and isotopic values in % VPDB (for *C) and in % VSMOW (for "*O and *H), if not stated.

F:0 a'« O aComan
A R AR 5H_mgl" “t:_rmr' 5 3% 3G 8
M57 Tly 22,2005 -136 -9&9 48 -134 268 um 508 179 1,05
M57 Juiy9,2004 134 963 S8 171 w 311 000 bl b
Average 135 966 53 152 09 289 000 508 479 04 10
Wi Jy2L2005 88 782 B 3306 %0 00 FA I G 1.032
M120 July9,2004 96 754 45 148 132 411 000 bl b
M120  Novid, 2003 94 744 47 143 05 221 000
Average 96 760 50 141 05 300 000 474 AT2 115 1.0
79 ; 113 801 104 -165 87 213 001
DWPSE July21,2005 108 778 72 43 14 021 88 120  -86 0998
DWPSE July9,2004 -108 661 8 73 25 416 027 445 137 1,032
DWPSE Novi4,2003 110 821 102 69 18 211 007
DWP-NW Nov14, 2003 -106 810 83 82 16 239 002
Average 109 768 £7 18 289 014 272 128 88 1.0
163 TUIVE 2000 128 875 75 20 324 000 -748 B
MI73  July20,2005 116 774 247 61 208 269 026 -325 42 80 1029
MI73  July8204 115 7BO 417 39 768 262 063 435 .21 1043
M373  Nov6 2003 113 802 178 -88 392 261 0@
M233  July8,20M 126 869 49 208 26 288 000 618 bl
Mas July8,2004 122 859 332 188 185 188 628 579 180 1.081
July22,2005 118 853 151 -119 39 265 727 690 -152 92 1.058
July7,2004 120 835 194 148 55 301 999 590 154 1046
M-:.z Nov6,2003 119 866 185 61 61 209 453
M331  July7,204 113 793 339 16 202 256 304 496 08 1,051
MI163  Nov7,2003 -132 -883 47 136 26 341 000
Mo Nov7,2003 17 824 53 140 18 314 000
Average 120 843 187 84 175 280 267 960 33 58 1.051

bi = blow detection limit
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Table 1: Continued.

SamplelD  Date

M114-2 July 9, 2004 49 -19.4 1.7 =303 216 504

M107-2  July22,2005 -108 -T92 83  -168 37 279 000 571 213 -83 1.038
M34 July22,2005 147 -852 214 47 36 -381 068 -397 22 49 1.039
M4 July21,2008 117 837 111 15 34 290 185 418 80 -80 1.038
M&4 July9,2004 118 B30 143 76 48 353 361 436 111 1.034
ME4 Nov 14,2003 -11.7 -820 151 1.7 32 338 12
M77-2 Tuly21,2005 112 -808 129 -38 17 273 025 325 83 100 1.024
M77-2 July9.2004 <114 -796 166 -85 29 20 03 37T 104 1.028
M77-2 Nov7,2003 -114 -837 164 .59 1.7 -6 023
5 Mdo-4 July 20,2005 114 -B44 157 -39 16 281 074 -398 98 67 1.031
E M23-2 July$,2004 120 -847 79 157 43 318 340 583 83 1.071
g me-=2 July21,2008 -128 -907 17 128 07 -265 000 593 -163 17 1.046
Mi6 -2 Tnly 8, 2004 2 213 08  -291 494 -215 :
gmad July20,2005 -11.9 -B42 124 18 18 -2718 537 53 72
= M3g-4 Nov7,2003 -115 -B42 143 25 50 180 237 571
2 M397  suy20.2005 117 841 110 16 26 273 116 313 85 73 1.023
S Mar2 July20,2005 -11.9 -834 107 08 46 262 S0B 612 7 55 1.057
M37-2 July8,2004 120 -854 94 44 77 182 278 613 113 1.053
M37-2 Nov6,2003 -118 -B75 99 24 80 -318 102
M4-1 July 20,2005 -122 -896 132 183 B5 -9 578 112 72 6.0 1.084
Mé-1 July7,2004 123 -B57 129 148 70 233 988 T4 65 1.084
M4-1 Nov 6, 2003 -123 -89S 127 144 50 =349 342
M28 July22,2005 117 -823 188 2200 131 257 604 534 114 98 1.068
M28 Nov6, 2003 115 -832 264 228 238 -373 094
M90 Nov 14,2003 -119 -848 86 7.0 28 334 309
M83-2 Nov14,2003 107 -806 136 -242 40 317 022
Average LT ST CITAERREEN CF I T A S 14 o4
Ma3 July21,2005 119 -857 60  -3.3 16 270 181 623 101 45 1.056
Ma3 July9.2004 121 838 71 5.1 20 339 323 544 113 1.048
M77-1 July 21,2005 -11.9 -851 87 100 35 268 365 -T16 28 77 1.080
M77-1 July9,2004 119 -832 105 85 52 -305 516 -598 26 1.086
M77-1 Nov7,2003 117 -874 117 85 40 -343 185
M114-1  July21,2005 -119 -878 80  -68 12 -289 095 582 120 87 1.048
v M114-1 July9,2004 121 832 71 112 13 419 104 559  -168 1.042
£ M6-1 July21,2005 -116 -869 149 -19 30 273 049 215 78 92 1.014
T M6 July8,2004 117 -801 181  -80 38 -239 084 -366  -101 1.028
T ma0-1 July20,2005 -117 -B44 139 -40 21 217 018 102 64
g M3g-1 July 20,7005 118 -844 118 34 29 2589 414 48 .94
M3g-1 Nov7,2003 -117 -846 155 34 37 363 307 522
3 M23-1 July 20,2005 -120 -847 68 135 28 211 620 473 49 76 1.077
E M23-1 July 8, 2004 -120 -817 B6 118 40 -378 565 -559 53 1.065
M107-1  July22,2008 -116 -836 26 -108 10 -273 001 38 74 90 0979
M3T-1 July 20,2005 -121 -864 28  -86 06 -276 032 633  -151 a5 1.051
M37-1 July$,2004 -122 -B48 30  -175 08 420 D16 637  -189 1.048
M37-1 Nové, 2003 121 -B95 34 -85 08 542 019
MB3-1 Nov14,2003 -116 -840 170 93 o8 =329 472
M116-1 Nov7,2003 -108 -800 59 21 33 <330 141
Average 3 1.8 -84.5 92 06 30 323 226 514 79 2.9 1.046
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