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ABSTRACT

To evaluate potential impacts of shallow groundwater by the leachate from buried carcass, we investigated hydrochemical
characteristics of both leachate and shallow groundwater from monitoring wells and surrounding shallow groundwater
wells in an area potentially affected by pig carcass burial. The hydrochemical survey was conducted before and after the
relocation of a burial pit. The leachate samples and the groundwater affected by leachate showed the hydrochemistry of
Ca-HCO; type with high NH4" concentrations, while unaffected groundwater was mostly the Ca(Na)-CI+NOj; type due to
pervasive impacts from agrochemicals. The results of factor analysis on hydrochemical data showed the followings: 1)
contamination of groundwater from agro-livestock farming and livestock burial are coexisting in the study area, 2) among
ionic species, HCO;~, NH,*, NO;™ and Mn are very useful to differentiate the groundwater contamination from leachate,
and 3) groundwater contamination by leachate has been recognized around the monitoring wells even after the relocation
of a burial pit, likely due to residual contaminants in surrounding soils. Therefore, it is suggested that continued
monitoring of groundwater contamination should be conducted after the relocation of carcass burial pits.
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Fig. 1. Location of monitoring wells and groundwater wells in the study area.
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Table 1. Chemistry of leachate from a nearby burial pit
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Parameter This study Average value (MacArthur et al., 2002) Average value (Pratt, 2009)

Temp (°C) 14.1 - -

pH 5.73 6.9 6.70

Eh (mV) 1733 - -

EC (us/cm) 4470 11210 41300

DO (mg/L) 0.01 - -

NH," (mg/L) 17.4 32049 10188.7%

Fe’* (mg/L) 92.0 52 36.3

Ca® (mg/L) 739.03 200 46.43

Mg" (mg/L) 180.44 - 30.00

Na’ (mg/L) 100.63 - 2000.00

K" (mg/L) 198.87 - 2528.57

HCO;™ (mg/L) 2163.06 11935» 42314.29

CI" (mg/L) 165.94 2537.86

04 (mg/L) 21.83 4342.86

NO;™ (mg/L) 0.55 2.1 7.39

Mn (Total) (mg/L) 120.04 - 0.67
a) NH;-N (mg/L) b) Alkalinity as CaCO;
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Table 2. Statistical summary of water quality parameters for groundwater samples from monitoring wells and preexisting groundwater
wells

Background gtafistical
well  difference

Min. Median Max. Mean STD Min. Median Max. Mean STD value (P-value®
Temp Ist? 12.00 12.15 13.00 12.33 0.46 8.70 12,50 14.50 12.34 1.83 8.40 0.915

Sampling Monitoring wells Surrounding Groundwater wells
Parameter

time

(°0) 2nd” 1510 1620 1830 1645 142 1340 16.80 2070 1684  2.01 0.777
oH Ist 658 676 689 675 013 635 676 721 675 024 6.94 0.750
2nd 646 662 672 660 012 622 661 716 665 031 0.944

Eh Ist  213.10 22440 261.60 230.88 2131 31690 527.30 68520 525.00 131.44  432.40 0.003
(mV) 2nd  157.50 24420 33870 246.15 75.02 25430 36125 53120 36043 93.07 0.047
EC Ist  250.00 38550 456.00 36925 8828 17870 276.00 376.00 271.64 68.62 173.60 0.038
(uS/em) 2nd  241.00 374.50 623.00 403.25 161.13 19630 288.00 368.00 27843 55.53 0.077
DO Ist 357 377 413 381 028 149 284 607 303 119 6.99 0.152
(mg/L) 2nd 135 229 338 233 090 124 219 503 259 126 0.944
NH,* Ist 683 1237 1481 1159 369 001 036 824 187 259 0.01 0.005
(mg/L) 2nd 103 264 1674 576 737 001 008 38 058 1.8 0.018
Fet Ist 002 013 320 087 156 002 006 380 038 1.04 0.09 0.411
(mg/L) 2nd 032 100 298 132 122 003 020 189 054 065 0.137
Ca? Ist 2632 4658 5166 4279 1124 2440 3285 6162 3557 1034  26.89 0.265
(mg/L) 2nd 2257 3747 7597 4337 2286 2040 2937 3984 2980  6.97 0.229
Mg Ist 587 830 897 786 138 561 664 953 707 132 5.70 0.367
(mg/L) 2nd 500  9.09 1619 984 470 420 648 828 640 142 0.138
Na* Ist 2224 3987 4245 3611 939 21.07 2953 5155 3335 1162 2218 0.710
(mg/L) 2nd 19.10 2989 4236 3031 951 656 2226 39.02 2524 1087 0.525
K* Ist 059 286 1074 426 478 019 054 1276 3.00 4.16 0.28 0.265
(mg/L) 2nd 511 1248 1385 1098 399 129 554 1075 528  2.68 0.056
HCO; Ist 11898 17848 207.46 170.85 4007 61.02 91.53 193.73 10044 3648  51.86 0.013
(mg/L) 2nd 99.15 15636 35848 192.59 113.84 7932 8924 16322 105.10 29.27 0.056
cr Ist 2878 51.06 51.17 4552 11.16 29.09 4093 6868 4529 1556 2951 0.958
(mg/L) 2nd 31.67 46.66 5734 4558 13.16 1196 3558 5561 3657 12.48 0.179
SO, Ist 873 20.15 2468 1843 6386 9.08 1948 3935 2275 9.8 17.10 0.791
(mg/L) 2nd 1942 2492 3358 2571 687 1443 2274 3260 2261 @ 6.57 0.437
NO;~ Ist 161 273 449 289 145 067 1631 2394 1249 913  22.78 0.152
(mg/L) 2nd 000 073 456 151 207 000 1057 2264 1040 6.63 0.034
Mn (Total)  Ist 154 596 834 545 289 001 029 265 070 0.82 0.00 0.009
(mg/L) 2nd 046 264 1317 473 573 000 034 148 039 044 0.028

a) 1st sampling, b) 2nd sampling, c¢) Calculated by Mann-Whitney U test
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Fig. 2. Ionic compositions of three kinds of samples on the Durov diagram.
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Table 3. Factor loadings of 15 variables extracted by varimax
rotation

Parameter Factor 1 Factor 2 Factor 3 Factor 4
pH -0.076 -0.065 -0.038 -0.933
ORP (mV) -0.256 -0.235 -0.751 0.294
EC (us/cm) 0.699 0.546 0411 0.073
DO (mg/L) -0.521 -0.132 0.529 0.202
NH;" (mg/L) 0.069 0.951 0.134 0.016
Fe*" (mg/L) 0.621 -0.072 0414 -0.522
Ca*" (mg/L) 0.534 0.138 0.651 0.202
Mg" (mg/L) 0.706 0.454 0.103 0.114
Na* (mg/L) 0.956 0.073 0.225 -0.072
K" (mg/L) -0.249 0.829 -0.200 0.309
HCO;™ (mg/L) 0.379 0.701 0.531 -0.018
ClI" (mg/L) 0.951 0.150 0.053 0.001
SO (mg/L) 0.618 -0.337 -0.418 -0.138
NO;™ (mg/L) -0.517 -0.568 -0.286 0.430
Mn (Total) (mg/L)  0.298 0.908 0.119 -0.106
Eigenvalues 6.77 2.95 1.62 1.34
% of variance 31.78 26.52 15.23 10.98
Cumulative % 31.78 58.30 73.53 84.51
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Fig. 3. The changes of factor scores with the distance of sampling
sites from a livestock burial pit. (a) first sampling and (b) second
sampling.
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Fig. 4. Factor scores depicted on the map of study area, to estimate the spatial influence of leachate leakage.
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