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Abstract: At the end of November 2010, livestock infected with foot and mouth disease (FMD) were buried,
increasing concern about secondary pollution of drinking water and groundwater with odor. Hence, measures
to reduce pollution of drinking water and groundwater are needed. In this study, based on livestock type and
soil texture, five pilot-scale burial sites were monitored for the past three years from Feb 2012 to 2015. Leachate
from the site was analyzed for 90 compounds. A detailed investigation has been completed, looking into organic
matter decomposition characteristics of the buried bodies, relevant trace elements thereof, and in particular
metabolite concentration changes such as the degree of decomposition of a carcass. From the results, no
detectable heavy metals, including cadmium and arsenic, were measured. Among animal types, the rate of cattle
decomposition is faster than swine decomposition, and the decomposition of the bodies were performed in
sequence from sand, clay loam, sandy loam.
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Table 1. Livestock type and soil texture of pilot scale burial
site
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Fig. 1. Pilot burial site layout.
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Fig. 2. Schematic view showing the pilot scale burial site.
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Table 2. Analysis item of leachate in buried

Substance Substance
Acetylsalicylic acid, Acetaminophen, Sulfamethoxazole, Sulfathiazole, Sulfamerazine, Sulfadimidine, Sul-
Antibiotics fachloropyridazine, Trimethoprim, Fenbendazol, Sulfadimethoxine, Ciprofloxacin, Cephalexin, Cephra-
27 dine, Florfenicol, Enrofloxacin, Cefadroxil, Penicilline G, lincomycin, Oxytetracycline, Chlorotetracycline,
Vancomycin, Clarithromycin, Ivermectin, Triclosan, Virginiamycin M1, Erythromycin, Tylosin
Fatty acids Palmitic acid, Palmitoleic acid, Stearic acid, Oleic acid, Linoleic acid, Myristic acid, Arachidic acid, Ara-
profile (8) chidonic acid
Amino acids L-alanine, L-arginine, L-aspartic acid, L-cystine, L-glutamic acid, glycine, L-histidine, L-isoleucine, L-leu-
profile (17) cine, L-lysine, L-methionine, L-phenylalanine, L-proline, L-serine, L-threonine, L-tyrosine, L-valine

Cholesterol (1) Cholesterol

Nucleotide (4) Pyrimidine, Cytosine, Thymine, Uracil

General item and
heavy metal (33)

NOs-N, NH;-N, Cl-, TOC, TN, TP, COD, BOD, K, Na, Mg, Ca, SO,, F, B, Fe, Mn, Cu, Zn, Pb, As, Cd,
Cr, Ni, Al, Se, Ba, Co, Mo, Ag, Ti, V, Leachate generation amount
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Table 3. LOD and LOQ of ICP by element
(Unit : mg/L)

Element LOD LOQ Element LOD LOQ

Al 0.00705  0.071 Fe 0.00498  0.049
Ba 0.00980  0.098 Mo  0.00509 0.051
B 0.00688  0.068 Ni 0.00482  0.048
Cd 0.00435  0.043 Ag  0.00858 0.086
Cr 0.00431  0.043 Ti 0.00980  0.098
Co 0.00619  0.062 \% 0.00677  0.068
Cu 0.01040  0.104 Zn 0.00437  0.044
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A 42 2171337 (NMR; Nuclear Magnetic
Resonance), 712~ Z2ulEIZ & FEA A (GC/MS;
Gas Chromatograph-Mass Spectrometer), 3.3 5
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Fig. 3. The type of the compound observed in the leachate.
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Table 4. Concentration change of main metabolites detected in burial (No. 2) (Unit : mM)
Compound Jan. Feb. Mar. May Jun. Jul. Aug. Sep.
3-Phenylpropionate 0.2608 0.2711 0.1652 0.1513 0.1169 0.1539 0.0926 0.1315 0.1635
Isobutyrate 43142 4.9828 3.2655 3.8526 3.8415 4.5446 0.7932 1.5470 1.5896
Isovalerate 4.1955 5.1318 2.7665 2.6865 2.4994 2.3377 1.3601 1.9091 2.7832
Benzoate 0.3841 0.4531 0.2623 0.2404 0.2168 0.2224 0.1199 0.2107 0.3270
Butyrate 2.1439  10.1947 45136 6.9280 6.5993 8.4870 6.9990 6.5293 0.5441
Valerate 1.2807 1.3902 0.9822 0.6408 0.8272 1.6876 0.5253 0.8107 0.3630
Propionate 159378  18.4853 8.8212 6.7193 6.5447 6.3895 4.1295 6.4317  10.4833
p-Cresol 0.2761 0.2684 0.2344 0.2654 0.2250 0.2354 0.1517 0.2841 0.2932
Acetate 58.8608 557434  29.0274 31.5857 30.1536 25.4652 183005 37.1054 35.7582
Oxalacetate 0.0463 0.0445 0.0341 0.0380 0.0231 0.0400 0.0279 0.0402 0.0367
Phenylacetate 2.0108 2.5004 1.3972 1.3811 1.1601 1.2488 0.8709 1.2740 1.8126
Dimethylamine ND 0.0333 0.0116 0.0109 0.0063 0.0041 ND ND ND
Acetone 0.0696 0.1533 0.0648 0.0519 0.0266 0.0411 0.0475 0.0482 0.0737
Methanol 0.1212 ND ND 0.0070 0.0441 0.0270 ND ND ND
Table 5. Concentration change of main metabolites detected in burial (No. 3) (Unit : mM)
Compound Jan. Feb. Mar. May Jun. Jul. Aug. Sep.
3-Phenylpropionate 0.4918 0.4834 0.2132 0.2500 0.1952 0.1750 0.054 0.0449 ND
Isobutyrate 12.2310 6.3145 1.5952 2.7889 1.5412 0.4723 ND 0.0384 ND
Isovalerate 9.0283 8.6332 4.0052 4.0563 3.3451 3.4909 ND 0.0138 ND
Benzoate 0.9056 0.8588 0.5595 0.5872 0.5990 0.4253 0.0871 0.2757 ND
Butyrate 4.3254 3.3203 1.0287 3.1961 1.2035 0.1181 ND 0.0223 ND
Valerate 3.0430 1.8881 0.8580 1.2484 0.8323 0.3719 ND 0.0184 ND
Propionate 26.5457 26.451 10.489  10.8228 8.6277 4.7006 ND 2.4324 0.1696
p-Cresol 0.4851 0.4627 0.3666 0.3871 0.3367 ND ND 0.2577 ND
Acetate 123.9588 108.9449  26.1452  33.2151 18.2637 8.7408  0.0044 6.6498 1.9809
Oxalacetate 0.0987 0.0970 0.0786 0.0841 0.0818 0.0630 ND 0.0436 0.0284
Phenylacetate 5.2161 5.4001 3.1521 3.1012 2.5749 2.4656  0.2201 0.9617 0.8220
Dimethylamine ND ND ND ND ND ND ND ND
Acetone 0.0983 0.1277 0.0621 0.0470 0.0391 0.0322 ND 0.0210 0.0140
Methanol 0.0230 0.0089 ND 0.0295 0.0270 ND ND ND
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Table 6. Concentration change of main metabolites detected in burial (No. 4) (Unit : mM)
Compound Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep.
3-Phenylpropionate 0.8165 0.9677 ND ND 0.1735  0.0223 0.3205 0.3674 0.4476
Isobutyrate 26.0279  38.6969 14.1701 ND 3.7823  0.1770 2.8622 1.5421 2.2302
Isovalerate 13.9089  19.2056 ND ND 1.5074  0.1282 3.3789 4.0544 4.9868
Benzoate 0.6213 0.5828 ND ND 0.5003  0.1485 0.2415 0.4064 0.8123
Butyrate 67.5418 95.1187  13.746 ND 41206 02115 14.6516 155326 8.3746
Valerate 23.1199  36.8623 11.4795 ND 1.3803  0.0390 1.3547 2.0356 2.2597
Propionate 36.0472  51.7275 10.1951 ND 3.1774  0.1322 7.6567 10.6622  14.5575
p-Cresol 0.7736 0.6747 ND ND 0.2789  0.0416 0.0382 0.2835 0.3153
Acetate 150.5304 210.8799 31.8822 ND 11.6893 02180 47.3556 76.4831 112.754
Oxalacetate 0.1982 0.3122 ND ND ND 0.0354 0.0498 0.0527 0.0638
Phenylacetate 6.6681 8.8986  9.5711 ND 1.0394  0.1046 2.0202 2.4432 3.1518
Dimethylamine 0.1053 0.1759 ND ND ND 0.0219 ND ND ND
Acetone ND ND ND ND 0.0804  0.0331 0.0865 0.0628 0.0937
Methanol 0.0637 ND ND ND ND 0.0287 ND ND ND
Table 7. Concentration change of main metabolites detected in burial (No. 5) (Unit : mM)
Compound Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep.
3-Phenylpropionate 0.1628 0.2111 0.0674 0.0859 0.0723 0.0529 ND ND ND
Isobutyrate 2.0983 1.6401 0.7214 0.5855 0.4527 0.2474 ND ND ND
Isovalerate 4.9424 5.6828 1.2150 1.6934 1.1561 0.6748 ND ND 0.027
Benzoate 0.5784 0.7798 0.2152 0.3181 0.2953 0.2148 ND ND ND
Butyrate 0.9815 1.0569 0.6214 0.3154 0.1251 0.0172 ND ND 0.0369
Valerate 0.6777 0.6828 0.3616 0.1469 0.1160 0.0200 ND ND 0.0129
Propionate 13.4359  16.4728 3.7316 4.1418 2.4027 0.0856 ND 0.0401 0.1221
p-Cresol 0.4565 0.4317 0.2625 0.3200 0.2705 0.0066 ND ND ND
Acetate 64.4159 81.8164 17.2508 23.2408 16.1699 1.0190  0.0049 0.9985 1.9135
Oxalacetate 0.0916 0.0990 0.0390 0.0486 0.0410 ND ND 0.0127 ND
Phenylacetate 2.0833 2.8685 0.753 1.0993 0.9512 0.7531 ND 0.2587 0.1778
Dimethylamine ND ND ND ND ND ND ND ND ND
Acetone 0.0351 0.0413 0.0111 0.0138 0.0150 0.0049 ND 0.0044 ND
Methanol 0.0297 ND ND 0.0043 0.0260 0.0191 ND ND ND
Acetate, Oxaloacetate, Phenylacetate= 4 7] 2] vl &X] CoAFH & o R thAtel] AFEEHA E+=d AFA7}

A FEHoZ FA st Mt gadce AFS
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99 MZo| A= 112.7540 mM 7HA] ZE7HeE AL &9
g 4= AT Phenylacetate®] 739 129% AAE9] 115
2} FEE 0.0020 mMellA 31531 = 0.3285 mM7EA]
S 7Fek=Hl, o] "l A= o}u =41 phenylalanine 3}
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