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Abstract

The nutrients in livestock manure produced during fermentation processes in public livestock
recycling centers are used as fertilizers. However, the large amounts of swine manure
produced in intensive livestock farms can be a nonpoint source of pollution. In this experiment,
we investigated the chemical properties, inorganic components, and heavy metal contents in
101 samples of liquid swine manure collected from 28 public livestock recycling centers
throughout the nation. Results showed that the average pH of the samples was alkaline (pH
range 5.18 to 9.54), and their maximum EC was 53.2 dS m™. The amounts of total nitrogen
and total phosphorus were in the range of 1000 - 2000 and 200 - 800 mg L™ while potassium,
which constituted 47% of the total inorganic ions recovered from the liquid swine manure,
amounted to 1500 mg L. The most distinctive heavy metals recovered from the liquid swine
manure were copper and zinc although the amounts of both heavy metals were much lesser
than those of the standards as livestock liquid fertilizer set by the Rural Development
Administration. On the other hand, the amount of nitrogen decreased rapidly with an increasing
fermentation period from immature to mature, assumed to be lost as volatile compounds, such
as ammonia, which are the major odor components during the fermentation process.
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Chemical properties of liquid swine manure for fermentation step in public livestock recycling center

Pink] © 2 Hoh= M-S TEH O = of et EollH o 2 Folgt Blank 3 - 57 & UotA T, A4kt ol
2 AFRS] & FH4 100 mL 7Foke] Eaf| S F5te] ©]E 0.45 pm membrane A A E 0]-8-510] of 7Ht T2 o 1}
o8-S ICP-OES (GBC Integra XMP, Australia)S ©]-&5to] Z431AtE 22 At T340 £4-2 ICP-MS
(GBC Optimass-8000, Australia)ys ©]-85to] S5ttt =29 -9 USEPA 74732 7ot AHe4-2247]
(Direct Mercury Analyzer, DMASO, Italy)o]] 27 Hu]Qo-& FQ15to] EA5HZTHUS EPA, 1998). I-E A8 35F
502 AAIeH}.

1 1

T—n(%) = (I'—B) X NX f X 14 X To0omZ < 7~ 100 )

N : ZHFEZENO] Normality
W HHAES] A mL (g)

Results and Discussion

Table 19]A4] B Hle} Ho] B4k 2 11251A] 952 10171 A= o] tiet sfstA)-S B4 A7 Hof pHE U7
Aot 2]11.9.54, H A= 5.18% FAME| QI 12U ECE 211532 dS m, Bt 15 dS m™' & wlj-$ =} ogokdel
A0}l Bt 13759 148 mg L' 2 ZAME| Qe T18]11 EC=20-30dS m™' & TiHE 0 2 =012 Z ol A] thA
HAGeE 710 2 mriEct ERou| o] SBGIaEe 710] 9992 B2 FAIH] glom 484 A2 EAjshE f71=
AT F S A} F01O) BXEAS AW HH A4 1,000 - 2,000 mg L' oL} 912 2F80% H=7F200 mg L

Table 1. Chemical properties of the liquid swine manure.

Category pH EC TN PO&P WC TDS OM  Ash ollY
No. Sample 101 101 101 101 101 101 101 101 101 101 101
Min 518 3.0 0.0 054 8.0 03 011 0.1 44 26 7.7
Max 954 532 5512 8736 997 200 72 129 923 535 956
Median 8.02 137 973 437 986 14 06 06 521 302 479
Average 8.05 154 1,375 1023 978 2.2 0.9 12 4713 2714 527
St. dev 079 8.9 1,267 1485 26 2.6 1.1 20 254 147 254

WC: water content (5=3H=F); TDS: Total dissolved solid (Z-8F3113=), OM: Organic matter (+7]=); T-C:
Total carbon (FE4).
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Sl OFS 717 28.99% 149 mg L2 o] 5 ER O] FU4 /170 2 2171 0.83%S} 129%2 A D4 5 oF
212% A ERAE S e 9 S P2 IO T o B 7 AR A

Table 2. Contents of NH;*N and NOs N contained as a soluble phase in the liquid swine manure.

2] 2 Ratio
Total-N (A) NOs-N NH -N Total
(B) (©) (BIA) (CIA)
(mg L) (%)
3,300 28.9 14.9 0.83 1.29 2.12

= o ZAKE Zolth ZAHE 77 ol F 24, 2, 401, vh U
&0 575w £9Lor] 1% Jheli 2] ©F2,000 mg L' 0.2 FAPE A= 5 71y
QA=)

ok = 717 wo| B st= oleke oF
1,455 mg L' 2 ZALE| Qlet T2t A|= 7t A= ko] Hol 7t ol 7 AlH] A] EAS FHEA] TEjstofof T Z oz
gt Ate-L 7P wo] BRske =300 mg L2 9F 33% AE3.0m 252 1,5000] F 45% AT olH
252200 mg L] 2F 65% H =2 7P Boro M uh 1|42 50 mg L] 2F 57% H =2 714 gho] ZA5hs Ao
2 AL Q). o]t ERoH] o] SlaH it JEEASS 715 Al AlH] 7)ol g 2 ek g o] AA|E|ofof g A
O 2 gieietct. mhabA] A l A A2, QL ZAE ST AR e EFUR AN OR AT A AES 7IE 2R A

HRo] A= ojob & Al o = T,

Table 3. Distribution of inorganic ions in the liquid swine manure.

Na K Ca Mg Fe Al
Category (mg L)

No. Sample 101 101 101 101 101 101
Min 30.1 95.5 214 3.4 8.30 0.44
Max 659.7 2,919 1,053 255.0 316.3 94.2
Median 338.8 1,455 201.8 58.3 41.1 5.72
Average 128.6 591 200.9 55.8 48.7 11.1
St. dev 319.7 1,343 122.0 38.2 25.3 2.50

Fig. 12 ER0H] U] S34 55, B2, A, A28
ofdlo] 78 FEE0 2 ZAH QoM A R4S 1]

7}7}o] 4o A, H A B EAJS A HH(Table 4) 18] o 302 mg L, 4/\ 0.13mgL'o2 A=}
WA} o2 A0 2 ekt o ] g o}l At 186 mg L, )1 Hk 031 mg L HEE ZAHEIGck njeA
ZFREL 7150 RO A Telot obal S 7150 AT EoF o B EAS 1efste] Auze 245
ofof g 71 0 2 Beighh, a4 F Felo] I 50- 100 mg L7} 712] 98%E AHAloke 0 2 2AE|9 0 p] of
§1-2 25 - 50 mg L7} oF 76%5 ims £ A02 2A Wb A A S48 AWz R AR A 7
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Fig. 1. Concentrations and species of heavy metals in the liquid swine manure.

Table 4. Distribution of heavy metals recovered from the liquid swine manure.

Cu Zn As Cd Cr Ni Pb Hg
Category :
(mg L)
No. Sample 101 101 101 101 101 101 101 101
Min 0.13 0.31 0.00 0.00 1.73 1.60 0.00
Max 302.2 186.1 0.44 0.03 5.60 5.07 0.36
Median 7.32 17.9 0.04 0.003 3.58 3.30 0.04
Average 29.9 25.3 0.05 0.01 0.88 0.78 0.054
St. dev 292 10.1 0.03 0.00 3.69 3.38 0.02

Table "E J‘:ll’:/}g_—ﬂ]%ﬂ == i = i
18] 1 77 o] QRate A7t o)} ulhe 2 Bt ohje} BarhAlo] met o 4R

= A

Table 5. Chemical properties of three different decomposition levels of the liquid swine manure.

ooy (2):) (dSE/g]_1) T-N NHs-N  NO;z-N Org-N T-P K
' (mg kg”)
Mature Max. 8.3 23.9 2,942 2,227 425.9 669.7 608.0 19,740
Mature Min. 4.2 4.1 39.5 0.0 2.8 7.6 19.4 88.5
Mature Avg. 7.4 10.0 5335 307.8 90.3 221.7 182.4 2,944 .8
Mature Std. 1.1 5.5 613.8 531.0 95.7 238.1 163.6 43159
Intermediate Max. 8.66 31.0 3,397 2,858 26.6 1,750 634.4 3,898
Intermediate Min. 6.68 5.52 280 165 5.60 11.9 18.2 796
Intermediate Avg. 8.11 19.79 1,924 1,313 14.3 555 153.9 2,425
Intermediate Std. 0.45 7.03 950 767 6.10 372 126.4 747
Immature Max. 8.70 39.7 4,277 3,488 364 894 463 3,574
Immature Min. 7.53 1.7 562 392 5.68 160 337 94.2
Immature Avg. 8.01 234 2,272 1,762 14.3 496 134 2,067
Immature Std. 0.33 8.09 929 765 7.81 229 108 773
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Fig. 2. Comparison of average pH and EC for mature, intermediate, and immature liquid swine manure.
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Fig. 3. Amount of nitrogen depending on the types of nitrogen in the three decomposition levels of the liquid
swine manure.
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Fig. 4. Ratio of nitrogen depending on the types of nitrogen in the three decomposition levels of the liquid swine
manure.

Table 6. Passing rate to meet the official standards for liquid swine manure.

Degree of fermentation Contents

T-N T-P T-K Total
Mature Amount (mg kg 533.5 182.4 2,944.8 3,660
Mature Ratio (%) 14.6 5.0 80.4 100
Intermediate Amount (mg kg™ 1,924 154 2,425 4,503
Intermediate Ratio (%) 42.7 34 53.9 100
Immature Amount (mg kg 2,272 134 2,067 4,473
Immature Ratio (%) 50.8 3.0 46.2 100

Conclusion

7}EEy ofH|= ZATE @ AL v 271x|(HH] 24 0] H| 271 39, SIEA(EH, 2R gigh oA A, K
S, 22l Uit M), #E (AR, A9 P8, 715 (dH VR o' FREE 5 JlnE A
I ZAHE AA 10171 A& 5 Bl 23 FAEARE, A, 22 24240 A2 FAF 03% o 55
s AlE 45702 A AR A 59] oF 44.6% H TR SFols 202 FAE|QIT) 55| SHAT S F450]
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