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Abstract

In order to analyze environmental impact of livestock manure and organic fertilizers, this study
investigated livestock-breeding and pollution loads, the status of individual and public livestock
manure treatment facilities, and the status of production, supply and components of compost and
liquid fertilizers in the Nonsan area. Also, on a trial basis, this study investigated the life cycle of
the environmental impact of livestock manure and its organic fertilizers on stream, groundwater,
and agricultural soil. The results are as follows.

Firstly, were detected the range of 0.13~1.32 ug/L of As, 0.004~0.467 ug/L of Cd and 0.5~9.2
ug/L of Pb as a harmful substances which show lower concentrations than person preservation
criteria of water qualities and aquatic ecosystem. However, it is not clear that heavy metals affect
environment such as stream, groundwater and agricultural soil. Secondly, this influence could
change according to investigation time and treatment efficiency. As were detected large amounts
of persistent organic pollutants(e.g. 14.24~38.47 ug /L of acetylsalicylic acid, 1.17~2.96 ug/L of
sulfamethazine, and 2.25~174.09 ug /L of sulfathiazole) in effluent from livestock farms and small
amounts of sulfathiazole(ND~1.63 ug/L) in the stream, it is necessary to monitor POPs at
individual and public livestock manure treatment facilities. However, significant environmental
impact did not appear at groundwater and agricultural soil in the test area supplied with liquid
fertilizers.
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These results could be applied to investigate the environmental impact of livestock manure

through a comprehensive livestock manure management information system.
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Table 1. Investigation items and analytical methods

Items Analytical method Apparatus
Ni, Cu, Zn, As, Cd, Pb ICP-MS method Varian, US/820-MS
Acetylsalicylic acid, Sulfamethazine, Sulfathiazole LC-MS/MS method Thermo, LC-MS/MS

Table 2. Sampling schedule
Sampling number Ist 2nd 3rd 4th Sth 6th 7th 8th 9th 10th
Time ’12.04.19 | *12.05.29 | ’12.06.25 | *12.08.29 | 12.10.09 | *12.11.08 | *13.05.08 | 13.07.02 | ’13.09.04 | *13.10.30
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Figure 1. Sampling sites in the Masan watershed
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Figure 2. The status of livestock-breeding density in Nonsan city in 2012
Table 3. The status of livestock-based pollution loads in Nonsan city in 2012
Classificati Livestock manure flowrate(m’/day) BOD loads(m?/day) TN loads(m’/day) TP loads(m’/day)
assification
Generation | Discharge | Generation | Discharge | Generation | Discharge | Generation | Discharge
Gayagok-Myun 62.8 429 1,932.5 739 4359 50.6 157.8 5.7
Ganggyung-Eup 14.8 11.1 294.8 14.6 72.6 10.1 24.7 1.1
Gwangseok-Myun 476.1 121.8 7,924.7 239.7 1,932.3 1512 780.8 17.7
Noseong-Myun 158.1 119.2 2,904.6 162.1 694.9 1159 275.1 15.8
Beolgok-Myun 50.3 38.8 705.2 39.0 181.8 304 74.0 44
Boojeok-Myun 479 314 1,608.9 99.9 360.8 58.1 1204 5.8
Boochang-Dong 22 1.7 382 24 9.2 1.7 3.6 0.2
Sangwol-Myun 1234 974 2,454.0 159.1 585.0 109.0 227.8 14.0
Seongdong-Myun 1184 87.1 3,225.1 198.5 738.6 124.0 276.0 152
Yangchon-Myun 103.9 65.0 2,100.5 132.0 504.6 84.6 187.6 9.8
Yeonmoo-Eup 608.0 758.9 9,871.0 4473 24172 324.1 990.3 499
Yeonsan-Myun 153.9 106.9 2,962.8 159.3 715.2 113.8 273.2 14.1
Eunjin-Myun 74.8 54.8 1,735.0 96.5 408.7 67.3 1543 8.0
Chaewoon-Myun 427 30.5 774.8 45.0 187.0 30.8 73.5 4.1
Chuiam-Dong 3.8 0.5 185.9 1.7 40.0 0.9 14.5 0.1
Sum 2,041.2 1,568.0 | 38,7179 1,871.1 9,283.8 1,272.6 3,633.6 165.9
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Figure 3. The status of collection for livestock manure

Source: NGNH, 2012.

10,000

_g

g

_%

Compost supply (ton)

1 2 3 4 5 6 7 & 9 10 1 12

8,000

;

; 6,000

g

H

% 4,000

g

s

= 2,000

g
THIER N
4 F3 3 ° = 1
§ss§£§§£§E§“§§§§§

Figure 4. The status of supply for livestock manure compost

Source: NGNH, 2011.



HEE - 0IYF - OlHT - 240} DIy  OIFM - YolZl - RAF / 1B o &bl Ablof O3t HIYPIN A7 81

7heol TR A 9lon] £ TejuA ol

o A Mg ARG At 5d0)| 3.8 E/10az 71 7

oo wm ZAFE ItHFigure 6), =4S W] FFg A&

Figure 5. The status of annual supply for livestock manure W(17.612 )7} TAH(9,985 E)o| 7F wrokou]
gu . L o 1 U\Y, L O 16 A—

__ 1500.000 . . e ]—X]Oﬂ Z-]xﬂ OHH]A]-_g_ 299 E/Iani ez
o Product ™ Suppl

5 1200000 w AFAO00AA ke e o - o] o187
£ 2wl whek APgE Aup O & AAH| g
£ 900,000 -

g 8.7 kg/lOa, i EEFE 2.9 kg/10a, ZejH| B
s ] 2131 kg/10a0.8 ERgt}, 20124 ofu)e
E 300000

-

compost s
Source: NGNH, 2012. HA G dH| TG0 2 HitelH 4.2 £/10a2 A4
5,000,000 30,000 a
4,000,000 24000 = g 8
e 3,666,432 3 5
E 3,000,000 - 18,000 B E &
i g :
38
'§ 2,000,000 - 12,000 E é 4
Fl
a 3 & 22
1,000,000 — E- E_ 24
0 -0 04
1 2 3 4 5 6 7 8 9 10 1 12 12 3 4 5 6 7 8 9 10 1 12

Figure 6. The status of seasonal supply for livestock manure liquid fertilizers
Source: NGNH, 2012.
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Table 4. Analytical results of compost components of livestock manure

o Public 2011 2012 2013

Classification
standards | Mar | Jun | Sep | Dec | Mar | Aug | Jan | Feb | Apr | Jul | Aug | Sep
_ Organic matter 30%) | 494 | 53.7 | 483 | 486 | 702 | 754 | 645 | 703 | 372 | 475 | 425 | 448
Main Nitrogen - 61562019196 1s]21]17]17

components

CN 400 |29 ] 336322304 351397 221|241 255232249 | 264
Arsenic asp | - [aawr - - - Toas| -] -] - o] -
Cadmium 51 S - Josleas] - | - |-
Mercury 2| - - - e -
Harmful Lead 130, | 46 | 45 | 83 | 3.0 | 43 | 08 | - | - | 43 | 34 | 10 | 28

componets -
(mgkg) Chromium 200, |53 ]80 1209508 98| - | - [125]146]277] -
Copper 360, | 780 | 727 [ 61.1 | 86.7 | 1663|1682 106.1]143.5] 181.2] 141.1] 912 | 98.5
Nickel 450 [ 326351432564 - | - |78 |114]166] -
Zinc 900, [258.1[212.9(2763 (3093|5007 | 4569 |329.7 | 528.3 | 542.2[ 508.9 | 454.8 | 488.9
Salt 18%] | 1.02 ] 096 | 1.18 [ 0.87 | 0.84 | 1.11 | 1.07 | 131 | 151 | 1.89 | 098 | 1.06
o Moisture 55%| | 304 [ 271|322 | 314 [ 396 399 | 350 | 452 | 438 | 352 | 453 | 418

1S
[ comMe1000 | M M| eM | eM [eM [eM | - [eM | em [ em [ em [ em | em
Maturation -

Seed budding™ | 701 - - - - - 1890 - - - - - -

Source: NGNH, 2011~2013.
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Table 5. Analytical results of liquid fertilizer components of livestock manure

o Public 2011 2012 2013
Classification .

standards Mar | Sep | Aug | Sep | Mar | Apr Jun | Aug | Sep-l | Sep-2

Nitrogen Sumofeach | 0101 032 004] 008 037 o041 o040 o004 o018 o

Main P.0s component |  0.14] 007] 006] 003 o1r] 005] 009 o004] o004 019
components K:0 0.3%1 023] 024] 018] 026/ 030 031] o052 o013] o044] 039
(%) Ca0 - 0.15| 012 0025 002| 015 007 - 00 - -
MgO ¥ 007] 002] 001] 0003] 004 001 - om - -
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Table 5. Continued

. Public 2011 2012 2013
Classification .
standards Mar Sep Aug Sep Mar Apr Jun Aug | Sep-1 | Sep-2
Arsenic 5] - - - - 1.50 - - -1 005
Cadmium 02} - - 005 018 0.19] 005 018 005 -
Mercury 0.2 - - - - - - - -
Harmful Lead 15, - - - - 045 013 007|008
components -
(mgkg) | Chromium(Cro) 30} ©0.08)| (0.06)| ©41)] ©31)] ©37)] ©45] 186] .11 066 075
Copper 50} 1868 36.67| 461| 309 919 670] 773| 193] 7.69| 1585
Nickel 51 041 019 027] 067| 097 114] 172| 047) 077] 148
Zinc 130} 53.63| 3667| 1076 13.11] 4840 3739 221| 7.04| 40.77| 9056
Others Salt(Na:0) 0.3%) 006 007] 005| 008 009 010] 019 015 018
(%) Moisture 95% - - - - - 963 97.5| 973
Iron 12134] 91.09| 2585 26.13| 110.10| 5539 -] 1239 - -
Heavy metals|  Manganese 153 1029| 344| 249| 1669 891 - 259 - -
(mg/kg) Boron 691 178 470 699 271 475 - 548 - -
Aluminium 275| 1795| 832 215| 3921| 17.35 -l 255 -
Source: NGNH, 2011~2013.
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Ni& & 2ARs7} 7155w A A]d 9] 4
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AFE7He] AJst4o| A 0,24~0.64 ug/L, 4=
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ug/Lo Heloll Al 2ARESITE, Ni Asizl 2H87]%
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oJst= qrgstal Qlrt. Cust MR R = S4bs
7ke] YoM Hsg £A7E oo R 2AE S
S HiE o] 71 ofstE AR ST

Ase SHHOA AtEe AREZ 7]E SR 50
ug/L oJ8k= A3k lar, vhibd = Aol A 0.6~
4.2 ug/L2 7|EE0 WA vehygt, A8l 42
&5 BA7IEANAE SH B7IET v A =
50 pg/L o3tz AskaL 9lo] 0.13~1.32 ug/Lo|
PloflA 2AFE 0] o] 7]EHTE WE e YrERlTh
EZ Ase FAATEST 1.8~5.3 ug/L, 8 %
752 1.0~6.4 ng/LE Y} B A 7oA o]& 7|
éit} W2 ghe el

& ojupolojufoly g U0 7|u SHofA Al

4 AZET 7)1 2 HeR 247|208 5 g/LE
8kaL ik, mhEd freoll A 2ARE At S4ks7t
o] W=l A 0.007~0.577 ug/L, 3FellA] 0,004
~0.467 ug/L, &4 AFE50lA 0.011~0.047
ug/LZ Yeh o5 7|EET W2 ghe 2 Zle
2 AT ERE Aok 2 E7IE
210 pg/L olAe.2 Aska glon, 0.002~0,017
ug/LE UEht o] 7]} o W2 i Zh= A
O 2 ZARE.
Pb2 =g 471E 10 ug/L I3, oA AF
O] A7HZ 7] 50 pg/L I3, Askro] Hg-
7712 100 pg/L ot A3k ek, Ph =
Fs7he] R ol Al 0.3~11.4 pg/L, s A
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Cut 8.5~12.3 mg/kg(F& 7)& 150 ©]3}), Zne
35.2~67.1 mg/keg(Z2 712 300 |3}, As 3.6~
4.2 mg/kg(ZF2 7% 25 ©]3}), Cd 0.062~0.086
mg/kg(F-2 71 4 o]3d}), Po 11.1~16.6 mg/kg
(2 71 200 osh)e] HQlellA A= ST}, E
H] - Hu|F AH]EkA] o2 B A M ET ARG E
of9 - E9F3 2| H oAl Ni, Cu, Zn, Pbe] HE=7}
LO~1.98) A =4 ZAE O As, Cde 23]
2] A b Eu] - djn) Ajujof w2 g ol R E

ety 2,
() BFle
AR F FUBY AGEFE Table 6°]

UEh =t 20118 TE 5 759 uj AR ol A]
FAEE Aol A FAH7] dizol] ARl 4
} Zashal ok, Acetylsalicylic acid= ZEA E
AEAZ AREH, Sulfamethazine?} Sulfathiazole
FAEAE AREH

| dAtollAl A, shpol A QoFEH o]
HEE AIE 2ARE A, 93742+ (2011b)
o] =5t Lol A S-S0l Al Acetylsalicylic acid
0.012~1,181 ug/L, Sulfamethazine 0,004~0,309
ug/L, Sulfathiazole 0,012~0,961 ug/L 52| 2J¢F
o] AEHE Ao Ao, e
Shelof A 2006\ 4=3Y3t Aol A sk 2| Al ol
A Acetylsalicylic acid7} Y404 EHE~88.99
ug/L, WirarollAl EHE~6.73 ug/L HelolA A
SE= 2A0E eyt B3 7SR 35 A A
/dof| A Sulfamethazine©| Y=o A EHE~658.511
ug/L, FiarollA S3HE5~1.856 ug/L #9lolA 4
2511, Sulfathiazoleo] ¥4=ol|4] 0,193~2,293.934
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Table 6. Annual status of antibiotic use for livestock (unit: kg)

Firold EHE~4.077 ug/L HelolA A

Antibiotics 2002 2003 2004 2005 2006 2007 2008 2009 2010
Sulfamethazine 33,812 20,098 | 26,864 28,308 27,731 24,024 19,390 19.472 17,067
Sulfathiazole 134,517 | 123,596 | 96,403 122,496 | 103,868 | 106,523 86,886 28314 48,481

Source: MAFRA - NVRQS, 2011.
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Table 7. Analytical results of POPs in the Masan watershed
Classification Acetylsalicylic acid (ug/L) Sulfamethazine (ug/L) Sulfathiazole (ug/L)
Quantitative limits 0.50 0.05 0.05
Sampling time 9th 10th 9th 10th 9th 10th
Livestock manure 67.47 - 17.70 2,205.95
A farmhouse Effluent 3847 - 1.17 174.09
Groundwater ND - ND ND
Livestock manure 6,332.01 - 3.01 289.04
B farmhouse Effluent 14.24 - 2.96 2.25
Groundwater ND - ND ND
Upflow of A ND ND ND ND ND ND
Downflow of A ND ND ND ND ND 1.63
Stream
Upflow of B ND ND ND ND ND ND
Downflow of B ND ND ND ND ND 0.41
Effluent from - ND ND - ND
S5 AR 2AE AR A9 st ol A fraflE el Ase 0,13~
H Lo A 92} @ 102} RAFA] HFAEE 5 <of| A 1.32 ug/L, Cd2 0,004~0.467 ug/L, Pb2 0.5~9.2
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