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The Analysis of Environmental Loads and Material Recycling of
the Nutrients by the Livestock Wastewater Originating from

Imported Feeds
Young Man Yoon, Sang Eun Lee, Doug Young Chung*, Gyu Yong Cho**, Jong Duk Kim***

and Chang-Hyun Kim

ABSTRACT

The nearly 75% of animal feed materials used for livestock production are imported every year in
Korea. Most of imported feed ingredients are concentrated feeds such as corn, wheat, soybean, soybean
meal, etc. and they are used as the source materials for the production of assorted feed. The imported
concentrated feeds are high in nitrogen and phosphorus. Therefore, the consistent import of feed ingredients
may cause an increase of nutrient deposit in our agricultural ecosystem. In the current review, it was
discussed with the situation of the feed importation and its nutritional composition to evaluate the nutrient
load by the imported feeds onto agricultural ecosystem. The nutrient load caused by imported feeds in
agricultural environment was compared with the nutrient demand for crop production. The amounts of N,
P;Os and K;O introduced by the imported feeds in Korea were 371, 140 and 143 Ktons. And, the N,
P,Os and K;O loads excreted from imported feeds in livestock were 148, 84 and 86 Ktons of N, P,Os
and K;O and These nutrient loads by the imported feeds are at the percentage of N 52%, P,Os 52% and
KO 42% in the comparison of total nutrient amounts excreted from livestock animals in Korea. The
82.3% of nutnients excreted from livestock was recycled to crop land as compost and liquid fertilizer, and
the others were discharged to river afier water treatment processing or disposed to ocean. Also, passing
through the recycling process for the production of compost and liquid fertilizer, the amount of nutrients
was reduced by the ammonia vaporization of livestock feces and urine. Accordingly, N 81, P,Os 74 and

- K;O 76 Ktons in the nutrients excreted from livestock were estimated to be utilized in the crop land.
Consequently, it was estimated that 44, 48 and 69 Ktons of N, P,Os and K,O were taken up with crops
in the consideration of the ratio of mineralization, and the amounts of leached or deposited N, P,Os and
K;O in crop land were estimated to be 37, 27 and 7 Ktons, respectively. It is estimated that 12%, 34%
and 48% of N, P,Os and K,;O introduced by the imported feeds were used by crops, and 10%, 34% and
5% of N, P.Os and K:O were leached or deposited in agricultural ecosystem. Therefore, considering the
leached and deposited amounts of N, P,Os and K,O originated from the imported feed ingredients, the
consistent import of feeds may gradually increase the nutrient load onto agricultural ecosystem.

(Key words : Nutrient load, Nutrient demand, Imported ingredients, Concentrated feed, Assorted feed)
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Fig. 1. The flow chart of nutrients originating from livestock animals.
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Fig. 2. The model of nutrient balance analysis in agricultural system.
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Domestic Import  Subtotal °°¢ ;:tlépp y feed
Ktons % _ Ktons
2000 3,923 11,068 15105 26 792 15,897 3,392 19,289
2001 3,766 11,077 14,974 25 674 15,648 3,881 19,529
2002 3,896 11,754 15,795 25 663 16,458 3,845 20,303
2003 3,941 11,372 15,436 26 928 16,349 4048 20,403
2004 3,781 11,027 14,941 25 846 15,787 4084 19,955
2005 3,730 11,403 15,278 25 874 16,152 4,131 20,283
2006 3,862 11,675 15,639 25 1,356 17,049 4222 21,271

(Ministry of Agriculture & Forest, 2006)
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Table 2. Supply and demand facts of compound feed materials (2004)

Supply and demand of feed materials (Ktons)

ftems Domestics _Import Total
Grains 217 7,891 8,108
Brans 1,160 488 1,648
Animal protein 129 11 140
Plant meals 990 2,367 3,357
Inorganic ingredients 631 21 652
Others 654 249 903
Total 3,781 11,027 14,308
(%) 25.3 74.7 100

(Korea Feed Ingredients Association, 2006)
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Table 3. The amount and chemical composition of imported feed materials (2005)

Imported Composition (%)
Class Materials HS code amount Moi Crude P K
| | (tons) oisture otein
Comn 1005901000 6,627,076 14.00 8.15 031 0.39
‘Wheat 1001909020 1,289,567 12.91 12.05 035 0.63
Barley 1003009010 27,173 12.28 1143 033 053
Grains Rye 1002 7,978 13.97 946 029 0.27
Oats 1004 6,256 11.87 11.03 043 0.84
Soy bean 1201001000 990,418 11.14 38.43 0.63 1.04
Cottonseed 1207200000 126,313 10.01 13.67 0.76 1.50
Casaba 0714102020 264,548 10.00 31.19  0.29 1.19
Brans Wheat bran 2302300000 344,599 12.38 15.03 095 1.28
| Rice bran 2302200000 320 11.72 12.48 1.64 1.70
Al Fish meal 2301201000 48,488 9.58 63.64 256 0.84
i protein Meat & born meal 2301101000
Born meal 0506902000 266 6.76 3404 635 046
Soybean meal 2304000000 1,490,581 12.20 45.19 0.72 2.23
Rapeseed meal 2306410000
Rapesced meal(others) 2304690000 289,640 10.59 36.80 139 1.74
Plant meals Cottonseed meal 2306100000 57,174 11.94 3352 090 1.38
Palm meal 2306500000 424,789 10.39 21.09 0.64 1.82
Palm oil meal 2306600000 413,411 11.5 15.7 0.59 0.84
Starch meals 2303100000 170,954 11.52 11.65 0.53 0.09
Alfalfa pellet 1214100000
Alfalfa bale 1214909010 151,838 14.62 148 024 1.19
Beet pulp 2303200000 120,391 11.17 978  0.10 0.32
Others Cotton seed hull 2308003000 84,789 9.15 59 0.77 1.30
Beef tallow 1502001090 69,215 1.40 1.60
Milk replacer 2309901091 645 9.50 25.21
Root feed crops 1214901000 549,083 12.23 5.1 0.13 1.47
Feed crops 2308009000 80,178 13.09 15.12  0.25 3.35

(Korea Agro-Fisheries Trade Corporation, http://www.kati.net, National institute of Animal Science, http:/www.
nin.go.kr/sary02003/)
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Table 4. The management facts of livestock wastewater in Korea

Non point source

Point source

Public uegg;nt Public Ocean Joint _ Self-treatment "
treatment (recycling)  treatment  disposal treatment Composting liquefying 4 e = o
...... Y U 7
68.0
04 18.6 4.1 3.9 6.3 33 3 54 3.0
(Ministry of Agriculture & Forest, 2006)
Table 5. The nutrient demand of crop and forest lands in Korea (2005)
Nutrients Crop land Forest land(chestnut) Total
___ tons/year
N 130,616 16,883 147,499
Dethand of basal P,0s 128,484 21203 149,687
K>,0O 107,843 12,722 120,565
D d of additional PI\(I) 127,665 11,203 138,?23
fertilization 23 11,128 0 1,
K;O 70,503 12,722 83,225
N 258,281 28,086 286,367
Total P,0s 139,612 21,203 160,815
K,0 178,346 25,444 203,790

(This table was calculated from cultivation area data using the fertilization unit of crops that recommended by
Rural Development Administration, The crops for nutrient demand analysis include the land crops of the 14 cereal
crops, 8 fruits, 18 vegetables and 7 special crops, and the feed crops, and the forest crop such as chestnut.)
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Table 6. Excretion unit and nutrient composition in feces and urine of livestock animals in

Korea

Excretion unit (kg/head/day) Nutrient composition (%)
Livestock . Washing N P,0Os K,0O

Feces  Urine water Total Feces Urnne Feces _ Urine Feces Urine
Hanwoo cattle 10.1 4.5 0.0 146 034 0.48 0.29 0.006 0.09 0.48
Dairy cattle 24.6 11.0 10.0 456 0.26 0.34 0.10 0.03 0.14 0.31
Pigs 1.6 2.6 4.4 8.6 0.77 0.83 0.50 0.07 0.25 0.20
Poultary " 0.12  — ~ 0.2 0.89 — 0.26 — 0.39 -

(Ministry of Environment, Notice No. 1999-110; National Institute of Animal Science, 2000)

Table 7. The fecal and urinary excretion amounts and the total fertilizer component loads by

livestock animals in Korea

Heads Excretion amount Total fertilizer component load
Livestock (1,000 Feces Urine Total N P,Os K,O

heads (Kton/year) _ (ton/year)
Hanwoo cattle, horses 1,839 6,780 3,021 9,800 37,550 19,842 20,600
Dairy cattle 479 4,300 1,923 6,222 17,716 4,877 11,980
Pigs 8,962 5,234 8,504 13,738 110,885 32,121 30,093
Chickens, ducks 118,016 5,488 — 5,488 48,842 14,268 21,403
Total 129,296 21,802 13,448 35,248 214,993 71,108 84,076

(This table was calculated from live stock head data using the excretion unit and the nutrient composition of the

Table 6)
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Table 8. The distribution of nutrients by the treatment methods of livestock feces and urine

Proportion Amount of nutrients Vaporization
Treatment P N P,Os K;0 N
_ __ _ __(%) _ - (tons/year)
Recycling Compost 83.20 107,325 59,162 69,951 71,550
Liquid fertilizer 5.40 10,449 3.840 4,540 1,160
Sub-total 117,774 63,002 74,491 72,710
Disposal Water treatment 7.50 16,124 5,333 6,306 —
Ocean disposal 3.90 8.385 2,773 3,279 —
Sub-total 24.509 8,106 9,585 - —
Total 100 144,283 71,108 84.076 72,710

(This table was calculated from the fecal and uri excretion amounts data and the total fertilizer component
loads data of Table 7 using the management fact of livestock wastewater of Table 4)
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Fig. 3. The amounts of each nutrient demand in crop land, the total nutrient load by livestock
feces and urine, the farm input of fertilizer from livestock feces and urine and the

amount of crop available nutrients in Korea. This Figure was represented from data of
Table 5, 7, 8.

Table 9. The expected amount of nutrients in the fertilizer components of the imported feeds

and the amounts of nutrients in the fertilizer components produced by animals fed
the imported feeds

Import The amount of nutrients in the The amount of nutrients in the
Apo fertihzer components of the fertilizer components produced by

Matenals amount imported feeds animals fed the imported feeds
N P,O K20 N P,0O K.0
(ton/yezir_l gtgnngxéar) 2 gtgng_zz _ggs ar) 2
Grains 9,339,329 188,872 75,945 59,685 75,549 45,567 35,811
Brans 344,919 8,293 7,509 5,322 3,317 4,505 3,193
Animal protein 48,754 4,952 2,881 492 1,981 1,729 295
Plant meals 2,846,549 155,801 48,861 60,764 62,320 29,316 36,458
Others 1,056,139 12,918 4,699 16,932 5,167 2,819 10,159
Total 13,635,600 370,836 139,895 143,195 148,334 83,938 85,916

(The amounts of nutrients of the imported feeds in this table was calculated from the data of Table 3, and the
amounts of nutrients produced by animals was calculated in basis of the digestibility of pig)
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Table 10. The distribution of nutrients by various treatment processes of feces and urine
excreted from animals fed the imported feeds

‘ " Rate Amount of nutrients Vaporization
Processing method N P,0s K:O N
%o tons/year

Recycling C.omPostin'g. 83.20 74,048 69,836 71,482 49,366

Liquid fertilizer 5.40 7,209 4,533 4,640 801

Sub-total 81,257 74,369 76,123 50,167
Disposal Water treatment 7.50 11,125 6,295 6,444 —
Ocean disposal 3.90 5,785 3,274 3,350 —
Sub-total 16,910 9,569 9,794 —
Total 100 98,167 83,938 85,916 —

(This table was calculated from the fecal and urinary excretion amounts data and the total fertilizer component
loads data of Table 9 using the management fact of livestock wastewater of Table 4)
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Table 11. The comparison of demand and supply of nutrients in fertilizer components in
Korean agricultural environment (tons/year, %)

Revenue N P20s K>O Total
The total nutrient demand (A) 286,367 160,815 203,790 650,972
Demand of basal fertilization (a) 147,499 . 149,687 120,565 417,751
Demand of additional fertilization (b) 138,868 11,128 83,225 233,221
Use of chemical fertilizer (B) 328,331 144,799 176,801 649,931
Total nutrient load by livestock (C) 214993 71,108 84,076 370,177
The nutrient load by recycling of livestock feces and urine (D) 117,774 63,002 74,491 255,267

The nutrient balance-chemical fertilizer
Versus the total nutrient demand (B/A) 114.65 90.04 86.76 99.84
Versus the demand of additional fertilization (B/b) 236.43 1301.21 21244 278.68
The nutrient balance-livestock
Versus the total nutrient demand (D/A) 41.13  39.18 36.55 39.21
Versus the demand of basal fertilization (D/a) 79.85 42.09 61.78  61.11
The nutrient balance-total supply of nutrients |
Versus the total nutrient demand ((B+D)/A) 155.78 12922 12331 139.05
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Leaching & d i
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Fig. 4. The nutrient balance by livestock feces and urine in agricultural system (Ktons). This
Figure was reformed from data of Table 5, 7, 8, 11.
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Table 12. The comparison of demand and supply of nutrients in fertilizer componénts
originated from imported feeds in Korean agricultural environment (ton/year, %)

Revenue N P,Os KO Total
The total nutrient demand (A) 286,367 160.815 203,790 650,972
Demand of basal fertilization (a) 147,499 149,687 120,565 417,751
Demand of additional fertilization (b) 138,868 11,128 83,225 233,221
Total nutrient load by livestock (C) 148,334 83,938 85,916 318,188

The nutrient load by recycling of livestock feces and urine (D) 81,257 74,369 76,123 231,749
The nutrient balance-import stock feed

Versus the total nutrient demand (D/A) 2838 4625 3735 356
Versus the demand of basal fertilization (D/a) 5509 4968 63.14 5548
Imported stock feed '
(concentrate & fodder feed | | livestock Livestock
total imported amount : 13,636, tvestoe products
N 371, P,05 140, K,0 143
Livestock feces & urine water treatment &, ocean
(the total nutrient load by livestock) Bk disposal
N 148, P,0, 84, K,0 86 N 17,P,0510,K,0: 10
Manure & liquid fertilizer Vaporization in compostin
- (the nutrient load of recycling) Lry| ¥ aporizatl N 50 p g
N 81, P,0, 74, K,0 76 -
Farms
(the amount of crop available nutrients)
N 44, P,0, 48, K,0 69
Leaching & deposit

N 37, P,0, 27,K,0 7

Fig. 5. The nutrient balance by imported feeds in agricultural system (Ktons). This Figure was
reformed from data of Table 5, 9, 10, 12
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