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FOREWOQORD

Japan is a densely populated country.  The
average farm sisze is small, and there are strict
regulations to prevent environmental pollution.
This means that livestock farmers in Japan face a
difficult  problem in disposing of livestoek  wastes.
This important Bulletin describes methods of waste

treatment, inclady.

+

the composting of solid wastes,
and the major problems which remain, such as the
need for low-cost teatments to remove nitrogen and

phosphorus from wastewaster.

The Bulletin is based on a paper first
presented at an international  workshop on
“Development Approaches for Livestock Based Rural
Enterprises™, held in the Philippines in May 1994,
The workshop was co-sponsored by the Philippine
Council for Agriculture, Forestry and Natural
Resources Research and Development (PCARRD),
and  the Department of Agriculture of the
Philippines
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TREATMENT AND UTILIZATION OF ANIMAL WASTES
IN JAPAN

Y. Harada
Project Research Team No. 6
National Agriculture Rescarch Center
Kannondai 3-1-1, Tsukuba 305, Japan

ABSTRACT

A the animal indusiry has expanded e dapan and the seale of farms has erown, a vast
amount of animal wastes i being produced. The manacement of these wastes has become a
sertots problem. The legal constraines on envircnnicenial pollution have become stricter. Animal
wastes should be wilized i agriculture, and recoveled as a valuable resowrce. Wastewarer, swhich
noditficudt o e Joraericalioal purposes. showdd beireated properls oo prevent environmental
potlution.

Compostine s an cffective method op uthizme solid wastes The technology Tor nkine
compont rom waste materials sowell developed and pracical . However, gualiuy conrol - for
componst dcs net el been attaied - and there are nos rapid methods of estimating compost qualiry,
althowed near miprared spe oscopy analvsis i oa pronsing techingue

Laedevelopment o low-cost aechmigues winch remove most o the nurogen and - phosphorus
frove anmal wastewarer sovet qon beachieved. Nivogen should be removed by denitrilication,

while phosphorus showdd be recovered o an avardable forme and wilized. Althoweh activated
Mudee iy wsing anterntent aeration and  TBN O reactors are available, further research o is
needed
POLLUTION PROBLEMS CAUSED BY were onlyone quarter s many as in 1973
ANIMAL WASTES (Fig. . However, the average number of
pollution problems per 1000 farms has tended
The ammmatb andustry i Japan has to ncrease, especially on pig farms (Fig. 2),
expanded rapidly over the fast tew  decades,
While the total number ol animals has Legal Aspeets of Pollution Control
increased, the number of fivestock farms has
decreased. Consequently, the average number The discharge ol wastewater into public
of anmals Reptoon cach tarm in 1992 was waterways in Japan s controlled by the Water
257 umes greater than i 1970, Poltution Presention Act. Under this Act.
Such a raprd inerease has mevitably nitrogen and  phosphoras were added o the
resulted i pollution problems from  fivestock Ist which abready included criternia sach as
wastes. The 1ol number of pollution BOD  thicehemical oxveen demandy, COD
comphunts reached 286010 i 1993 Clable . tchenmcal onygen demandy and SS Gaaspended
most ol them concerned with malodor and solidsy cTable 2. Althoueh the criteria for
water polluton. Pollution problems e the mitrogen £ 260 me/l and phosphorus 130 myy/
swine andustry are parbcularly senous, because Ly ammal wasteswater are provisional - at
swine producers osually have hittle or no prescnt. crterie covennge these wall be apphed
cropland 1o which they can apply the manure. 1o Iivestock s alter 1993,
The number of  complants mercased Malodor o contiolled by ahe Malodor
rapidly to reach a0 peak e 1973 and then Control Taw. The regadation stindands govern
gradualby - decreased, <o that o 1993 there the  permissible concentration of  various

Keywords: composling, livestock production. livestock wastes. polluion. TBX reactors. waslewater



Table 1. Pollution problems caused by livestock wastes in Japan, 1993

Malodor Water Destructive Othcr Total
pollution insects problems

Swine 725 550 30 23 1,055 (36.9%)
Poultry 361 103 187 24 631 (22.1%)
Dairy cattle 508 374 38 43 836 (29.2%)
Beef cattle 147 124 21 12 264 (9.2°%)
Others 36 19 12 13 75 (2.6%)
Total 1,777 1,170 288 115 2,861 (100%)

(62.1%) (40.9%) (10.1%) (4.0%) (100%0)
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Fig. 1.  Occurrence of pollution problems from animal wastes in Japan,
1970-1993
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Fig. 2. Occurrence of pollution problems per 1,000 farms in Japan, 1970-1993

Table 2. General criteria

for discharged wastewater
Prevention Act of Japan

under the Waiter Pollution

Item

pH

Biochemical oxygen demand
Chemicil oxygen demand
Suspended solids mitrogen
Nitrogen

Phosphorus

Caliform bactena

Unit

mg/L
my/L
my/L
mg/L
mg/L
No./mL

Limit

58 8.6

160 (daily av.
160 (daly av.
200 (daily av.
120 (daily av

120
120)
150}
60)

16 (daly av. 8)

daily av. 3000




malodorous  compounds at the boundary  of

livestoch farms, In 19900 tour volatile s

acids (VENY were added o the st of

sabstances  regulated  byothis Law. which
alrcady ncluded  arght substances sach s
ammonie. methvl mercaptan and - hvdrogen
sulhide (Table Fhese By acids et an
offensive odor at even small amonats are
preseat meoammal wastes, especnadly swine
Wastes, An awdditional ten substances,
includimg  propancaldehyde. sobutyt aldehyde
and sobunv |l alcohol. were added 1o the list in
1094,

Quantity of Animal Wastes

The total production of animal wistes in
Japan was estimated i 1993 10 be 93 milhion
mtoper year Clable e These wmial wastes
contam farge amounts of nutrients. including
mtrogen. phosphorus. potssium. and various
other nunerals. The total unount of mitrogen
contained 1 these wastes has been estimated
at 016,100 mi/yr.
hvestoch wastes s HORG of the total nitrogen

The nmitrogen contained in

used n the torm ot chemical tertilizer
(370,000 mi/jvr.

Table 3. Concentration of regulated malodor substances by odor intensity (ppm)

Malodor substance

Odor intensity

25 .
Ammonia 1 2 5
Methyl mercaptan 0.002 0.004 0.01
Hydrogen sulfide 0.02 0.06 0.2
Dimethyi sulfide 0.01 0.04 0.2
Dimethyl disutfide 0.009 0.03 01
Trimethylamine 0.005 0.02 0.07
Acetaldehyde 0.05 0.1 0.5
Styrene 0.4 0.8 2.0
Propionic acid 0.03 0.07 0.2
n Butyne acid 0.001 0.002 0.00A
n-Valenic acid 0.0009 0.002 0.004
1Valeric acd 0.001 0.004 0.01
Toluene 10 30 60
Xylene 1 2 5
Ethyl acetate 3 7 20
Methyl isobutyl ketone 1 3 6
Isobutyl alcohol 0.9 4 20
Propionaldehyde 0.05 0.1 0.5
n Butylaldehyde 0.009 0.03 0.08
Isobutylaldehyde 0.02 0.07 0.2
n Varclaldehyde 0.009 0.02 0.05
Isovarelaldehyde 0.003 0.006 0.01
Table 4. Calculated animal waste production in Japan 1993
Number of Excreta (x 107 0 Nutrents (x 107 t)

anmils :

ix 10°%) Feces Urine Sum Feces Urine Sum
Dairy cattle 2,067 16,669 11,331 28,000 80.7 82.6 163.3
Beef cattle 2,956 16,130 11,296 27,426 68.3 80.7 149.0
Swinge 10,743 7,931 14,600 22,531 51.4 74.6 126.0
Layer 188,704 8,456 8,456 103.8 - 103.8
Broder 135,221 6,416 6,416 74.0 74.0
Sum 55,602 27,227 92,829 3782 2379 616.1




LOADING OF ANIMAL WASTES
ONTO CROPLAND

The hypothetncal average loading ol

mtrogen Jrom aommal wastes onto cropland s
estinated . at THO kel assunmme that anonal
wastes are untformly applicd 1o cropland all
over lapane The wverage reevehing capacity ot
nittoeen on crophand s corerdered o he 200
hech Theretores potentadly adl anmmial wastes
could  be apphed onto aepland e Tapan.
without  any  environmental  pollution
Howeser, wmmals are not wamtormiy distributed

throuvhow the countiy. Loadimg ot mitrogen

] < 100 kg N/ha

[ 100 - 150 kg/ha
150 200 kg/ha

77 200 300 kgha
BHl - 00 kg-ha

Fig. 3.

Source. Narada and Taaky 1ous

(kg 3 s particalar s el in Kagoshina
prefecture B0 ke N b and Mavazaka
prefecture (0B Ke Nhans FPhese values nay
eveeed the eaveliny capacity ol mittogen. o
decrease mittoeen Joadine, 0 s amportant to
redistibute amimal wastes trome regtons where
they are abundant 1o those where they e
sedree. Hlosvesers anmmal swastes e unsuttable
Tor tansportaton ot storage unless they e
processed. Composting can solve the problem
1o some extent, and s etlectine way of
promoting the acncaltaral utlizanon of animal

Aastes.

Loadings of animal waste nitrogen onto cropland in each prefecture
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TREATMENT OF ANIMAL WASTES cnvironment (Goluehe 1977)0 Composting

reduces offensive odors, reduces ditficulties i
Proportion of Animal Wastes Treated : i
roportion ot Anima astes ireated handlime  due 1o strchiness, mactnvates

pathogens. parasites. and weed seeds and

In 9920 sohd wastes were composted in stabilizes the organie constauents, thus
L7 of dary and beet cattle tarms ClTable S) producmg o wndorm organmie nutenal suitable
The remaning 83 DO o cattle Tarms tor ~sotl apphication cHarada 1900,
treated the wastes by pilimes Although this Vartous  ypes of compostimg e bemng
may - be rerarded s a0 khid o of composting, carried oat on Japanese frms, dnd me compost
dadequate composting management s aol centers organized by sevenal tarms, They cn
necessarthy practiced lo promote  the be classitied as the pile tvpes the bov vpe,
atilization of annal wastes, proper composting the open clongated tvpe with o comvevar belt
should becarmned out on o ereater number ol for turnimy. the open clongated 1vpe with a
tarms. [here are very tew bvestock farms rotating  trmng  devicee, the rotary kil type,
which adequate!s reat wastewater and - slurn ana the enclosea vertical tvpe (ke o For
{lTable o, the composting of cattle wastes, the pile and
the open clongated tvpes e most atten used.
Composting For swane wastes, the boy and open elongated
npes are most o commonly used. Foropoulin
Composting 1~ o sobd waste management wastes, the rotary kil and  enclosed vernical
strategy  whereby the organme component ot types are generally used.
sohd waste v biologically - decomposed  under Compost qualay s vers iportant e the
contiolled  cenditons o a0 state me o which recyelmg of anmal wastes. Quahiny stndards
can be handted, stored, andéor apphied 1o have not ver been set tor anmimal waste
cropland  without adverseby attectime  the composts e Japan. but sach standards e

Table 5. Treatment of solid livestock waste in .lapan, 1992
Unit: % of total farms

Composting Drying Piling Incineration
etc.
Dary cattle 9.9 3.5 85.3 -
Beef cattle 9.4 1.3 96.4 -
Swine 37.9 12.4 256 -
Layers 1.5 63.9 24.4 0.6
Broilers 5.1 15.0 67.0 13.0

Table 6. Treatment of animal wastes (liquid and slurry) in Japan, 1992

Unit: % of total farms

Storage Activated Liquid Untreated &
sludge composting others
process

Dairy cattle 64.0 1.3 1.7 331
Swine 551 12.9 6.9 25.2

O
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Pile type

Open elongated type
(with conveyer belt)

N
&

Enclosed vertical type

Fig. 4.

Seitee Ruswana and Foahumon

needed norder o mamton and mprove the
qualinn ot composted products, I s. fiowever,
ditticult 1o establish stndards because 1he
fevels ot chenncal constituents i these
composts vany wadels accordimy 1o the vpe of
ammab. the hids and ratios of buthiny avents,
and the vpe oF Compostine tsed Howeser,
ththe nutnent content of compost s unknoswn.
fertiltzes

s veny ditheealt o plan

apphications Compost ~honld be suthioenthy
mature. hecause the apphoation ot mmature
compost 1o sl omay canse severe damaee 1o
plant vrowth [heretore. o tapid method ot
estiatine the nutnent cortent and the deeree

\Mihough
many methods. uane vanons dices fog

of maturiy ob compost s reguined

estirnatiine the deyree ol matanty, hase been

Open elongated type
(with rotary device)

Z 72474 7 Z

Rotary kiln type

Composting facilities for animal wastes

proposed. @ more practical and reliable methed
s sl needed (Harada 199710,

The rapid estmanion of the quality of
cattle wiste compost usime  near antrared
spectioscopyandlvsas ONTRS Y was mvestivated
tHatada e wlo unpublishedy Fhe levels o
total carbon, total mtoven. ash. cellulose,
hemicetulose and Do ot he cantle waste
compost and s cation exciangee capadity could
be o measured by ths method b, ) [~
brologmcal actvany, e etms of mhibimon of
sead vermmation. was assaved usinge Brasa
campestris seedss and i attemipt was made o
estinic this by NIRS
of the estimation was not hiehe ar east

Mihooeh the aecuracy

saverehy anhibnony acoaty could be detected
by NIRS b, o0,
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Wastewater Treatment

Althougl ~obid wastes can be utthized as
compost. the utthzation of ammal swastew ater

s veny ditficnlt because of ansportation and

storaee problenn. Wastewater should be
eated  properly o present covitonmental
pollution Vocommmon beatinent s the
activated  sladee proce Mithoueh e

ctiicieno sy of v tevaler teatiment s haeh,
teatiment s ooy ol Tegp e S ""l""“""
to operate acce sdualls Sovalb cale tanmes
~ormetines teat then soastes by devine them

Wostewater 0 evaporated by the heat

10

generitted from fermentation ob compost andion
wind or sola power, or by the use ob o tan
In all these teatments. however, there are
prablems ot otlensive odor and the enission
ol ammaonta

Fhe removal ot mittoeen and phosphors
fPronr swine wastowater o very nportand
since these nuttrents Can contnibute o the
culiopbication ot bace ater and ronnd
Wt However oo hithicalt o aemon e
these two clements clitroenthy tom swaine
wastewaler by the comventional oty ated
Judee proces becaae ch wastevater o

tch o these eletments companed o the carbon



source. As desertbed above, the crienia oy
nitrogen and - phosphorus in discharged
wastewater have  become strict under the
Water Pollution Presvention Act, \Maore
ctiaent treaiments o cmove nitrogen and
phosphorus e required 1o enable tarmers 1o
meet these onteria,

Removal ot mttogen and - phosphorus
frot swine wasteswaler wis mvestigated moa
nlband draw nope activated sludee unie wath
Anntermitient actation process LA cOsada
croal 1outand Harkda or o 1991hy T the
L nient  Geralion Process. mioven was
removed  ettraently throueh nintication and
demtncation ander alternately acrobie and
atcrohie conditons s T The etheieney
ot phosphoras removal usime TAR was higher
e when an anlimred aeration process
EAPS Conventonal process was ased e,
N Phosphoros was removed byothe eaeess
apthe moactnated studee

Several other methods of removing
mtroven  aund o phosphorus from gl
watewater have been tested. imcludimy the sl
ol vateme charada o w0 100 00 ),
the TEN troreacton sastem clhakahashne o af
POSGOCand the membrane teatnent <astens
Mihoueh the wobid column sy has the
abihiee e remove nttoven. phosphoros and
olthe, jh'”l.[.l?\! Pronn concentiated  woastean ater.
e practical aectudine s ob this svtem bas v
tor be venmied on a0 Laree sale [he TBN
Doteactor 1

temovine - phosphora, s

avalables and Goctudness has been venthied
o practical scale The mcmbiane treatment
shatem sy ultna Biltration membranes o,
reverseosmosis nembranes . s posed

problems of both cost and manaecment.
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DISCUSSION

DeoHhataaa was asked tor more information

howt the TBN bioreacton relerted o e his

papet He o enploned the anechamsme of emoviee the phosphorus by the TEBN boreactor. The

FBN b of Dbt werht concrens mamls composed of calviom sihcare.

wasteawater react ot the cabonom o TN and

Fhe phosphorus

calonn apatite covsalhize s o the anbace of the

AN Pl phiosphions o removed tom saaewater by e sioath of the civetids In addihon,

the TRN o ool a0 carier of mic oo e s .

bed whether the THN conld e eeencraed

dhone BN aturared wair Calonim apaiite

altictic e nl

and canalbvo remone BOD and CODY T le was

Fhe calomm apatiie: onvaal cnnot be recovered

crshed and apphed o croptind as a0 sol



