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Abstract

An increased population and rapidly expanding industrial development
have led to enormous amounts of various domestic and industrial wastes.
The proper disposal of ever-increasing wastes is a growing global problem.
Land treatment is one of the rational approaches that are environmentally
safe and economically practical. It has long been practised in many
sites. ‘

Recycling of industrial wastes on agricultural land can provide better
possible means for maintaining environmental quality and utilizing waste-
resources. Even though industrial wastes are benefi’cial as soil amend-
ment and fertilizer, they have some limitation on land application because
of wide variability as well as physicochemical problem in their composition.

A direct application of solid and liquid wastes on land is being prac-
tised in Korea and some experimental results are presented. The direct
application of fermentation waste on rice resulted in a 6 percent yield
increase. Another organic residue from glutamic acid fermentation is widely
used not only as a direct application as a liquid fertilizer but also for a
raw material of organic compound fertilizer. These wastes are much pro-
mising as sources of plant nutrients, since they have large amounts of
nutrients, especially nitrogen with few toxic metals.

On the other hand, fertilizers developed from inorganic industrial was-
tes include calcium silicate, calcium sulfate and ammonium sulfate. The
calcium silicate fertilizer simply produced from slag, by-product of iron

and steel manufacturing plant is one of the most successful example of
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the conversion of wastes to fertilizer and slag production capacity totals

to over three million MT/year.

About 200,000 MT of calcium silicate fer-

til’zer is currently applied in the paddy rice every year.

Calcium sulfate,

a waste from the wet phosphoric acid process is to some extent used asa

filler of compound fertilizers but quite large quantites are directly applied

for the reclamation of tidal flat.

@

T ZEMe BEI AR #EmME £E B
Epe BES Bk Ho EENAE BE
o] BRI &EMel BBk dstd #
OE Jgelx gk

BED Bol A4S slel: aulE HESY
= BARY HEER @R ot HAKLS
2 MEe g3lov Bme go] mEMmo) L
3 B EHEE fiEdAE HRY Rt
BF oj2a] Rtel BEEW Ky AEE B
BT A

BiId+ BEHS REAEY BRY BEW
ol Flfolzle MmN AEstels EAo] Wi
Watel wel EA TR BEWS B BT
(HEEBA), #iE 2 BEd s W E
BgslAl ETElL vk

EXBEYY BeHts BEWS FE A=A
oA B, HE, RERESE A v b
A gt FHEkolAul odel kA ole] ggdo] wEA
Hre}

EXBEYS BEME sh=d i &4 #HE
Holof &AL BEBESY &8, Bt FEK
e EFol

BE el dx BERS g BERS B
BEE7T wTikste] T8l HE HAsL AU IR
BEA mRtARs7E vk sy Rt Al
Fledl SlolA = B MBle Raskashe K
Bl M, MRS B KE olmct

ollzho] EEXMEPS IBREEL < ksl
okt oAzlsbx] EEo]l ot el (LA 3
+ Y+ BEACIAN FHEHTHEY BERS I8
ZA 18 BTA7I= Zol ISl KRB
FlA0 oA 7B &FMel HEY Aot

A Rl BEpS] BRI AT RPYt T
2o —#e RBAsIAeH o 4B HALYE
FEdlA 2%7 Hgled g

EEBEEM| BBFHL

RS —REEEYY EXEEDRE BT
Al —REREM 2= 267, TKREE, A, #
K, Do siE, Hibh BoE RBK, 1HE,
Bih, BB 2 dvlel, EES EEEDY szl
Blax RBiEme| EXBEY @B BU RS
#R 2 A48 BEAEDE EXERH #45
o BEEXS I K fpE¥dAE REERE R
KEHEs A EWHRS @447 ek

RS BB wel At Btk =
VR (2" 1) oA EREd el wike B
o2 EHErh

EukEEEY (Solid wastes) & KoL 8ol W
By A3n E@Eoel 20 %RNE SESH He
ol KEarel EME BEMel ol o B3k Bk
Bt s RAS HiRsT old @&

Wik BEEHy (Liquid wastes ) -2 BB 4ol 5
% R WA ARMI R4St B
%ol Urk

ORGANIC

WASTES
INORGANIC

Fig. 1. Classification of Industrial Wastes.
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Table 1. General physical characteristics of various type of sludge

Other physical

Sludge Color properties Odor Digestibility
Primary Gray Slimy Extremely Readily digested
sedimentation offensive
Chemical Black, red sur- Slimy, gelatinous Offen. Slower than
precipitation face if high in givé off considerble primary. sed.

iron gas
Activated Brown, dark if Flocculent Inoffen. Readily digested
sludge nearly septic
Trickling Brownish Flocculent Relatively inoff. Readily digested

filter humus

Digested Dark brown to
sludge black quantity of gas
Septic Black

tank sludge

Contains very large Inoff. if thoughly Well stabilized

digested

Off. (H,S) unless Mostly stabilized
very long storage
time

Table 2. Annual production of organic wastes in the United States, current use on

land, and probability of increased use.

(10)

Total production

Current use on Probability of

Organic wastes : land increased use
Dry(r;igolg )tons % of total (%) on land

Animal manure 158.730 21.8 90 Low
Crop residues 391,009 53.7 68 Low
Sewage sludge and H

septage 3,963 0.5 23 Medium
Food processing 2,902 0.4 13 Low
Industrial organic 7.452 1.0 3 Low
Logging and wood

manufacturing 32,394 4.5 5 Very low
Municipal refuse 131,519 18.1 1 Low

Total 727,969 100.0 - -
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Table 3. Industrial wastes production(.u)
‘gf:;ige 0il Acid Alkali ?Zgitzetic Gum ?iyl:il:tic Leather Other
4,200 48 84 48 12 24 60 24 203
+ 1,000 MT
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Table 4. Summary of general limitation
for waste application to soil

Constituent Limitation
Organic
BOD; 450kg/10a per application
period
SS 70 kg /10a ”
Nutrients
P 15-30kg /10a-year
Total N 10-50kg / 10a-year

Toxic materials
Zn, Cu, Ni, Cd Relate to soil CEC
Sodium SARK 10

2R HARS i BE, REFTES
2 ER Qe £ BARL 10 ~154710
KEolmg o] oA BEY FFRol K=
olok & Zolth =3t BEWS LERETAR
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Table 5. Maximum allowable cumulative

sludge metal loadings for priva-

tely owned land as a function
of the soil cation exchange capa-
city{2:3)
Soil CEC(meq,/100g)
Metal <5 5-15 >15
Maximum metal Pb 500 1000 2000
aid‘“l‘:n Zn 25 500 1000
(kg/ha) Cu 125 250 500
Ni 50 100 200
Cd 5 10 20
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Table 6. Annual cadmium limits for food

chain crops (19)

Annual Cd,

Years loading limj-

tation 3
Present to June 30, 1984 2.0
July, 1984 to Dec. 31, 1986 1.25
Beginning Jan. 1, 1987 0.5
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Table 7. Cumulative cadmium limits for
foodchain crops (19

Maximum cumulative loading

Soil CEC [imitation (kg /ha?)
00 Soil pH Soil pH
(meq,100g) < 6.5 > 6.5
<5 5 >
5-15 5 to
> 15 5 20
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Waste Characterstics

Design Parameter

Required Land Area

Volumetric Percolation Acceptable
Application Rate Rate loading —
rate
. SS Loading,

Organic ————— | Organic oxidation E— g
rate

Nutrients NO;-N in groundwater,
plant uptake

Toxic Plant toxicity to

Elements —— | metals, -
Public health

Fig. 2. Relationships between waste constituents and limiting design parameters for

land application systems.
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Table 8. Average height and diameter
growth of hybrid poplar at the

end of fifth growing season(!

Sludge treatment Height Diameter
metric ton/ ha m cm
0 2.46 2.5
40 3.41 4.2
75 3.80 4.7
100 4.53 6.1
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g i WEE (N-P,0;-K,0 = 15-9-11)4

100 101
99 9%
84049
Yield /10a
Index
(Rice)
Treatment NPK % NPK+ xNPK+ %« P+
(15-9-11) waste waste waste
Application (£710a) *143 165 3oc

Fig. 3. Effect of liquid waste from glutamic
acid fermentation on rice.
* 7.5kg of Nitrogen and 5.5kg of pota-
ssium added with chemical fertilizer.
*+ All Nitrogen and potassium supplied
with 300¢ liquid fertilizer.(15)
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Fig. 4. Effect of alcohol fermentation was-

tes on rice (12,19
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Fig. 5. Effect of raw-limed sludge from

brewer’s grains on corn(16)

60 Raw Sludge

~=O==~-o.

27 oLl

40l ',”Raw-limed Sludge~ Pt
? ,/.\.

._L'./ ~—

1

20t o

N decomposed rate (%)

5 10 15
Time of incubation ( Weeks)

Fig. 6. N mineralization of activated slud-
(16)

ges from brewer’s grains

Table 9. Effect of the use of activated raw
sludge from brewers’ grains on rice

yields (9
Sludge treat- No inl e
ment (4g/10a) Fertilizer7'5 10-10 15-10-10
0(0 kg, N) 542 676 698
271(13.5 kg, N) 606 735 794
362 (18.10kg, N) 663 759 815
452 (22.60kg, N) 670 791 780
543 (27.15kg, N) 771 758 761

s {LEEE ( N-P,0s-K,0=15-10-10
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Table 10. Crop yields at various levels of
application of waste water ()

Waste water application

Crop rates, cm_/wee
0 2.5 5.0
metric tons,ha

Alfalfa 4.9 8.3 11.5
Red clover 5.5 11.0 10.3
Corn stover 8.0 16.3 19.0
Corn silage 9.7 14.4 13.5
Reed canarygrass 3.2 - 11.3

Growing season 5cm//week application N
232kg, P,05 245kg, K, O 254kg,/ ha

£10& BAKE 2Kk REI HHKE £8H
fid 5om/week MR MER2A &BHHS
28R 232k9/ ha, R 245 K9/ ha, TR 254 k3 haol}

s BRIl fih=le] MABES s}
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¥E #4 2.2 MT/w fAE: A3 A9 2
2 ol Hrl WEEMe AR, B BER
of whet R Aoy MK R o3

5 104Efpe] K e EAA wm Corn silage
5~130%, Red clover 85~191 %, Alfalfa
79 ~ 139 %7t EE ek

RS 80 WAY 558 WE(Digested
Sludge) 7} 4752 ( Raw Sludge)d] Hsld &
Fllshet

wolj 4 2 AWM WAL FHieSl £TFRS B
B MRS e R115 el 4FHRA
H@el A7t o wol ol Foix olw] FEaxm
HERo gasl feipel ®EES £ BRI A
o, =3 BES Rl =t B4W  EHl
= PEE Fo R126A8 o]l BEEBRAA
e EEel B AT Aoz vy
ol MEFR BAMYE BRY ¥ BEWiE
of ot EHS wol B3 «Ripolwlx vl
=

Table 11. Sludge decomposition in soil
over two months(8)
Original Sludge
sludge organic
Type of sludge organic matter lost
) matter (%) (%)
Digested sludge 52 10
Raw sludge 62 28

Table 12. Changes in microbial population
in paddy scils after application
of organic wastes (11

Bacteria Actino- Fungus Algae

Treat. myces

X10° x10% x10%® x10¢
Control 70 2 5 5
Textiles 158 3 311 16
Paper mill 495 20 5 5
Tannery 840 5 4 16
Ferment. 800 301 320 7000

o BRERHE

o] Ko BEH BES FIAE Ak ER
T Hikew dAd B2 B AEY + I
REK A7 Hikol gor WAI g EY
%5 o) TEER Aol Yol F3l WL
1B ®BoE #Eaw Aoz »qrl duk Lea-
chateo] 9)gt #HTK FHHwol FER =Hd HE
BiBmAAe BEEE wel RHEmEY &
o ]t Nitrate g8 ZFHE7}+ HTARE HRA =
Rl AEstdoF & Aolrh

BERS L REAET AT 2 AKA
B HR (%13 ) |3k ZolE 60cm, FHM
B 60cm Fol 40om ZolZ AL 2§
18 200mTs B ohS KRR @S Bol
9 o|F BHES Wt F14olA Be out
o} zro] NOg~ @ Cl™ % pyol 9] BEr] 2
Aoz et BEme BEEAEC %4 sTA
Ee ol & HE/ B
Table 13. Chemical composition of undiges

ted limed sludge

. ! (18)
(dry weight basis)
Chemical Concentration
Total N (%) 3.48
Total organic N (%) 3.32
Ammonium N (mg/kg) 1600
Nitrate-N (mg kg) 0
Solids (%) 19.0
Volatile solids (%) 55.0
pH 11.2
BEREAENA kAR B%d KT BEpel ¢

£ WEE B BREIE BHY gz
o B& ¥ w pH CRRME BE) o BH
2 4 Qv zeld REAEA %S4
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Table 14. Nitrogen and chloride concentration, pH, and percent solids in undigested
limestabilized sludge entrenched in April, 1972018

Zone of Date of Concentration {mg/kg) Solids
sampling sampling pH
(om) Tl NHS Noy- c1- %)
20-40 8/72 - 899 280 - 11.3 -
12/72 - 303 - - 7.9 -
1L/73 4,520 28 1,871 3,571 7.3 47.0
6/76 1,900 4 48 30 7.5 83.6
40-55 8/72 - 2,150 100 - 7.8 -
1L/73 9,040 2,523 101 4,900 7.4 34.0
6/75 11,700 466 <1 349 7.5 34.8
6/76 1,570 3 45 36 7.5 81.2
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HBiRRE =5l ddA Ad & MEs K%
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£ 44 stz REY #IBE f#sls  Hikel
Beltsville Compostingo]c} (2% 8 )

SHUAE 5 = A FHiR Ee
EBRBES B BRI IEFHE BRI E
Foll Bol M@=l Ak K15 HRE WHE

| WOOD CHIPS
RECYCLED

OPTION A

SLUDGE

CURING

(1VOLUME)
AERATED

MIXING [~ PILE

J (21 DAYS)

WOOD CHIPS
(2 VOLUMES)

CURING
(30DAYS)

OPTION B

FBRYING —>[SCREENINGJ~ (30 DAYS)

|

COMPOST
STORAGE |™ \ARKETING

—[DRYING | —| SCRE~NINGJ

WOOD CHIPS
RECYCLED

Fig. 7. Flow diagram of the Beltsville Aerated Pile Method and various unit opera-
tion for composting sewage sludge.(m)
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SCREENED

COMPOST  woopcHIPS

AND SLUDGE

PERFORATED
PIP

WATER TRAP FILTER PILE
FOR CONDENSATES SCREENED COMPOST

Fig. 8. A schematic diagram of the Beltsville Aerated Pile Method for composting

sewage sludge (19

Table 15. Organic fertilizer production
capacity ( for sale ){(12)
. No. of Capacit
Kind plants ( Nfl‘/yia.r)
Bone meal 642
Mixed oil cake 2 5,840
Glutamic fermentation
Solid 2 375,000
Liquid 2 103,600
Dried chicken droppings 23 43,966
Treated human wastes 7 12,235
Leaf litter 5 6,540
Compost 2 2,555

RED BB & ¢ Qo 70~1004H
BE XA BE4RY W #iE/ —8 #as
Adrk

Table 16. Chemical composition of furance slag from iron and steel manufacture (%]

=% B(Na, K) & 8 BRs- 0% FE
At BEmd BAL WEC O EEZL I
+ 9, 53 Cu% Rz REST HEB
BEE BENot L Aol WM M &
¢ WES KA B, MARS BE RN &
AN L B, BRI MASES sokd 2
o)k

1. Slag

Svelold SN FERBRRS IDEHMe B
@ gmql Slagrh X2 196344 H HEBRE
Betz EA Holfs HE WEEL A EH
BE Bec HEEE ReRE: AFEAOs
FRES Bepmste #BE 31 BAES B

13)

Si0, CaO Al,O4 FeO MgO S MnO TiO,
Total 34.52 38.02 20.27 0.54 7.66 1.0 0.7 1.5
172 HCI 34.30 37.01 16.64 0.16 10.21 - - -
N NaOAC 27.63 29.09 14.87 0.16 4.66 - - -

e 1
Table 17. Amount supplied and production capacity of slag fertlhzer.( 2 (1,000 MT)
1979 /80 ‘81 /82 ’83
Suppl. 256 218 244 264 280
amount

Prod. Ca. 1,675 1,732 2,499 2,740 2,630
#ald Bk Aoz CaO, SiO; %ol FmW olek
o)l EERRIK Bkl BRch(E 16 ) ) T W
W] BEOE WE LERS Jom 3
A MY Ao isn (£17), B WE Szl WimkE HEoeE wol £E
¥y £EEe EBE EES 208E MM H: BA&AFE BEALER Y BBREBER
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1 ton Z:PERF # 3 ton o] El4= ] el vel B
¥ 3t fEM AW 4EAREES 170 Hton o
olZr} (£18)

Table 18. Production capacity of calcium
sulfate {11

(1,000 MT)
Namhae Yeong Nam  Chinhae
Chemical Chemical Chemical
1,000 460 250

AEE S(HE)E 9% Ca%el R0z &
ol glol AKIEE =R BREoR EA
o] ATREE Aolch(£19)

Bl A Thume 0 RE OAER #
Ag 4 ey $eE v Rdld WS T
hE#go) ERESH olFox & BRAA= a4
AEY T BRES d% bEupms SR
Ho g+t

3. Fly ash

K BEBHAZANA Bl&sE Fly ashe
#1160 Btone® sy 1 82 HA
2 % ek

RE
B m

Table 19. Chemical composition of calcium
sulfate. (%) UDN

CaO SO SiO, P,04 Al,04Fe,04 MgO H,O

29,8 42.8 10.0 1.08 0.26 0.22 0.06 30.1

Fly ash: BEEFA ##RSE BRAA &
1,500 Co Blo=s %4 MBEANA HBR+$
Kool wasle]l A Z#el AXsER dol
BoEmsS WMES Aol WAL HEOE
=] ¢lol (£20) Fly ashe EBEEHZA
EATaEe AT FHE/ BAEgeyd ashh
ERe HEtkon BE HFEo= JEMMe] ¥
L Aoz wraze

Table 20. Chemical composition of fly ash

(%)
Si0, Al,0; Fe,O3 CaO MgO SO
56.16 30.24 3.38 0.% 2.5 0.99

aev B B4 Fly ashol] 2+e]d (K,00,,
KOH, Mg(OH),) %& #Himsted 800 TCellA &
Bsled ash b HEEN: RS WHEL AZE B
oz Fly ashe [EEMLE #HBEslach o B
e BT IBEE BHEs) A KR
#ES L Sk

4. BlEHBX

HiE WAKE otddasts £ET R £
2 Bl4ss Rz AKAIEEG AERS S
At 9=k B3 oh4Aw EHE AKE K K
Q] hulol Bt BAY uaaMko]l glol ol
AKESE S5 BEM = BE oWl
o fis FoAs REZ + =T MiEstelok
ghek

mEYE M-S REEkYEY) 9 Ko& el A
o] Hi&sl7t ER TRohizl BEoR EAEK
H7h Ae HB Eyrgel BHsld FHiE BE
ol wistel @EslZ 7t ek

£ 53 Ei

B EXY BEY £FY SERE A0
BEeos £FH BEmo KBz M= BA
o] WEEER Systemo] WiEsEln glom BE
e EReR R BXY mefiEz #
fEsle] BERWS SEmel BES 9Es] EE
3 9 gwwelvt =g 1973 & A
3 Blg dsiapele] Energy failz BEE &
ol W g Mol Tolxon EXEEEWS BEF
It Bt a8 HmelA #fT=lz ek

Ee mEmpd B8 ERE SATES BE
e HE LA KA Tt M ‘{Eﬁé% £3
st IBEEA fEAstE Hikel len A
1 e B HHEM B IBREA LEel
grsla gk Seldetdd e EX HEDS
BE RenSd vl By AEEEERT K
Halel BmA wm: HE%O FHoR RAESIL
siet

BEEse 2 BWEY SHm FlIAEMCA T8
B 3 AHET BEPY LEETol MR X

oz ol&eld F JEE ADKRESE HEM
Eool A& st Bibsleof &AolH ARSE
ol BRI BEMS FERSl SH5 IA &
o} frt FiE(Ls FEEY Aelth
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