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Utilization of Sewage Sludge on Agriculture
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Abstract

Utilization of municipal sewage sludge(MSS) for agriculture was reviewed in this paper. Sewage
sludge applied to rice and corn resulted in higher products of grains which showed lower heavy
metal contents at an application rate of 20 to 80 dry ton/ha than the cases without sludge

application. Most of heavy metals and nitrogen applied remained in soil. Our MSS could be
classified as a high-quality sludge with regards to US 503 sludge rule, but this sludge could not

be applied under our current regulations, which must be reviewed at intra-governmental

levels.

M B

70 FwRE AIFAFE vy e
< A% FH4A AL E YFRE 91 EA
AZHog 19447 71534 don steXaF
& 5409 mY/del @atn Yok 96dAA TeHAE

AAdsto] 930 mYd 58 HAY A¥er g

o dAz sFAYe F4EHAATYLE oEstn

dem AeHgdr Aidse AAZE e
ol &% ¥ 2BAFE AAZ Yok wEA g
FHANN s E HANE EA(sludge) e
Eele iddd “Bio Solid” (M4E A &
AN E o). AdEe A L e m’
2 061 m*el &2 A < 3000 m¥/de] £&A 7}
AAbglm gleon 1996+ AZFH oz oF 6,000
m¥/do] @ Rez FAHI Uk oFA A=

a2t e EZFH3 2 ap(Department of Civil & environmental Engineering, College of Engineering,

Korea University, Seoul 136—701, Korea)

* A7 9343 AL $73AH " (Department of Environmental Engineering, Keangnam Enterprises, Ltd., C.

P.O0 BOX 274, Seoul, Korea)

* * i) ¥n A B33 (Department of Agricultural Biology, College of Natural resources, Korea Univer-

sity, Seoul 136—701, Korea)



e A= 80% Fiol FHEHnE ArFFos
= 9 1/5 7}goluh

ol#A% EHXe HEAEWHLE Y, &% o)
H, 5737 o4, £274F AMYEYN dAFFE) B
olth, HFFE7Ie FAHL Yo vy FAGH
o] o g #ut ol YA AEFEA F& U
¥ata Jen, A7 grleg EHME FEATIL
A FAA ol LHE MAA ZFelA AR
ek B3] 19939 249 19¢ vlF EPAV7} #HE g
ex AHEe] #E HE 50329 JEL FEA
ol g2 AT Fysta o] olF HT MR JE
ol AdHz gtk 1 d2A FeRAY AR
(Bed& AHEA7Y dgivleddel AT HE AP
Al R1iryt 3-g), Cement Kiln Dusts o] &3
5859 ok Wy® Fo] AL, ol Edn itk

olgA &R TAA o]&L MAFHA FAo0|
U #5 Elveie dRwe FAA o4 ug
Yo Aol FYE ALE BRI A @I gl
d7ld AREL W FAA olf Bd AR
9} @A oo WEE Filg o5 #I} ARE
AA ek doz #d ALY ol gHed
she o] AREe] upgrolth

FuHoz wzVe @7k 8509 ton(1990d 7
F)o| dtpEdR F 428 3604 tong FAAY
EXNF ol gt on #3¥2 AT 6607 ton
Zo| A 38%9) 2507 tong FAA M ol&si 9l
v} whdo] PBVe] Hgoli= A7 199 ton Fof
11.5%<21 113t tong BA A o] &3 Aoz g
v ok

1. fe|u2t sieseiX|el SEAHiAE Bt

s oM BAFEHAE A FYst
o BAE YA A gon v ArE W
WS N 9% ARE 8T Aol E 1
4ol A18E SeAG EFREE 3 V9
Nz wmg A £HAY FFEFI AoIA
s ghedA(ie 3% AEAAPE
Cd, Pb, Zndl lolA mFEY 1 =71 wl$ 9@

ThEHA S B FIF 73

on Cust Nig ¥i&sirt B@ EFY F358%
¢ 23 fve 29 Cdo] ey Cu Pb,
Ine ¢ Fom Nig A fApsich

¥ 19 $2A2 474 wst £458 AMEAs
H & Ade vE F5E R8s 2 8
%% vlmatgrh B 1/5000 arc Pot A@Ae]

$%4% 1m X 14mg plotg 2Hd¢ F 3074
o HNog AL ERYYIUL

£ 1L 5A F0 g sdA) TA Eak]
shebd 54w, (29} : mg/kg)

oa}a u]3: Lawrence, KS?

g ged E ¢ g edd E

S‘J»_‘}L

pH 5

T-N (%) 23 013 29

TP (%) 037 21
Cd® 407 0.1 16 05
Cu® 781.14 229 820 u
P 16271 165 780 13
N#® 9546 239 116 %
Zn® 1648 566.4 2100 104
Mn® 1682 8419

D Sete RREH $549 A EFAE
7} AT F Ae

2) w]= Lawrence, KS& Z-EAju] A8 A8y (3
ER (8 #F=x)
3) 2325 ¥F

Ig & a3 dzxs FAE B2Es £7
2 Hag RAow e Aol oM HY FF
& 64.1 ton/ha?] €e{= -’Fd A FP=Elm ok
o] 8% FYFE AAgo g FibsldE 15 ton
N/haol) sjFHe gtolth. &5 B9 AdoMe
80 ton/hagl FY&AANE FFol Fviatirt o
2o 2YgolME NAS S8 izt yehd
32 Aok

1. 2RXTo| =2 B2

oy 228 a¥ 7AXE dzesHA FYL

nas TPFY 94 %S ez gloh



74 ZRBEEA A14A A1Z (1995)

30

Yields (tons/ha)

¥ rice ® corn

0 20 40 60 8 100 120 140 160

Sludge application rate (tons/ha)

a9 1. £93] FY4EA g2 53 v

a9 2& Cdo) A$dd €A FYLol 371
ol we} FYRFe Cd FFo] FriEL et
Setete] Agole 20~40 ton/had) &A] FY
o] 2388 FFEFFEL AL ATk

3@ 39 Cu8l B9E HE {AE 237 e
Ui led £8Xg Ad FA3AA @& AR
F48 37t 2358 Cu ol WA dex
Qlekh. oF 20~40 ton/has] Hal7} F& Aoz

0 20 40 60 80 100 120 140 160
application rate (tons/ha)

I erice Ocorn Xearly crop in USA 4 late crop in USil

a9 2. €AY EFFUEN wE Cd @
W

Cu conc. (mg/kg)
&

10 .........................................................
P —————
0 paa.. |

0 20 40 60 80 100 120 140 160
application rate (tons/ha)

I *rice ©corn % early crop in USA #late crop in USA]

a3 3. €8] 2dFEYEd #E Cu #3
Wsl

Pb conc. (mg/kg)

60 80 100 120 140 160
application rate (tons/ha)

»rice ocorn »early crop in USA #late crop in USAI

adg 4. €822 545 wE Pb #F
ik 8

B Atk

a9 4¢) Pbe) A$E BW 8559 A9 v
=9 A%l 2PF Pb Fol Aot S
e ASE WMo A deun Qo 2y
EHAE A4 FYFA & ASETE 2318 20
~80 ton/hag] FYA Pb w7} @A v}z
gich

23 59] Nigl 9o Wl A #fslel
AA o SFFe BFFErt 2ok <4
A HFPARHE FANY TRt @ 20~
80 ton/ha¢] WYrt £& Aoz Je)a ok

a9 69 Zn9 Fgele fElvEzt ditFHog
I o]l ¥ Aoz Jeya fled S84 v
FHAARTE YA FEr o @th



Ni conc. (mg/kg)

0 20 40 60 80 100 120 140 160
application rate (tons/ha)

l*riceocorn xearly crop in USA 4 late crop in USAI

2y 5. e¥Ae] BEGFUE) g Ni ¢

W 3},

100
") T X
% 60| - AEOR
g ~_ °
=~ / ~——
: 40;/.. . o i
< 20%

(]

0 20 40 60 80 100 120 140 160
application rate (tons/ha)

l:ice Ocorn Xearly crop in USA Alate crop in USAI

1Y 6. &¥Ae] ERFFUE) ©E Zn ¥
Ha}

1% 72 Mno tigh AEAY dA HFYPAR
e F90 guje) Mn gol wsieh.

o|4e] HAE B meo] 20~40 ton/had] FYL
Mo S4e) dAujle) $3S Tl MFIAR
o wob AFFIg ohdsl AzEnh FYAl
FESUFol HolAE ot EFY F7184%
#o] Z7llA & AR RAAYD.

13. EUE0] £35 TR 552 Nolke 29

a9 83 19 9v ARAMAEE 5T FIS
3 Aie BRLAVE el Aotk 21§ 89
ZE%9 A%l dolX dAR 98% ool EF
Woll 2 S8 FEYE 001~6.1%7 F5
H9 sz 0~095% 712ko] 2HE Aoz

TheAY Bt FIRE 75

boa)
=3

e
=

Mn conc. (mg/kg)
5 g

=
(=]

1] 20 40 60 80 100 120 140 160
application rate (tons/ha)

* rice ©corn

ag 7. €439 2FFUEe) wE Mn ¥3
W3}

Root Uptake

Rainfall
i

Infiltration

Soil Sohution

Leaching

Drainage
Waters
Weathering
Root
and Cation Exchange
Flow of Cations
Input, Outputs

a9 8. 243 FAEAAMY FFE EALAL

e itk 2@ a9 99 229 Atdle £
#Fo] 323~87.6%7F BN EAMdH ZE
e 05~53%7F F5499 9~63.9%= €2
3 o) o3 Wr1Fez W AsseE 0.
1~17% 7b3o) AE8E A02 vehtn ok
o4 AR PotE 5T FE9 F9AH $550
geiNE BAPYel 459 wek FAHY A2k
RATW WAZ FAR FEEH LY AV of
RELERE



76 TR EEIA A4E AE (1995)

SLUDGE APPLICATION

—

SLUDGE SLUDGE
ORGANIC INORGANIC | — VOLATILIZATION
NITROGEN NITROGEN
STABILIZATION
MINERALIZATION
SOIL MINERALIZATION SOIL
ORGANIC INORGANIC  — CROP UPTAKE
NITROGEN NITROGEN

NITRATE LEACHING

a9 9. £dA FYAGAMe) Ane] FALA.

2. &2{x|2| SZX|FYol| WE= fsit 015
21 2ol Bt

28A Y AAFYN 27 o] &L 1979
EPAY] o8] Hgoz AAgAeH &2 FA
9 o] oF FAL 19819 A2 gdwANA
Z 55 gk 2% EPAYE # 29 gle AP
2ol €A o3 298 F de WY HEH

2ol goiMel AeigHIE AASAS 5 Path-
way 28 &UXE AL B FAs ALE
AR He Z$E @i ok & 24 HE
o] 744 2 #99 o} (Most Exposed Individual)
£ vehla gich Pathway 4} 6& FEol o3
#8747t 44 43AHe 42E YehiFi glon
Pathway 3& ojd@ol7t €3x|7} 4 && AA3
' A$E Yl £ gk

£AE EYL ol&atd H=Hste WY
Y doltt. 53 AFEHAE FUste A
7} 7V 7as dyoldh o] Agele sAst
ZEd Bol w=A 9 43 7ol Arjept
Hojz|A Ach

w2ty Algely BB HEE A e AW
o8t (subsurface) Fgol 7 FL Wol & F
glth. o] A% Pathway 4¢] 93 H2& glo
An = JAEdoly dA{ARE A dch

Pathway 1] 7S £eAFY A 2 ES
AAste H&e AA AEHHFY 25% £
stn) Z A (home garden)o] AALE A3t o

E 2. A4" 2dAd 2% 299 944 e A% FFAE=Y.

_Pathway
Sludge —> Soil = Plant - Human
Sludge — Soil — Plant - Human
Sludge — Soil — Child
Sludge — Soil = Plant — Animal ~> Human
Sludge — Soil = Animal — Human
Sludge — Soil —> Plant — Animal
Sludge — Soil = Plant > Human
Sludge — Soil > Animal
Sludge — Soil — Soil Biota
10 Sludge — Soil > Soil Biota —> Predator
11 Sludge — Soil = Airborne Dust — Human
12 Sludge — Soil > Surface Water > Human
13 Sludge — Soil = Air = Human
14 Sludge — Soil = Groundwater — Human
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Most Exposed Indivisual

General Food Chain; 2.5% of food.
Home Garden After 5 yr; 60% leaf veg.
Sludge product; 200 mg sludge/d.
Farms; 40% of meat.

Farms; 40% of meat.

Livestock feeds; 100% on sludged land.
Grazing Livestock; 1.5% sludge in diet.
“Crops”; strongly acidic sludged soil.

Earthworms, slugs in sludged soil.
Birds; 33% diet affected by sludge.
Tractor operator.

Water Quality Criteria.

Farm households.

Well water on farms; 100% of supply.

These pathways apply to humans, livestock, or the environment, and the Most Exposed Individual to
be protected by a regulation based on the Pathway Analysis (EPA, 1989)
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£ 3. 7133 AZAAe Ho) 88 F35 BT M=,

Element

Level in Plant Foliage®

Maximum Levels Chronically Tolerated®

“Soil-
Plant Normal Phytotoxic Cattle Sheep Swine Chicken
Barrier - mg/kg dry foliage -+ e mg/kg dry diet -

As.inorg. yes 001-1 3—10 50. 50. 50. 50.
B yes 7—175 75 150. (150.) (150.) (150.)
Cde Fails 01-1 5700 0.5 0.5 0.5 0.5
Crr yes 01-1 20 (3000.) (3000.) (3000.) 3000.
Co Fail ? 0.01-0.3 25—100 10. 10. 10. 10.
Cu yes 3—-20 25—40 100. 25. 250. 300.
F yes ? 1-5 - 40. 60. 150. 200.
Fe yes 30—300 - 1000. 500. 3000. 1000.
Mn ? 15—150  400—2000 1000. 1000. 400. 2000.
Mo Fails 0.1-3.0 100 10. 10. 20. 100.
Ni yes 0.1-5 50—100 50. (50.) (100.) (300.)
Pbe yes 2-5 - 30. 30. 30. 30.
Se Fails 0.1-2 100 (2) (2) 2. 2.
\ yes ? 01-1 10 50. 50. (10.) 10.
Zn yes 15—150  500-1500 500. 300. 1000. 1000.

2Based on literature summarized in Chaney (1983).

"Based on NRS (1980). Continuous long-term feeding of minerals at the maximum tolerable levels may

cause adverse effects. Levels in parentheses were estimated (by NRC) by extrapolating between animal

species.

¢ Maximum levels tolerated were based on Cd or Pb in liver, kidney, and bone in foods for humans ra-

ther
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Pathways? Limit Value
2 168 mg/kg soil max
4.79 kg/ha - yr
3 9.09 mg/kg sludge DW
4 183 mg/kg soil max
493 kg/ha - yr
5 0.573 kg/ha - yr

1) PCB : Polychlorinated biphenyl
2) B 29 HEA=R
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. Cumulative “High Quality” Annual
Ceiling
. pollutant pollutant pollutant
concentration . . .
.. . loading concentration loading
Pollutant limits,? S
mg/kg rates, limits, rates,
kg/ha mg/kg kg/ha/yr
Arsenic 75 41 41 2.0
Cadmium 85 39 39 19
Chromium 3000 3000 1200 150
Copper 4300 1500 1500 75
Lead 840 300 300 15
Mercury 57 17 17 0.85
Molybdenium 75 18 18 0.90
Nickel 420 420 420 21
Selenium 100 0 36 5.0
Zinc 7500 2800 2800 140

1) EPA Part 503 standards. All weights are on dry-weight basis.

2) Absolute values
3) Monthly averages
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