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ABSTRACT

This study was aimed to observe the effects of municipal sewage sludge as a organic fertilizer
on the growth and chemical composition of Altari radish (Raphanus sativus). The accumulation
rate of heavy metals of the sludge in the radish was also observed. Municipal sewage sludge of
Taejon City was applied to the soil of Pai-Chai University Farm to make 6 gradients of sludge
contents in the soil.

Root weight of Altari radish was affected significantly by N and P contents in the soil. The
longest leaves and roots were produced in the control group, in which urea was applied as nitro-
gen source to the soil. Even though any other sludge-applied groups produced shorter leaves and
roots than the control group, the length of the leaves and roots and the weight of the whole plant
of the radish tended to increase with the increase of the sludge application. Contents of N, K, Ca
and Mg in the radish were not significantly different among those in 6 experimental groups, but P
contents in leaves varied among the 6 groups. Zn content of spring Altari radish treated with
200% sludge was 57.6 mg /kg. It is the highest contents among 6 experimental groups. Contents
of Zn, Mn and Cd were higher in leaves than in roots, but less than those in market vegetables,

From the above results, it is concluded that municipal sewage sludge can be applied as organic
fertilizer to the growth of Altari radish. But this sludge could not be applied under our current
regulations, which must be reviewed at intra-governmental levels.
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Table 1. Chemical properties of sewage sludge and soil

[tem Sludge Soil
Water content (%) 84.0 16.3
Organic matter (%) 72.9 4.2
pH 7.0 7.2
CEC (me /100g) 63.6 5.4
P,0s (mg /kg) 9,040 157
Total nitrogen (%) 3.80 0.06
Na (me /100g) 100.5 0.8
Ca (me /100g) 33L.7 5.1
K (me /100g) 132.5 1.5
Mg (me /100g) 114.5 0.7
Zn (mg /kg) 1,411 37.1
Pb (mg /kg) 81.8 24.5
Cu (mg /kg) 235.1 4.5
Mn (mg /kg) 313.6 275.6
Cd (mg /kg) 1.59 0.30

A3 ez 29 Geta T (Raphanus sativus) & AHS-3HA T

AE Y
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Table 2. Chemical properties of the soil after treatment

Treatment* Water Organic pH CEC P,0Os5 Total-N
content (%) matter(%) (me /100g)  (mg /kg) (%)
I 15.2 4.5 6.9 8.0 471 0.088
I 16.1 4.4 6.7 6.7 491 0.071
m 15.8 4.6 6.9 6.9 492 0.087
I\ 14.9 4.5 7.0 7.0 571 0.113
\ 15.3 4.4 6.6 0.6 493 0.082
Vi 15.1 4.7 7.0 7.0 490 0.081
Exchangeable {(me /100g) Total (mg /kg)
Treatment
Na Ca K Mg Zn Pb Cu Mn Cd
I 0.85 6.3 3.12 0.79 36.9 25.9 4.9 75.4 0.40
Il 0.81 5.8 2.63 0.69 38.3 22.8 5.2 74.8 0.38
i} 1.02 7.1 2.58 0.85 49.3 27.6 7.0 74.9 0.38
v 1.26 8.1 2.61 0.92 53.0 28.5 7.7 75.4 0.63
\ 0.89 11.1 2.10 0.81 43.8 26.4 6.2 74.7 0.39
\ii 0.78 4.8 1.55 0.66 34.1 25.0 4.3 75.1 0.28

* Treatment I (urea 50%-sludge 50%), [ (sludge 50%), [l(sludge 100%), N (sludge 200%), V (sludge
100%+Ca), VI{control)

BS e Hgene delel el § A7t (59 149 ~6€ 30) F<tol 19.10C,
~10¥ 19¢)0ll= 18.6Coldth. 7IEke] ule Al Wl wgitt

¥ HO: FH1E7}5: 12
A7l % pH meter2 =43} 1:} ok CEC(catlon exchange capacity: %¥°]& 3%
H.COONH, (pH 7.0) §d2o2 BE%S FEA1Z1 & FALE 80% ethyl alcohol
| & @A AR (Buchi 322, 343)°l 21§ Kjeldahl 73l NH, & & %3t
AaE A EFX (Buchi 322, 343)0l o3 2l 9 Kjeldahl &&3te] 4 #Fatal
t} & olate] deke ascorbic acidol &3 EelBdl ) o]slad wl A7) UV Spec-
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Table 3. Effects of the amount of sludge on the growth of Altari radish

Sowing Treatment* Leaf Root Total
time Number Length Weight Length Diameter Weight weight
(cm) (g) {cm) (cm) (g) (g)
I 6.8 23.4° 17.3° 7.4¢ 32.5% 32.2¢ 49.5¢
il 6.2° 20.22 13.0° 5.6% 27.6° 17.8° 30.8
Spring IV 6.3 21.8° 16.2° 6.9 31.9° 27.3 43.5°
v 59 22.9° 14.6° 6.7° 33.6° 30.0° 44.6°
Vi 6.6 28.3% 24.07 7.4¢ 35.6 37.2¢ 61.2¢
I 5.3 19.6° 10.5% 6.3 18.6% 12.1° 22.6°
il 5.0° 19.0¢ 7.6 5.7 17.4° 11.8° 19.47
ii| 5.7 20.0° 9.3 57 19.4* 12.8° 22.1°
Autumn v 6.6° 25.3¢ 17.2° 6.7% 22.2° 18.8° 36.0°
Vv 6.2 22.3° 10.3° 6.2% 19.0¢ 14.0° 24.3°
Vi 6.5° 27.5° 17.3° 7.4° 22.9° 22.1¢ 39.4¢

* Treatment [ (urea 50%+sludge 50%), [ (sludge 50%), ll(sludge 100%), IV (sludge 200%), V (sludge
100%—+Ca), VI(control)
** The values with the same upper letter are not significantly different.

I II Y \Y VI

Fig. 2. Effects of the amount of sludge on the growth of Altari radish.
Treatment groups are as follows; I, urea 50%-+sludge 50%: I, sludge 50%: IV, sludge 200% :
V, sludge 100%—+Ca: VI, cortrol.

oety] Fol B Aule] F AAF x> (84 50%+ 58 A 50%) > (£214] 100%+Ca)

>&e1x] 200%> &2l 25028 s =AM dastdont FS Aol A e A B Ae ek
g iz >FHA 200% > (E2A 100/+Ca)>(£+ 0%+<e1A 50%)> <87
50%> <212 100% 9] =X 2 H Ak (Table 4).
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A e s e Eﬂl:llﬂ (24 50%+ £812 50%) % (£814] 100%+ Ca) M2 Boie &
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Table 4. Yield of Altari radish treated with r = 0403
sludge p < 0.05
60
Time
Treatment* Spring Autumn 50 .
(kg /10a) (kg /10a) : .
]
I 354 149 S 40 - H .
I 231 153 - . s
= . [
i —* 151 2 - 1
I\ 235 203 < 30 A 4§ o H
[ I}
1 284 181 . : : ;.!
I 365 247 20 - i : 1
* Treatment I (urea 50%-+sludge 50%), I ' * |
(sludge 50%), M (sludge 100%), N (sludge 10 : I
200%), V (sludge 100%+Ca), V(control) ! ' ‘

0.06 0.07 0.08 0.09 0.10 0.11 0.12

* — : not measured. .
N content in the soil (%)

Eb7] diel Zes etk (25 1 ? Fig. 3. Relationship between N content of soil and
elA = Fol| vlal st FAVE F74E weight of autumn Altari radish.
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wEko A zhzh 0.3, 0.4, 0.8 mg /kg o1& T BRE A (F 5 1994), & AFolM el &)=
Ay BELME oA 200% HE ESAM 0.63 mg/kg, €83 100% He| EFelA
0.38 mg /kgo & E%F £ Cd o] B¥ k8o v]3le] 18] ¥4 °*°‘E} (Table 2). &8
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Table 5. Effects of the amount of sludge on the nutrient contents of Altari radish

Treatment* T-N (%) P(mg/kg) Na(g/kg) K (g/kg) Ca(g/kg) Mg (g/kg)
time Leaf Root Leaf Root Leaf Root Leaf Root Leaf Root Leaf Root

Sowing

I 2.8 1.8 11.2° 499" 4.0° 4.0° 31.4* 259 49 4.0* 46 12
Il 2.8 17° 6.2° 458 4.0° 4.0° 27.6* 254 49 3.9 44 1.2°
Spring v 2.4%  L1* 7.3 4382 3.2° 3.3 47.1° 30.2*¢ 4.9 3.0° 35 1.2°
v 2.2% 1.1 2.7 484° 1.9* 1.9* 43.0" 33.7* 4.9° 300 34 11°
Vi 2.4* 1.4° 9.2° 448° 3.5 3.4° 40.4° 30.9°% 4.9* 3.0° 3.0° LO°
I 2.1 1.5 8.4* 368 3.6° 3.8° 33.8° 26.4° 4.8 3.8 45 12>
I 1.9* 1.6° 6.2 382* 3.9% 3.8 27.5% 25.7¢ 4.9 477 4.2¢% 1.2
il 228 17° 5.5Mef 378 4.1*° 397 298 26.3° 4.6° 3.9° 4.6 1.3
Autumn I\ 2.0 1.7° 3.5° 399° 3.1 31" 47.9° 30.5° 4.8 2.9 47% 1.2
Vv 1.7%df 122 7.2% 381%° 1.8° 1.9° 43.4® 34.0° 4.7* 3.0° 3.2% 1.1
Vi L4* 1.7 7.8 401° 3.3% 3.3% 40.7° 31.2° 4.8 3.0° 3.0¢ 1.3

* Treatment 1 (urea 50%-+sludge 50%), [ (sludge 50%), W (sludge 100%), N (sludge 200%), V (sludge
100%-+Ca), VI(control)
= The values with the same upper letter are not significantly different.

= 0.765 r = 0474
<005 < 005
60 2 60 >
A B
50 : 50 | 1
B 40- o 40 - o
2 . ¥ ; i ;e
— [} - -
= r !. * 30 :: ) !
t 12 §
204 | il 20 | i
pe :
10 T T T T 10 T T T T T
360 370 380 390 400 410 24 26 28 30 32 34 36
P content (mg/Kg) K content (g/Kg)

Fig. 4. Relationship between the P content (A) and K content (B) of the root and the weight of
autumn Altari radish.

Pk B, ol 1 $(1990)0] EASF 2e1AE o §atel AW FolHE Cd # Zn
of weluth ol A ¥rht Aslel petow], Yehe) ¥ el Cd e wE BoH D e
e 79 Mo

el Cd g 0.69 mg /kg(H 5 1993) ololict. a7} & &&le RES

HEo|ER &g dete) ol Aol MEEA o & H5HS &+ 3
John(1973)& th¥-2e) A8 Cd F5o AoiA Anch yelol 4]

B Cd o ¥E7F ®SFS el @ AA Gaol Wol: B, wel, WM& Aato] 2oy
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Table 6. Contents of heavy metals in Altari radish treated with sludge

i Zn Mn Cu Pb Cd

Sowng Treatment*  (mg /kg) (mg /kg) {mg /kg) (mg /kg) (mg /kg)
time Leaf Root Leaf Root Leaf Root Leaf Root Leaf Root
I 34.8 227 8l14° 12.0° 29 21 ND* ND 081" 0.18
il 32,60 22.2¢ 786 105" 2.9 20" ND ND 0.79° 0.16°
Spring N 57.6°  28.4% 84.2% 12.3* 280 2.4% ND ND 0.88° 0.25°
v 34.7* 20.7%% 77.4* 85 2.7° 2.2% ND ND  0.80° 0.18°
Vi 28.12 23.0¢ 79.60 9.8 2.7 2.6° ND ND  0.38% 0.09°
I 32,98 22.1° 80.3% 1200 27 2.12 ND ND  0.84° 0.20°
il 31.8¢ 23.1* 767" 1120 2¢9° 1.8 ND ND 0.77° 0.16°
i 33.6°0 2570 708 10.7* 3.1° 2.18 ND ND 0.79° 0.19°
Autumn N 44.7° 255 81.0° 11.3* 3.0° 2.2% ND ND  0.91° 0.26°
V' 36.4° 21.8¢ 78.0° 10.4* 2.7° 2.1% ND ND 0.71° 0.23°
Vi 34.9° 24.1* 8L5 1.3 2.6° 1.9° ND ND 0.44* 0.05

* Treatment I (urea 50%sludge 50%), I (sludge 50%), H(sludge 100%), WV (sludge 200%), V (sludge
100%+Ca), VI(control)
** ND : not detected.

s wjo] Aol & AE FUshS W 20~40 ton /ha
osle) Zasdny Rosdon B ATdAE Bz
o) Cd gae 3ol giith, ol 2elx) A Fol HY

Pdorz ok A 5(1995) & S
o] £olA B4 FE9] Cd FFo
T5 AT LR K Fol A A=A
7) W2 Aoz ARHTh

el 7 8 Fo) ZnghEe B Al 2 74S Al 2% 2R 200% AT Lol
marth 2eiy &8 200% M E el Zn §3E 28.43 mg /kg &2 AR Y&
Zndtek 42,36 mg /kg (7 5 1993) oot Pbe etz Fof Hejst oM ASH A &
ol-;].
&8 %] 200% Al 72 EYNM Znol FE7} 53.0 mg/kge 2 thE7 2 34.1 mg /kg Hth
gto v (Table 2) B%5 EdolA 2 Znol &% (30 mg /kg)ol Hl3te &2i=] 200%A =] 77t
2 gdch seiAe FU@ol LS U L PN ZndFE Fon EY F9 Zn
= °l%5‘ Hoz Az} (Fig. 5). Zn g#o] & X FLFE Letel 7o 1A
B u meolol Zngtako] Ao A LS v e ATk v o o}
Zn?:}%*% Al Zol B e e ﬂait} ER=g

Elg) 9] F3F AAZAA] zF 22 z7he] zpolrt Fglo] vEbg L F#AJolE I Aol 7t H

e 138 B9 9] Ph, Cdo] 429 A5 5<_7l°ﬂ o 2A el Fss F7] g
Aoz AzrET B £(1990)2 Fo v Fol o) o CdE FY3ta & w Cd 100 ppmel
o2 Hag FolA 27 K Fuiz vl 4T HAE RIS, °lr’46¥ Aele FIRVR A
2 Zunt E 234 09 Ao S o4t FeE 4K 271un 45710 o4 sl
o) A ASE pAAZGE U1 (7 1982)E A R7IRTE 4579 Age] gl

2]

A 7%

=]
_T_O

X E FE2E50 9o 28 ¢ 7 UTh
Swiss charde} radish® 107 el A A8 Bl Austd S o Cde} Zno] £H &L &7
2 M, A2 Au)d A7), A A2l e met F315 o]zt 9lem(Chang ef al.



280 Korean ], Ecol. Vol. 19 No. 3

S 80 1987), 2829 #Fol utdx xpo]7}
< 7 Root 915 (Kim ef al. 1988, 7 5 1990) 2 2
E 60 - Leaf W, B2 7HE A Gebe] oAz A
5 g SR Hel g M 35E ¢
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E 00 7 7} 27 W el vYEhve Ao g At
g é He}. Chang ef al., (1987)2 E 9% pH,
ﬁ 0 : Ed diEx, EY 25, A7 4
= H Ao F34 680 4P v A
% 20 G, SR Held Bk B
8 oE Aumstde W Cd 3 Zn A&
N 40 T 45 £ pHoll me} xjoj7h e
30 35 40 45 50 55 60 H(Chang et al. 1982), ¥ Ado|=
Zn content in the soil (mg/Kg) W EYE AlREHonz EX ¢

gk 2pol = ¢l
Fig. 5. Cont§nts gf Zn in the root and leaf of §pring Bkl 9 0“1 zazo Ra5e &

Altari radish according to Zn content in the _

soil. F%E& EY pHS 9T 3AE 71A
Wt Ae, A EA] EoH,
AR s Yolxiz ZAR oA UL, K EY Fo A7EE 545 DY olEs) o
el Bl f71Boly ek Al gt g Uit 8 AP £ Ae Ao g
A odeh (2 5 1991), & ol slolMx MalE HArigh 2] (el ] 100% + Ca)7t €8
100% =] ¢t2f & zpol7t gldt), ol E kel pHut 4 717k9]) M3)e] Salanrst & A
S vA A= S e £#X 50% Al teh £#1X) 100% e 7ol M Mn, Zn, Cu 23

geo) & polvt gl ot &8 200% # e Fol M g 2ol 7k AR

637 A3 90 kg - ha ! - yr'e] £ AE A& s 4& Ao A Cd, Cr, Cu, Ni, Pb, Zn & =

Age AT A0 AR FRE FFES £02) A o] Fr15e] w 2laig o,
F E5EE 204 FUOR HUE B 3539 1% olsto] At} (Chang ef al. 1984). o] 23
A9 w el A2 E Bl 48 st 4 FEs SRR 10 5
oS o 4 otk

ool At gelx) el el Aol hETRTHE FEehA gkot, ¥x) Bedel &
7ty orebe] el 4ol S7bstelth (Table 4). 3t 23] 200% el T A Auje &
el FE4 FEe Sl ABER et Sel el 4 sgde) wel ojujol3]
AW ge] FHE e Lol 200% Aol A Yhorw Seixe) A =g
b Aom Andch et Selve BE WY 248 NEL o getetE £3 &

o] &-87]%(50 mg Pb kg)% 272 Ao)A = 81.8 mg Pb/kg) 37 ol A=
Brbgatch olvd 71ES dE 3 drpAag AelEae ofn vete] 7ERTE %e v
AHEZL Hasteh vlae] 39 Pbel ¥4 FYsl871F0] 840 mg /kgd & #4 T u}}(é]
1995), -elvhetel A ot FelAE AHAl o] &8 = UAES Fa & HEVES ¢
of Azt 2l #H 718 Al EAE sfEdsks Wetkol 45 HES ook a3

ot Hofr W rle R Sﬁ

\)il'

-*%‘
ol
2



June 1996 Oh ¢t al. : Effects of Sewage Sludge Application 281

mAas saAE AR BYste] 2a3l Fekl R E e W 1 dromdel &
Boh gl AUl FEEol ABAle] A& R v FFE A AT B
o) HFALTRE 1Fo T el vES 247 9sta e wel detel o) A4S ety

2, olE 248 AgF e vlasich

of A e wAE 2o B FeI N, P B3 Aoz e 53
g g ETo M Selx] Jel FRor Y el dolx An ZAx 78

b EHAE At FolMe Feixle] FAF] Gold s I ejo] dolx AU F

T AR AEAWY N, K, Ca, Mg Mzt o]zt glslovt o] POl o2 et 2po]

7b ik A EAW e Zn gFe &elA) 200% A 2] 7oA 57.6 mg /kgo 2 T X FH e

Eodth Zn, Mn, Cde] 282 welro oM wekey Zn, Mn, Cu, Cd9] #3482 Al#

2 e Fo A FEFEG H A

Aol AP AA2RE fevtae] =4 &g s AE dete] o Aujrlol] HlE 29 o] &
7hget Ao g etk o Lt A Y AFRo] o 9B o] 99 Wl d JEV arEh
AZEH

HAA - o]FS - 2734 - AYE - 29 - 79 - £33 &5 ol A9 1993
21 EF 0 vl FFEd B AT AL R 30:366-377.

A 1982, FEAEL] AR vlAle TEEe] dP a4 A7 B SEA] 5:176-
186

SHE. 1990, A St X9 AR Hesh AEAFe] Cd 2
gk =37 Fsks ) 9:121-131.

3
TY7IEA T4 1988, EFEIS A . 450p.

FENEA. 1983 FAF AlE AT 2AF 7% 495p.

A A7), 1995, F3 AFE 713 KL 95-15~95-42.

Q38 - HYF - FE5 1990, B Foll AojM ot viF o MK nlA= FF% Cr, Nj,

Cd, Cu % Zno] % =875 3 9:113-119,
olit3tk 1992. 7, WiF A &ol thi Fe] f71d B EAl & A SR E S 5%

2

g -oldFE - HI A, 1991. EY FollM Cd, Cu 2 Zn 9 &3 2 &Y nAE EYLH
o] pH. 5875337 10:119-127.

718 - PAE - g g 1993, L] £¢ ASo] e A5 2R Al Ea IFEYY
E3}3] %) 26:78-84.

# 94, 1992, 7] E Mo Adsh &2, A& 613p.

Hoja - e -t E, 1995, 3 iR 9] wAA] ol &, T 5H ] 14:72-81.

A - oA - 3F3. 1991, Cadmium 2 g E %ol A Cadmium =)} 7] 1)

=
AAE - S5a - a4 YA - ARG - olalH. 1904 FHIR A% BF T TS G



282 Korean J. Ecol. Vol. 19 No. 3

& E2AR A ER A8 AR 5:116-124,
BEI - HAY - o] 73], 1989, Aol 2HE, FRAL A&, 398D,
g sherd g o8], 1990. sk SRl el FA Fol i 12 2A} A AL 68p.
A7) E7E 9. 1995, B8 21(AIb). B8 , A&. 171p.

Chang, A.C., A.L. Page, K.W. Foster and T.E. Jones. 1982. A comparison of cadmium and
zinc accurmulation by four cultivars of barley grown in sludge-amended soils. J. En-
viron, Qual. 11:409-412.

Chang, A.C., A L. Page and J.E. Warneke, 1987. Long-term sludge applications on cad-
mium and zinc accurmulation in Swiss Chard and Radish. J. Environ. Qual. 16:217-221.

Chang, AC., J.E. Warneke, A L. Page and LY. Lund. 1984. Accumulation of heavy
metals in sewage sludge-treated soils. J. Environ. Engineer. 13:87-91.

EPA. 1993. Standards for the Use or Disposal of Sewage Sludge Rule 58:9247-9420.

Hayakawa, O. and N. Watanabe. 1990. Effect of incineration treatment on chemical prop-
erties in sewage sludge. Jpn. J. Soil Sci. Plant Nutr, 61:127-133.

Hayakawa, O. and N. Watanabe. 1992. Time-dependent changes in soluble heavy metals
from incinerated sewage sludges applied soil. Jpn. J. Soil Sci. Plant Nutr. 63:289-295.

John, M K. 1973, Cadmium uptake by eight food crops as influenced by various soil levels
of cadmium. Environ, 4:7-15.

Kim, S.J., A.C. Chang, A.L. Page and J.E. Warneke, 1988. Relative concentrations of
cadmium and zinc in tissue of seiected food plants grown on sludge-treated soils. J.
Environ. Qual. 17:568-573.

(19961 5¢ 14 )



