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P.0:  CaO  MgO
D (%) (.0 ()Y (%) (7”5 (:) f‘)

% 3.9 1817 i’:,&)\"» .62 & 32 O ¥4
78 71 138 173 0.94 819 093
55 i 79 9.4 (26 111 113 739 1.2
&1 F 31 5.9 5.0 1939 1,0:) *ﬁ EN) () 38

79 9.0 6.1 .74 105 808 0.97

4y wEe () M T NONO-N, T PO, HDFE P, Os . T

K Q Na:0

[ ¢4 i) (ZU(U”(IZ‘W’*W)

Cal), Mgl Ko O o fiapeii,

T fa T-Cu T-Pb T—Cd T—Ni T—Mn T Fe T-Al

(%) (ppm) (p)m> (ppm) (ppm) (ppm) (ppm) () (%)

0. 26 883 112 72 2 ()9 )0 2 307 23 ' 1.63
0.23 1000 1495 1R 110 63.7 428 botw 2,67
0,17 1156 226 57 9] 791 261 B 1.72
0.21 823 158 BB .75 615 578 a.6% 0 1,76

(A 96h 175 g 173 63,5 394 5.7  1.45
(017 ¢ 11)(?0 18.6)
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el
VEEHRER, 28R vvT—, SEDUBIEEN Y
ooy, A TERKRE, 2 8HBE/NERI
Ufoo JEAREBREIIC PERG 1 S B4 L (10—18—16) %
50kg/10a, REE 2HEFO/NEZBMEZME (1414
—14) % 100kg/ 100, v —FHE - @ - s
N+ P05 - K:0 & LTH A 6kg/10a, 34 LD
INEE AL LR (6 —15—20) % 120 kg/10 a,
TN oo 3ERINEEZ (1516 —15) %67 kg/ 10 a
DENEGT, BRI &K SaEm L
eV O BT RIS R Oh R 2. 5 m* N%H
AL, HEmEyAERE LTk, TEIIHEREK
A —H Vs, M T 60cn ¥ Tlhem & & EE LT,
IO TR I B B 1 K
R VMRS ) B 10, 1, V5 K OEY)
HROBELBO 2R (LIVERAOFI T A DT H)
BRERNRE, BETRLREERCL > TERLI. L
%, FRo T-Cd it DDTC —MIBK, friks T—Cd
BL O TPb i3 APDC ~-MIBK ¢ & 5 e e 4 4t
L, #hBAOBS BEEHREICL » . LIE, HED
A E el (UTIRAONI SA 20 5) & S—In,
§—Cu, S—Cd % 0.1NEEEEIR, S—PbixpH4.5, IN
HEh 7 v = = v adEie £ 57

o
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avOHFR TEBER SHERBR TOEF IZEE
AR LD EL L w i, —HEETHE, 2{EHOREZOE
BRBEREARKOSIIGHX LD B -7cds, £hLRO
INE TR OE IS B PSS - 7z

Lichi->T, HiREAICLD 1 EHDEYETIZRL
1o fchs, BREHEAE SN 51coh, EFEPEE
AXE OB S 2HED S -7,

2. BROEA &L EOLFM

ROMHIZL > T, #ELE (0~15cm) OREH, 4
B, WSk, B Vi, BREAIRKE LT
Tl & CHHBREE R IIRET (156~30 cm) ,
EHELIKIZ TR (30 ~60cem) £ TELB -7, L
S UBEHBEEINEHI DWW TR &EA EEEMTEH - 1,
RO BCIHEIRICR Uitk HREEL 15 L, £

3,
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1. BROBALENOES B oF L % A RS R AL % W%
IROHEA & A OAEFORIEEE IR Lk, & ! ;

fECUE, 1R DI AT R I bR M & R 100 £ LT
DEZ 5T, LinL, SAERUBOEU L v =n F 1 BROEE - (ERo i H
B2k MABEOLIEOL e

) i 100g) % K f7ohe AR
& pH EC TN T-C cpe RIS (me/100g) bk T AR
Koem L0 (msem ) (%) (me) fmiE - DAR kR
C 2 w/c 24 7 . .

g /e ’ a0l MgO  K,0 (%)  (m/1009) #H

@ 0—15 67 008 411 039 3.2 498 65 59 57 2.4 1970
i 16—30 6.7 0087 416 039 203 435 59 64 53 0. 1980
g} 30—45 6.5  0.087 3.52 0.33 26.7 380 43 34 50 3.5 2060
4550 6.6 0105 3.82 0.28 26,0 418 55 35 56 3.0 2030

w 0—15 6.7 0105 382 0.37 800 526 109 67 53 2.5 2120
i 1539 6.6 0094 422 039 301 516 54 38 61 1.5 1960
,Tg‘; 30--45 6.4 0104 412 0.41 30,9 499 9 33 53 3.6 2010
[ 45 55 6.8 0129 401 040 325 633 66 55 69 4.8 2000

62



BT B WH WK D TKBROSEEMS LR L O RIETRE

03 04 03 04 0304 03 04 0. 0.4 0503 0.4

T - N

(%)
03,04 05 03 04 05

T - C
3 4 3 4 1}___'__:1 3(_'_:1 u 3 4 3 4(%)
Not ‘Not
Sample Sample
HHB P04 (mg/100g)
9510 0519 981 Q.. LI0P
Not Not
Sample Sample
HpatE  MgO (1008
¢ 100 0 _100 90 100 0 100 0_ 100 0100 0,100
ey e ] [ an L mat} ey L anl
0
15
30
45
60
(m}%ﬁm 2REF ATESE 6FREF SITEF I0fFBF I12fREH
Zoai
iy (299 (34 (445 (5 ) (846

B RN X 50, IR > M
VA wifiaic s ni®d, BHIEmMILK < miEmE
[T temmsd BRI, SRR MER I 2 RS
W, AT @M, B RO R Y R,

H2 HROKEH L B

0
15
30
Not Not
45 Sample Sample
60
(cm)
NOS"I‘ {mg/100g}
0F o0 98 L0 W g0 e l0 0 1020 %
o
15
30
45
50
(em)
e
it CaO (mg/100g)
0500 0 1000 0_1000 0 1000 0 1000  0_1000, Q1000 2000
0
15
30!
45
&0
{em)
3z EN
ERYE KO (mg/lOOg)
050 0 05 080 050 0 50
o - s = e e
(fm)
PR 41EEE 6 N 8104 1078 120k
(“v) (247 (340 44 (54) (64
(mS/emn)
8 0.8
i [ o6
10
(H.0) BC
T =04 (115
L +0.2
oL 1 L i § L I Jdg
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e THUBMIA 5 (0~15cm) D pH,

EC, CEC, {iFifigg
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R & BHAKO T—2Zn @H%E 23390 ppm, HHEH5103
ppm, T—Pb3&4%4 41 ppm & 11 ppm, T—Culd157
ppm & 113 ppm, T—Cd 32.0ppm & 1.4 ppm T &
7 RKEBLOBRLEOWIMNGE T—Zn, T—Pb Th¥
PIBEDONIHDD, T—Cu, T—Cd TiEREAE
BHohigh-71,

v & =

HROWAIC L > T, 18E KO of B
EPEEZCEEELHONTHEN?, 54EBOINE
i & BEFR A F 8 (370750 10, KRBT B IRD
& 0 b ESHOBTICEAEB S, BHERESH
TVE1t/10a® LD ZBOER GHAESEME L
TH5t/10a) %3 Ui, 6 EMIcBAShiziBRITG
HT30t/10a & B20T, ZHEERMEHBEORAEM
EHBFTOBHCIBBLEEL B,

1. BROZEFEBICLZLIBOASE SEYMES

PR RIS BB O ARG DI L~ 7K &8
#99 % AR, BROFEHII L D o & B IR
DI ERETH 7o L LA pHREETH 7.3
T, AIKGROBEAEO X572+ pH OMEES 5
HEBY ok -fe, CORNELTR, Bz s
IKOWE & FRICHEREE BB, HREOREDH
{L®, RERH AD RS L L BHIKDO o2 on
bo BIKEBODITOEN FREEBR I, 1 pH
DK TIC & B2PEEEDD SN TN B A, Fmipho
FIREBICK » TR U4 38 pH 2o o
&l DJ THBCENRBR NI, Ll pH O 8
DEOPTH>THLARKEIED FHIFEL , BR
MEOEWMSIL T &5, HROKAIE LT :
NG VR, RIRIEMEAEE L TRARARD AT 23
HNETEH A D,

DEH LS RESEOBINEHFT, Cni
o® BT AL 0k, HROBEEMICL -~ T &M
M s o 5 BB ON K, LHEo s 1L
DYRBHE DLV 4 TT oD EEbRS, Ui
-, BREMNOREY - U CRHE+ 51848, 44
7 KEDI Az v R A MEP BSNEE 5 0
PN

HROEHTRIEROBS R B s o, {0+
HEFELE TS AHBNH - 7. EURE DS O
P EDaYO Ch 4D E TRIBAORA TS 7o,

EDREASHO/NED 13 2 E X0 I A R L s,

CNSRBBCESGBOBNK L3288 EREZ LN
20, SRR, HBEEROBE S IENOEREAIK
@Wmcié“@@&ﬂbm7

2. EPOESBERN S LBPOTMBHBELBEOEH

HIROBEAIC LD LB~ OE SR ARIIE LML,
YEETO Zn HF LB, XFETHR2~61F
R, 8~12fFDWI i -7, F7Cu, Pb,
CAXTHRDMEA X o> Th B E DI L ke h - fo,
CDEIAERP O EER O bEII L U
BHBOBKEFEAD ONY, BLBHESRARLD
FEEBE A A - oo

CORPBEAARTOEEEBERY In 20T Cy,
Pb, Cd THERADMNT & &, Chaney? BHEHEL 72 “ 118
—HEEE LD EHEXD, THOL, BN
7S HEBEER & U CHRNh OB IME % 14

TLHHEE R OEEE” A0, Pb, Cr, Hg, Culdsd
ol s e o 0, HEOME» S ELT S
BRBOEM OB EERMET, 118 pH o F
FRE LD EY~O BEGEOTHRMUNET LS a%
G L LT3,

B pHd 14 H 6.76, 24EH 6.80, 341117.22
EDFDIRENTH - 1ohs, /NEOELIBIRITA 3 ~ 4
FELSOBINICE > & s, pHT7.0 T4
BrhOBE AR NS ORI 5 7o T &
HEA NS, BEKAROBEEIL T NTA 2B TH
D, HBHHESEBNOKNE - ShTnasnT?,
SRGTEOWRC X 2R EHMOBERER 5 & X3,
PEMODE RIRB 2 B 208 8b A5 P,

0.1 NI & 2 T oul i B8 3 M5y

TSN ARESE S hRIFETEOMD, EEEs
DT RINZACSNT VS, ZDHHFE LA E,
Fiato0 S—Zn, S—Cd EH3EHH LD TR
BEEMHD, S—Cu B I1HFEHLDWDL L TOE, &
O & HIE RO, BREEAIXO 8 pH
DEALD T TH -t bbb LT EI AD SN

7o
ORI 2720, 3 BiC 0.1 NEEmbE
D i pH % 5t

e, IO pHiEK2.2 &—5E
THFodd, HEHDIE A FARL, BRET

5,24 WIS iz, Uichs- €, 001 NEERHh iH i ¢lga
RS L - THI pH im H L 0B 40, H—RET
AL TORL T & AUR RN, e 2 b
BRSO, ik SN - TN,
TR & RO LTI pH % bilay, &£84




HiTH - BE - £ - 184 TKEROSEEMN L ES JURDCRIETHE

BoOMMBELET IS b0 L EbN 3,

&5ir, S—Zn, $—Cd & S—Cuf§iomiEOER
13, BROBRICIA TR POHEICL > THBAS N
3, THbHL, KIUK:ED 7o 7 2 w5 Zn,
CuB EOBELBAHBEMCKEL, pH 4 ~ 7 O HE
Tk pH O ERICEE - TRERMEZ, Pb>Cu>Zn >
Cd TH-1:&LTnB, HRESINL Zn it Cukd
SWBEENES, CaA AtV BEETSE In OREAL
EOIETFZELTV D, CORPIKLELBREE
HE LT, +BOOBHIcL 2+ 0 — MEEHHD, ¢
DEBLELONDY, HH1EEHS SCu HEL
R LT &g, BREBAMETICTTA B L - L fh
D S—Cu BERIKE-T, DA ->THRBEINLE
RETEEZLD, LEp->T707 x 189 ~D Cu
DREVRIREEAIERORBREIC K » THHHNICHED
oh, FARABROTAUESBOBRIIKEREELLLE
bz,

B3R THDPOTMEHESLEERIFD 0.1 NEKML

#® D pH
) 0. 1 NIiEEeil R 8 pH
A eIk AKX EiRERKX
HERBHRAAT 0% 2.27 2.45
1 2 2.24 3.12
2 4 2.21 3.18
3 8 2.25 4,08
4 8 2.21 4.35
5 10 2.19 4.96
6 12 2.25 5.24

St nd B o O B

teom) 100f

3

W, 1) 0.1 NEEemth|® (77 v2) ©pH 1.01
FAFS3E D HERB RO pH 7.92
2) HRETIEI A O REL 0~ 15cm

3. TEPOLHSREFOSREMELEMELTO In

BIADL Sic, LEhOAAERESREIHKLESR
EKLKER 7 THOMAGHEICL > TR Lichs, 2
SEBREBELBELLVEABMOFEICH ~1, FLTE
TREBARICTT LI, BLREOBRARLERS
FURBLicHEML c2E5BOMEMYERERA» 53K
Btz HBERBEBKEORABEBEL TS, IhoHiFE
RBHORANERBICELERINDIT LER LT,

EZRB+OESBR S L, HEBMERLT—Cu> T—Zn
>T—Ni> T—Pb> T—Cd T, T—Mn, T—Felliz&L A
FHEBES I - T,

o kid, ZhoZo0gBHELEEICTABRICE
EL, BRTOSERE A THEMICE W i, #
B SERBBEC S EEZ, BRIOLKS
SRITHT 3T EPOLBAEROLE (LITHER L
B ET2)2RDI, TOFKERE, BEaMn0.4, Fe0.8
T, HEOEEL£ETIE Zn9.0, Pb4.8, Cul.9,Cd

— r
ol g
300 Zn /‘ Cu
- 30 o
200f 3
20F O,
Y=0.95X+25 10F Y=8.0X+0.33
/ r=0.968"" r=0.982"**
" PO S

s 10 15 20 2 3 1 2 3 4 5 6
HERT EOBSRBARAR (2/10a)

I, MmEHRAGRERX —REAK GURBIMITOGBRZEHIE L)
L D3RS, AR 6 EM (n=6) Lov Tl » 1,

=T BiROFRC L 5Zn, CUREBRAR L
#HRBL g Lo s 8O

F4E BROMACLIELESFORERAR L LML XS SROEM (LB RU
FETOEMZIn & MASOHEIMEROMHEBE (TB) H#E

EE (em)Zn Cu Pb Ni Cd Mn Fe

Al Ca Mg K Na P N C

A% * %k

ek *% * k% *
0—15 0.968 0.982 0.919 0.925 0.673 0.032 0.135 —0.049 0.684 0.413 0.825 0.743 0.921 - 0.859 0.746

%
15—30 0.343 0.384 0.377 0.265 0.022 —0.214 0.496 0.436 0.561 0.923 0.304 0.269 0.097 —0.554 0.005

*% XKk

* %k

* * * *
0—15 - 0.973 0.981 0.887 0.705 —0.179 0.026 —0.256 0.826 0.440 0.826 0.624 0.828 0.952 0.244

*
15—30 0.375 0.272 0.330 0.195 0.051 —0.158 0.540 0.243 0.616 0.877 0.452 0.353 0.124 —0.434 —0.608

A, 1) YREROEMCHEOTERCER L ABINSRETT. X ERARERAR TRIRBLFIINLIT—Zn 3B TS5,
2) BERCEDX, YaRD, SEMICOOTERERR L DEMERD L, KLY 5%, ** 1%, *** 0.1 %557,
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953 HREOMMIC LY BB L OEMhIcER L BB O

N 410~ 30 cmtPicER L7cElE (%) e ic B L IcEe (%)
R T—Zn T--Cu T-Pb T-Cd S—Zn S-Cu S—Fb P‘“Cdﬁ Zn Cu Pb Cd
1 191 217 200 223 47 — 17 31 107 0.23 0.14 —0.06 0.28
2 133 56 105 174 21 7 3 45 0.06 0.02 007 0.23
3 220 92 158 205 5 - 4 22 - 14 0.37 0.16 —0.03 845
4 128 125 96 167 14 - 5 18 20 0.45 0.07 —0.03  0.90
5 111 101 86 67 0.9 — 4 3 - 5 0.35 0.10  0.03 —0.27
6 104 85 100 135 0.5 — 2 11 2 0.35 —0.07 - 0.24 —0.53

e = SNy . Atg MEEA % .
&, 1) BeRONERSFECSCHANIEED O "—“‘m %} X 100 X DRd i,
2) EREREERRK IR L okt BB LML L,

3) EHOAOKERHREAROGHHED Lz EhRT,

2.8, NiLL6 TH -7 LichinT, HROBAITHA DOTEETHLEEZL OND,

L B4 B0~ 0BME, 5 R L 2 kic
oAb DR s, V 15 g
T—Zn BiHR THEESELEL, FHRBEARLO
B G T—Cu KIROTEL, T4 3R /f\":;“ & TRER ok —+) 28R T, BE
I, EBELE %;d{ébn Lt T—Zna B LA & HE BHRET 5t/ 10aBMEEA L, 6 M4 R FHERERK
B FRBLTHREBAGEOMMESE SN & LTz, ERBHK S MEAXORE LY, HBBLT
5, #EELOT—In i‘ﬂ;‘(lé@‘bu,ﬂ kB ECEBOEM Ve Tl o % BB O R T B 2B O BEh o
AT AEEL L THATH L EHFL 0N L, o CORRRBLITOXSICENIND,
4, BE2RORE 1. FSURHGEM | H OEREROATE BaSEm Ly,
EIRORRIT KO BA SN ERHOLLER S Fic 2EHPIBO/INEE BN L v E e o VGO RE
Filtoo TIBICERLUICESEE, TI0~30cem D WY Lize B4 0 ~15cm BRBROWHICLD,
TR TNDT, cotakmliziada BERIK, B, B VR, HREE
B DT ke, ECRIE N SRR G LR gL, AKETEG60em = - :
#HizEinL LEaBReE LTk, O pH BT 3LUTFTH »fohs, BIKBHLEEL S mi
PR RIS N A RO IS 1 3SFEHD Cd 938.5% D, {EAEBE T URR &S Eontc.
T, BRI BUTTE, BAShERIBOBZA 2. TBUROELH Mf’r:%%twvzm FLIEML,
RS sh TR, THRbL, HHEdcERL Cu, Pb, Cd bW/HBRIG 2 ~3 2 THEMML. Ly
P EABOR LI, RERIT 6417 20104%, CuBs%, LERIC & 5 HeREERARK &H&t LcsinE iy s
Ph100 %, Cd135 & Bl =t #EMEH2 ~3 A Nt
O EBOIA S &S EATREND - ohs, T 3. b 0.1 NEBABEASE (Phil pHAS,
NSRRI OBRDE LIL L - T, RS RIRORT I NEE T v E oy LAN) AR 2D 8—Za, S
WSS ATDD, B SEfE R U, T P SMEI L, S—Culiiie il Lz, #ETOS
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The Influence of Heavy and Continuous Application of
Sewage Sludge on Soil Materials and Plant Growth

Takashi SHINGY 071, Norio HIGUR ASHI,
Koichi ANpO and Naoharu MATSUMOTO

Key Words: sewage sludge, zinc, total heavy metal, soluble heavy metal, graminous plant

Summary

Sewage sludge was applied annually to the top 10 cm of a humic andosol in an upland field at a rate

of 5 dry metric tons/10 a for a period of six years from 1978 onwards. Graminous plants (upland rice,
barley, sorghum, wheat, corn) were grown in the sludge-applied plots and in control plots which were
not treated with sludge. In both plots, chemical fertilizer was applied equivalently.
Thus, the soil chemical properties, plant growth and the heavy metal accumulation in soil and in
plants in the sludge-applied plots were investigated as compared with those of the control plots. The

following results were obtained.

1. Crop yields in the sludge-applied plots were higher than those in the control plots in the first
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year, but were not superior to those in the control plots after the second year. Continuous application of
sewage sludge increased the contents of exchangeable-CaO, exchangeable-MgO, available P,0; and
NO;-N in the topsoil (0—15 cm) and furthermore the exchangeable-CaO in the subsoil (30—60 cm).
With continuous application, the pH of topsoil increased but did not go beyond 7.3. However, the
increase in the percentage of lime-saturation was remarkable.

2. Zn contents of plants in the sludge-applied plots were markedly increased as compared with
those in the control plots every year, and also Cu, Pb and Cd contents of plants tended to exceed those
in the control plots over the early few years. However; non of these heavy metals of plants had any
correlation with the summed amount of heavy metals in sewage sludge applied every year.

3. Asto 0.1 N HCl-soluble (S-Zn, $-Cd, S-Cu) and 1 N CH; COONH,-soluble (S-Pb) heavy metals
in soil, although the contents of S-Zn, S-Cd and S-Pb tended to increase with sludge application, the
S-Zn and S-Cd in topsoil scarcely increased after the third year of application. In contrast, the S-Cu
content of treated soil was always decreased. These phenomena were assumed to be caused by the pH
increase of 0.1 N HCI extract solution with continuous sludge application yearly, while the total heavy
metal content (T-Zn, T-Cu, T-Pb, T-Cd) in the topsoil which was treated with sludge increased yearly.

4. A significant correlation was observed between the summed amounts of heavy metals in sewage
sludge applied and the total heavy metal increase observed in topsoil each year. T-Cu content of the
topsoil showed the strongest correlation, followed by T-Zn, T-Pb, T-Ni and T-Cd in that order.
However, T-Mn and T-Fe had no correlation and the ratio of these heavy metal contents in sewage sludge
to those in soil (sewage sludge / soil ratio) was below 1. This ratio of T-Zn was highest at 9 of all the
heavy metals measured. From these results, it was assumed that the T-Zn content of the topsoil was
effective for assessing the accumulation of other heavy metals in soil treated with sewage sluge.

5. The fates of the heavy metals (Zn, Cu, Pb, Cd) in sewage sludge applied continuously were
measured in the final year. The recoveries of each heavy metal in soil and in plants were almost 100%
and below 1% of the theoretical amount of heavy metal in sewage sludge, respectively.
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