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Recently, the total amounts of sludges produced from water purification process are increas-
ing followed by the increasing demand of city water in Japan. It has been reached 300 thousand
DDS-tons per year, and how to deal these sludges is one of the important social problem.

Since main composition of these studges is soil portion in raw water which is carried from
basin, the utilization to agriculture has been considered. But this kind of study is doing at several
prefecture independently.

The purpose of this study is to clarify the present situation, problems and effective utilization
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of sludges produced from water purification process.

The work was conducted as three-year project research for the fiscal year, 1983-1986, and the
following summarized results were obtained.

1. Present dealing situation

The enguéte was conducted on 78 water purification plants which had sent their siudges for
our sample. Although effective utilization showed about 14% of sludge dealing, but 41% water
purification plants want to examine agricultural utilization.

2. Physical and chemical nature

262 sludges were collected by the co-operation of 78 water purification plants covered all
parts of Japan. These sludges were chemically analyzed, and the results were classified according
to the treatment methods and sampling month.

From these results, although standard deviation of elements content in sludges was higher,
Al;0; content especially soluble Al;03 MnO and phosphate absorption coefficient were higher
than general soil. And pH, CaO content were higher in "lime treated sludge”, Na,O content was
higher in “polymer treated sludge™. Also seasonal variation of elements content was recognized.
It is necessary to consider these nature of sludges for agriculturai utilization.

3. Utilization to Agriculiure

8.1 Soil amendment or soil dressing

Field experiment was carried out cultivating taro, potato and cnion succesively under humic
voleanic ash soil. And soil amendment of “lime treated sludge” was effective to each crops. These
effects were mainly based in the correction of soil acidity, but excess application of siudges (2-10
ton/10 a) and Mg balance should be noticed.

Also field experiment was carried out cultivating soybean (edamame), sorgo, spinach, rye,
soybean {edamame) and sorgo sussesively under alluvial soil. And large amount of “sludge treated
without the addition of chemicals” (100 ton/10 a) can be used as soil dressing material. Problems
of Mn excess and higher EC derived from nitrogen mineralization were appeared in the first
cultivated plant, but these tendencies were dissoved from the second cultivated plant. The
application of rice straw and iron manufacturing slag showed good effect.

3.2 Mixing material of nursery bed

As the mixing material of nursery bed, “polymer treated sludge” was useful for rice seedling
and “sludge treated without the addition of chemicals” was useful for floriculture and vegetables,

4. Behavior of elements in soil-plant system

Behavior of elements in soil-plant system was checked by lysimeter under humic volcanic ash
soil comparing the application effect of five kinds of sludges different from their treatment
method. The vields of application plots were lower on the first cultivated plant (maize), but it
became higher on the second cultivated plant (spinach), and it showed better growth than
non-application plot. Movement of Ca®* and S0 to lower layer were recognized by the analysis
of soil solution, and it was considered that the notice from the standpoint of environment is
necessary.
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(DS-t/4E) 323 (%) 331 356 361
Ak L LA ERER (96

15y 68.8 66.4 68.7 66.8
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¢ 2% (ppm) (ppm) (ppm) {(ppm)
PR ALEE MEF 139 496 020 132 084 061 048 114 598 13123 103 580 196.7 23.2
B 278 851 048 229 183 208 148 241 198 28636 487 1109 5820 384
mIE 860 264 009 024 046 015 015 033 241 2060 106 203 645 0.02
CV (%) 2657 3865 47.0 456 415 663 726 421 562 455 977 404 607 272
PR FAAER EH 178 574 045 145 085 053 099 073 499 4256 836 770 750.7 18.2
B 296 921 338 648 1.69 136 742 230 143 11913 3407 1900 40200 29.1
& 102 166 008 035 025 015 016 026 041 557 535 188 562 7.99
CV (%) 280 348 1759 1222 505 628 1488 903 709 7951166 629 140.7 32.0
B #5175 538 020 075 103 057 036 0.7 517 4781 541 77.2 1981 182
i 345 108 088 1.80 195 207 131 223 i85 173L.6 3326 6086 2100.8 43.0
& 481 184 002 025 022 0.4 009 Q.31 047 883 61 112 231 476
CV(%) 325 208 677 378 427 743 669 722 639 5821044 1105 1172 347
BHEE LR EHY 213 517 031 060 089 050 031 105 6.84 4200 369 8L4 1762 227
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A VRO pH CEC x EC. TO/C T-N N TR N
(H:0) me (ag MgO K,0 Na,0 Ws/em) (%8 (36 (mg/100 g)img/100g)

TR IR ER M 984 197 728 184 221 412 1843 469 045 126 2.66 2980

B 133 352 1269 663 317 506 4010 822 154 178 11.4 3335
WiE 698 7.8 635 0290 134 309 360 1.30 008 423 0.76 2140

CV (%) 162 37.7 580 771 197 139 548 336 796 295 869 8.20
EATMIE JEHS 681 332 139 213 214 585 2414 413 042 99 6.72 2464

BE o808 817 97 612 387 220 13360 853 1.4 204 350 3546
BE 556 915 316 007 056 062 406 128 015 G50 0.76 1534

CV (%) 113 658 613 726 452 891 148.1 434 460 339 116.5 19.5
B 4% WL EE NEH 651 217 104 136 208 353 745 341 035 105 4.01 2566

BiS 784 518 220 617 435 83% 2470 809 081 208 18.9 3650
i 526 542 250 010 083 080 137 1.03 009 3.58 0.02 696

CV{%) 6.7 412 477 822 328 304 588 439 461 3L4 116.1 207
o # LB SR 660 211 801 103 206 348 722 382 038 106 321 2817

e 757 383 201 142 446 685 2250 119 1.13 226 20.8 3616
fflEk 500 923 154 007 055 138 219 1.21 008 656 0.02 1301
CV (%) 62 283 473 1407 209 242 596 54.1 557 248 123.9 14.1
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i W-Ca0 W-MgOW-K,0 W-Na,0, il
THEERA  AlLOFe0; MnO Cad MgO K,0 Na,0 5-5i0; S-ALO; (ppri) (oD rf) (pp;l) (ppﬁj) 8 by

PER g
6~ TH 133 4.67 019 1563 078 042 0.57 111 567 15828 114 69.1 ‘2362 241
8~ 9F 125 510 016 124 09 083 050 097 438 12129 867 506 1467 184
10~11H 145 511 023 123 099 060 043 132 648 13576 16.0 56.2 218.1 24.2
12~ 2 152 501 023 125 070 0.64 042 116 7.24 1089.3 562 549 1822  25.5

) T
6~ TH 157 498 (.19 078 084 044 193 041 3.03 3777 75.2 T8l 10129 17.3
8~ 9H 182 5856 0.25 1.69 087 049 057 102 5.66 390.7 1332 732 87169 177
10~1tA 177 586 068 160 087 047 037 079 6.46 448.5 73.5 846 3548  17.0
12~ 2H 192 613 065 162 0.83 069 110 066 4,76 475.0 540 738 7407 202

B % 0
6~ 78 169 490 0.19 088 080 028 020 087 453 938.7 614 883 2655 192
8~ gH 17.t 504 018 072 107 054 0.28 090 553 4123 465 720 1934 175
10~118 153 4.88 019 073 095 043 026 101 5.03 3738 602 664 2053 170
12~ 2K 195 624 024 083 115 088 059 061 5.48 5349 503 782 1463 185

i 4 40 T -
6~ 7TH 196 4.89 030 060 092 031 018 096 6.30 451.9 387 94.0 192.7 225
8~ 98 209 525 032 058 098 045 025 1.19 7.29 334.0 362 TL.6 176.7 214
16~114 172 384 033 051 08¢ 036 019 1.27 4,59 4034 351  103.2 2120 210
12~ 2H 248 587 029 065 083 077 053 094 7.93 4657 374 68.9 14658 244
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DIEH] 0.60~1.45%Ic L L THE L Eh o, WCHER LT 2R ESE, -1, THd, #hlhE
Nay0 i3 0.07~7.42% %R L, BHESTFIET &LLTHERDENLAFPAEF PV o0 LER

—160—



6. ok — b olE e 2E), ()

pH CEC SHHERE me EC. T-C T-N aAzE oy g

(HO) me o M wsem) 96) o) N 0 T8 BURR

g0 K0 Na,0 0 7 (mg/100 g) (mg/100g)
4 Bk 4 TR
6~ 7AH 958 200 663 147 226 4.01 1546 479 051 118 297 3084
8~ 9H 892 222 704 210 212 398 1690 489 035 136 3.53 2961
10~11 985 178 837 241 241 439 2067 462 047 129 144 2564
2~ 2 H 104 190 719 151 206 4.14 2080 466 047 123 2.85 2908
5T

6~ 7 H 6.80 343 111 176 236 644 3185 445 044 106 6.44 2461
8~ 9 A 680 307 154 285 200 560 2302 371 035 107 642 2557
10~11 A 6.96 253 160 225 1.96 355 1036 444 044 105 587 2613
12~ 2 K 670 406 132 168 222 737 2969 404 048 834 7.83 2277
6~ TH 635 208 104 134 185 3.23 850 358 036 105 4.10 2488
8~ 90 f 6.49 20.0 9.22 135 235 346 680 3.32 0.35 0.87 4.24 2752
10~11 H 669 268 117 170 230 3.83 571 345 032 120 247 2542
12~ 2 f 654 206 106 1.18 194 3863 809 332 034 100 4.64 2512
6~ 7H 646 21.1 760 130 2.06 3.09 832 3.63 035 109 259 3018
8~ 9 A 669 204 882 (099 220 3.18 531 404 037 115 243 2982
10~11 A 669 220 751 077 2.07 3.73 658 4.03 043 102 3.02 2598
12~ 2 H 660 213 794 094 1.94 393 804 3.73 038 9.89 4.4] 2617
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R, ks —+ESEEEE (¥4 ppm).

¥

0.1N HCI T

THE MR T-Cd T-Zn T-Cu T-Pb
Cd Zn Cu Pb
AR MR Sy 0.74 175.0 72.0 39.1 0.079 1.88 5.57 3.56
T 2.41 3144 3558 73.8 0.18 123 18.1 757
TRAE: 0.10 69.8 186 20.8 0.02 0.01 0.71 0.83
CV (%) 72.1 32.7 103.5 35.1 8.1 217.0 86.9 57.9
EATE 0.63 2895 45.8 306 0.31 21.2 2.23 268
s 1.84 5698 86.3 54.9 0.74 55.6 123 474
B 0.04 331 13.3 115 0.01 0.06 0.29 0.85
CV {%%) 82.8 83.2 478 37.9 775 95.3 112.1 51.3
Bl 4R B Ry 1.34 194.5 80.4 35.2 0.67 182 9.72 3.39
i 16.1 763.7 7211 98.7 999  27L1 178.0 27.8
R 0.04 79.6 15.1 16.7 0.01 0.44 0.50 0.06
CV (%) 180.5 61.3 134.8 374 2194 185.5 285.1 1152
b L 0.98 2499 2203 37.7 0.56 17.3 49.5 2.92
e 12.7 886.3 581.6 92.3 3.88 178.4 147.1 9.79
fiTalss 0.02 49.6 16.1 138 0.01 043 0.02 0.06
CV (%) 167.8 58.5 394.9 g8 1092 138.1 499.7 71.8
}|8. Hoky —HELESERONMZEE) (H: ¥4 ppm),
0.1N HCI 8l
T-Cd T-Zn T-Cu T-Pb
Cd in Cu Pb
a Kk o# B
6~ 7 H 0.62 175.1 87.2 364 0.076 2.81 6.79 3.32
8~ 9 H 0.63 164.8 54.9 38.7 0.083 0.89 4.28 341
10~11 A 0.46 175.6 91.8 36.7 0.063 1.85 552 3.39
12~ 2 B 1.20 184.7 58.5 44.0 0.093 2.07 9.60 4,08
[ el R
6~ 7 0.34 189.0 46.6 26.1 0.30 223 3.30 1.66
8~ 9 H 0.35 280.7 45.1 322 0.29 13.1 1.76 2.31
10~11 A 0.44 2374 43.0 29.6 0.27 15.0 153 3.74
12~ 2 f 1.22 406.2 47.7 33.2 0.34 31.7 2.36 307
B oK oo
6~ T H 0.59 164.9 81.8 31.8 0.54 17.0 8.95 2.67
8~ 9 B 0.47 164.3 846 29.0 0.38 128 6.80 2.24
10~1t B 145 233.2 72.8 36.0 0.98 319 15.2 2,65
12~ 2 f 1.93 219.9 80.2 419 0.84 13.8 3.99 378
WOoF o
6~ 71 0.73 2274 268.3 37.6 0.49 11.3 49.7 2.67
8~ 9f 0.84 252.8 206.1 36.2 0.61 154 525 2.24
10~11 0.57 1636 3466 305 0.41 13.7 749 265
12~ 2 1.50 303.1 138.1 42,0 0.58 252 35.9 378
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RO, LRI — & ORI 5 ~ 5% (55 3 1F) BT R 3 B (94 100 g 472 0),

m it
" H pH EC  T-C B HHEY VB Ca0 Mg0 KO U vEURINEE
(H0) (mS) (%) (%) (mg) (mg) (mg) (mg) (mg)
R ] 6.3 0.13 356 613 8.9 511 32 a8 2056
—d 2t 59 0.15 382 657 9.6 450 17 43 2117
v 10t 6.9 0.18 381 656 9.8 802 14 45 2118
w204 7.6 024 380 621 6.6 1125 11 48 2216
FI0. ARG L /- DERMERY — + ORIRYE & R (BRS04 5 13 8).
E VN il % 0.5 cm BIF ~1.5 ~2.5 ~4.0 ~T.5
A HiE ¥OE o &% 79.6 16.0 4.2 0.2 0
[ FE(mm)  (0.01 BT (0.01) {0.01) {0.01)
tfr fif BO®R # S0 59.7 26.7 12.9 0.7 0
TE E(mm) (0O1EIF) (0.01) (0.01) (0.01)
X B B OB H &% 43.0 208 15.8 16.5 39
il F(mm) 001 LT (0.01) ( 0.3) {0.38) (3.1

1 C ), LepE R s & A8, B2 BRLES —+ 10t/10 2 EBR.

BCEA SN AN R D 0 [RiRic bt - T
Keh, FBeotEEaELTVwab0sELs
Nz,

Pl EDFESERD &, HKSRL L o BRI
MicoTH, O3 EEE L L ohEs
HET s S 4B TRE N,

3. HkEFRELT BN R

31 TENEEMERELME LToRE

(1) FAKMIES -+ 0L EBEHE LTo

FUF

BA s Loz 1 X1 m? ORERKER
i, GRS — & OfERE, TR, MR A
FhEN 3BRMIcEA, SHEF, 3/KiED L2THE
AREIC & D OEE B L UM E o B b
HICEIE T e R~ ¥ —FOERRR, B
¥ 7k 509%) %2, 10, 50t/10a &L, Tk
&, AN GREBIEAICBWTR S U o — Tk
Lichd), g1 (r 329 —0o—4 ) — IR
Lizd?), KRB BB & Ui MG,
LHEF - BE, AMEH - FRE, FiEA - BAL
Ui, ik, WiBE LT, EBipH 265 1354
STHAIK (370 kg/10 a) A L 1z X2 1=

ZORRE, [EERTRE 1{EOy M1 Bl 2t

R, W2EO Vv A4 2k 21K, 10t X%
BRIOED, E3EOI w3 dr — 2 EAK
B0 OWBR LD E 7045, EA4ED 54 2
IV FN SAIBR L D - 1o, PR EEOS T
DOBMNEIRETE pH o BIlcb 3o &, ¥ —
Folkwrr vy sagiosdtovoTiE s v
AEFELE ISR SRV I ERENA,
etk L U O ET, /TR L
TIBEDME 5 1, o — & ORI TR L
TR b#ES, THLIREEN DS
Bbhd, Lid-T, -2l hdbos
MBS 2 MRk R W EEL SR,
i, #y PERBRIcED KLyt 3
RO, EERMESLE 48 (pH (H,0) 4.7) 4Rtz L
b E oo iRt B RIRMER R K OFES IR
MY — + OPHEMRAED Sh, ANy —+
L& AR oWR L SSTNHEr — itk B
BHOE(LB LUBERI L 2HESEL 1L,
(2) fEsipemppset+ otfg s & LToFR
H
R oM, 1 X 1675 m* ORBRKE
PV TIREE RS IR FEAE - % 0, 25, 50, 75, 100
t/10aBAL, 6fF (BL{EF4 X (z4=2),
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F11 (EIR & OEORIE.

{E )] 5F0 60 SERE 13¥0 61 £ERE

T &= A M A 76L[Z 100tE B50tX 25t[R  O0tX 75t 100t S0t 25t Ot
t/10a 1.99 203 223 235 240 199 199 211 222 232
B 5y 0tX 25¢X 75t 50t 100t 25¢f¥ O0tX 75t S50t 100t[X
kg/10a 807 829 844 877 937 1090 1110 1110 120 1120

I g D¢ 75t B0t 25t 100¢[X Ot[X 100tE 25t 76tK 50tEK
£/10a 736 747 766 769 800 621 633 637 639 B79

YLy 0t 100¢X 25tX 75tE B0t
t/10a 223 230 236 242 249

54 AH 0tK 100t 50¢[X 25t 75t
t/10a 750 7.88 795 809 822

i E—TFEL O 2 KELIC @EEEALY (Tukey's Q MTERE) a=0.25

12, v 9 A CRAEEOATEE (MN624EL 56 H).

& gy HERY (cm) et TAHE (em) % IET (8) ?-pﬁ//ﬂ_ miE WEE g
m) g g G gEImE & £ 9z 00 @ g g 00

P,0; O(mg) 100 244 214 436 88 77 94 316 1122 112 101 276 248 26 105
1000 115 315 264 522 98 83 100 526 1402 141 101 292 336 36 107
2000 11.9 324 280 456 103 85 109 528 1484 145 98 314 384 45 117
T 118 294 250 426 90 7.7 82 386 1490 131 B8 324 264 30 114

FoOEY LT, SRy, BA{ES
4 6%, WEEYLT=] bt - TIEAE RS
L, #OEFEHAE~S LEEICIIEO LD
ZLERE L.

RO EF 1L IR L, TORE, Fk
+% 100t/10a EALTHNBZETB D LN
, B E LTRENRATEZIEMRsH
oo

s, BELTORARBLTERI~&4L0
HwETiLT 5,

1) EFoMBtE S BREHE O LA

© FAEITEAROHIR (100t/10a LT

@ =ERHEOER (BEAMH 50~100t/

10a T, BAR2EEMERLETS.)

@ MboaEifL <, EMLEROESR

Bibasl s,

2)Y TAS =g sMolEk

THIpH O{ETFiek b 70 3 =9 afEsEAS
50T, BTSN RAEMERER L T pH 4k

TAMLENS B, 7L, B EEILBEEIE
OTETE, T =Y Lo KMENOLESE
FHEST B LN,

3) +iio Mn?t o¥kEs LU0 < v v

preie 1014

O RAEALEATOH|IR

@ hHEpH (H,0) 2 TREE LT 5,

® Feb 5ol

@ FELEAERCIENEELSD, £

RAFEIE AR T 5,

32 HiEHMLELToRHE

(1) kst & LTRIAg

MEESA % v 7 5 A 3 & RIS OB
T & LTHAT 2856, ot s oflaic
& B ORBRESL LU LEROIERRIC
= L‘T*ﬁﬁ L7

TR, v 5 vELETAEHATRE
HEt 4 fEIES E—rER 21 ORA B
TR T REL S E— bR 3 BREL: )

—164—



W1lolRaT MEL L 17540 PO,
2000 mg FRRE (U T 10g) OTIRIGHE L4
SEUSEAMRETE

(2) FEEFNELELToFfE

Rk F THLOES (LyR), B (b=
b)) OBEEEA LS L ToEkbEEES LT, &
R+ LEA T ARREMOmEL LUy v
B, ZEFROMWIEMHRARERE L%,

T OFER, MR Lt —v =y N HE
LT omm BT, $EFEMAE LT’ 10 mm Ll
TRBLEL, S-SR L/3BERET B, L
1187 PO, TL# 2 500 mg, oW cild
1000~2000 mg, N T 200~260 mg DR
FTH -1,

(3) KiEEwEA L Lcofi

B TFRHERIIE r — + 2 FERLTEA 7 £+
20%, KWK TREL 40% EBES L AELTRE
BOKIESEAER N, SIS LA
Biofze $7, BiUfAEMgs oMz F7ilt
T1:1iBEY 5 &kt X 23 B0R
B o, B, B TEHERMME Y -+ BHE
I~2mm O bOH90%E LE LRt & LTl
HTh LM, NOTB%EEL O TERIEHOIER
BAREL, U oBRIRRE 2400~3240 i R,
&=tV YRRIEROMIESMELEZ SN,

IESREFRAE 4 2 W T A ES T HHEALEE 7 —
F EEREDEIRMEED oh, EMELTER s L
409%, KILIKTIEL 60% & iRE U fo it AS AT
TdY, - bERAUTRST L EYR
PRE NI,

33 FH-FEMTRIC B SRS O

BAGA v A—3— (3 )—PHTIKS
m? #EE 18m, FXhLE 1.5m) KERs %
TTALI, BHEOr—+—AKMIE2E (1
BLUSK), E0THE (2X), HEME 3
K), B&ME @ K)—o&#d5t/10 a 84
EFM 16 cm iciE—iciBER, Wik Bh, Fmn
LIRS E LT 14ke/10a HMEEHER L T,
WlIferw ooy, E2MERT LYy URiRE
Lie iz, #RESEMpIZLE 15cm A5 150
cm ETOTBAMLGE—F AN v TERNTL

B AR, B4 vE LT Ca®t, Mg,
K* Na*®, NHf %, [&4+ & LT NO;j, NOj,
Cl™, 802" 4 L.

FORE, B1ETE - FERNE B
WX & bIHAFTARE T, RETL
ods, F2{ETRIREFHBR 100 &4 3
E1X 132, 2[X 164, 3K 104, 4[X 114, 5K
111 2R L. COEEELT, E1I{EFTH,
-4z &k B Ca, N #2 & OBHH 2 138 & ok
TN &ML 708, it R i ved
~DOFELHBE SN TE 2{FTR), AKRKRER T
Calck b pHAB.2~63 &1, EHTUER
THTZ VLT I Fb o4 U NH, 55 5%0HH
shttboeEI oML,

F o, SRR U A S i o v T
i, r—:OTEBICE - TEEOELH - 124,
Ca®*, SOf” HLXOTE~ORITHBAD ONZD
T, RS OEET ZHEND B,

E i} i

AR, 3 EEICh i HERSHREHH O
Bkl & D iTH b, © CICERT AHEE R
¥ 5,

HEHBX

L BE E RS EITHNE BRAE, B4
Rk BAIBTRE S — F GAOTERIER) ok
Rt & LToRlA, LSRR, 31, 272
(19885).

2) RBEERVE, BT, S5 £ sk dk
R — & oM A—I NS LT
OFE-—, +IOEEH, 31, 272 (1985).

3) BRESE, HVIEME RE F RN AdL
TR O A IR & BUSRE Y 2 TrE (8
18—tk v — + O—s, TEE
ZironwT—, HIBEELE, 31, 167 (1985)

4y EREEEE RE % ETIHEE, BEESE ki
TEEESE O H IR & Rl A Rl 21T B
2 D)@k SRR — & ORI & L
TOHE— +IFE'SH, 31, 167 (1985).

5) B, Bk, sR R gL o
BERRR BT 2T (85 4 #D Miicud 2%
A4t & LToRIM, RS, 3, 209~
223 (1985).

6) i, FAME, gk B dnlkdiitt o
PR P BT AT GBS ) et trpo < v
A v OEE), WEELKMAEH,  30(4), 308~
317 (1986).
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7)

8)

BRI, ETPHIE, BE O, WEHESREE: skl
HERMOENRA & BIRR2 M 3R
—— RIS FR A O — s o TS D R
R HIBEEHE, 32, 159 (1986).

RAEST, HTURE, R R, BRESREE: skl
HBERES O ¥ S REIR e BT TR
- RR I B BRSO BEH—, LB

9)

10)
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R, 33, 162 (1987).

BReERHE, B % ETIHEE, mResE: ki
HREMOEHHE cBERS T 2T
g Rl £ o RS L LCoRE
, LIRgESHE, 33, 162 (1987)

BIEEE AkigRdt o BT R ET 5
2%, -FIMEE 58(3), 285~286 (1987).




