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The Application of Surplus Sludges from Human Waste
Disposal Plants to Sandy Soil (2)

—The Effect of Mixing Sludge on the Physical Properties
of the Soil (HAMAKAIDA Sandy Loam)

Isao KaTtaoka and Ichiro KaTaoka
Laboratory of Applied Analytical Chemistry, Faculty of Agriculture

Abstract : Various surplus sludges from human waste disposal plants were powdered, and
from one to four per cent of the powdered sludge added respectively to the sandy soil (HAMA-
KAIDA sandy loam). Thus, some physical properties of the soil-sludge mixtures were examined.
The results obtained were as follows:

(1) The bulk density of the soil showed 1.40 and that of the soil-sludge mixtures 0. 77~0. 22.
The bulk density of the mixtures decreased according to the increase of the amount of sludge.

But in the case of some sludges composed of the smaller particles, the bulk density of the -

mixtures showed a temporary slight increase compared with the soil alone.

~(2) No effect on controlling evapolation by mixing sludge was found. The evapolation-time
diagram of the mixtures was linear at the first half and showed a gentle curve at the latter half.
The soil alone or the straw powder mixtures showed the same tendency, too.

(3) It seems that the effect of mixing sludge on the soil water capacity is related to the particle
size, shape and the resistance to wetting of the sludges mixed. The water capacity of the soil-
sludge mixtures decreased in comparison with the soil alone in some but increased in others. The
rate of upward-rise of the soil decreased by mixing sludge in all samples.

(4) The formation of the water stable aggregates in the soil-sludge mixtures was promoted in
comparison with the soil alone during wetting-drying repetition (40 rounds, 9 months, out-door)
or wheat cultivation. ’

(5) The water permeability of the soil decreased after sludge mixing but it will not be long before
an increase is expected under natural conditions (plant growth, tillage and wetting-drying repetition
etc. ).
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HAMAKAIDA sandy loam tBRET 5, SHMIHE—HY 2R, REMALEZHR.

# R F R
HRFR
HEFROABT L LUBEERIE—HY 0L bh,
MR AR

BEGZERALAY, BROTETHAE, HRKCTE, BRI AVIEBIRELD, KEEHAR
BiNELy, TEANBALABAKKREELLY, HEMEENEL, Basdbd, CCTE, H
& 2mm UFICBRL. BBICH-TR, 27, REYERWAEDZ, ZSAHTHARDEY
h, AETORBRY, BUBERERENTEIOHDEALH -7-0T, RHI NV QINFELXE T-
100 ) 2FAVTHH L, ThELT, BEFREBE

TEADREEE '

HIRS & A LBICHAT 5 88, FLEMCERARAT2L0 b, RERSH 2 VIFHESE, 55
VEBESOTICEGNECENEL, ZOLIBHEE, ZORFOLB/ICHT 5 REHEINT
DEL 1 B. Lhi=T, €T, AEML 100 g it LT, REHRBRE | g 2MALBE
ELEBAOBRIEA1%E L. (COEAE, 2BRARELTE, EBLE, PRUDRETES,)
X5, BREBAIN:BEANOEH~OEEREA» 510, REEAOMEDI D, 2,4%, &
2 ICI0BBAEEZLHE L2 2%, NUT, FSRESLEBEIKBE,

(1] FRREIBOBHE

M OE F &
HAMAKAIDA sandy loam icfLT, 1, 4 3OEREFRABALAFTRESTHBICONT,
FERY kb, H, & HEREVHORLEYOBEHREERD, 18, BREOKIEZERLT
(ipg/cc) RRdrz, LA, BROADEAIREKETH 2,

NERBRUER
EROBHE (8, BRETYE) 20 5RAEL~, BRELHREOEOEE /1 v 3 TRT
L, DEDEBDTH 50

KA-DS (DG) 0.22  (0.04)
RY-PC (OX) 0.24  (0.03)
NI-CS (0X) 0.24 0. 08)
CH-HW 0.28  (0.06)
BK-DS (DG) 0.37  (0.09)
BA-AS (0X) 0. 40 (0. 06)
KN-DS (DG) 0. 47 (0. 10)
SE-DC (CH) 0.51  (0.14)
KO-sC (0X) 0.53 (0.0
CH-SS (0OX) 0.70 . (0.t
SH-DC (0X) 0.711  (0.15)
BA-SS (0OX) 0.71 0. 11)
KA-SS (OX) 0.77 0. 10)
(HAMARAIDA) ;4 (15

EROBHEIL, 0.22~0.77T& 0, AFiEs/NE L KA-DS (DG) ~ AK-DS (DG) (3, #
REALIHEOCEZEDTH 3, ‘
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. BREONEVHOE, BRESHERECEOZ /NS VHRICHY, BHREOKE DO,
ZOEDKREL, LBOBALEALLDEH 2,

TELBFRERE UABHECIBEENSR O IO L FRETAR, 2¥DL51Ci 3, &R,
8100 g ictL, AWMEO. 4 OBERE 1 ST HbSL | g BALAEETHIE,

HAMAKAIDA sandy loam '

1 cc=1.40 g — 100 g=71.4 cc
Bl lce=024g— 1g=417cc
BA4LE 101 g=71.4 cc+4.17 cc
=75.57 cc

BRESLE |co=—2i-g=13 g (FRE, MREEED

Table 1 123, FREELHOAHE (EEFY), HAMAKAIDA sandy loam O ZE %100
ELABEDEE (7 y3) oEbic, BACIREEZREBLABAOEREL LBOAICHT S
TeBERL 700

BREICMERES S NE, LEicxtd 31683, BROBAK LD, KRTEBEOEKTERTC
Licis 54, BWHEE, Table 1, Group | DL S ICHERDOBAIC L D 15X 100 2T DHH B,

Table 1. Bulk density of various soil-sludge miztures

Group 1
Percentage sludge Bulk density
Sludge .
added to the soil experimental additive (imaginary)
HAMAKAIDA
— sandy loam alone 1. 40 (100) 1.40 (100)
1 1.38 ° (98.6) 1.39 (99. )
BA-SS (0OX) 1.34 95.7) 1. 35 (96.4) .
sludge alone .71 (50.7) 0.71  (50.7)
i O N R
. L1
CH-HW 10 113 é80.7) 103 (73.6)
sludge alone 0.28  (20.0) 0.28  (20.0)
1 1.37 (97.9) 1.39 (99.2)
CH-SS (OX) 4 1. 36 (97.1) 1.35 (96.4)
sludge alone 0.71 (50.7) 0. 71 (50.7)
' IR SRS SRR
NI-cCs (0X) 10 K12 (80.0) 0.97  (69.3)
sludge alone - 0.24 (17. 1) 0.24 (17. 1
1 1.37 (97.9) 1.29 (92.1D
RY-PC (0OX) 1.27 E90. D) 1.18 (84. 3;
suldge alone 0.24 17.1) 24 (7.1
1 1.35 (96. 4) 1.33 (95.0)
KA-DS (DG) 4 1.33 295.0) 1. 16 (82.9)
sludge alone 0.22 15.7) 0.22 (15.7)
1 1.38 (98.6) 1.39 (99.3)
KA-S8s (0OX) 4 1. 36 97. D 1.36 (97.1)
sludge alone 0.77  (55.0) 0.77  (54.6)
1 1.39 €99. k)] 1.36 97.1)
AK-DS (DG) 4 1. 36 97. 1) 127 (90.7)
sludge alone 0. 37 (26. 4) 0.37 (26.4)
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Group I
Percentage sludge l Bulk density
Sludge . —
added to the soil experimental additive (imaginary)

: 1 143 (102.1) 138 (98.6)
KO-sC-(0X) 144 (102.9) 1.32 (94.3)
sludge alone 0.53  (31.9) 0.53 (31.9)
1 138 (98.6) 137 (97.9)
BA-AS (0OX) 1.40  (100.0) - 1.28 (91. 4)
sludge alone 0.40  (28.6) 0.40  (28.6)
1 1.43  (102.1) 1. 37 (97.9)
KN-DS (DG) 4 1.43  Q102.1) 1.30 (92.9)
sludge alone 0.47  (33.6) ¢.47  (33.6)
1 1.41  (100.7) 1.38 ~ (98.6)
SE-DC (CH) 4 1.44  (102.9) 1.31 (93.6)
sludge alone 0.51 (36.4) 0.51 (36.4)
! 141 . (100.7) .39 (99.3)
SH-DC (0X) 4 1.38 (98.6) 1.35 (96.4)
sludge alone 0.71 (50.7) 0.71 (50.7)

% 7: Group | IZHB O TIZIEEDS 100 & 5 0h8, MIRMEICK > TR EL D, BHERLT
W3,

W&, HAMAKAIDA sandy loam O¥:+#4%#EEKRELA 2 mm~0.2 mm OO L
~, BR& LTKO-SC (OX) #HMLABEOEHRAOENERT L, 2EFDLEDTHS,

HAMAKA IDA sandy loam & ¥4 L e ~DERDIRM

SRR . 5 B X
0 (Wos) w57 (100D
1 1.57s (100. D
2 1.560 (€ 99.3)
4 1.548 ( 98.5)
6 1540 (98.1)

ORI, BROBMMLEDE &, WORBA, BRAKXHEINT, 1EEH 100 £ 00k
LicbDEEZ LN,
2 &ic, HAMAKAIDA sandy loam ~FERZEZHMLABEE, 2¥DEITHS,
HAMAKA IDA sandy loam ~DTERD RN
KO-SC (0X)

R (B 7 M I
0 (LHos) 1.40 (100)
1 1.422 (101.9)
2 1.43s (102.5)
4 1. 439 (102.8)
6 1.45¢ (104.0)
8 1. 462 (104.4)
10 1.479 (105.6)
15 1. 458 (104.1)
20 1.43 (102.7)
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Ppoigdicl, EHREORMSEREM S THRE (88100.1) K E-Tn301yL, +
BOBEAICIE, EREMN YTES (a3 105.6) K -TW5, Chid, BOAEBH-T,
HAMAKAIDA sandy loam D4, Wikt & &b ICHEREDLS T, ¥ 7 ¥ 7OREEL,
EE®%ﬂéﬂ5%m#§@ot%®tEbﬂéo

EbHm, HAMAKMDASMMIMMl«%XEE%EAiét glﬁAw%A@ EDTE
RTHEMEGLBOSCHKL, BLT 20, BMEBLROME, »A->T, FEEEMO Db
BV, EOEARBEREFSBELODICHONS, ’

[2] BRERELHOERRE
A OE' A &

FRBALEE, HFLEBEECSOTHENS 400 cc B AMEY (EREH) 1, BhHEL
WT, B LA, #0RIE, HAMAKAIDA sandy loam it LT, €01, 2, 4 % DREER
EZRBALEBRREITEICHNT, 0 560 g (HAMAKAIDA sandy loam BSFE 400 cc #82%4)
AR BTHOREICLE LKA, FHARI, FRRELBOXRESKICESL ETK
BUT—HREL, DT TKBEBIZEAEELNRC LI ZTHIECEE bf:ii%z EXxrcEzL,
HROBTICBENT, ERELZEHICAIE L. BREBROBKBICETS, RELLFBEREL
BOBKBERE L. /o, BROCIICES, REBEHEZEVL, 4k, EFLLT, fib
SMRBETEE SO 57,

MERRRUER

RIEHE%E Table 2 1€k, ,
%EEAiQM%Ké&tééC&KT%A%F%wm%tﬁﬁb wmﬁmﬁ%m;armm
L, BIZREREICE2ETORRARRARLEBET 5,
WRERIHZEELTLBICGEMLUTS, %%Eﬁ@@é%%@&ahAmcto
ERABOBEICE, BEEORKRIEET S0, THOSOFRKRI 132.5 g (3BT
TH-1DICHL, BRIYEBETE, 113~132 g ThHo, HET 3 ERKELPPLEM Fl;
KA-DS (DG), 1%7T 132 g, 4%7T 142.5 g) L7, KO-SC (OX) Tl#icmd (14T
122.5g, 4% T 14.58) L7o L0L, 4% BRAOEE T TTI, HRBMI23A (KN-SS (0X)
DH1%TWHE) T, LFOHDBELALTH 70

fibH SBMRBEOHSICE, wméb%kbfﬁﬁaﬁﬁﬁmﬁ%#%b BERBFIEZAK
HEEDETRHSIKHLTE 572,

+i%, FRBEKES, MboBRESE bIC, Eﬁﬂﬂiiﬁ%fﬁﬁf{e}%’\]lCﬁé, {ﬁﬂébi%@ﬁﬁbf‘iﬁ
LU, .

BABSWNOEED, MbHOTE, T0ESHEDAELNI, EROEE, HbIhOEMNA
ONMICT EMh -7, (Fig. 1 D

3] Zka
B OE HF K
Wolff-Wahnschaffe 2% ic L0, FRBALBLERIC, FRE O, BREFD »oHHL
tﬁ%%ﬁb,mﬁiE%ﬁKﬁbfﬁgmﬁﬁﬁw,Emﬁéﬂibf,@ﬁ%,ﬁﬁ%fﬁb
7o
3k, %X%Ecu,m%ML<§®mzm®f BROTHEKCEBLTHS, i@iﬁ
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evaporation (moisture, g)

evaporation (moisture, g)

UREIIBK 51 3 REBEROWE L H~OFA

(2) CHF - BF) 51
240
soil +straw
o
2001 4%
2%
160
soil alone 1%
straw
120 120
80 80—
40— 40
160 T T | T
soil +KN—DS (DG) soil+ KA—~DS (DG)
4%
4% 1%
120 2% 120 sludge
1%
sludge
80 80—
404 40
T T T T
0 10 20 30 10 20 30
' days days :

1 Evaporation from various soil-sludge mixtures saturated with water
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OKE&D 7.3 cm) KETA2EMERAE LA, ChEEBLRBRALKBET 5,
AEHERUVESR
FRBEESLHBOAE KL% Table 3 IC/RT,

Table 3. Water capacity of various soil-sludge mixtures

Soil: HAMAKA I DA sandy loam

Soil-sludge mixture | Time of Water capacity
Sludge (percentage slud'ge) capillary-rise to per cent per cent
added to the soil the surface* by volume by weight
soil alone 8 min. | - 38.2 (100 2.1
SE-DC (CH) : % dave w1 (e | i
NI-CS (0X) ) ?Bﬁﬁ 3&3%&%% o
KA-S§ (0X) ; 7% RS R+
AK-DS (DG) i 5 min. )R | B
CH-HW : i min wEERB | R
BA-AS (0X) : 17 min RS LR
RY-PC (0X) i R I O B
KN-$§§ (0X) ; 3 min. SIS R N
KO-5C (0X) i % min. SR H R
BA-SS (0% ; RS A RS2 TS
CH-$s (0%) : e e URS |
KN-DS (DG) i 17 min 01 sy |
RY-SC (0X) 1 40 min. 40.7 (106.5) 28.9
KA-DS (DG) i 8 min. IR IR B

* The surface of the soil column was 7.3 cm in height from the water level.

OB LD

B oK I W \|mE
B3 (%) LR @) T emb
DS 38.2 2.1 . — —
| %BE  33.7~41.0 23,9~29.1 1050k 4 82K
B R .

4 BBA  26.2~~42.7 18.6~30.3 6 Bk 8 Bk
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BEROBEICK > THEOBKEMSEMNT 2503 6k, BLT250RTRETH »70
EELRBME 73 cm OERICONT, 2EBEBEHEOSH (84D KDL LEY, 1%
BE&TR, BEALH IRMUAN (1RHDA859) T, 4%RATIE, 1 %BAELD bEEND
ZA->THWTHONIRKBOLT, fMIBL L, 18BIBIEbDbE -7, LHOBKRICE LIZ
TINSORFEOERRI, %XEE&¥®k%é ﬁ,wiﬁ;aﬁﬁﬁmémxagmaab
ha,

[4] WoktErE
A E F &

FRESTEOEEC DEL '

BERO IO T 5K ERNFAERSREEHS 5705, BB OELUERET -7,

WEK 10 cm O 77 2 F v 7 BHEARERIC, HAMAKAIDA sandy loam 250 g+ @5
RB¥WK 2.5g 2BELT, 1 ZFBREELEE O D, EBICANhT, RRI, 2, 4 %BFREEL
BEb2< o7, Blic, 777 LTEHDA, BEZLLTROLORKBSIEA AN,

BRI ANABTRICE, BEKEBROREMKICO5ETHA, B4 (WRRIER) KB
LT, BRALOREICNWA-T, BESDELO—3 7V FEKD, D30T KENLITERSE
COEBULI, ERIFIITES AhBN L1977 S A TAZTHINAM, 405 v v FOEEL Y&
ULET->THREL 2.

it B

NEOHEAKER EI3IRDH) RTHROFRESTEAHRE L/, HERBGIZ, LiT L,

HHE, HAETT - 70 ‘
w &

HERCOBURBICHO 281, REREE TR TERIERLT, 2 mm D455 VTHEEBIL
2bDTHY, ﬁﬁa@w%wtimmmﬁﬁiwii%2rm1@$5wrﬁ%bté®r£5o
fts s, BHREA—DOEODTH S,

AEH*E

WHEY Kk B,

AEHRRUER

BlIESER%E Table 4 ICRT,
WELBICBRBERZEASLT, 97 AM, BATER OELIOEET - R, BREZEM
TBHEICE ST, WABERE, WINOBRTLHEIMLA:, LMALBELLTEALLREDLS
BARONEAERDRL S - L bRKEL, TOMEE & biICKFARR ML 2255, BROBEIK
LB HNFAERBOMIMITMH SOMKIZLBONTRE O HDNEH -7,
INEBREBROTBERBERRTS, MYOROEE, PHE, BA, EBRESICL-T, MEADER
DL 7o (BIMEIRC DR L DR L, NEHREOKRICH T 5 MO LR OB, FiEHs
HEAZHELALBERAY, ZEnFELr€03F (<2 mm) O+BERANLLDOTHZ DS B
BFTEII)

B30, WEIBICERERNTHE, MAKESFERODELS - 70
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Table 4. Water-stable aggregate of wvarious soil-sludge mixtures after
wetting-drying repetition and wheat cultivation

Soil: HAMAKA I DA sandy loam

Soil-sludge mixture Water-stable aggregate (%)
Sludge R : "
percentage sludge wetting-drying repetition™] PR
(added to the soil) (40 rounds, 9 months) wheat cultivation®*
— } soil alone | 5.1 (100) 1.3 (100)
1 7.8 (153)
straw powder Z 12138 8’{2%
_ 1 7.6 (149) 13.7 Qa1
KA-DS (DG) 4 7.7 (151) 159 (140
_ 1 6.7 (131) 15.0 (133)
KA-SS (0X) i = 16.3 (144)
1 7.0 (137) 13.6 (120)
AK-DS (DG) 2 7.4 (145) —
4 — 13.1 (116)
KN-DS (DG) ! IR
KN-$S (0X) 1 5.4 (06) |
RY—-SC (OX) 1 6.4 (125)
BA-SS (0X) ] TR
BA-AS (0OX) 1 5.9 (16 |
_ 1 7.3 (143) 11.2 99
KO-scC (0X) 4 CEIRST R
_ 1 6.9 (135)
CH-HW 2 I RGD
GH-55 (0% ; 3 s )

* ajir-dried original soil was powdered lightly with a rubbur stopper and sieved (<2 mm)
¥* gjr-dried original soil (<2 mm) was used without destroying natural aggregetes

[5] #®k=E
A F &

EBRUAMES*

B Welitschowsky HDBREEY 8L T, D ¥OREEMO L,

EE 6.1 cm OX 3 AAFOMEIC, HLE (F728) 2LBLALToRERYD, WEHED
THIC T LEEDTT, ©VvFay 2 TLYH, TR LKA =EE2DE, BE1.2cm OFEXICL
&, 20F, B& 9.8 cm 04 (BEt nrrh =3.14x3,05x9.8=286.4 cc) i€, RHEIEFIH
L, TESL#ROXREA»S 32.5 cm OFIICKkERD, —RRAERK, KUBHEBEZOFT, T
DITLEOE Y Fay 723 T LTIEHMBKkODS, 3RBORERERZEL .

#7 2B, 3EERAVLY, EARORLESICH TS BEMIETRSOT, FHRTLIC,
REFREANETREE7:5, RBRICHLT, BRBEET -7, 1k, FEMC L, L%
BOTSVoELI G, RERORER, A—REHCOVTIEUET 70
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75 v 2% HAMAKAIDA sandy loam & U, BiRESLEBAFHRARE L, ik, NED
BEASSEER GBIHTi) RTROBREESTELLHRE L, FHERR, BHEOKFHEEICH
LT, BRELIODFEHLAENASL LS ICHFHL 2,

AERRRUESE

HIERER A Table 5 KR,

Table 5. Water permeability of various soil-sludge mixtures
soil: HAMAKA I DA sandy loam

Percentage sludge Water permeability

Tube No. Sludge added to the soil (1/3 hr.)
— soil alone 8.9 (100)
1 4.8 ( 54)
CH-HW 4 5.3 ( 60)
10 7.7 (87)
_ 1 4.9 (55
| KN-DS (DG) 1 2.8 (3D
KO-sC (0X) i 23 Eigg
BA-SS (0OX) i fig E gi%
SH-DC (0X) i 23 E%g
—_ soil alone 8.9 (100)
AK-DS (DG) ; ARES
KA-SS (OX) i 32 E 3%

) ,
RY-SC (0X) i %Z E %%
KN-SS (0X) i 33 E ZB
SE-DC (CH) 4 i 29 EZ%%
—- soil alone 10.2 (100D
KA-DS (DG) i 3% gg%g
BA-AS (0X) 411 H H%g

3

"CH-ss (0X) 411 %3 E ‘1133
RY-PC (0X) ; R
- 1 5.0 € 49)
NI-Cs (OX) 4 6.0 €59
10 7.7 (75)
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BEIBICHRBERERSTNE, THOBKRIBOL, BROBRIC L » TE SICHEKRY
B Lds, Biske LT, CH-HHW k5% L, NICS (OX) O&L57IZEAE UHEICED
REDOEREE, BRIC L - THEARBIEALABEML 2,

BELISBCBERERARAST AT, BAERIKGEKRSRL T30, HBETORADREEZER
T3&, BROSHE, BOBE, BEO VA LAECLINFOERNEELLDU ST, XA
PEABKEMEINL T 36D EBbhb, —flaLda&,

IR O BAE
IR (%) BKE (U/3hr) 185
+HDB , — 100
KA-DS (DS) 1 : 126
KA-SS (OX) {i 1o
CH-SS (0X) 1 110
AK-DS (DG) 4 121
KO-SC (0X) {1 ”

KO-SC (OX) BBECBLTAKER,, BRIEAKNZELEINTVEH0T (Cl, Al b%
V), BAROBEIINESNLE L PN TH S,

-3 - %9

DELHE~BERPKERSBERS L CIEA0OLBONBR~OEBEERI L1,

1) HELWOBEHERLOTH30ICHLT, FHRIF0.77~0,.22T, BHEOKZWEREH
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