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Table 11. Treatment and area of examination
Are
Locality Sedentary Soil dressing Soil dressing Soil dressing Soil dressing
soil 10cm 20cm reversed removed
surface soil
Higashihoroni 1.0 1.7 1.8 59 0.7
Ozawa 2.0 25 2.1 — —
Table 12. Experimental design
Applied amount of fertilizer Day of Day of
Locality kg/10a transplantation  harvesting
N P:0Os KO
Higashihoroni 6.0 8.0 7.0 May 20 Sept 18
Ozawa 9.0 9.0 75 May 25 Sept 20
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Table 13. Characteristics of soils used

' Soil H Ex.base CEC

Locality Depth [ Humus N mg/100g
cm texture TG Kal % %  CaO MgO me/100g

0—13 SiICL 5.2 43 482 030 41 64 15.1

Higashihoroni 13—-25 LiC 5.7 46 425 027 153 51 38.7

25—40 L 55 47 496 029 83 68 45.4

0—11 SL 5.0 40 233 014 213 64 189

Ozawa 11—-18 SL 5.3 42 391 013 266 60 21.9

1835 L |60 47 090 014 402 81 28.6

Soil dressing L 6.0 4.6 1.08 007 118 72 14.4
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Table 14. Yields of rice plants

Brown Percentage 1000—

Locality Treatment rice Ratio of ;1pened Kernel-

ke/10a grains weight
% g
Sedentary soil 443 1.00 84.7 23.4
. ) . Soil dressing 10cm 506 1.14 875 23.8
Higashihoroni | g1 4ressing 20em 489 110§ 907 23.0
Soil dressing reversed 429 0.97 82.3 23.4
Soil dressing removed surface soil 254 0.57 89.0 23.0
Sedentary soil 373 1.00 87.8 235
Ozawa Soil dressing 10cm 493 1.32 89.1 236
Soil dressing 20cm 467 1.25 875 23.0
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Table 15. Concentrations of heavy metals in brown rices and soils
Locality Treatment Brown rice ppm Soil_ ppm
Cd Zn Cu Cd Zn Cu
Sedentary soil 0.74 195 35 2.86 92.8 11.1
Soil dressing 10cm 0.25 19.5 37 0.32 8.6 3.8
Higashihoroni Soil dressing 20cm 014 177 32 | 016 35 21
Soll dressing reversed 0.11 20.2 2.7 0.28 5.8 1.8
Soil dressing removed surface solil 0.13 16.8 3.7 0.15 9.1 4.3
Sedentary soil 0.79 289 6.6 446 2600 603
Ozawa Soil dressing 10cm 0.19 21.6 3.6 0.53 111 45
Soil dressing 20cm 0.06 17.7 3.3 0.32 11.6 4.1
Table 16. Changes of Cd concentration in brown rices and soils
Cd in brown rice ppm Cd in soil ppm Number
Treatment . , of Plot
First Second Before First Second :
year year treatment year year examined
Sedentary soil 0.46 0.54 — 267 2.66 5
Soll dressing 10cm 0.10 0.22 2.63 025 0.43 2
Soil dressing 20cm 0.10 0.10 2.41 0.22 0.29 5
Soil dressing reversed 0.11 0.10 3.60 0.25 0.25 2
Soil dressing removed surface soil 0.13 0.13 4.68 0.09 0.15 1
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Table 17. Treatment of examination
Treatment Method of treatment
Sedentary soll No treatment
Calcium silicate A Application of 200kg/10a in plowed soil
" " B " n 400kg/10a » " "
Multi-phosphate A " n o 120kg/10a » noon
n 2z B n n 240kg/10a v n  »
Calcium gilicate A |
Multi— phosphate A
Farmyard manure Application of 1.0t/10a in plowed soil
Table 18. Yields of rice plant
Treatment Brown rice Ratio
g/frame
Sedentary soil 1080 1.00
Calcium silicate A 988 0.97
" " B 1077 1.06
Multi—phosphate A 1008 0.99
" " B 1014 1.00
Calcium silicate A
. i 1134 1.11
Multi—phosphate A
Farmyard manure 1135 1.11
Table 19. Cd concentrations in brown rice and soil
Brown Soil Brown
rice rice
Treatment Cd Cd pH Cd Soil Ratio
ppm ppm  (H:0) Cd
o Sedentary soil 0.89 3.26 5.80 0.27 1.00
Calcium silicate A 0.72 3.24 5.88 0.22 0.81
" I B 0.74 3.38 5.74 0.22 0.81
Multi —phosphate A 0.93 3.13 5.88 0.30 1.11
" ” B 0.82 3.38 5.79 0.24 0.89
Calcium silicate A
) + 0.75 3.55 574 0.22 0.81
Multi—phosphate A J
Farmyard manure 0.68 3.02 5.75 0.23 0.85

FEIEH KEOCIRIU-KIF FEKBHOME
KAGL AR OCAW LI FMTRERE, P, 25
WIS KREFEDKERGIC L » THBINDL Z 12
Beizmsntesd, Lo L, Aol <ot R et

R F LI ICITbN T W T, KB
DRI X 5 1EEILE, Cdo LB~ 02
AL, HYTEEIC BT B KRED O CARILEN
filx D1 & LT, @HAEKMEZIEET L2 &



20

EHRE L TASBE T 72,

1. B Ak
ARERTHEMAL, RO 2HXIZEBE T, 2 4
W (NI L E0A) ERL7H, AET

229H (19724F) DR &L E L7,
1) BB g o Lt
SO IR REGEIR T A& BEE & 3 2 HERT )

L T B AU B

A4

fibiz

a4

b7 )

(1983)

Hho, T 7741875,
) S e S o — R PR S 203 L 7

Table 20. Characteristics of soils used for examination
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Locality Soil Soil pH Humus N Ex. base mg/100g CEC x\éfﬁi{aum
’ layer | Texture | H.O KClI % %  Ca0 MgO K.O me/100g mm/day
. . . 1 SiCL 52 43 482 030 41 64 17 15.1
Higashih .
Bashioront 2 LiC |57 46 425 027 153 51 19 387 2zt
Ozawa 1 LiC 50 4.2 658 037 308 12 17 255 43
) 2 LIC | 52 45 840 064 395 18 10 280 ‘
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Table 21. Constitution of examination
Day of Are
Treatment Variety surface Higashi —
drainage | horoni Ozawa
Surface drainage of early stage Yunami, Sorachi, Matsumae Aug 14 32 4.0
Surface drainage of middle stage " " no 21 2.1 4.5
Surface drainage of late stage " 1 no 28 42 55
Heading time ; Yunami (medium-maturing variety), August 2
Sorachi (medium-maturing variety), August 4
Matsumae (late-maturing variety), August 28
Table 22. Experimental design
applied {
) dpp}? Amount o Planting Day of Day of
Locality fertilizer kg/10a . o . .
density transplantation harvesting
N PgOﬁ Kzo cm
Higashihoroni 60 80 70 33x15 May 20 Sep 19
o ozawa 72 72 60 33%16.5 May 26 Sep 19
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Table 23. Influence of the stage of surface dramnage on yield

_% S‘(:‘ig“ ) | Brown rice Grain- Percentage 1000-
S| VAN kg/10a Ratio tatio. el e

Ealy | Yunami 581.0 1.21 1.46 88.2 24.1

Sorachi 510.2 0.96 1.37 88.7 23.7

- Matsumae 579.7 1.31 1.53 90.8 24.1

£ | Middle | Yunami 4784 1.00 1.32 84.7 234

= Sorachi 529.2 1.00 1.13 89.0 231

g Matsumae 4418 1.00 113 89.2 234

T | Late Yunami 601.5 1.26 1.56 82.9 24.2

Sorachi 476.9 0.90 1.09 74.0 23.6

Matsumae 5514 1.25 1.28 78.0 239

Early | Yunami 4471 1.20 1.07 81.1 25.1

Sorachi 488.5 1.20 1.10 90.2 24.6

Matsumae 647.1 1.16 1.30 84.7 25.2

< | Middle | Yunami 372.4 1.00 0.73 87.3 24.8

Z Sorachi 407.6 1.00 0.99 90.6 24.2

O Matsumae 557.9 1.00 1.34 89.9 24.9

Late Yunami 1987 * 0.53 0.84 70.5 23.2

Sorachi 288.8 * 0.71 0.87 85.1 24.0

Matsumae 442.0 * 0.79 1.09 89.2 25.4

% Influence of cold water
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Fig.10. The ratios of total concentrations of

Zn, Cu and Cd in soil by the distance
from inlet

Table 24. Changes of 0.INHCI Zn, Cu and Cd concentration by the distance from inlet
and cultivated days of rice plant

Heavy Distance from Cultivated days of rice plant

metal inlet m 0 6 19 26 33 49 65 80 * 91 103
6 | 750 770 750 748 760 754 748 760 752 720

20 | 655 615 517 558 590 596 484 408 470 515

37 | 455 440 325 360 412 442 300 252 385 360

61 | 285 300 240 249 288 300 211 192 219 226

7u 72 | 250 205 183 166 184 200 154 148 155 160
87 | 200 160 145 130 160 180 132 100 132 127

(ppm) 99 | 155 130 113 113 122 127 89 88 108 109
115 | 123 100 83 78 94 89 81 66 66 74

132 90 78 69 59 76 73 59 50 66 73

150 65 65 60 43 48 54 44 39 54 61

6 | 480 400 330 342 276 304 308 272 395 325

20 | 165 125 89 108 64 77 57 54 47 89

37 62 43 33 48 33 10 12 06 22 40

61 41 27 23 26 24 58 72 03 38 23

Cu 72 35 25 17 24 17 14 35 12 0.7 19
(opm) 87 31 22 16 22 18 58 17 03 12 16
99 26 17 12 18 14 11 40 03 13 13

115 22 16 12 14 14 11 40 06 0.2 13

132 20 14 11 14 11 92 22 13 9.4 13

150 19 14 10 14 10 69 17 06 47 13
6 130 130 122 115 105 92 105 105 108 130
20 88 87 77 67 76 62 57 46 41 7.2
37 50 54 44 47 42 19 21 04 30 50
61 38 35 36 36 3l 14 15 03 12 36
cd 72 35 28 30 22 19 11 11 06 04 32
(opm) 87 30 21 23 22 19 10 08 02 17 24
99 2.3 19 22 20 15 13 09 02 15 22
115 2.0 17 17 14 14 13 07 03 02 14
132 12 11 11 11 1209 05 03 11 11
150 10 09 13 10 07 08 04 02 08 12

* Term of surface drainage
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Fig.12.

Changes of heavy metal concentrations by difference of refinement percentage
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Table 25. Cr poliution by smoke derived from HHZHRAT B, L72dis T, M6 kT, 245
a manufactory LG HIX O K AT IC BT A Cr il A &, 527
Distance [ Cr ppm FAT T FEIURX D KU AL D C r 4 &gt 2 3oL
No, from a Plowed soil Rice plant 7z,
manufactr i’n Total P2 Leaf stalk Roush F9, FEILHIKONO L, No 2 (FH 2% L 4
15| Control 13030 tr tr tr Table 27. Total contents of Cr in soils
16 200 650 210 300 110 100 (Kurisawa)
17 1000 100 45 30 tr tr
] » No. | Main canal Situation of soil C’)Ffo%‘rl contents
B RIS 2 & A b, Nol6HAE TlE Crod i collected opim
DIIRIZEE S L7z, S HIZKARRDC rig iy b Bk Inlet 105
HTE <, THOMNWT 5 I 720 ZREEs ) — 11| Kurisawa Center 40
RGO RBL T2 2 Eh b, B poCr Outlet 72
DL BRI TH B I EHBEH LI, —F, Nol7 _ Inlet o8
TR DR ThB, Licas | e e o
- T, CrDIE T A & aa e iiso 1 kmN . Inlet 41
WK b B = & HHEE S A7 131 Kurisawa Center 95
B, 7asfgdvwhoCr 3RpbL 72k 91 14| Hokkai Center o
IR 70 5 &7 35011, % L O3RN % #8Ck (Control)
Table 26. Survey of Cr pollution in paddy field zone of Kuriyama and Kurisawa
fg No Main Situation of soil O-H\(]:rHCl ppm y Eégwn Variety
IS canal collected ~ Subsurface
| Plowed soil soil Subsurface kg/10a
i Inlet 225 55 41 424 Horyu
g |1 Center 219 0.7 31.3 500
Sl Outlet | 179 20 00 ., 4
5 Inlet 17.8 1.0 17.8 L 454 Yunami
M2 Center 19.7 95 2.1 500
Outlet 7.7 2.4 32 630
Inlet [ 32 29 11 302 Yunami
3 | Kurisawa Center ‘ 2.8 2.1 1.3 437
Outlet 2.2 24 0.9 476
I Inlet | 61 26 23 379 Yunami
< |4 | Konishi Centet 45 0.9 5.0 416
Sl Lo Ouwer 38 1z 32| . a9
= ‘ Inlet 49 38 1.3 297 Yunami
5 | Kurisawa Center 47 34 14 388
Outlet i 3.1 14 2.2 363
6 | Kurisawa | Center WA 1 15| 627  Yukara
7 | Kurnisawa Centet 1.3 0.9 14 477 Horyu
8 | Kurisawa Center 3.1 1.4 22 437 Horyu
9 [ Hokkai Center (Contral) 0.6 06 10 535 Toiku No. 125
110 | Hokkai Center (Contral) 14 0.7 2.0 413 Yunami
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Table 28. Characteristics of soils used

Soil Soll pH T-C T—N CEC
texture (H,O) % % me/100g
Brown lowland soil LicC 6.0 1.40 0.14 25.3
Gray lowland soil SL 56 0.80 0.06 14.3
e fk, 2mmdfE Al L THIRIL 72, T oMLyl S RO ENEBY TH D,
YA e AN A Lu\f.‘fﬂ‘, (ER A QU 65758 5 Tl A

ZAUS U TEE90 g 2 200mb ) L L s

AL Cro(CrOy DR EHL) & MU 142 Y 100
ppm & H Lozl 72, 72, BoCe Hm

FEELZFe? (FeSO, - THLO)ECr' )% o317 (i
mIL) (27 B XTIl 72, TS D eIk
'iﬁ~c;t50m? EL7, BMBEHIZIT AL, 30CH
fdigiic AL T HH, 78H, 30HHICEITS
Cr, }eé'wa WZEh, pHEMEL 72, F72, 3008
IZPiE A S HY L THZ L 72 8l D nwT g
TRl ME L7z,

Cra b UzFe D fdl: INMET > 2=

2 (pHA.5)TH Y, 2 5ITKIMHIDCr Llllaz L7z,
T AU L xR 5 O HAR T 1 IR
A ME AR 7o, Aok, 308 H MR E
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Table 29. Treatment of examination

D BT 4 71 EMIBK T Ah g L
e IUiJ'LfL WHiTHE L 72, Fey o, @ 2 UL
ket Tl L, Hifse Fax o7
3 ‘/mmmﬁﬁ*m‘éﬁe e’ &oril L7z,
2)Cr"', C 2k %)7kflli’i: HhH Y Fe!
z‘ﬁbnm&b%
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I35 728 ML, 75>/)7H22H N (fifits
TrEZTL)04g BLL 72, KERTW ) 2 A
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Element concentration (mg/air-dried soil 1000g)
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Cr v
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Table 30. Growthes of rice plant

1) Brown lowland soil

June 22 July 10 July 25 Sept 18
Treatment b o b o b i el N
«m om onl «m o
Control 25 6.0 44 255 61 42.0 71 320
Cr 20 ppm 26 70 47 255 62 430 77 345
PR 24 5.0 46 23.0 62 39.5 74 35.0
w60 w 23 40 47 22.0 62 39.5 75 33.0
w80 w 21 25 44 195 62 415 76 315
W 100w 22 3.0 16 20,5 59 105 73 35.5
Cre 400 ppm 24 8.0 47 290 61 44.0 76 335
Criv 100 ppm - Fe* 300 ppm 23 7.0 45 30.0 62 425 75 355
A 26 75 45 30,5 60 144.0 75 36.0
W20 r o TG00 25 75 16 245 58 125 78 335
R A 23 55 42 245 58 10.0 79 305
pO300 0 o+ 900 22 45 16 19.0 58 405 80 295
A 25 8.0 45 29.0 58 110 78 31.0
w400 v~ " 1200 23 5.0 45 23.0 60 39.0 77 30.0
o 200 24 7.0 15 23.0 57 385 75 275




BEHIE— ¢ ALl E O RIS BT 5 B4 EMEIC T 2 M58 35
2) Gray Upland soil
June 22 July 10 July 25 Sept 18
Plant Number Plant Number Plant Number Ear length  Number
- Treatment height of culm height of culm height of culm oy of
cm cm cm cm “
Control 24 6.0 42 20.0 57 38.0 75 35.0
Cr® 20 ppm 27 7.0 48 23.0 65 40.0 80 355
o 40 26 6.0 47 20.0 65 39.5 84 375
60 16 2.5 38 12.0 58 26.0 78 35.0
w80 13 25 27 5.5 48 13.0 79 29.5
w1000 15 2.0 11 5.0 — — - —
Cr® 400 ppm 23 55 37 18.0 57 355 80 36.5
Cre+ 100 ppm + Fe** 300 ppm 21 7.0 42 215 60 345 82 355
L L 23 5.0 45 22.0 62 41.0 77 38.5
mo200 0 4+ on 600w 21 4.0 36 23.0 54 28.0 72 32.0
noow o n + o 1000w 26 7.0 47 275 61 36.0 75 345
o300 o 4o 900 19 25 29 10.0 438 16.0 58 19.0
nmeooyon 4 o 1500 27 6.0 47 245 61 36.5 77 35.0
o400 o 4+ v 12000 19 35 30 13.0 57 19.0 69 27.0
oo 4o 20000 26 8.0 45 295 60 435 78 40.5
Table 31. Yields of rice plant
Brown lowland soil Gray upland soll
Treatment Brown Brown
rice Ratio rice Ratio
g/pot g/pot
Control 25.8 1.00 235 1.00
Crf-20 ppm 26.9 1.04 28.0 1.19
n 40 n 23.3 0.90 284 1.21
n 60 n 29.0 1.12 23.3 0.99
n 8 n 27.3 1.06 155 0.66
n 100 » 29.0 1.12 - —
Cr?+400 ppm 27.1 1.05 24.0 1.02
Cr® 100ppm + Fe?* 300 ppm 272 1.05 27.1 1.15
non nm o+ n 500 » 30.2 1.17 29.5 1.26
n 200 v+ » 600 n 29.4 1.14 169 0.72
w4 o 1000 25.8 1.00 29.0 1.23
n 300 u + 900 » 25.4 0.98 8.0 0.34
oo 4+ o 1500 v 23.9 0.93 26.9 1.14
n 400 1 4+ o 1200 » 24.1 0.93 8.2 0.35
noowoon 4o 2000w 17.3 0.67 25.6 1.09
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Table 32. Concentrations of elements in rice plant
Brown lowland soil Gray upland soil
Treatment % ppm % ppm
P.Os Fe Mn P.Os Fe Mn
Control 0.11 558 596 0.10 390 533
Crt 20 ppm 0.12 519 909 0.06 449 725
40 » 0.17 416 1449 0.10 502 672
60w 0.14 538 986 0.12 289 760
80w 0.14 421 1343 0.26 349 803
o100 0.15 457 1241 — - -
Cr¥* 400 ppm 0.13 565 1162 0.14 520 735
Cr* 100 ppm + Fe’* 300 ppm 0.15 378 1188 0.09 405 811
noow w4+ 500 0.10 438 995 0.12 483 837
w2000 0 4+ 600 0.14 700 1197 0.12 275 1038
oo+ 1000w 0.16 762 1112 0.10 450 1215
3000 w4 900 0.16 995 1210 0.22 336 1236
w1500 0.16 1084 — 0.12 489 —
w400 o o+ o 1200w 0.17 754 1339 0.28 360 —
i " moo4+ o 20000 0.20 1421 1645 0.16 570 1911
Table 33. Chemical properties of after-soils harvested
Brown lowland soil Gray upland soil
IN NH1OAc Ex IN NH1OAc Ex
Treatment oH (pH4.5) o (pH4.5)
H0) ppm ppm (H20) ppm ppm
Cr Fe Mn Cr =~ Fe Mn
Control 6.20 1.8 1442 69 8.25 3.7 513 12
Cr®* 20 ppm 6,20 59 1566 89 8.15 5.1 351 15
no 40w 6.20 8.5 1428 89 8.15 7.4 291 13
60w 6.25 11.1 1356 87 8.20 8.1 232 10
80w 6.20 14.0 1263 91 8.15 10.0 183 10
o100 6.25 15.8 1231 92 8.05 129 199 8
Cr* 400 ppm 5.95 38.2 1284 92 8.40 334 133 6
Cr®=100 ppm + Fe*~ 300 ppm 6.10 20.2 1445 97 8.15 14.0 388 16
"en noo4+ o 500 5.85 17.6 1474 100 8.00 14.7 377 19
m 2000 00 4+ w600 5.80 32.0 1356 99 7.90 22.1 218 14
w4 10000 5.45 254 1059 116 8.00 23.9 511 20
w300 0 4+ o 900w 5.70 41.9 1106 106 7.70 30.5 200 16
moow o+ 15000 5.15 38.6 881 111 7.70 331 563 24
mo400 o+ w1200 w 5.15 474 917 110 7.20 35.7 202 20
w2000 4.85 441 795 117 7.50 35.3 417 31
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Table 34. Yields of rice plant

(Gray upland soil, The second year)

Brown

Treatment rice

g/pot

N - 1 AaAs

Control 20.2
Crt+ 100ppm 231
Cr?r 200ppm+Fe’  600ppm 18.5
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v 400 4w 1200w 20.3
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Table 35. Characteristics of soils used

) Soll pH Humus CEC Base ,
Soil fexture . me/100g saturation
H0 KCl 7 percentage
Brown lowland soil SL 535 4.37 2.42 10.0 82.0
Andosol SL 6.05 5.00 0.94 9.7 55.7
Table 36. Yields of rice plant and total amount of Cré' applied
. Concentration Total amount Brown
57.) Time of Cr" applied of Crf applied of Cr' appled rice Ratio
ppm mg/pot g/pot
Control 0 0 233 100
3 —x — —
Transplanting time 10 164 19.1 0.82
(Before puddhng) 20 322 20.5 0.88
50 625 104 0.45
= 3 65 231 0.99
- Transplanting time 10 215 26.3 113
g (After puddling) 20 —% — —
E 50 815 16.8 0.72
- 3 63 25.2 1.08
% 30th day after trans- 10 126 21.6 0.93
o plantation 20 256 16.8 0.72
50 575 143 0.6
3 25 252 1.08
Booting stage 10 112 25.3 1.09
i 20 196 25.3 1.09
50 495 225 0.97
Control 0 0 184 1.00
3 — % — —
Transplanting time 10 149 125 0.68
(Before puddling) 20 120 Death
50 330, Death
3 61 18.6 1.01
Transplanting time 10 197 16.9 0.92
3 (After puddhng) 20 — % — —
< 950 o77 B AT 043
=z 3 57 175 0.95
30th day after trans- 10 129 182 0.99
plantation 20 262 17.1 0.93
50 610 180 098
3 25 17.8 0.97
Booting stage 10 86 153 0.83
20 186 13.7 0.74
50 510 22.2 121

* No treatment
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Table 37. Actual survey on Mn surplus paddy soils

z Number of | Situation Soll ‘ Brown rice
g | No | paddy soil | of soi H0) Bl e | Mn Weight  Ratio
) from 1inlet collected = S Py S ppm /m
1 Inlet 5.0 5.6 243 808 29 308 0.76
2 Center 55 6.0 477 538 54 373 0.92
1-1 3 " 5.7 6.1 477 358 39 295 0.73
4 ” 55 6.1 450 424 45 298 0.74
5 Outlet 55 58 464 556 42 321 0.79
N Center | 54 58 278 331 | 44 28 070
1 Inlet 5.0 5.1 51 969 40 247 0.61
1-2 4 Center 5.0 5.7 338 104 24 458 1.13
,,,,,,,,,,,,,,,, 6 | o | 51 58 27 16l | 27 419 103
g 1 Center 47 5.0 87 594 30 412 1.02
g [1-3 2 " 4.9 52 259 651 32 427 1.05
T 4 Inlet 4.4 49 194 304 31 405 1.00
1 Inlet 5.8 6.3 861 755 104 305 0.89
3 " 5.3 6.4 66 437 64 379 1.10
9.1 5 " 53 6.4 305 411 56 372 1.08
5 Center 5.6 6.5 265 411 61 437 127
7 I 5.3 59 477 464 89 407 1.19
,,,,,,,,,,,,,,,, 5 | v | 51 65 464 9ol | 8L 407 119
1 Center 6.4 6.5 1656 808 82 173 0.50
2-2 2 Outlet 6.2 6.4 649 609 52 199 558
4 Center 6.1 6.3 556 1139 50 329 0.96
Control Center 5.8 6.2 117 366 35 343 1.00
1 Inlet 6.2 6.4 2318 5285 164 4 0.01
1 Outlet 6.0 5.4 1377 3311 109 220 0.54
3.1 2 Center 53 52 583 3735 68 410 1.00
£ 3 " 52 5.2 596 1192 59 410 1.45
L 4 Inlet 52 5.4 464 1695 57 420 1.02
o151 Center | 52 52 44 172 | 56 40 107
n 1 Center 54 5.7 350 397 31 240 0.59
3—2 4 ” 51 5.2 397 562 28 515 1.26
6 I 49 49 392 307 21 495 1.21
Control Center 5.0 51 58 61 14 410 1.00
1) Plowed soil 2) Subsurface soil
Table 38. Characteristics of soil used
Soil pH Base Easily
texture Humus CEC saturation red.
H:0 KCl percentage Mn
% me/100g ppm
LiC 6.00 4.70 2.4 253 51.7 162
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Table 39. Chemical components in tap water

n=>5
. -
oH BC me/
memhoem Mn Fe Ca Mg K Na SO3 Cl-
x 723 0410 0.11 0.02 1.05 1.81 006 093 057 255
on-1 023 0037 016 0.03 0.47 040  0.01 0.11 014 042
Table 40. Growthes and yields of rice plant
July .12 Aug 1 Sept 3 Sept.28
Plant Numder Plant Number Ear Number Brown
height of height of length of ear rice Ratio
Treatment culm culm -+
cm cm f)ulm g/pot
ength
cm
~ Control 57.3 24.0 818 36.0 785 29.0 215 1.00
MnSQO; 600ppm 54.8 245 775 33.0 76.0 26.5 199 0.93
" 1200 54.3 17.5 719 325 79.8 30.0 23.4 1.09
MnCl.  600ppm 52.3 17.0 74.5 33.0 74.0 295 20.2 0.94
" 1200 » 385 50 62.0 6.5 68.0 55 27 0.13 B
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DET EMnRIE DR £ BRI Tabn, L TRAD VDY, Feilt)I300m <, Iz K
KX & Mn600ppm B 37 4L 4 KR Mnif i (4 WU TH - 72, —F, Hidb~> 7> 3

WHEHD SHZ AT L D L Ao T2 012 IXIEK, PoOs Ao K805 i AR IX & ) A
LT, 1200ppm[X T 8 AL H & UHE H o> & T &G>T b, 72, FellAonsrid 1200
REDNMNEEHIZIZH L CHIT BIc e » Tw b, ppmM[X. N F A600ppmlX L W & v,

D ED, PR 351 B KA R B oL Cl ‘«‘;%—‘fl#e*w&é &, i~ > 77 IINK A3
%;%1’—5,423& AL 7z, 1% Txfi X LA allwt LT, tifbe s A

il > 77 2 EIMIX O ST RIS AT I o mmX ib‘fj)ﬁgx (R R S N AR VAN

Table 41. Mn concentration in rice plant

Treatment Part of rice Mn ppm
plant July .14 Aug .11 Sept 28
Brown rice 36
Leaf 1586 2100 3831
Control Leaf sheath 707 645 955
Culm 300 419
Shoot 1213 865 1455
Brown rice 53
Leaf 2571 4200 7335
M
Z(S)(? - Leaf sheath 1093 1350 1846
PP Culm 540 949
Shoot 1915 1741 2956
Brown rice 59
) Leaf 3429 9500 9620
1200 ppm Leaf sheath 1543 2300 2441
Culm 1105 1058
Shoot 2632 3753 3969
Brown rice 64
Leaf 9100
Mncl
S oo Leaf sheath 1953
Culm 1114
Shoot 3629
Brown rice 100
" Leaf 14186
Leaf sheath 7060
1200
ppm Culm 2888
Shoot 8787
Table 42. Concentrations of elements in the shoot of rice plant
(Harvest time)
Treatment ppm %
Fe Ca Mg Na K P, Os Cl
Control 509 7577 3029 1745 1.77 0.28 1.07
MnSO; 600ppm 811 7928 3214 1619 1.26 0.28 1.02
no 1200 » 768 7836 3016 1857 1.46 0.24 1.14
MnCl, 600ppm 1213 12028 4354 2320 1.52 0.19 1.77
v 1200 n 722 22455 7578 2801 1.50 0.30 3.30
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Table 43. Mn concentration in after-soil

harvested

Treatment Mn mg/ 1000g
Ex. Easily red.

Control 125 159

MnSO; 600ppm 400 613

" 1200 » 888 1063

MnCl.  600ppm 463 628

" 1200 » 932 975

D E, HEREROPH, EC &K F A

AL BT 51T 2 B SRR BY 9 5 AR

45
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B 5 I2DIZHRD K L THA L 7K
T 5, HAERDWN OB 2Ca 0.44, Mg
0.16, K 0.03, Na 0.29, SO% 0.22, C1~ 0.16
me/LTH B, AEBRIZHWZKEKSZZNILEY
LHIM Iz, 2 ICCL Ew, 2ok, K
v P NTEOECIRKSOKHE LD LEd k- Ty
&0 RERIET KBRS RIZ S L2200 T
HY, Ko FANCl s i$1800mg, SOF (2540
mg TH -7z, —F, A S0C IRInEZIEIL
<> 77> 600ppm, 1200ppm[X T Z 4L £ #12190mg,
4380mg, SO wMEI3HEEE~ > # > 600ppm, 1200
ppmX TZ L2 112954mg, 5908mgTh b, T il
SONMBE L' Z i FIEy FIZA-RICHE
%,

LD EDs, By BB LY
LM #| O EBb T W EHEE TE B,

o b EBRF B THEBEROECIHIRMT AT
=AD& - THIET 5 2 S TREC feii s

SO A 44T L T HTHEN, AIEEERDHERR LI TH -
pHIZMn O M A % % 21220 Ch T hIs 2, 7z, hBiber Aokl BBRAND
LT L7228 ECIEZE JJan’r‘ z“/mﬂ«tfl I Jémﬁ+7r/iﬂot.,m%%ﬁnuu e, Cl-
THLCHEEL TH Y, SOF kY LCL ohhid I EA EDTRBHUIEMRL T s lenizl Tl s
Iz, #}j, fm’wr/(& GEMIIK & L BRISAFA S EEL TS 2 2B 57,
[ U MniEhnm TR LT - 72, BRedRT Z D4y, i AT v Na> K>Mg>Ca0)
[ Mn, Kl«15’1~111< T 72, iz EHE L T ETHLH, LeL, BRI
Na<e K 027 ) i or 5§ Tl o A KIS & » TiE
Table 44. pH and Eh in percolation water of soil and concentrations of
cations in soil solution extracted with distilled water
Treatment Iv)virt‘;?lam’” Concentrations of cations me/ ¢
June 15 June 1 After-soll harvested
pH EC 1Ca Mg K Ka Mn |[Ca Mg K Na Mn
Control 68 153 15 17 0.6 1.6 01 |38 34 04 54 0.1
MnSO, 600ppm |67 181 57 64 1.0 2.0 31 |81 70 05 5.3 Lo
w1200 65 347 114 95 1.1 2.1 86 |[13.1 114 05 59 31
MnCl;  600ppm |66  3.55 57 55 0.8 1.8 25 |76 74 05 53 0.9
no 1200 » 65 506 11.8 86 1.1 2,0 75 |115 95 10 4.1 2.7
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EIH KMEFEELEBTENDC HVBEILCRIE
THERKRIEDE
ATHT, IR L B Mn )5 00 #7722 BRI
DAL T, 8 4 h 5 2 MINIKHIRTE X
TREEIZ L 72 L DD THEL DM A s L
BADNHHTH L) LMaDWIAD EL < £ X
WLz, coMiie LT, KRap#odilic £
TKAT FUR O UK TE A b T 2 2 & 25T %,
LA L™y, LEEEO R ST A E M
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TR G i1y
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GIE e B A MY L, 1/5000a 7 7 AL A
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7ZAAIKIEIZ 57z, Bt b & R Y BRI
I3 KALBAG £ 7 H BIS - 72, MRS pl
3.8F T L THIL, JRMUZICC 2 Ml L 72 4,
1 N BB 2 TMn, Felll 2 W5 L 72,
2) EAgEE o K, IREIC L B
A2 % 2 ~— bl
1) &) b iAo A2 4L 100 g & 200m 75
F)ZF L el Al MR ) Mn600),
1200ppm, Cu200ppm, Zn500ppm O %4 4 b ikt
Y2 mIniddssy L7z, ARIEIREEC (KT 13 e N7
KED140% DK % AdL, MUREELC () (2l b <
70% D Ka AdLTz, ZHLGL DR 20°0C DL
WALL 26HHA > X a~x—LF L7z, 2D, i
HE A7 7 2 bl 2wl 7z, Zisad
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Table 45. Yields of rice plant

Condition Treatment ;;)got Ratio Brg\//\ggt ree Ratio
Control 499 1.00 248 1.00
Mn 600 ppm 429 0.86 19.9 0.80
Submergence Mn 1200 ppm 51.9 1.04 25.8 1.04
Cu 100 ppm 50.3 1.01 20.1 0.81
Zn 500 ppm 481 0.96 19.0 0.77
Control 51.6 1.03 21.0 0.85
. Mn 600 ppm 442 0.89 22.0 0.89
Surface
) Mn 1200 ppm 46.9 0.94 24.0 0.97
drainage Cu 100 ppm 499 1.00 20.8 0.84
Zn 500 ppm 48.0 0.96 20.7 0.83
Table 46. Concentrations of heavy metals in rice plant and the ratios
Treatment Mn Cu Zn Fe Mn/Fe
l* 2** 1* 2** ]* 2** l* 2** 1* 2**
1.00 1.12 1.00 1.02 1.00 0.98 1.00 1.07 1.00 1.05
Control (1187) (5.7) (55) (501) (2.36)
Mn 600 ppm 2.34 532 1.26 3.28 1.04 1.44 1.19 1.61 1.97 3.32
Mn 1200 ppm 3.40 5.08 1.21 2.53 1.18 1.45 1.37 1.54 2.48 3.30
Cu 100 ppm 1.24 1.40 4.60 5.09 1.00 0.96 0.87 0.93 1.43 151
Zn 500 ppm 1.50 2.08 2.19 2.67 7.20 10.71 1.08 1.02 1.40 2.05

* Condition of submergence

* % Condition of surface drainage

Figures in parentheses indicate concentration(ppm) in the shoot of rice plant

Table 47. pH and Eh in soll,

and EC and concentrations of heavy metals in soil solution

under the condition of submergence and surface drainage

Submergence Surface drainage
Treatment Moist soil Soil solution Moist soil Soil solution
pH Eh Mn Fe Mn/Fe pH Eh Mn Fe Mn/Fe
(mV) (ppm) (ppm) (mV) (ppm) (ppm)
Control 6.8 + 29 20.3 42.4 0.48 6.7 +123 215 352 0.61
Mn 600 ppm 6.3 +140 154.1 181.0 0.85 59 +246 2324 1238 1.88
Mn 1200 ppm 5.8 +264 3108 1238 2.50 53 +293  454.1 13.0  34.93
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Table 48. pH and EC in moist soil, and EC and concentrations of heavy metals in soil solution

_? Moaist soll Soil solution Supernatant liquid

Z | Treatment H Eh ppm Mn g Zns ppm

g v [ e oz e T o 7z
® Control 63 +174 [040 27 011 026 321 084 008 044 22 003 0.08 0.62
% Mn 600 ppm 57 +234 1183 872 004 0.63 2760 3.16 002|212 940 0.02 0.17 032
%0 Mn 1200 ppm 54  +257 13.00 298.0 0.08 230 33.20 898 0.07 | 353 3060 0.03 028 0.23
,§ Cu 200 ppm 55  +318 1068 4.0 012 041 304 155 0131079 43 018 0.08 0.39
w Zn 500 ppm 55 +278 |132 180 0051320 1508 119 088 | 151 168 0.04 2020 0.14
2, Control 6.1 +165 1037 1.3 005 029 182 071 0.16

% Mu 600 ppm 55  +253 242 134.0 0.08 1.03 26.80 500 0.04

=] Mn 1200 ppm 54  +318 1330 356.0 0.09 1.20 20.40 1745 0.06

é Cu 200 ppm 54 +358 |0.88 66 0.16 039 154 429 025

A1 Zn 500 ppm 54 4317 [1.84 252 0.1231.20 1220 2.07 256
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Fig.23. Place caused Cu deficiency in wheat plant
Table 49. Chemical properties of soils surveyved
0.IN HCI Distinction of ~ pH Ex.base me/100g Base 0.IN HCI  ppm
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Cu growth (H-0) K Mg Ca percentage Cu Zn
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Above Ippm Normal 61105 08704 33112 124135 7224217 5.88 ¢ 6.04 6.50 ' 3.40
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Table 50. Concentrations of heavy metals in top of wheat plant
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Table 51. Growthes and yields of wheat plant

Culm  Ear Grain  Culm

Treatment length  length
cm cm g/m g/
Cu—-0 62.6 75 30 580
Cu—2 89.1 94 405 440
Cu—4 91.3 9.5 530 575
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Table 53. Applied amounts of Ca(OH).,
CaCOj and CuSO,-5H0
(g/m?)
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Table 52. Concentrations of elements in soil and
top of wheat plant

Soil Top
Treatment O'HEI:E:ICI ppm ~_ Cu/Fe
ppm Cu Fe Mn Zn (X109
Cu—0 0.15 0.67 78 156 23 9
Cu—2 0.50 132 58 69 13 23
Cu—4 0.75 1.67 62 47 13 27
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Table 54. Characteristics of soils used
) Distinction pH Humus Ex base me/100g CEC PO;

Locality of absorption
growth (H.0) % Na K Mg Ca me/100g  coefficient

Shinoro Abnormal 47 332 0.2 0.9 3.3 12.3 54.8 1142

Enbet Normal 52 42.5 12 0.7 3.8 245 55.1 1012

MRESU ) Abnormal | 5.2 44.0 0.9 0.4 2.8 27.1 58.1 1256
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Table 55. Yield of wheat plant

A4 .32 L AL, OUIN M A Cu (30,2

ppmUl T Th - 72728, Weliidz, Cu

(Shinoro)
1 2 3 4 5 6
Yield(g/m) 285 328 216 94 201 445
Ratio 064 074 049 021 045 1.00

KEZDNT

Table 56. Chemical properties in soils and growthes of wheat plant

of growth (H-0) Total 0.1N HCI cm cm deficiency

Inferior group

1 49 13.8 0.25 51.9 5.2 Sterility

2 47 12.0 0.23 67.4 7.3 "

3 5.0 10.5 0.18 62.6 6.9 U

4 5.9 11.0 0.20 61.3 6.9 l

5 6.9 10.1 0.16 52.7 6.1 1

6 6.0 25.8 0.17 78.0 7.6 Normal
Superior group

1 46 12.6 0.25 59.1 55 Normal

2 4.8 11.2 0.25 72.4 79 "

3 5.3 10.8 0.25 69.3 7.2 i

4 6.6 10.0 0.15 63.0 6.6 "

5 7.0 10.6 017 57.8 6.0 Sterility

6 5.6 34.0 0.35 76.5 8.0 Normal

Table 57. Concentrations of elements in the top of wheat plant
(Harvest time, shinoro)

Distinction % ppm Cu/Fe
of growth P. 0O, K Mg Ca Cu Fe Mn Zn (1079
Inferior group

1 0.36 1.20 0.10 0.11 0.87 176 246 29 5

2 0.90 1.60 0.12 0.16 0.74 154 203 38 5

3 0.78 1.89 0.15 0.19 0.92 157 297 49 6

4 0.78 1.81 0.16 0.21 0.72 145 173 31 5

5 0.74 1.43 0.16 0.21 0.92 155 187 37 6

6 0.52 0.71 0.09 0.09 1.65 113 160 19 15
Superior group

1 0.50 097 0.07 0.08 0.93 142 141 22 7

2 0.48 0.90 0.09 0.09 1.87 140 154 25 13

3 0.47 0.93 0.09 0.08 1.08 129 150 28 8

4 0.59 1.08 0.12 0.12 1.12 138 167 32 8

5 0.56 1.09 0.11 0.10 0.90 146 136 26 6

6 0.40 1.09 0.09 0.09 1.64 58 156 29 28
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Table 58. Characteristics of peat soils and growthes of wheat plant

(Enbetsu)

. . Culm Ear
Distinction pH Cu ppm
) length length
of growth (H-0) Total 0.1NHCI

cm cm
Normal 52 15 0.30 84.4 6.7
Abnormal 9 0.20 36.4 No heading

Table 59. Concentrations of elements m top  of wheat plant

Distinction %o L o ppm Cu/Fe
ot growth P.Os Mg Cu Fe Mn Zn X 10 9
Normal 0.54 0.14 1.15 65 106 20 18
Abnormal 151 0.34 1.50 233 255 47 6
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Table 60. Chemical properties and total contents of elements in sewage sludges
Kind of ’ Rough Ignion < Total
sewage n ltem ?HJO) mob S0 resde y C N P20s KCa Mg Na Fe Al MnCd Cr Zn Cu Ni Pb Hg As
sludge m % % % ppm
T 612353275.1 81 23730 37 02 13 06 01 50 34 1674 16 151 1139 238 39 58 15 19
Polyion 7 On104061 105154 08 8510 1.8 01 08 02 00 24 16 1540 08 72 410 69 20 16 13 21
cv 7 26 32 28 10 3636 48 65 68 42 44 48 48 92 50 48 36 M 51 28 88 120
T 99562 196635 89 19123 25 01 141 06 01 50 18 82 08 73 77715 19 % 13 1
Calcareous 14 on1)5337 127 89 16 4609 07 00 5202 00 24 11 4% 07 29 311 43 13 21 13 10
cv 15 60 65 14 18 24 39 30 57 37 34 38 48 62 48 88 40 40 H 67 39 98 X
2. FEERRTR FoEwlEfizEsFiHlk R L TH » 72, F72,
BT AKB I DAL X KRS 4x gt % 560 C N ﬂ: TG LIOLITTH 5, Znh2lu
Fizm L7z, DEHERBOELIB T RO, Zn—Hg 0.752%**,
B THIROpHIZ 6,05, ECIE FH42.35 2 Hg —Cu 0.522% Cu~Zn 0.500* & IEDOFABI B 57+
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Table 61. Ratios of the concentrations extracted with the method of sequential

extraction to total contents of heavy metals in sewage sludges

Heavy  Kind of Total Ratios of extracted concentrations to total contents

metal zleuvgie;%e ppm KNO, KF NasP»0; EDTA  HNO; Amount

7n Polyion 1139 2.1 0.8 67.5 25.7 10.8 107.0
Calcareous 77 0.3 0.7 372 60.2 12.3 110.6

Cu Polyion 203 2.6 7.9 18.0 23.3 11.7 63.6
Calcareous 125 29.4 16.4 6.0 287 5.4 85.9

Ni Polyion 39.0 15.8 8.0 2.8 24.7 134 64.6
Calcareous 18.8 20.7 17.8 2.0 18.3 29.3 88.0

Ph Polyion 57.6 0.7 4.5 42.7 67.4 6.2 121.4
Calcareous 54.4 1.7 3.6 54 89.4 4.0 104.2
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Table 62. Concentrations of heavy metals in sewage sludges extracted with water and 0.1N HCI

Kind of water 0.IN HCI
sewage n Item ppm ppm
sludge Zn Cu Ni Pb Zn Cu
, - 59 13 17 01 1959 08
Polyion Tz 05) 0.6) (4.5) 0.2) (172) (0.4)
- 16 174 19 09 11 169
Calcareous 14 % 0.2) (13.9) (10.1) (1.7) 0.1) (135)

Figures in parentheses indicate percentage of soluble concentration to total contents
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Table 63. Ca and Al concentrations and pH
in sewage sludges extracted with

0.IN HClI
Kind of
sewage n Item pH Ca Al
sluge 9, ppm
Polyion 7 T 437 065 162
(51.6)
_ 785 18 27
Calcareous 14 T (13.0)

Figures in parentheses indicate percentage of
0.IN HCI soluble concentration to total
contents  of Ca
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Table 64. Total contents of heavy metals
in sewage sludges dehydrated and

digested
Kind of " Total ppm
sewage sludge 7n Cu
Polyion(dehydrated) 3 1169 156
n (digested) 4 1117 239
Calcareous(dehydrated) 4 558 84
i (digested) 10 864 141
Sulfides
Carbonates
120 ) Organic-bound
o Adsorbed
] E Exchangeable
wlk H H i
. §
.—‘
S ]
» 1
g
g _
& |
3 ==
E —
% —1
e 4

1 . Dehydrated  (Polyion)
2 . Digested (Polyion)
3 : Dehydrated (Calcareous)
4 : Digested (Calcareous)

Black bar graph : Ratios of 0.1 N HCl Zn and
Cu concentrations to total contents

Fig.26. Forms and soluble ratios of Zn and
Cu in sewage sludges hydrated and

digested
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Table 65. Characteristics of soils used
Soil Soll pH C N CEC Ex.Base mg/100g
texture  (H0) % % me/100g Ca Mg K
Andosol L 5.7 1.35 023 16.6 147 21 27
Brown lowland soil LiC 57 1.26 0.11 171 175 129 20
Table 66. Chemical properties of sewage sludges used
Kind of pH EC %% ppm
sewage
sludge (H-0) m-mho/cm N P.Os K:0 Ca Mg Zn Cu
Polyion 7.8 1.68 3.78 4.49 0.19 2.68 1.08 1013 196
Calcareous 8.8 6.07 2.60 3.69 0.10 14.72 0.62 901 113
Table 67. Concentration and amount of uptake of Zn in plants
Kind of - Maize ___ Soybean Zn  ug
. Shoot
Soi sewage Shoot Zn Shoot Zn Shoot 00
sludge g/pot ppm g g/pot ppm ug Root
Control 1.00 42 42 0.82 27 22 64 95
Andosol Polyion 1.08 113 122 1.14 86 98 220 335
Calcareous 0.50 121 61 0.90 41 37 98 150
Brown Control 1.24 55 68 0.98 39 38 106 157
lowland Polyion 1.25 103 129 1.15 116 133 262 361
soil Calcareous 0.39 63 25 0.65 43 28 53 72
Table 68. Concentration and amount of uptake of Cu in plants
Kind of Maize Sovbean Cu ug
Soil sewage Shoot ~ Cu Shoot Cu Shoot Shi)Lot
sludge g/pot ppm °g g/pot ppm °g Root
Control 1.00 6.0 6 0.82 2.8 2 8 19
Andosol Polyion 1.08 6.7 7 1.14 36 4 11 32
Calcareous 0.50 7.1 4 0.90 3.4 3 7 20
Brown Control 1.24 9.8 12 0.98 53 5 17 33
lowland Polyion 1.25 10.9 14 1.15 5.0 6 20 39
soil Calcareous 0.39 6.8 3 0.65 6.8 4 7 14
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Table 69. pH, EC and concentrations of Zn and Cu in soils

Cu pH

0.INHCI . Total

Ratio Ratio 0.INHCI Ratio (0.INHC)
ppm DI

25 1.0 2438 1.0 1.4 1.0 1.5
469 188 329 1.3 3.0 2.1 1.6
252 101 303 1.2 0.2 0.1 2.9

Kind of Zu

Soll sewage pH EC Total
(H.O) m-mho/em Ratio

sludge ppm
o Control 52 053 498 10
Andosol Polyion 5.4 054 102.1 21

Calcareous 7.3 139 1088 22
Brown Control 52 0.52 83.8 1.0
lowland Polyion 55 089 1385 17
soil Calcareous 7.8 1.36 1419 1.7

7.5 1.0 333 1.0 6.6 1.0 12
515 6.9 439 1.3 114 1.7 1.2
32.3 43 390 1.2 1.0 0.2 2.8
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Table 70. Total contents of Zn, and concentration of Zn in soils by the method of sequential extraction

Kind of Zn Zn mg/1000g
Soll sewage Total Amount
KNO. KF Na,P.O;  EDTA HNO; Amount —
sludge mg/1000g e % — Total
S 51.8 34 0.0 196 17.6 22.8 63.4 1.22
Control (1.0) (1.0) (1.0) (L0) (1.0) (L.0)
. . 123.9 56 0.0 54.3 29.6 26.1 1156 0.93
Andosol - Polyion @) (16) 28 k) T 18
ST 1103 1.0 0.0 54.9 37.1 36.4 129.4 117
Calcareous .0 03) (2.8 2.1 (16) (2.0)
Control 80.3 44 48 25.7 139 418 90.6 113
Brown ontro (1.0) (10) (10) {10) (10) (L.0) (1.0)
i 140.2 43 5.4 814 495 35.0 175.6 125
lowland ~ Polyion B (1.0) a.n 3.2) 36 08) (1.9)
soll Al 139.3 21 48 52.7 411 357 136.4 098
Calcareous (7 (0.5) (1.0) 21) (3.0) 0.9) (15)

Figures mn parentheses indicate ratio to control

NI 6% % DT D, i Jf/\'.’_‘-(KN() )& 5.4%
Th = 2 WATR(KE ) IS L -7z, — &
Ji, #EAH A O L3 iR 2746 . 1% % i o)
THAETH D, DT B A TE, o i
W2 %, F7, WRIE, WATIEIZ T ALFILS %60
®RTH-T, ‘(77,}: 902, LS TZnd T
JERE D FLadt |3 57 & T B 2%, ihi i & 4 ARk,
HREIE, IR Wbi DM B> % Ehbh B (1) Andosol (Polyion) (2) Brown lowland soil
ZOL) A TG AE T 5 &, 5T (Polyion)

FICIX D Zn i ki e X L AT T8 & B S

Soluble, Total (%

EIZEIL T b, fl/\(}(le%)'i Tlalpeze gl <°
&L TR B I r L T b, 20 %
DLz, TAKIGIERA L fi% h o ZnDINER wﬁ'ﬁ ef
TR AT T ARG D Zn D HZHE % b T L < Bhge _35)
fw6‘>bmmbﬂtoit,’m‘%@W 2
NI AT B13 2 L D UINES A B E bl a b e od a b ¢ d
Z,—; . (3) Andosol (Calcareous) () Brown lowland soil

{Calcareous)
; Soil applied sewage sludge (Betore seeding)
I /\iter-soil cultivated

DEZ, TARGEIEHEEC BT A Zn D f5E
DFERFEAL 2 A B 7212, 52712 N ARG I HE

1% RN - b y LN A
PR LI R TP In DR & s L 72, a : Exchangeable + Adsorbed

OB WIS £ iz, ERE - ETED b : Organic-bound
B2 N ARGl PR k- TEOUII A Iz L, ¢ Ciﬂboml%
5 & o UK I ERIE LS R L T 2 4 - Sulfides

R L, ARG T L Twd, 25 Fig.27. Forms of Zn in soils applied sewage
12, ERr I Tk b & L I L TR A sludges
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REIZOWTAD &, BR7ETIIAEBEAED
Wk, RERIR, BEREO NI AL N, BEIK
Hit TIXAEREORE, REEEO A & B o 1
Khid b7z,

Ul koiz, 2ED L OFE EpHRECHA
s> TZnDIBREL A Y, MEWIRILIC & 1252
BANITTEHEI D BERE-BASEENE5 L
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ERERDH LI, ThDbL, @O TiHKH T
Mg, AR Tl A Em oL, %
o EEHO ZaBIL & DRIZ 3L H 5
ZEpHEE S L,

BAE TKBREPEGEOIEEREBARELE
IZRBY B ¥E4Z

TGN B FH B L T3 HE RO R4
ERFEEREH O Wt 5, dvifiE o BT,
BT, MmO L, 19794
6 H, TTFKMGIEDEMIGEHIZGR S B IEATS
g, AWEL .

TARBRDPDON DI DV TE % DHED

W 445 (1983)

T, BRI TE30%LT E LT3, £72, Ke-
Ning®™ 3 N> 5 AT, £ ) DGR &EIT0.75
~1.5t/10a (E4p%Y ) SHML T35, F72,
LIRERIZ OV TIE, CaFEHilc L 3 b ot
8T 2 ZADAE AR EpHIb O RS 1L TH Y,
FIKGRO M RIT B 1t/ 1pa (84 ) )%
WERTHAH) EHEES T ES,

L7zai- T, FRFGR—AIC L2 ERED 118
EEISHIKER LD LS FHRTE ) BEIZ S
DEHESID,

2C, EgBoIEERCEL T, TRIGE
MICEATA2ESBD I b, FOILHEL I 14
CHEMINRT W22 RAT 208055100,
FICHE I M THAL B, KEDF 2 KiT#
AL FPKHROAGBEEEL HTIRICRL 12,

WAL E, TRERELEOE GE &
i3 Zn(12.04%)>Hg(10.6)>Cu(5.9)DIE TZn
DL g, Lt T, ETRICERIS LB T
FO@EHDIEZn, DV THg, CuThd I Lo
HETED, Tz, BIEIOREED 6, TAKEGIIEH

HY, wERESS TGRS N ERILECZ DN 12 & B IR Zn LS B INECun F 4L L Y
Table 71. Total contents of heavy metals in soils and sewage sludges, and these ratios
(ppm)

n Mn  Zn  Cu Ni Pd  Cr*  Cd* As** Hg***
Sewage sludges 21 1283 958 164 29 56 112 12 15.0 1.38
Plowed soils 335 871 80 28 32 36 42 0.4 9.4 0.13
Sludges/soils 1.5 12.0 59 0.9 16 2.7 3.0 1.6 10.6
* Soil, n=18, % % Soil, n=21 % % % Soll, n=25

Ly TRV, HglZ AUz RS 41z v 2 X 8
HEZITDEY, ZHS5DZ Ers, — iz
RIS & 2 EGEo LRI E L T,
Inhig LM X #FH 2 HiLh,

TR O ZnFEOIF IR LT, eIy
TA LA 3 2w Znfit o (a2 7 &
ABICEIHLRE AN E G, Leh - T, L1k
D ZnFE ST R FHhO K SRk 5 o) I %
ERN AR R EEE LN, ZO%N,
51 Ml L 72 Zn4s B E80ppm & £ O AR HA41
3% % F B LT, ZngEHarl20ppm LAY E DA i

fitt & % %,

I BT D B Zn & Bid B B L 740
~120ppmD W= H B, FDlzsd, THEE TFAKY
TR DZne T HOBPEEEBIZ L - T, FAHE
DIEMHERIRAEDSHAETE D, FOREL $12E
oL, e, ERIEIE20em, RIETEIZT.0
Ly PR & 2 Zoll st b L v 2 s L 72
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Table 72. Total application amount of sewage
sludges culculated from total contents
of Zn in soils and sewage sludges

(Per dry matter)

Soil Total application amount of

7n sewage sludge t/10a
ppm 500ppm * 1000ppm*
40 32 16
60 24 12
80 16
100
120

% Zn concentrdtion of sewage sludge
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