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AKBEAEZEAKFTREPD Mn, Zn, Cu DRZEE*
Forms of Mn, Zn and Cu in Limed Domestic Sewage Sludge*
I AL - BB « R A RE
Takenori YAMAGUCHI', Kunihiro FUJII*? and Sueo ASO*
2 5

AR BEAGREPOMn, Znk o Cun B i A5 2 6E4 A (2.5t/10a,
20, BEERUEIERD LABEaER Ay 1 8bo Mn, Zn BU CuoBEXBE L, T
DR, LFKEEATFEEAGELOESE L, Mn B0 Zn i 1%EDTA, 0.1 NERE, 1
NERE7 v £ =7 LA, Cuik 1%EDTA, 0.2M vy B+ ) 24, | NER
Tvr=va, ok 001N BEERTHEEIC T NFREE Lis, THTEEM S, 2t 1%
EDTA, 0.2M &=V w0 9 A, 01N EHRAESC, Mo 1%EDTA, 0.1N&
Bt 0.2M e ) vEEF F D Y ARIETICAEE LT, 270, Cubd 0 LN il 19%EDTA,
0.2Mer Y YEE F Y Y AR FNFRAETE T2 2 LA BT o1,

Abstract

Forms of Mn, Zn and Cu in limed domestic sewage sludge and in light colored
andosol to which the sewage sludge was continuously applied six times (2.5tons/10a,
twice a vear ; before sowing spring wheat and before sowing winter wheat) were
determined.

The results showed that : ) in limed domestic sewage studge Mn and Zn existed
in 19 EDTA, 0.1N hydrochleric acid, 1N ammonium acetatesoluble parts and the
Cu in 1% EDTA., 0.2M sodium pyrophosphate, 1N ammonium acetate, water, and
0.1M hydrochloric acid soluble parts ; I1) in the soils to which sewage studge was
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continuously applied Zn and Mn existed in 1% EDTA, 0.2 M sodium pyrophosphate,
and 1 N hydrochloric acid-soluble parts and in 1% EDTA, 4.1 N hydrochloric acid, and
0.2 M sodium pyrophosphate soluble parts, respectively, while Cu existed in 0.1 N
hydrochloric acid, 19§ EDTA, and 0.2 M sedium pyrophosphate—soluble parts.

Key words : Sewage sludge, Heavy metal, Mn, Zn, Cu
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FIRBREERBERBERBO Mn, Zn, Cu O

# 1 #EERCBEMNMFARHA

Table 1 Properties of sewage sludge used in the experiment

Sludge Sludge

1979 1980 1979 1980
pH (H.0) 10.1 10.1 T-Ti (%) 0.11 0.02
pH{KCD 10.0 - T-Mn (%) 0.07 0.08
T-C (%) 27.3 21.2 T-Zn {ug/g) 1380 530
T-N (%) 3.9 2.9 T-Cu (ug/e) 262 151
NH,-N (pg/g) 1660 4.9 T-Cr (ug/g) 88 -
NO,-N (ug/g) 7.7 1.1 T-Ni (ug/g) 37 ND
NOs-N (ug/a) 32.4 2.3 T-Pd (g/e) 88 44
T-P,0. (mg/g) 19.7 1.1  T-As (ug/e) - -
T-K (%) 0.3 0.9 T-Cd (ug/e) 2 -
T-Ca (%) 15.3 21.3 C/N 7.38 7.8b
“T-Fe (%) 6.5 5.0 T-Mg (mg/g) 7.95

#= 2 AEKETOAS

Table 2 Treatments and their contents in experiment

1979 1980 1981 1982
Summer Winter Summer  Winter Summer Winter Summer
s(s'ér(?l?é)xlgeg Eggplant  Wheat Bareground Rareground Sorghum
Application* + + -+ + + + -

Compoud fertilizer ; It/ha (§-8-5}

Ground dolomic lime stone ; 1t/ha

Fused phosphate ; 0.6/ha

Domestic sewage sludge ; 25t/ha as 709 water conient

* Application of chemical fertilizer or sewage sludge ;
Before summer-and winter-cropping

B4 EE e, BIF-ACFW 250, &fF= 2 ¥(@H 61 S) 2T hZhis Lo, BR55E
EEEL DR ST FEFFM T S e LTE 2EOFRERRR LT, T
DL eEAT LY - FHEARB o L E(HIEKEA 6 BED ¥R L /o, TEOBRRUIEE 57
F6H8HIK, RMUCRLLME L 0FRAREWM L2, BRLAEEL BEE 2mmo7a v
THELVDF L TEESHRE & L,
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FieRO EEBOMESHTi2 Stover &5 DI L 7oF R s LT O R AN ES B O
BER & LTI TBK, 0.INIERE, INEE7 v £ =9 ATt ok 4K
Bt L TR L e

b b, Stover LOFRMEFEIL L - TERFNROESELWMEE? ¥ 7 24(KNO,), 7 »1b
#Y v a(KF), £au v b0y a(Na, P,0,), EDTA BUREE(HNO,) % LT BH#EE,
WERE, FERESE REERURBEGHECE MBS ONRCS B L1, HERE,
& 5 MBRRE B OWEHR LR irk o b kY TH 5, 1 MKNO,L 1688, 50:1;0.5MKF
(pH 6.5)¢2. 16 B, 80:1:0.1M Na,P,0; (2 16 ®5fd, 80:1:0.1M EDTA(pH 6.5)i2 8
(2 B f ), 80 1R OFO.IMHNOZ 16/, 50 L, 7o ds, £ & & o 3® O B
(10,000 xg, 105, EEEYGHEE S L TERTRESICH L 2,

I BORIER, Ay — FRUBHEBICOWTIT -k, ods, Bkr — sWEO8HEE,
Bk — F R F TN CHEDH—LEN->T 5T LA, # Rt 3 TR L,

fet, LEPOTBEUESGEORE L LTHVLATGOHEMMIKOK 0. INER 0.2M
cay vt oa, IREDTARDINEE7 2= 2 H 7.00) % M7, HROBRER
e @Rk LA, fhEEUEO A ORISR T <50 L TGRE L EITC AV LR BB -
B TRAFROBER LA LZMH AR CERPBLRALOTLEORE 011 L L), 86
ML, ChboB g, AHEELT, SEYFRTRESH Ly, ok, 01N
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EMRREAEEBIRIG e M, Zn, Cu OJERE

ROV, ERRE L ESBROMBOBRYEAND Y, AEHHH 10g 1 LTO.L
0.25 0.5 1, 1.5, 2, 2.5, 3N OEEE% 26 m/ &inz, 1RREKE 5 MK, HSRYETRE
St L,

2.3.3 FBREATECESEBOHMES

FREALFEROTEHESBONE L LTHVLRTVSK, 01N R, 0.2M Y=Yy
B kU wa, 1EDTARU INEE7 v £ =7 2pH7.00%Av-T, HRERAFEREE
Al L, $icbh, BREALERES 1 g thfholmBi# 50 mi iz 5RO %
fTote TATOMMRKL fHE AEEEL TAHRYEFRXSIICHE L,

3 HRRUEER

FHERBERAO Mn, ZIn RUFCugBA*EILCTLI,

ABPEF D Mn 2 610 ppm, Zn it 510 ppm &0 Cu ik 160 ppm TH b, 3 1 ok L 7-ER 54
FEROBASS FEECHERLAFHRL VECEYTRL, BHROSNEEC I 2EHIHDd b,
FED 3, BHROBRENC I 2EEBOFTEC VT, FEEKDOEHWERTIL, Mn, Zno
EMBFEHSRE L, SOFRA, Mn, ZndB% - KicENTAEREEEL TV 5,

# 3 ARt of2 Mn, £ Zn RUS Cu G

Table 3 Total Mn, total Zn and total Cu of sewage sludge used in experiment

T-Mn (ug/g) 610
T-Zn (ug/g) 510
T-Cu {pg/g) 160

AR BRI EREREAROBRETH Y, BT FL6 AR L0 TH3, F1 T
RUATHREM S5 Aw, EMssE 10 BcERL LD THE, HEE L 5 Mn,
Zn BUCu OFFhi3, REPRULAL S cEHFBCI2b0LFLLRAS,

IDEHCEREECLATBHRRD N, AERPOESBEE I THEKR U
ATGIRT B LT EWHRTA A,

® 2 i Stover HOFHMBEC L AXRFRFOESBOMEC >V TRL,

AHROBERE T, Mn it EDTA > Na, P, 0, >KF=HNO,>KNQ,, Zn it EDTA >
Na,P,0,>HNOQ, >KF>KNO, BT Cu 1 KNO, =EDTA >KF>Na,P,0, > HNO, %R L7z,
Tedod, Mn 2 REEE > BRESE>HEE > REE>BRE, In JRBE>HREGE> K
Bt > WS > BHaE, CuiBRES REE > BB > H S > HBEYT L, Zn B0 Cu

—5—
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Fig. 2 Metals extracted by Stover Procedure
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Fig. 3 Forms of metals in sewage sludge

Ticbhb, Mn RO Zn 2 1%EDTA>0. IN B> INFERE7 v £ = v A>0.2M v e ) V&
TR U T A>RETRL, Fi, Cuil IXEDTA>0.2M e v vEi-+ UV v a1 NEEBE7 v %
=Y A>R>0 1IN EREAT L, T, Mn RO Zn ik 1%EDTA, 0.1N 58, I NFB7
vE =Y AAEOWME, Cuil1%EDTA, 0.2Mye ) vEF U v A, INFMBT v T=7 4,
K, 01N SEBUBE,L LR LnARERFOFRENLFETHEL LD LB L LR D,

fpds, ABRPICRE LCRLCLE, SREOEBERAESFATV5OTHMEIHE T pH 2F
L, #ric, ARCEBMBRIPH 278y, BlBRCL sBEROMBHRE D,
COBEFRCoWTE AT In OflR TR LA,

ERBEOEINCHE - T ZIn 82815, 20 LEIALIFEL TV 509, KRB
Bk 5 I ERS SR T AT BERCOLTE, B, 0.1 N EELES 0 b H#uut
SR LIERHTALELD D,




CI Sprg:i)-

14 b { 400
13t 1 300
12 | * 200
1t 4 100
10} ZIGE
9-00 . g &
8T ° 35

:?_ ° 5 7§

o 6 [ s N _ 6 ©
51 o 1 54§
4 4
3F .
2-'."' . 3
1} 11

1 L A i 1

0.1 0.5 51 1.5 2 2.5 3
HCI cccentration {N)

4 pH & ZnsE0ME
Fig. 4 Relation between pH and amounts of Zn
O ;pll @ ;Zn

H5FRERLE@GOERER 7 LR34 Mo, Zn B0 CuoBREYTLAEDLOTH D,
FBRAYER LB EER s L EFORSGEIL Zn it 1%EDTA>0 2M U @ F U a>0.1
NEE>K=INEERE7 €274, Mnit1%EDTA>0 INEE>02M s vEH )Y

Hz(

¢.1IN HCI

1IN CH3CO2NH,

1% EDTA

0.2M NasP207

i L ! 1 ! 1 ) i 1

10 20 30 40 50 60 70 80 90 100

Heavy metal contents (ppm/dry soil)

B 5 FHieEBREeERErAs7 ekt sE&BOWEE

Fig. 5 Forms of metals in soil amended with sewage sludge



GEKBEATER AR ED Mn, 7Zn, Cu OHE

LA>INEB7 v E=va>kdRUA, Fh, Cuid 0.1 NEB>IYEDTA>0.2M =y v
Brr U a> INKRB7 v =27 22K ER LA, Thbh HEEALESD Zn 1%
EDTA, 0.2M¥w vy vEo Y va, 1N EEEHEEY, Mnil1%EDTA, 0.1 NEEE 0.2
Moy vEBir )y aTEHATAERTRANOEBEE L bRL, $12, Cull0.1N HE,
1%EDTA, 0.2M =y v b ) & An[BEATR TN EROSTEMLHEEBELE L bR
fro LiL, “hhofiEr, BIEYICL > TRNSASTVC La#HRERS A, BEH X
ABENESBORIICT >0 TRESEE LICHRFTILELS %,

BEwRLck 510, GREEEERKBEREPOESRE R, Mo BV Zn, K852 1%
EDTA, 0. 1N#HE, INEBE7 v 2= auEEH Cod 1%EDTA, 0.2M =Y VB>t Y
Yo, INBE7 w2294, K 0N EBRTHERCERTRERL, BREARLES T, In
I%EDTA, 0.2M e w U Bt ) s, 0.1 NIERE, Mniz 1%EDTA, 0.1NHERE 0.2M
ey R Yy ATTETR, Cuiz 0.1 N RS, 1%EDTA, 0.2M e ) vB I & ATE
MW ThTFET D ELHAL T - 1,

5B X @

1 Bpg AC1979) [ PARBEROBRY,. HALEIOEFESE. TKEBR— 1 20—, BRH,
p.9. p.l5.
2y R HQ979)  BEES O, BARHEIEEFEE FRGRE—D 2 rndabic—, R,
p.9lL.
3 BHEE - BRAXE « AEE—980) | £IEFHRFOESBEO LTI H>VT. B AEWEIHEH
& 148, 203-211.
4 BFE Q98D DINARBTE AL s Y57 Yy HABOZE MR ORERECoVT. R EER
SEHEEE. 52, 347-355.
5) Stover, R.C., L. E. Sommers and I}. ]. Sil Tviera (1976 : Evaluation of metals in wastewater
sludge. J. WPCF.. 48, 2165-2175.
6 B WEEEBI1974) [ FHRIEO BAR & OB ERE. R, 27, 34-48.
7 aER EQITD L LER L UTEEETo BB STTE. BRKERKRSBREER, 918,
8) Cheng. K. L. and R. H. Bray (1953) : Two specific methods of determining copper in soil and in
plant material, Anal. Chem., 25, 655-659.
0) HIRENE - AR B ZHF BEQ97Y  EERTINA RO R 2 EREMCKT A L EFE OIS
EEEL B oA EEAREEE MR, 43, 291-296,
10) SHEEMKESNERTERES. TEEFWTHEALHE080) | LERF TS BHE,
333-374.
1) KB R(1979) | TAHROFESE. A4 LEERFSER. TRSBE—) r17roldc— @
K, 73,
12) SEHIEE— - 1 ASEECL98L) D PRSP oEEROME. B4 HEEKSHR, 52, 385—391.
13) EMmEQ74) | BNl s B RN HER L s THE LR OR R 18, g%L
BEARRLSEMEEE. 45, 453-458.



Bl SEWEFABeEd 8918 (R-64-'86)
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No.94, 1986.

I1-15

EREALBCE T »BHROBR

Eluviation of Nitrogen from Soils Treated

with Domestic Sewage Sludge*

BEFRAIE 2 « 1o R

Kunihirg FUJII*? and Takenori YAMAGUCHI?

g B
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61, Rkt 46, JIBy 4T TH -1,

Abstract

Studies were conducted using soil and percolated water samples collected from
sludge-treated soils in lysimeters (4 X4 x1.2m) under natural conditions. Soils used
were light—colored andosol, gray lowland soil, humic andosol and river sand (substitute
for sand-dune regosol). Dehydrated sludge, produced in a domestic sewage treatment
plant and dehydrated with lime and ferric chloride, was applied to soils at an applica-
tion rate of 7.5t/ha/application. Total nitrogen content of the sludge was 2.7%.
Nitrate-nitrogen in surface soil (0-5¢cm) showed different changing patterns in each
type of soil, but nitrate-N in all surface soils was decreased by heavy precipitation.
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After decrease of nitrate in the surface soil of humic andosol, gray lowland soil and

river sand, nitrate concentration in percolated water from these soils was increased.

Nitrogen eluviation ratios in light-colored andoesol, gray lowland soil, humic andosol

and river sand were 39, 46, 61 and 479, respectively.

Key words : Nitrate-nitrogen, Eluviation of nitrogen, Percolated water, Dehydrated
sludge
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Table I
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sludge

Eluviation ratios of nitrogen from soils amended with domestic sewage

Nitrogen load by precipitation was calculated from total volumes of precipitation
during Sept., 1981 to Aug., 1982 and average concentration of inorganic-nitrogen

in precipitation during 1382 (Jan. to Dec.).

{Ng/Lysimeter)

Nitrogen Load C. Average D. Total Volume E. Percolated ]l?‘[litrog‘en
Plot Soil Concentration in | of Percolated Nitrogen li'w.au;)n
A B Percolated Water E=CXD ]EdanB(é)
Material Precipitation Water A X100
Sand 20_81mgH/! 13,874/ 289 47
Light-colored
Andsol 23.06 7 10,612 245 39
Sludge - 584
ray
Lowland Soil 37.12 7.682 285 46
Humic -
Andsol 52.43 # 7.108 373 61
17
Sand 10.31 ~ 14,341 148 55
Light-colored
21.28 » 10,471 22
Chemical Andosol 240 ) 3 8
Fertilizers Gray
Lowland Soil 23.24 » 5.973 139 51
Humic 4 .
Andosol 54.45 # 5.222 284 in

W OEZT 7 (o ETHBRG



BRI - o

L HBUE i FEOZOMTH D, BAYREEHT ORI ER A ER ST 5 MBI E
AIhLEFBYITETLLENDH L, UL, FROBRECAE > RowHsrpotlof
ERREh TR 8 2 By, LhH T, BH L LT 7.5Vha/BEoERERRRRIT
WMYOEF YL A5 D 2 CTLERBABCRER CH LI Lo LBROLDEHIC L b L E
RERLL S ETHEER LB RPEE0 -SOoBRABEdbhi b D LEEIAD,

# A

THERCRERABOREUL, BONIEERY ARAR, SRTIFERCKECLL, BE
KECEWOSGSTio—ii-HERETRE ARFBETCREC L, chbo IHhc
WLTEBOBEYET A,

51 A X ®&

1) ARER#E . « e bREE « A M« IRARERD(1983) | FARBREASELE L2 BEEERO#
Bprf. B ABUERTASSE, H4TE, 374,

2) MBERE s » BEHEE « ARF o RS « /AR RE - Sl (4« KOF HR(1983) KRR H
BEEE 7 LBk S EBRE R oL, B AEHAMTNESE, 475, 45-62.

3) HMESFFER - JAARER o (L BB - REE98) CEBA T 1 v 2 - 2 BB Om S i
3 AHW R REs, § 685, 169-197.

4) BRI - Un AR BT A v 4 — 2 - DBEKE. BN AEWRATIRGES, £ 68 7,
133-168.

5) WioER] « BN 1084) © BoKE. By AERETHERE, H68 5, 129-132.

6) EESFEIECI986) | it MRS LEEEMROE L. BIroEWEMmREE, #9315,
®1-91.

T LB - M B-EE FeflixEb o ER-RE EQ0)  EEAESE IBRERE
Ofzho L EERS AT, BEE, 184-200.

8) MESHEE - REEEZ o SRR - AR #1983 L FRGRERE L EOMAEY v e 3BT LR
V), TARBEAHDoHE KR LEC RS2 HEDH. EOEMEmmEds. £46 5,
57-75.




BT OATHr e B 945 (R-94-86)
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No.94, 1986.

IT-16

Hih LI E 3 5 FRM S OMTIRE & HEYIC & 5T

Leaching and Plant Uptake of Sewage Sludge Elements in Upland Soil

OREAR » ARH @

Mikiya HIROKI' and Toru KUBOIL!
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Ahstract

Limed sewage sludge was repeatedly incorporated 7 times (3.5years) into a light
~colored andosol at a rate of 50tons/ha/each application. During the course of this
lysimeter experiment, samples of soil selution from various depths, and leached water
were periodically analysed for elemental concentrations. Based on these data, yield
and elemental concentrations of Brassica rapa L. (Komatsuna) which was cultured §
times/vear, and the loading of elements with in the sludge, with a budget of N, Cl, K,
Na, Ca, and Mg were estimated.

Remarkable characteristics relating to solute movements were : 1) Although
elemental concentrations in the solution samples from the surface 30cm fluctuated with

1. Eo®mpers AL EREE T 305 W RIS mEE BRI 16 % 2
Water and Soil Environment Division. the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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the application practice used, the solution concentrations at a lJower depth (> 105¢cm)
gradually increased to reach steady-state levels. 2) Apparent leaching velocities of Cl,
NQO;-N, Na, Mg, and Ca were similar among the elements and estimated to be 64
-75cm/yvear, whereas the velocity of K was markedly lower than that of the other
elements.
The annual amount of each element leached to the subsurface layer could there-
fore be estimated by its steady-state level and the leached volume of water.
The budget indicates that :
1} Plants absorb more K {rom the seil than that in the loading amount.
2) The leached amount of Na further exceeds the loading amount.
33  Among the other elements, N and Cl are relatively mobile while Mg and Ca are
not.
Key words : Sewage sludge, Lysimeter, Soil water, Leaching, Plant uptake
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Table 1 Chemical properties of soils used in the experiment

exchangeable
H T(KCI T-C¥% T-N¢ CEC :
pH(H,O) pH{KCD % N9 K Na Mg Ca
Surface 6.2 5.5 1.24 0.25 0.1998 0.86™ 0.018® 0.11 % 1.06%
Subsoil 6.2 5.9 0171 0.37 0.021  0.061

a) me/g dry soil
b} mg/g dry sail

* 2 HREROBSEN
Table 2 Chemical composition of sludge used in the experiment
(% dry matter)

T-C T-N T-K T-Na T-Mg T-Ca T-P T-CI

27.3 3.7 0,001 0.066 0.81 9.06 3.6 0.59
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Fig. 1 Changes in Cl concentration in soil water as functions of soil depth and time
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Fig. 2 Changes in NO,-N concentration in soil water as functions of soil depth and
time
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Fig. 3 Changes in Mg concentration in soil water as functions of soil depth and time
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4 Changes in Ca concentration in soil water as functions of soil depth and time

—(1979) 1 (1980) " (1981} r
SJAGFUBAC i Asg \;183 FCH AﬁBQSFTHFﬁEAMS& (EJEGTCEAMAQ??.TT\I??A 9AIEE7 77777 TIBICECAGTETTTORIA &
12200113 2 21 11 1385325 211111223332 1 22 1111 12 Y5655 555
01 02 11010000101112221 111111221212212 111 12112222222122222221111 2211211
111 11 10000000000111511 113100111111101 111 1111111111111211211111111111111
11 3600000000000111110 G 01 000010111111 10 1 1111111111 112111

01 42010110000000111111 0111 0110111111 11111111111111222222222222 22 1
21 01G00000000000111111 0010 0000000001 11 11l
01 0100000 111 001000000000000 190 0110111111111

(1982)

11111111 1 10

11311110 2 20

114011l 1 1

10312120 1 2 11 1111110 O 1101111111 001100111111111 100 1102000 0R00 MR 2322220007

{ o | | { {
S59978AF % 9 6 797 VUNLZBE ABDHBEAADADY 668 555445330 331 632333 11111222222
21121 3 31 11 13172111110100222227 11111 1 1121 3110 1 23 33333333
11 11001100000001112221 122211222112111 110121121131 2 111121111 112
21 1 101111100 00111 11 11111 1012312211 115020111 1111111111111111 1
10 01000100000000111111 001000010011112 111 1111111111113111111311133111110
01 02000000000000111110 G0010000000000 001 0001111111111111111111111111111
11 01000100000000111111 000100000000000 002 01011111111111111113111 1 121
00 0100010000000011111% 000000000009900 00  0OCGOCOO0D  0j11111111
11 11111 100101111111 0011001 1111111 111 1131111111111 11111111111111111

11121221 1
21111121 1 10

111101 11
21111121 1 2

— (1983 —

MEMW I LN S WA s

0—1
1—2
—3
=
4—5
5— 6
6~ 7
—3&
8—9
9—-10
10—-11
11—z
12-13
13—14
14—15

PPM
PPM
FFM

PPH
220
PPM
PRM
PPM
PPM
PPH
PPM
PEM
PPH

5 OBRIET A v -2 -k A LEARUBEKGO N VY AREOR

ALk

5 Changes in K concentration in soil water as functions of soil depth and time
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Fig. 6 Changes in Na concentration in soil water as functions of soil depth and time
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Table 3 Amounts of elements, applied in sludge application, leached to the subsur-
face layer and absorbed by plants from the soil to which sewage sludge had

been applied
NO;-N (l K Na Mg Ca
Loading amount of sludge application 3700 590 91 66 810 3060
(kg/ha/y)

LYSIMETER 1:

Concentration in soil water (ppm) 210 50 1.5 26 32 180

Leached amount (kg/ha/y) 2470 589 18 306 377 2120
LYSIMETER 3; _ .

Concentration in soil water (ppm) 160 50 1.5 22 26 150

Leached amount (kg/ha/y) 1340 420 12.5 185 219 1260

Plant uptake (kg/ha/y) 406 27.3 198 43.3 41.6 397
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Measurement of Gas Flux from the Soil Surface
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Abstract

Simple and reliable systems were established for measuring NH;g, N0, CO, and O,
flux from upland and submerged soils. Flux of N,0, CO, and O, was calculated from
the changing concentration of each molecule in air samples periodically collected from
a chamber installed over the soil surface. For N,O and CO, analyses, 5 m/ of the air
sample was injected into a gas chromatograph (GC) linearly equipped with a thermal
conductivity detector {TCD ; for CO,) and an electron capture detector (ECD ; for
N.0). The carrier gas was N,. Methane and H, could be simultaneously analysed
by TCD when a detectable amount of the gases was present in the sample. Oxygen,
N, and H, (if present) concentrations of the sample were measured using another TCD
-GC system with Ar as the carrier gas. Ammonia volatilized from the soil was
trapped in 0.1M H.SQ, sclution, and analvsed by the automatic indo-phenol method.
For upland conditions. the air in the chamher was passed through the acid solution for
20min at a rate of 25//min. For submerged conditions, the acid solution was placed
in the chamber and left for 24h.

1. EAMERT AHLEREE T 305 HEEITH ARG AREr B 16 6 2
Water and Soil Environment Division, the National Institute for Envirenmental Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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Some cases of gas flux from sludge incorporated soils were presented in the text.
Key words : Soil gas, NH;, N,0. CO,, Flux, Emission, Volatilization, Analysis,
Measurement, Sewage sludge
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Fig. 1 Diagramatic view of a chamber for measurement of gas flux
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Fig. 2 Apparatus for determination of NH, trapping efficiency
Ammenia in ambient air is removed by the bottle A (100m/ of 1M H,80,). An
aliquot amount of (NH,),S0, solution followed by 1m{ of 2M NaOH. is injected into
the bottle B. The generated NH, is successively trapped in the bottles T1~T3.
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Table 1 Effect of concentration and volume of acid solution on NH; trapping effi-

ciency
E HLSO.* Applied Recoverd
Xp. 2 4 * pplie ~ .
No. cone. Vol B Tt T2 T3 Total Total Recovery TI1/Tx100
T T+B
M mi NH,-N (ug) % %
1 0.1 50 70 4.5 50.7 0.63 0.36 51.7 5bb6.2 80.2 938.0
2 0.2 30 70 5.8 /7.2 1.78 0.33 59.3 65.1 93.0 96.4
3 0.5 50 70 3.6 389 ND ND 28,9 42.5 60.7 100.0
4 0.1 60 70 5.1 58.1 0.29 0.29 58.7 63.8 91.1 99.0
5 0.1 70 70 6.1 43.7 ND ND 437 49.8 71.1 100.0
6 0.1 60 35 2.1 28.6 0.60 ND 29.2 31.3 8%.4 97.9
7 0.1 60 14 1.8 12.1 0.18 ND 12.3 14.1 100.7 98.5
8 0.1 60 7 1.4 4.54 0.07 ND 4,61 6.0 85.7 98.4

For B, T1, T2, T3 and T, see Fig. 2.
* ;. concentration or velume of H,50, solution in the traps T1-T3.
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alluvial soil. Both soils are applied with limed-sewage sludge.
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Abstract

Limed sewage sludge was applied (50 dry metric tons/ha ) 8 times to a light—
colored Andosol. Fluxes of NHy, N0, CO;, and O, from the soil were measured at
the 5th, 7th, and 8th application regimes under a lysimeter experiment. Emissions of
NH,, N,O and €0, over a 2 week period application amounted to 120--180gN, 120
~360gN, and 160~220kgC/ha, respectively.
Key words : Sewage sludge. Volcanic-ash soil, Lysimeter, NH;, N,O, CO,, O,, Flux,
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Table 1 Summary of soil moisture and some chemical properties of the soil at
various depths under the lysimeter experience

Lysimeter No. 1 3

Sludge + + - -
Rape - + - +
Depth (cm) 0-5 5-10 10-15 15-20 0-5 05 9-5
COTR oy BB QD 05705 4016 U5 38.97 AP 3428 G0 3451 (5) 3358 (5)
pH(H,0) 8.29 (1) 833 (7)  8.05(7) 7.04(7) 839(9) 651 (5) 6.46(5)
T-C(%) 749 (39 740 (U3 465 (1) 32231 TGN 2.9 (4)  2.95 (4)
T-N(%) 0.84220) 0795013 0.472(15)  0.286(13)  0.889¢22)  0.243(4)  0.232(4)
NH,-N(ug/g) 8.47 3T 2.63(15) L1415 0.79 U5 1129 (28 0.670(5)  0.588(5)
NO,Nug/g) 07403 0.797(15)  0.052(15)  0.046(15)  0.572(24)  0.038(5)  0.060(5)

NO-NCug/g) 5.3 (37 94.3 (1% 1491 (13 151.6 (I15) 35.4 (24) 1.216(5) 0.948(5)

The values are averaged from the data of the 7th trial.
Figures in parenthesis indicate the number of samples.
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Fig. 3 Changes in moisture and inorganic nitrogen contents in the surface soil (0
~hem) after the 7th application of sewage sludge
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3.3.2 »AREFEHIEOBR
4 A RABEOHBERKD 5B, %KL EOEEE S LRGBS GL, N,0~CO,,
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TKFBEEALIES SONIFELE
II. KELTE

Gas Flux from Soil Treated with Sewage Sludge
II. Submerged Soil

AR - AR

Toru KUBOI' and Mikiya HIROKI!

B

OB R URRAHE LT A v — 2 — (1. Tm, 2. 0m)d Fc bRk
TEAYFETAL, 55 IEQTRTGERYEM L, Hu R FRERITHKYEERNE T2
FMILFRCARER), SoFEERAL B RMHRGEDT-H0) & Rl Lo
BOHAEHBR O 3FETH Y, CEFNLEERREKRTHL, ThFNOHIRLEEL LT 163
kg/ha M L7z, 1B Bk L, LEH 5 A KRE#SE Lo, —oil, NH, N,
0 BUCOD77 s AXRFEL,

BOKRIORER  3EoHA L ERBARE ST 2R e RS EREOLT NI Hithds
A, BREMED S b TR AKER KT8 ERARATH -, BIXTIIER
B 1 ABIC CO, M8 kgCrha : N,O, 489 gN/ha o NH,, 3.5gN/ha @F A L shi,

WREORAT | NUOFRE TR B S b L, SRS musin L, Sueis
BRAREOHARBR I D FEEEAS o, NO RS, B - TELRAPL,
B AR B HERA~BT L 2 LT 55 oo, HBRE T B ERCid: L,
HAREI > ABoRERIMBE 12, GRFBREIX S, B4 THERE S5 MeHRE 141
gN/ha ©# 0, #Kil & R AHTH -1z CODFRE SMbRERMEI SN, S5T 5k
LA i mm A A 825 COY WML L Tusvde, BHE 2AMD LR IR
£, —M . FAKHERE, —30, B4 75ERR 73 #M{bfRE—16 kgC/ha TH - #,

PlbofEsn, FBir KBS LS E, BETa75A0iEA SRR, B
KETOEIRC KRG~ Eh 2 o EAFIH L 2,

Abstract

Flux of NH,, N,0O, and CO, was measured for a paddy soil treated with sewage
sludge. The soil was filled with 4 lysimeters (each with a dimeter of 1.7m and a depth
of 2.0m ) in which environmental conditions were controlled. Three types of domestic
sewage sludge were used ; Limed and undigested (L3, pelymer -{locculated and

1, B AEWREN KETERES T 305 S Eia WEter eI 16 % 2
Water and Soil Environment Division, the National Institute for Envirenmental Studies. Yatabe-
machi, Tsukuba, lharaki 305, Japan.
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undigested (I’), and polymer-flocculated and anaerobically digested (D) types. Each
type of sludge was incorporated into the 1cm surface layer of the soil at a rate of 163
kgN /ha. One lysimeter was left as an untreaated control. One week after the
application, the soil was submerged and rice seedlings were transplanted.

Before flooding. all of the 3 gases were emitted in greater amounts from the sludge
applied plots Cespecially from the L-plot} than from the control.  Cumulated fluxes of
CO,. N,O, and NH, from the L-plot over a one week period were 948kgC, 489N, and
3.5gN, respectively, on a hectare basis.  After flooding, fluxes of CO, and N,0O showed
a steep decrease whereas NH; flux did not. Except for the case of the P-plot.
absorption of atmospheric CO, by flooded water was observed during the first one
month of flooding.  Atmospheric N,O was also absorbed in some cases.

Key words : NH;, N, CO,, Flux, Emission, Sewage sludue, Paddy soil, Submerged

condition

1 @FLwic
KA RO 7 ADFEER O D AZES LS AT, BEhEFEORITHE
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AT, AREOTKBGIOKH A~ L L A0S SR Y, RENE T 1>
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2 MxeHE

2.1 EBRFH

FA4v =& — KRR, TERIEBREOBRNBRCREIRTCIKEADT 124 —
A4 FERL, BF A4 - —DEFRL.Tm HYLBiL2.0m Th5,

R T KB RE R EET 0K A bR Lol 8y, ESBoBEC 1 v —2—
CHRTALI, BLOLELSIL THS, LB ARBUTEL - T, KEOCH—BERARET,
AHDF A YA & —HEYEETL L L, WHoBH{LER -1,

HEBE 3 EEO TKAEREY A1,

. ZEERFHOETHABTRABS CEE L BRy — €, fK HE0E 2 $2 8EH
ELTHGTCS, Bk AFHREERGELTT S,

I. KERAIHOTAABBE, S5 FREERALHRMNL CHEE, hiBALLBRETS
Bo L, ChiEasFHREHT A,

. TEREFHAO FTAABBE, 55 TRER CEELR X ¢ o mR Y MIrc R
B b 0T, EIRETELHR LS,

IHLOFHRIIEEE, Bl TEL 0em i LTRARB L, BAVRBRETE0S R
F O EEFELUCH HE L wr L, THEEBROBFHEOHMEBIERY il L,

k1 #ERLcEHEEFBRONE

Table 1 Selected properties of soil and sewage sludge used in this experiment

Total-C Total-N C/N pH

% P
Soil 1.03 0.09 11.3 5.5
Sludge-L. 28.6 3.56 3.0 11.9
Sludge-1” 44.2 5.62 7.9 6.0
Sludge-D 32.2 4.51 7.2 6.3

Sludge-1.. -P, -DirThFhnalk, S5F B FRHLFHRYTT,
Sludges-L, ~P and-D refer to limed (undigested), polymer (undigested),
and polymer (anaerobically digested) types of sewage sludge, respective-
ly.



AR - EARRR

REHHLURESEY 4RO 1 v — 2 - HU»roNBERDK, GKGRE, &827F
FHURECMILHREE LTS L, 4K 1 EFtRBrEH Lo, FFHEReERL1LT162.5
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Fig. 1 Sludge type effect on HCO,~ concentration of flooded water
The axes of ordinates with full scales of 5 and 1.2 refer to O, and the other symbols
(A, ¥, @), respectively
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CO, D FAH L% HCO, I8 & OHBHRE (n=10 B8 HAK, TRHERX, B5FHER
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Table 2 Correlations between NH,, N,O and CO, flux from an alluvial seil applied
with sewage sludge during submerged condition

Pairs of . Whole Treatments
Duration - y
gas molecule data Control  Sludge-I.  Sludge-P  Sludge-D
NH;-N,O May 24-June 22 »n 48 12 12 12 12
(Days 8-37) r —0.003 —{0.051 —0.482 —0.107 0.439
June 29-Aug. 18 = 20 5 5 5 5
(Days 44-94)  » —0.077 0.345 —0.167 —0.132 0.628
May 24-Aug. 18 » 68 17 17 17 17
(Days 8-94) r —0.006 0.011 —0.369 —{.151 0.512*
NH,-CO, May 24-June 22 » 48 12 12 12 12
(Days 8-37) 0.061 0.316 0.134 0.019 (.285
June 29-Aug. 18 = 20 5 5 5 5
(Days 44-94) » 0.099 —0.471 —0.257 0.343 —0.465
May 24-Aug. 18 » 68 17 17 17 17
(Days 8-94) r —0.018 0.046 —0.024 —0.021 —~0.126
CO,-N;O May 24-June 22 »n 48 12 12 12 12
(Days 8§37 r 0.095 0.356 0.297 0.127 0.008
June 29-Aug. 18 = 20 5 5 5
{(Days 44-94)  » 0.341 —0.730 0.634 0.675 —10.268
May 24-Aug. 18 = 68 17 17 17 17
(Days 8-94) r 0.142 0.290 (.530* 0.326 —0.137

* refers to significant at the 5% level.
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The values of flux are estimated from volume and concentration of the gases which

are trapped in 3 glass funnels.
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Effect of Sewage Sludge Application on N,0 Emission

from Soil : A Review

A
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Hy, THBOHRD, ZLvTF 220800 Tk), 3LEMERHEIZLESSS,

Abstract

‘ The amount of emitted N.O, and factors affecting the N,O flux from agricultural
land treated with sewage sludge were reviewed. Sludge incorporation stimulated the
surface flux of N,O. Characteristic phenomena were : 1) Application of sewage
sludge into humid soil markedly stimulated N,O flux as compared to the normal
upland condition, whereas flooding depressed the flux : 2) a soil treated with limed-
sludge emitted a greater amount of N,Q than soil treated with other types of sludge :
3) the amount of emitted N,O appeared to decrease with the frequency of application ;
and 4) N,O flux was higher within the first 7~10days of application, although
remarkable flux {I~3 gN/ha/d) continued for at least 6 months. Since the amount of
N,O evolved from the sludge~amended soil appears to be similar to that evolved from
chemically fertilized soil, land application of sewage sludge would not be critical for
environmental protection with regard to N,O.

1, BESrATEHer HELEREN T 305 WHESREns mEr g 18 %2
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatlabe-
machi, Tsukuba, Ibaraki 305, Japan.
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Fig. 1 Fate of sludge-borne nitrogen in soil
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Table 1 Number of papers concerning to gas flux from soil

N,O NH, CO,
General 115 296 519
Sewage sludge 2 15 12
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Fig. 2 Effect of soil temperature on N,O emission from ammonium-treated soil under
well-aerated condition
Ammonium sulfate was added at a rate of 200,g/g soil. (Data from Bremner and
Blackmer?®)
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Fig. 3 Effect of soil pH on (A) N,O and N, production under anaerobic condition,
and (B) N,O production under well-aerated condition
(A) : Data from Fillery® {NQ,=115~-125,g/g soil ; determined at day 16)
(B} : Data from Minami and Fukushi® {(NH,-N 0.3 wmg/g, 12 days)
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Fig. 5 Changes in N,O and CO; flux under subinerged condition
Data from Kuboi and Hiroki® Limed sewage sludge was applied 7 days before
flooding.

4.7 HHM) - BEEER

FEIFRIIBREEN® LI LY, HREC i35 N,O %4 & (Bremner & Blackmer?) &3k
WS CHB(r > 0.9 % § 0, THRBALE T, N.O & CO0REEROE ALY X X
L TEH5 NOFEEIEEYOSHEBEBENEVCZERRLTVS, $hE8E~ =27 -
LHABICIHSB I AR LB, N,0oZREERZ C/N HAME-E £, o
BB L ey (Bremner & Blackmer®), AR E T NO FAE 34 Eh o B LBEHE
(NH,*, BRFRE L 3%, NO, REICIMKEL IV, RELHLEE NO; 2LBdic
Tou EFET LAV, B G0 ppm L EY CET L, TOBEOREEY L NO »IFECE
VAR 6), BTER D HEIcsiT s N,O oRsdd g, #£+Pho NH-N &£ NO,-N &k
BECHBSRA LR T 5,




ARt B

IS

o

5 pH 7.8 pH 6.8
g8y 1887

= |

757 751

pa

58t se ¢

ONZS- 25 4

z

J

o @
= =
+—

pgN /g soil

0051 261
NO3-N (mg/g soil)

6 MEEVOHBREEC L EL
Fig. 6 Effect of nitrate concentration on composition of denitrified products under
anaerobic condition
Data from Blackmer and Bremner®,

48 tEBOR:E

BT A A — X —D+ETE, LEBOBANSLHETCENRREBL» (5, HHERE
SLERTE NOEBO Y o bR ELTWLAEMCHs - b RETHE, —HiITHES
DN,OBERTERIE D, LETETH NOBRELTWAIEXTRLTLE, LinL,
IR S © L ALF R R L8 Th, kAL N,O RERETEBLE+O N0 &
ELHEMNAEC, TRBCRI2RESThEEEE L, NOREaASEILIcT CIRET
20T, B RTS N,OoEREFRERLELS 5, LiL, Goodroad & Keeney' i3
EREIC LR FRICBA L E LT\ 5, '

5 FREArNORECSAIEE

AR~ S BOBERIHECEBE LD~ T h, FLTABRILEZONS, ke SHEMT
HL0TC, FROBEPHBEDS N,OBECS 2 BBy —RIToouREchHs, Bl E
Lz, PlhnF—smnbiedds, KO EMAZ25,

5.1 Bt
FERAOEL D N0 R 5 2 2 H 8, FohrREEEpoR, C/NH, pH S0




HERM L B %4 T BN,0

L5 EBHRD, 3EEOHRAFELECKER (163kgN/ha) LR i, 2ERE1 D
< C/N A& GAKBRED Lo N,O EARAFFE L, GEFRODH 2123550 T
ZoBG, pH WK ECEELTGS, FLHABERELLoRERIEI o108, TOFERIT
B RS EBRL Vb B ThA Y,

5.2 HRAE

BROEAEDRV D N0 OREC S A HBBIPE LA INTV AV, L L NH 0B
FALEETHE FRYHERLALD, ERBEZH#HALHGCE, 2B T E¥AALCSES
LW RERFIEE HTHEELD D,

EHERD L, BRERLE SO N,O BEGHIRECRESRD, FhRAOER
CTLEROBRIE L35 N,O oRE I &BREY OS2l EY Ly itanics 0T, i
BHEo&BC> W TSERT0ERD D,

53 MREORE L

— i N,O RERERFYEB TS Lic - T{RESH, TECET T, BREdEEmn
BAE ] A~2EEOBICRE I h D I Lag Seanao(m 732 JIH AN L h, FiES
HREOHEETERHT S,

15«

NZ0-N G/HA/DRY
=

: S\

q —
2 21 4B 6B 80 188
DAYS

H 7 W% NO REEE AL CAILKE L8
Fig. 7 Changes in N,O flux from a volcanic-ash soil after the application of limed
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Table 2 Amount of N,0 emitted from soil to which various nitrogen sources had
been applied

N.O-N

NS Application Soil D — Reference
~Sour .. ays .
ouree rate (kgN/ha) condition (g/ha) l(cgll%/a;[/)liéd) No.
N, 200 Upland 120 2500 104 34
Calcium nitrate 0 Upland 25 21 - 39
125 39 11
250 34 5
Urea 125 90 29
250 236 38
Ammonium sulfate 125 131 42
250 291 48
Ammonium nitrate 0 Upland 42 280 - 18
56 620 264
112 790 167
224 1140 121
Sewage sludge 287 (< 2)* 800 66
1436 (<2) 3040 56
Sewage sludge 440 (1) Upland 153 200 3 19
440 (X2} 205 1600 18
Manure 3 257 6100 -
Straw 4** 249 2200 -
Alfalfa 4** 263 3200 -
Rye R 263 1600 -
Sewage sludge 0 Upland 30 —23 - 2
(limed) 1850 (x5) 498 9
1850 (X7 170 3
1850 (%8 I55 3
Sewage sludge 0 Upland 8 28 - 6
(limed) 163 490 376
{polymer) 163 340 261 ‘
{digested) 163 210 161
Sewage sludge ] Flooded 30 12 - o
(limed) 163 9 2
{polymer) 163 55 11
{(digested) 163 141 29

* : Repetition of application
** - tons fresh matter/ha ; 80~410kg of N as ammonium nitrate was also applied.
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Study on Characterization of Water and Mass Movement in Field
(I) Observed Result and Its Discussion
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Kohji MURAOKA', Tatemasa HIRATA'® and Satoshi IWATA!
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1. BAGHEANE B o B ENR & AR KRS, BT RRESFEEYHEE L
fro chIZYE 2L, RBHEMET2m, TRECSm &7ch, TOMEML T L EH
=Y (W

2. IEHESO TRBOEEL, EEMTRCEERD NO-NBEOTcRE &
MATED, Tighh, Ml AsE NO-N BESHBINL, &K 92 mg/!, FHEEH
Bdh A0mg/l EHEV.

3. KEOHBESMCT, @ LB T 201 Inorg-N, Cl, S0, Ca,
Mg THH, I+ 502 PO-P & SIO,THD, Na & KBy - FitiBd b
Voo $EK2 Inorg-N (1HEE AR LG CARICEAD L, TOFE2S L EENERERT
KOWEHENERETE 4L,

Abstract

Groundwater guality and groundwater level were examined at about thirty shal-
low wells in experimental upland field through April 1982 to March 1983, Experimen-
tal basin located in Hara-mura, Nagano Prefecture is 926 .5 m long and 114.2 m wide,
and has an area of 10.6 ha. This paper describes outline of the experimental basin
and observed results.

Based on vertical profile and permeability testing .in the field, aquifer depth is
estimated to be 12 m at the upper end and 5m at the lower end in the experimental
basin, and seems to decrease gradually along the streamwise direction. Vertical
profile of NO,-N concentration in aquifer is approximately uniform, while NO,-N

1. Bz AEUesen KE:EREE T 305 POk mEner e 16 F 2
Water and Soil Environment [Division, the National Institute for Envirommental Studies. Yatabe-
machi. Tsukuba, lbaraki 305, Japan.
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concentration diminishes rapidly near the upper surface of aquiclude. This result
shows that groundwater in the experimental basin flows with the uniform concen-
tration of NO;-N in the vertical direction. ‘

NO,-N concentration in shallow groundwater is 5.5 mg/{ in the upper region
about 2km away from the experimental basin. However, it starts to increase in the
field, and the maximum value in the experimental field is up to 92mg// as illustrated

~in Fig. 5. We can see the affection of fertilizer application on groundwater environ-
ment in this NOs-N behavior.
Key words : Upland field, Fertilizer, Infiltration, Groundwater, Groundwater poliu-
tion, Nitrogen
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Table I Mean temperature and total rainfall in month (Suwa®, 1979-1982)

Month Jan.  Feb. Mar. Apr. May Jun. Jul Aug.  Sep. Oct. Nov. Dec. | Mean value
Rainfall (mm) 35.8 41 83.5 126.5 107.0 143.5 274.4 201.9 194.4 98.2 121.3 19.8 1447
{mm/y)
Temperature °Cy | -2.0 -1.3 3.1 8.7 4.6 190 21.4 223 181 12.2 6.9 1.3 10.4
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Res. Rep. Natl. Inst. Environ. Stud., Jpn, No.94, 1986,

11-22

MLl BT Ak HDEOBIHFEIBTI»HAR
(1) ARIRY - EBEREOHE IaL—2ar

Study on Characterization of Water and Mass Movement in Field

(II) Numerical Simulation of Water and Mass Budget

FHEL - FFER - =8

Tatemasa HIRATA!, Kohji MURAOKA' and Satoshi [IWATA!

E 5

MHIE R & i PR RS O TEER Y BER LR LiRfiid i, 74>
=g —FHECRAESERCOERIIS - TL, BTAS L HEOREFE ¥ E A
Mz osnEn TRETAL, £ LTHRTELR DR A REMIE TR & KE
THD, TALOBEMEARMENS LT RESRLYEFafblh, COETFER
FREGIEACHL T AR L, KR LB R, AR 1982
4 HHH 1983FEIRETOIFERTHY, HEROBETT 2/,
REFATHAERERCKSTOKD EMBEORERY 75 o 7Ry 7 AL LTED, #
HECEE L BRI AL K ETEER S 2 F R EEER Y THE T X & S
b, TofER < ondD Model @5, BHIREHFoL DD, Model 412 LD LR
Bdmm oRgABERE TS - iih, TP L KoBER S 00, NES
DEFERT 79k halv o b e s, TOMITREROEE /2 1YL, EHEeFRO—
FLT, SN ER T AL EOHL I LA ML Ty A,

Abstract

Affection of fertilizer application on groundwater environment is discussed on the
hasis of the numerical simulaticn of water and mass budget. In order to determine
water and mass budget in the experimental field previously described in Part [
groundwater {low system was modeled, and calculation was carried out every ten days
through April 1982 to March 1983. Vertical behavior of water and mass in the soil
was treated as the black-box, and we can estimate their total amounts of infiltration
without consideration of precipitation and irrigation water.

Several models based on the observed permeability-in the experimental field were
provided for numerical analysis, and Model 4 among them can offer most reasonable
estimation to water budget as shown in Table 2. Total amount of 354 mm water per

1. BYAEIH KELERER T 305 RN e Bl 16 % 2
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-
machi, Tsukuba. Ibaraki 305. Japan.
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a vear is estimated from Model 4 to infiltrate into the groundwater body. To say
about total-P and K, 0.16 kg/ha/y and 9.8 kg/ha/y go out from the field; which are
only 0.1 and 3.3% of whole fertilizer loading in the field respectively. However, total
amount of NO;-N infiltration is up to 279 kg/ha/y, which is approximately equivalent
to half amount of whole fertilizer loading. Nitrogen outgo due to fertilizer applica-
tion to the field is thought to be one of the important nonpoint sources.

Key words : Upland field, Fertilizer, Numerical simulation, Groundwater, Ground-

water pollution, Water budget, Mass budget
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Fig. 1 Schematics of material movement through underground aquifer
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2 BETETN

2.1 AREZXETN
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PMEETED LRTHA LRt £t D,
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Water mass

Qp : Rainfall
Q. lrrigation
Qe Evape- Lranspiration
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T Lg Qf @ Infiltration
Q. @ Income groundwater
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Q; : Outgo groundwater
A0 : Storage in groundwater
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La: Fertilizer
Ly: Crop yield
Lg: Surface runoff
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Le: Infiltration

L, : Income groundwater
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al : Storage in groundwater

Lp: Loss loading

Lg : Rainfall

M2 AURSE & HEIEOBBER

Fig. 2 Fundamenta} elements of water and material budget
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v ! qi{x)
= { f
G

Aquifer T

Aqui clude D (x)

“Hydraulic datum

B 3 HTFKEhOEER

Fig. 3 Coordinate system in groundwater flow

Eileh, T, kIEKEH, b EEEASLUELCBTKEF CoRE, HEABEEX,
g ShEEER, x, ¢ MUBERH, ThE, HAMIKB Ay AE LD S, (2)EREUE 1L
W ARGEORMEEES, F2EH I Ay BOBTAREROENAEYERL, ThLOMNPRHES
g LBV TB Il S, &, RBHRIhTR (x ) o KBS EIL, mFE
DEEZECRTEm 2T o bt s, (2)ALXEMEL, 1 XK Ax BTHES TR,
T T I S T A dhiy

Gn* DX = Ry * Hp o * iy Femar* Hipy zm+l+(di )m Ax (3)
Eich, 0T, i=dh/dx ORKEZ I TH D, Z0L 3T, #HTFKEOREZE oL EE (dh/
dD)ndx ZER T2 LD, (B)ADLHERER ¢ Ax TRDHEZENTEH, APt
Bz oW T(3)ED 1~n e TOMEWMA S LIzt b

2?'.qm-Akal-Hl-il—k,,-H,.-z',nLé‘,(%’;—)m-Ax (1)
Eld, EREALORARY Q(=—hH1), THERGLOREREY Q(=—kHi), S
Bt AQ(=3(dh/dD medx), SBERERY Q (=3 g Ax) & FhIE

Qr=G—Q+AQ (5)

Eh b,

2.2 HERZETIL
WEIREF VT, SRETIHEHEBEY C, @BFANEY L &THiE (403805
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L =Gty Hoii— Coo byt Hyr it 3, cm(%) ‘Ax (6)

THEALhE, KIE LR, EFE»SOMAAREY L, FTHRE A SOFHAT R L, &
FFRAREY AL &340 (6032

LF=L2-L1+AL C?)
Efrs,
23 KEHEBORE
BRI 4ACHS L0 B2 926.9m, EHE 114.2m, TWEF 10.6ha TH5, ZORE

TR E BN Wi ET 5700, KBRS 50m BT 190, HEamE
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Fig. 4 Outline of experimental hasin and well sites
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Fig. 5 Streamwise variation of mean groundwater level and its standard deviation
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Fig. 6 Normalized pattern of groundwater level variation averaged through all well
sites
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£ 1 BEY: v —-vsvicBubhis k- TiREOEKRK

Table 1 Permeabilities at upper and lower end used in numerical simulation

Permeability at upper end Permeability at lower end
{cm/s) {cm/s)
Model 1 | 1.5%107® (Observed mean value at upper 7.6 107? (Observed mean value at lower
end) end)

Model 2 | 2.3x107% (Maximum value at upper end} 11.4x107? (Maximum value at lower end)
Model 4 | 0.7x107* (Minimum value at upper end) 3.8X107* {(Minimum value at lower end)

&0
* 12 Lowar and
(1Max103) ™
B0}
B
~ 8
bl
% 8}
2
nn_, 2 Upper end
L/ (07x10°%) Model 1
5% 16 5 50

Section

B 7 Kffiv:zrv—rz B bhlhBRREoRERARENL
Fig. 7 Streamwise variation of permeability used in numerical simulation.
Values at upper and lower end are based on Model 4.

HDTH 5D, Tidh, Model l TRHESL EH DKM OEERE c()D- 2 - EEEWC, WHE 14
FCOEY—Ei, ThUEERINCENT 5, Model 2 TWHBE 7 ¥ T—8K, ThIBREEN
N5, Model 4 Tt LHiE & TRMOMBERE LB TEALTL S,

3 Yial—iariER

3.1 kN

T ARG & FRFEIL 8RB D Model L, 2, 4 & LTHEZ bR TV b, ZHEOEEMLF
A =R BCTHTFRITAR Q LMHE QP EHE SR, I TAMOBMELEYEETH
RPEE AQRED, FLTHERER Qi (SR LML, KBRS A ETE
#2EIH, TIC, AQ DB LB ERL 1/3 L L, PRIPAEAT -1 L E, FEofE
whkho SHEOEMAT » 7R H L L, 1982454 A5 5 19833 A 0o 1 FRYHE & LI,
#21H Model 1 o8&, BER QuibTolisib ALy, EEEICF ¢l 7 Model 2
Th Qpil28mm s/ h& <, BERSLRNIE Model 4 ® 354 mm 2 EY4o L 5 cBhhs, i
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# 2 FRAREZE
Table 2 Annual water budget

(—aQ AQ Qr

{mm/ yl) {mm/y) (mm}/y)
Model 1 111 129 —18
Model 2 158 129 28
Maodel 4 483 129 354

His e mFRBECRER IR LA, SHTIE—HZ 1~2mm/d $ EhhT5Y, o0
RSS2 E, Modeld @ 354 mm i34 O FRIEVC-X 5 T %,

T, REFARERZAYTELCHELT-A0 90, BTFARBEEGESSR~THE L
9. B8k LT No. 1 » 5 Fise No. 20 £ TORFM AT, Model 410t » TEHEEHICHT
KA OEHENTHL, FwARBELAWETRIZH L oh, FoBHEKREAENTE - L2 KR
L, fEHHAL T2, 26ICTHRE No. 20 TilfboRe s & #c L TEB KX {, Zhitkk
MR T 5 LB AR > T U B R E B s, B 0o A b IGT 5 t Tk B A Y
M7 b EFIPE TR L T 58, HRTMICERECEAANCRAKEDM R Tfao
HhinBohd, DEofERy, FHECBLLTFELR,
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(=}

L
&

(cm/day)
[
4
g
S

2 20_—-~——__————————/———-__,_—________”
3 14
£
Z 1o 10
- 6
7
1

O T
apr "May T jun T jui TAugTSep ' Oct ' Nov 'Dec | Jan | Feb | Mar
1982 1983

8 Model 4 TIRL AT RKKEOEHEL

Fig. 8 Seasonal variation of groundwater velocity calculated by Model 4
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Fig. 9 Streamwise variation of annual total amount of groundwater discharge calcu-
lated by Model 4
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3.2 MENX

WENEZR6IENLHEINEY, B FREARE G LRBRE GrF 208055, C
oW TE 4D No. 3 & No. 5 OFHE, Cicit No. 15 & No. 17 OFHEY B i, iy
BEE ((6)APEDHIAD C,) K eB s FHEL A L,

NO,-NINH#FE 3w EBE L Tv-5, Model 1 o2 T, BEKE QuirAanfiit &L 52, BB
AR TIEER-TwB, £ LT, KIREEREEBHLT Model 1, 2, 4 DIEwBEAMEIL
#in3 %, Model 4 OREARE 279 kg/ha/y e h KEVG L 5L Bbh a0, Wiz s
BOEHSSEIE IR TV L, MOREFRIEETHY, BIEECLER2ZAXE LV, EH
SEHE TG, Al -, FeAy, VAR, NI UVALEHLATHEL, ZhALOEEEOFEHHE
BEACTT, BERHE20 £, Model 4 1055 & 33 F XA NEBELCVABER L
teh,

% 3 4FERINO,-N ¥
Table 3 Annual NO,-N budget

(La— L) Al Ly

(kg/ha/y) (kg/ha/y)  (kg/ha/y)
Model 1 149 79 70
Model 2 195 79 116
Model 4 358 79 ' 279

# 4 EEMosmBEirE (RTRERD
Table 4 Total amount of fertilizer applied to experimental basin
from Nagano Pre”

Chemical fertilizer Organic fertilizer Total
(kg/ha) (kg/ha) (kg/ha)

N 357.8 149.7 507.5
P 127 .4 3.2 158.6
K 212.9 82.1 295.0

wiz, KEE b Ew NO-N I o FHEL A 10 R+, BELESRCL 2KEE ATE
AECTHA (MTaEoRm) cBnsbEzohss, 68, 110, 12 B b AmcBs
Lzl »Tvd, COBRERFETZ I3 4R bR, LEhOKS Y HE I
ELTEARIESETB L, s (12 FR) OXEEARBORE T AMOERC
I TEADIEERRLTUAL L EBAHER S - Tl e Tiobb, HENED L ¥RER
BB ET o THTRA~OBES s {, ARFLEhCRG E HEMERTIER LT LT %,
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ar  Lf
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_ | Loading
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AQ ak
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260, 100y <0 &al
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=200-100) (Q2- Q) & (Lp-Ly
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(Qa-QrKka-Ly) y Sos2 1983

B 10 Model 4 DFE&OANE & NO,-N ILF o EEIE4L
Fig. 10 Seasonal variation of water and NO;—N budget in Model 4

#F 5 Modeld THELNI T-P £ KDIEY &
Table 5 T-P and K budget calculated by Model 4

(Lg_Ll) AL LF
(kg/ha/y) (kg/ha/y) (kg/ha/ys

T-P 0.182 0.019 0.160
K 15.33 5.57 9.76

T-P & Kio\vTh Model 4 2BIERFTHL, FLHwnd, HEBERELT-P T0.16 kg/
ha/y, K €9 8kg/ha/y bit-Tkh, ThAThiIEED 0.1, 3.3%¥hdaictEAk.

BlLolS#Rob T, Model4dickd v iabv—vav iR BCHRYHL WD EELD
oy, ToBBRCIHERENS TN TVA LRI b, AETFATRAEEESR
#7590 A 7 AL LTH-TEY, B> = v — vz v CHEMR TG EVGER?D, I
TR LLETEDS, AR 2B TCLIERKE @, PAPVEK Q.
REE Qp WHERL, BEBEL F¥RHEATLI_LTHL,

4 R CBE

4.1 KX

SR~ DOTAAL, BT E S ASNKTH D, W FEE, BRHE FHEORDLE L,
BB ORI LS B Do :
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FTFAKEIC OV, B E LA 19824 4 A2 b 1983 % 3 A F CoOEMEE 1532 mm Th-
too FRRBHONALNY, TATAY FILBCHEE LB L - Te 50, HOEAE
HHERBI A OBBREYHETE TS & 482 mm/y EfB, L, COHECIRAELSEN, &
NOBEDFERYERT D Ene 0P ed B EELLNRD, TIT, MDA SV DRAHK
B wsEC, 4, 5AEY 105w 3mm/d, 6~8 Aiw5mm/d &F% & 826mm/y £785,
OERERTHE, £HABL2358mm/y E5tE IS,

o, RERORTHTEERRMEY 2 v —va Y TELRTISY, Model 4 Tt 354 mm/y
ThHD, HFEEET4 5FL10, 11 AT3mm/d, 6~9 AT5mm/d, THAMAT2Zmm/d &5
591156 mm/y &ir 5, —BICEFEEOEREHE I 2~3mm/d L3R Tw5745, ZITHEL
foffiey EIREZ60mmBE FE - Twb, LavL, RASRCGOERIA T2 THE &
PEZAE BOBLELELRS, FLFPBCIZRLELET QNERNOHETLL0.6
mm/y &7 h, fBOENRS &L TEYR LEHBET 2y, ChLDEEER, 1510 mm/y
THhhH, WAR 2358 mm/y 0¥ 48 mm/y HEETRFON MR L EEEE b, BEROER
FEKE, LHFIREE ETHRROEECHEWEE L FECHEEL, —HMIHLBhyv. 2b
CARE OB VA T ARERERA L RoBcsy, BWE2~3 H R T 4EERT
FCRAZR TV EBbhd, HCEHBEBRM THEE T 10 m FEcBERE BER, $
MR EES L S0 E TRINS, EAAROREVIRLIECBENEN w15 L, BRE
40~100 mm OEFCH L, FEHHL SHCEERBEE L L TERED 10~50%0EAE LR
T, FHIc 30% & Bis, BERABBOEERERE 460 mm/y L7505, SRELTLR
FAOmm/y BEATEKEELTERLZ LTS,

CoTELhANSTERR, HTARE T +ORTHEE LTERKRRICKE URFL T
He L{HBRTWS LI, BERERCHRTROKBRELFTRTIRLEENR 72 -2 T
BE—F, R—ohBEEETCII-Td 1+ —FBEOFHIFCROALITRELRBETLH D,
—fl & LT Model 4 TRk - THREOCEKGERY 2HECHETLLELIZRLEQ QD
VL2 fE 966 mm/y E7ch, FOES 483 mm/y DHTEBRCMEEA D, JOofEERLLT
B 400 mm/y KISIFREA& - T b, T0OL 3 KRT/ELShE L, ERCEKER
ARETLLENBLCERRILETHBE, ThTEKEROF O OBERYENRTL I LD,
Iz T, BEHELERMEKE G- HERETLOLETR TV D, 2 I TRDKINE R
BTl L 7T ROBNF TRBEIC L > THLAEKRCES TR Y, BEKEICH
EREYEULOD, EHEETLOLHUNINS,

4.2 MENX
NBEHICDOWTE L L, RBHTHEHOKRESINIIT - Tofaw s, 19772168 56R TS

WMREFTOEEY 1L % & Inorg- N(NO, + NO, + NH ) 0&E EHEE 0.9 mg/l BETHD, =
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EEHERE - AMER - 2 &

DEREMNCZ LHMICI 2ATRIL 13.8ke/hary L7 d, AL VCKOEET19834F5 A &
THO 2EO8R» 6 Inorg-N T 0.54 mg/l, AP GKEYSRO 826 mm/y tE242E, B
TEiz4.5ke/ha/y (SHEERD, NRGOBEE, SRET LG5, tEREHEttEER
FERETIEL{RD, BEQTCTEOERECHFEL, BFERELLT350keg/ha/y @
HE? DD, RBEWTHEERAEIATELT, CoBEIE bRV, FiZ0EE,
Delwiche® iz k 5+ K E L BHBd - Th 5~6kg/ha/y £ 2R T3, EEEERES 6kg/ha/y &
RTh, WIELAOEERARI 24.3kg/haly ChHo, ZofEr2iEiRE 507.5kg/haly © 5%%
ML TES, EHRBRBOERMAATEIZEHEIBECRETEL LB TR,

—HHARNREON, BEATRE Model4 2:5 279 kg/ha/y, (FHddEd L&D 11 14.5kg/
ha/y T&HH, BH 238.3kg/ha/y 2 FEMEEOMY, THEBES, BSZCEETL o Linics,
MESILERTE, pH, BEESOEELEH, 5 WHBETHEA, Freney - Simpson'® @
FLDIHRICLL &, BERIEED 0.5~15.7%0#HEc s b, “hOOFEILS. 4% ThHhh,
“hIDRERD 27 dkgthal/y Efeh, 210kg/ha/y A BT ORINE L +EBER S,

T Lok 9, KIRFEGDHAREYE > Tk), FHETCHEE V- LBROBL LD
bhh, TN TIRE LSRR TS, BIEEC o2 KEy, BFEOBRTE,
WIEE & TEEREROBI —EOBEFRY R ETETCrritFE - Tuvity, I TBLAEBER
279 kg/ha/y HBIRE D 55% % hd, BFOBMMER LE~NTRKEVL L h Bhbhb, ok
TARERTEB LK 7 v 2 — 2 —OEED v, HBEREOH %V HEEETLERLE
BhtTuw3b,

g, PEKOBFRITAFRBIEED 0.1, 3.3% &0 &, P & Koo T8 g
REL B PTuagmlELH-C, REOHMA bl c» THRHTLZ L& LY, bl
MEFIZ L 2WMABREILP T0.03mg//® KT0.2mg/l"™ &35 &, FRFn0.5 3.1kg/
ha/y, DAHNNCL L AMERITSHEFOBBMEP T0.26mg/l, KT1.6mg/l #E5E 2.1,
13.2kg/ha/y Lisnh, &5 PT2.6kg/haly, K€ 13.2kg/ha/y THbH, N ES LR HA
AMREORTFERERTED NG, —HRHAGEDN, FHECI2BELIIP T2.4kg/
ha/y, K T22.4kg/ha/y TH - 7o,

& O
Bii ¢ 2 v—va vOXGE LCEFRENEE D, BSET BESREEHATSENED
FHEO—RELUGREIRCEBI TS 5, PEEIECEL, KEBNE - on0oR AR 1R
FROJMEBMEEHCTH D, ZOFETLYH-> TROCCRFRERBAEABDBOMGECHEYH
LjTD
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A A3 —BFEKDDERKDBEOEREL
— FEHRIC BT HLFIER e TSRO EE* —

Time Series of Element Concentration in Percolating Water of Lysimeter
~— Comparison of the Effects of Sewage Siudge

and Chemical Fertilizers in the Four Soil Types* —

fEmkZ - BRI

Tomoyuki HAKAMATA® and Kunihiro FUJIIM2

g B

TARBER A EFR A L4 BB, Belssrt, BXrd, KEED
HIOBFKCOVTTERESORBE(LOSEYES L, TREEZTHE LSRG
KRB RCRES S T b LEERSSHoRERY, HTFANROARVTESEOH
BRUHERCER L THE L, Mot nESa i+ aiiss LT,
HFARRE AAEC LCHREMTHESTRES 400, XSl A8 il S SR80
CECETATMRESKEVEESTHD D LAERTE L, TR SAEIEBE oL T
LV, SRERCH S EHAEPE T A TREOHEYRENTABOEELL T, FX T
SRS IEN IR DEY, LB P HEEOTRESEDTH -2 (FE D),

Abstract .

In this study attempts were made to compare the time series of element concen-
tration in the percolating water of a lysimeter in studies on the effects of chemical
fertilizers and sewage sludge on several soil types. A lvsimeter experiment was
conducted with 8 treatments (4 soil types [river sand, Gray Lowland soil, Light
-colored Andosol and Humic Andosol] %2 kinds of materials [sewage sludge. and
chemical fertilizers]}. Data on the concentration of Cl, NH,-N, NO,-N, NO,-N, P0Q,,
K, Na, Ca and Mg, and pH in percolating water were obtained for each of the 8
treatments in 102 determinations over a period of two vears. The data were statisti-
cally analyzed using a computer program, CDA ( Conversational Data Analysis

* ARSI, BT 50 M AR LEADRT S ME RS (1984 10 5, PR KRLGTREL L,
1. ESPAEMERT KEEE T 305 IR IR MR NEF 16 # 2
Water and Soil Environment Division, the National [nstitute for Environmental Studies, Yatahe-
machi, Tsukuba, [baraki 305, Japan.
2. BTG . RERMSTEORMYET ESEEEE T 305 HRmENS e RE S 3-1-1
Present Address : Department of Natural Rescurces. National Institute of Agro-Environmental
Sciences, Yatabe-machi, Tsukuba, Ibaraki 305, Japan.
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Program), which condensed the factors to fewer characteristics by principal com-
ponent analysis. The results obtained were as follows : The elements which were
useful for comparing the effects of sewage sludge and chemical fertilizers were
selected by using such principles as large absolute values of factor loading (the
correlation of principal component score and the original element concentration) and
large difference in them between the two materials, or if small differences were noted,
a high contribution and large absolute values of factor loading. It was shown that not
only the changes of the first principal component scores but also changes in the
concentration of some elements enabled a comparison to be made of the effect of the
sludge and chemical fertilizers in every soil type.

Key words : Sewage sludge, Lysimeter, Element concentration of percolating water,

Principal component analysis

1 ILsic

TFARBEREGAT, FREM T YIBECERECET L BB E 2T, Lo TR
ETFHPERENRT VS, FliE TEREKFOLECHEEE T~ D LEi >0 TFRTE
hiL, BTFA, @), MESOREFRCERELHERVIRET s L0 TE S, W% T, 20
Lol EL, 74 Y4 -2 —FERURITSRERKOCAMEZ R, ES LT, BRER
DOEERENECTEEYH AT I ENTT — B RTY, MHNEREEY LRSS
Lt AT, R LEA—-OEMCE - T, REOBERFTORE DB TC, §i
WOWMHBREHEET D& L, HREOBEFLOREY(LEIEHE & o ki - TAE
B BT 5,

2 REHE

FE DAL HE SR TV A28, BEILUTFO L6 Thb,

BEoa vV —rRFA A —2—dmXdmX] 2mBEOX R, 4EHEOLEY - OFoD
FAVvA-E-KRTAL, ThFRICFRBRCERS 2B L, BERBREEER
M AR & T EEEXGBREEY)CH D, E 20, #HO7.5t/ha HM4EY 3
FEREAL, IFBABIFIRTCAFERO982F  MEMAI, 71 >4 -2 - KELLOBKY
B 102 @KL, IBROTHFRERVC pHTEREEN I THRSFLE D AWE L, s
¥, WEETHT, SUREBRENEER -1,

BohiF— 29 PREEORE ST RY, ThOSBELRESBRICBSICER LR, %
FREFEOTRGFIE " L), F1EXEEHO I L, TEEESLYER L LER
B LR RESY Y T L LT R T - 1
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Iig R

YR LAEX S A OB RLE | RUER 2B LA, Mt JoEE»s, 18
TEE, BREBOEEVERTARCEIT~NEEELRUIH L, L, HRK LR
HEOHBO LY, THGA 2 704 DRSO T LHEK TERBE 5 — w218
AHLOXRUHTLELND 5,

Fow, FEIOERHRE EAFEHEOERE(L S - ORAYZRERT A 27 L TEE
o XHA LAERIIRD B0 Th T,

1 ZRSSWOER NPRVKaE LRI ALLEEEEK LFRED
AFARE"C L 5

Table 1 Results of principal components analysis : Comparison between effect of
chemical fertilizers and sewage sludge by factor loading* in river sand and
Gray Lowland soil

River sand Gray Lowland soil

Principal
components 1 2 3 ! 2 3 4

Eigenvalue 59 56 16 1.6 1.1 1.4 39 32 27 22 10 1.5 0.9 1.0
Materials** C 5 C ) C 5 C 8 C S C 5 C R

Cl ;'1'_'5'1}—.49 -8 7] 2 o[ w5 -2z -8 s

pH A4 =1 =35 = 50 ] 4737 40 0 .28
NH, 04 —.09 46 .47- -.09 —.05 —.22 250 .60 .28
NO, [ .80fi .62 -.01 .48 —.26 A40290 58 e 67 7o) .20 -2

NO, -H —10 .09 —.04 —13 [ sa[-7] 35 41 .02 -.30 —.09 —.03

K 17 —.04 14 01

Na 09 — .02 .39
Ca 242405
Mg 12 =05 —.14

* [ Factor loading 20.7 2 0.5~0.69

** C : Chemical fertilizers, S : Sewage sludge

A7 11 =103
A7 —-.27 - .02

3.1 FHESAAFICLAHE (K1)

ey D1 ERG A3 7SR BT EELLRES, 08 - VBRI SF
HENELETH Y, BRIMLEIPROERC L b ERTIERCS S, BEVEET S & 13
BB LI, {E2RHEABERE L DB EE TR L7,

KEEML 1 ERD A 2 72 E il Cl, NO;, Mg & NH,, Na, pH toEx#
L, HRETIK CakNOLoEEZFELTLEA, BRI A2 —VvidHAETELL R,
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Table 2 Results of principal components analysis : Comparison between effect of
chemical fertilizers and sewage sludge by factor loading* in Light-colored
Andasol and Humic Andosol

Light-colored Andosol Humic Andosol

Principal
companents 1 2 3 4 ) 2 3 4

Eigenvalue 2,5 35 21 23 1.4
Materials** C S C S C

cl

pH 57— .55 .10
NH, 48 —.49 =12
NO, o7 st
NO, T
FO, 14 -—".-44 :.'4]
K A2 3

Na aul - -3 s
Ca TR TR
29 .09 46152

Mg .33

** C : Chemical fertilizers, S : Sewage sludge

73071191
1 {(Gray Lowland
L soil)

2 Ll (River sand}

iy

-2,
A ELE
(Humic Andoesel)

{Light-corored
Andosal)

s

M 1 #1@ostab¥EsE EGREOEITRSG ~ = 7 (BE i X % HE,
Bl R AES v v 7 Y P IRE S
Fig. | Comparison between effect of chemical fertilizers and sewage sludge by the

first principal component scores (ordinate) in each soil
Abscissa show serial sampling numbers without missing data. Arrows show applica-
tion time of the materials, C : Chemical fertilizers, S : Sewdge sludge.
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BREAEYOEKS G 13E B CLEOECHEm L cs, ThU Tt A SEWETS -
A

BEBA2 L EIERGA 27 CHEY KT S L2015 - VgL T i
B+ {rFIEREOTHRS 2 A7, LToBSBRECE~KE ot

3.2 REBEFCIIEE

NB D, SRCHRE SRR L Lot s — v 2R LT, UL, FE#w e
TRALBEAEOTERE (Cl, NO, NO, PO, K, Na, Ca, Mg) & & —vOBLHES
Bito, A, NOy (H2) nEAERRUE 2aBBgoFC,Hh ) BRCREVLER TS
7 FOBOETOEIIHREE TILERTH S,

a0+

L]
<~

NO,~N (U4g/n}

H 2 s S R kG RE O BF K NOBREE i & % iz

Fig. 2 Comparison between effect of chemical fertilizers and sewage sludge by NG,
concentration in percolating water of lysimeter in river sand
Arrows show application time of the materials. C : Chemical fertilizers, S : Sewage
sludge.

REEHt % oLHES (Cl, pH, NH,, NO,, K, Na, Ca, Mg) TRRMOHELE
Hbhi, BYLBEBCRIFHROEBBELEERHOBESNE L EARD I EXTLTVD, Flail
NO, (H3) ek, EFIEME TR LETL2 2% E LOEEY- T 50k f LERE e #iEtE R
L, MEEOHEEEED L5 THAB,

BEEA7 L HRE LERERE EoRTF AR, e LTyt L CREIL T3,
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50+

o
=

NO>-N ((9/af)

P 1 ' " ;

0 5¢

[ 3 KEEELCRTSFEERE & BREDRE R NOBEC L 5 b

Fig. 3 Comparison between effect of chemical fertilizers and sewage sludge by NO,
concentration in percolating water of lysimeter in Gray Lowland soil
Arrows show application time of the materials. C : Chemical fertilizers,  ; Sewage

sludge.

TharEmL THE«DLRC I HHECEWTY, Flzd, EFRREoE 3T cBEnT
HDHMg & EoBE, BECRGCBI MAbhinh oo, S EECHERE -4 — vOEL
PEH L NICTH#EE NO,, NO;,, Na Th-7, Linl, NaoBaH(H4), AEE(ZERR
FRENDVICHEE TO LR YRV TREEOELD » — 72T L Tw5, ZHil, Nafk
FROECAEB LD EELLPND,

40

Na (L9/a)

0 : b s ‘ ;
0 50
H 4 BREEF7 Rk AUFIEEE L BEKOBEK Na B L 5 s
Fig. 4 Comparison hetween effect of chemical fertilizers and sewage sludge by Na
concentration in percolating water of lysimeter in Light-colored Andosol
Arrows show application time of the materials. C : Chemical fertilizers, S : Sewage

sludge.
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ER IRl & 3. S UL 3 TR 5= st 230N 8

Exs4  BREELRs L LB, FEXKEEERHEo£E0BERE <7 — vt UL T
Wi, MEEAEETEVAED LRI TEE NH, NO,, NO,THo7s, FORMIKEVLD
Tk o1,

IHLEORERER-ERICLTERICTRL,

F 3 HIBCHTLAFEMELEREO RECHR TR

Table 3 The useful elements to compare the effect of chemical fertilizers and sewage

sludge

The useful elements
River sand Cl, NO,, NO,, PO, K, Na, Ca, Mg
Gray Lowland soil Cl pH, NH,, NO,, K, Na, Ca, Mg
Light-colored Andosol Cl, NQ,, NO,, Na
Humic Andosol NH,, NO, NQO,

4 % =

Plbnksw, BRELZEHEO LD DDIE L LT, FEICRHE 1 ERS
MR TH D, HESE oD LEREENERTH S,

ERSTIER, T2 R ERH L TREHEET b IEEY RS LFEDO 1B TH DV DT,
TOAATHETRECEEOBRYRTOWEDTHS - L, BICHRY thhi, R &
FHEETHL L, KEOLHORFYRBEREYFA T LI E RS, 2T, O
FHG A2 7HARELTV2A%, 23V EFAWBCERATS L, HEncEgatEe, AT
ARfELAAE CECHEERTR LD SO0, WHALT LB RE A (F5R) AF- bR
ATAGEIAAECLDTHL Z LAERTES, WECHRBFIIKEERELD NO,THL, &
HCHEL T, ATFARE & CRIL TV 2881, §1EFRSOFSERIGVINB e
COLBETHEIVEDTH-1d), FEEROVEGHBAERR,» 20 CavBEr+tn K, Catofl
KELND LS HBEIES Char -t Tiohh, TRGGHOERY, HFARREOKEL
TREPFE IR TENLBH L TOFSTL L THSRCEB LR D btk b, B
DB FECRTTEOCREVES L0 5,

HLEHEErBECMASALE, THREBEAEHOICT =5 v 7 T30 L3k {fThh3,
BEYBHTONEIT HHEOMEE, BHEXRSBGBELHLDT, TDL 5 LERTH
HOFIRBERE - EEZBbRD, L2AHT, CoLokEshct b, £4BI L KEHEY
BB LETENEONE L ob P ThoA, Thil, Folshsr =X 0L Thbir
FATEICREAETA), X3Lhv b *BUHTA2ENLERTHL, 58K hoolgyF
pinh ELCHERRICH S SEOHMBECBEYMIBT oM s TS D LS N D,
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Studies on the Mechanism of Drainage and Dissolved lens

Leaching from Lysimeters
— Comparison of Four Soil Types Treated
with Sewage Sludge and Chemical Fertilizers —
W TN « HEMALZ? « IR
Ryusuke HATANO!, Tomoyuki HAKAMATA? and Kunihiro FUJII?®
g 5

BB 8 DI A v -2 — dxdx1.2m®, 4:LEUIE (RS), ERFA 27 4
(LA), K{O{ER-: (GL), BREARF 74 (HA)) X2 P BULEER (FX), TAE
e (SEN] #AGTL.2mAHEKCHBEENO NO,-N, K OBEBEHAE L. Bhh
PR TOERYCH D,

1) Wit — vt BRI 2 A2 <, RS>LA> HASGL DI HH AR RS, AL
Y bE L TRIIEOEBERAFR LFE L Bph s, Gl HA Ci@amamin g
B EhVCIE SR S RER L lEm o AT 0 RHOKE b Aoy,

D) BEHOA»LEEAKELE LA TR A0 s vy =T ARRELL, 7 0325% -
K88 « B5EC - MK LT HY M ER IR S22 v 7 2 HERLAGHLELL D
THD, RTENECY > CEFERSHREL A, THREZRFRO S HMICEERIE L
HErt & { —H L i S TOR—HL £, THERELT 7 v 2 o 2 ALTD
WRED R D S bR,

3 NO;-N oERh B e S hs HA, HHKkGEOSELV RS THootz, HER
Sy oo RO S L EE EALRELUEREIESMNL 4% RS TibEims By &
hHBLAREEDO C— 7 2ME T L R VGER A EMT o RS TIE Z R,
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flim 3 HETI2E ( BRA LA D 2 72,

Abstract

We studied the mechanism of drainage and leaching of NOy~N and K in 8 lysim-
eters (4x4X1.2m® 4 soil types [River sand (RS), Light-colored Andosol (LA, Gray
Lowland soil {GL) and Humic Andosol (HA)] with the application of twe kinds of
materials [sewage studge and chemical fetilizers]) during the period from August to
December 1981, under natural rainfall conditions.

The results obtained are summarized as follows :

1) The drainage was in the following order ; RS>LA>HA>GL. In GL and
HA, in the drying season, generally no drainage was observed even in the case of high
precipitation, and the drainage per unit precipitation was reduced. No distinct
difference in the two fertilization treatments was observed.

2) We used the tank model to estimate the daily change of drainage according to
precipitation without the consideration of other factors. The model consisted of
several tanks with suitable height and rate coefficients of discharge holes for infiltra-
tion, storage, redistribution in soil and evaporation. These height and rate coeffi-
cients were settled by trial-and-error method. The calculated values fitted relatively
to the measured ones during the continuous rainfall season, although some gaps
between calculated values and measured ones were observed. There are still unsolved
problems in dealing with the soil as a black box.

3> In HA, the greatest amount of NO,-N was leached by means of the hightest
concentration in the drainage, while in RS there was a large drainage effect due to the
highest leaching rate. The effect of the application of sewage sludge on the amount
of leaching was larger than that of chemical fertilizers in all soils. However, the peak
of concentration occurred in RS treated with chemical fertilizers but the peak de-
creased in height with sewage sludge treatment. Application of sewage sludge may
therefore have the possibility of reducing the leaching rate of NO;-N.

4)  The leaching of K was reduced in RS treated with sewage sludge by means of
fower concentration than that in applied chemical fertilizers. However no difference
between the two treatments of fertilization was observed at all, in the other three soils.
Key words : Tank model, Hydrology

1 Lz
RIERGoBEREAY4aD, FHUHTH 2 LEEIENREOEMN LY, XBERomE-S L EE R
R CH D, ZDRDIITETH TRRADREKELHD, F ST RIRTEBELHG
FHUT By B RS ORI AR, REAEWD), BREE), +EFORERE
(S Lo

P=D+E+(5—-5.)) (1)
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DI 3rHEED, L r RSNy R+, Black 5V, TEoOKBI o, HEY S
S, Fe s ALLT D EDFEE POLSLGT DT (LREFAGTVS, by e—
FA4vITAvA—R =)o T D& EXNEL, ECQREOEMOL 2SI 2L,

E=C.12 {27
DE TR, Dt
dD/dt=a .exp (6 (S—e)! (3>

DEFTATBRTIBH LI EILL 2T, D EDFHAT-T0 %,
ChBOTFHEGEIEE D TLL—RLTxh, 74y —2—-LmhbORA, HFEE
T bOMERUYT A ¥ 2 -5 —AORHARY BRI TERTELIFEYNDH D Lidbn b,
IDLHCTA VA= F—EHHSHRROEHELT, OXEEXT 79 7Ky 27 ALL TS
pY AN E A REHCIECE LD L, QREKESTFHEE FAEBLR, DENLLASL TR
Fuatfln sz, @ L KRSRE b, BIESE KEER~OMRLHELL
DEMTEALLENRBPIFERE, —HTRI A v -2 —RABIITE LI NT 5L, I
gk, BT AMOMBESEREINTEY, BLhNBRIICETLT A2 -2 R
ORENE Z LT ERG, TOHICEERE I A HESNETH S,

R T, BACERICRREED 8 FD T A 2 — & — (4 £HEX2 BEIRAED ¥ Aol
REBHFAF v BEOCHEHR X b L RITBREORY & BIER 4 0BHC oV TRE LR
o TS,

2 T4 A—F—EHBEOERE

EHTOME L LT — 2 BENAERFIOENMCERIBPHAERF 44m?, #31.2mD7
A v A —2 =L 1981 F 8 A ~12 RIS AR RS - fidikd NO-N, KEEY R
URAERY Thbd, 2071 Y4 -2 3B BRETH R, NBRS), REEA7 (LA, K
a4 (GL), BHEEREE s 2(HAPKETAZR, ThTRFEESE - {EfE(8-5-5105
kg/l0a, FHL4AK100kg/10a, %Y v 60kg/10a), FAFBYR(S | 7.5t/ha)? 2 AR 25V
B, 1979 FELIEE ARB A Thh 5%, F 1w 4 TROBSEE R LI, Th bR
DUCTRRESY, UN BTl - THlcEE En T3,

7B NOy-N, K oBEREAYHET2E, CACOBESRBTHELATVID, 2771y
A L > TR A FRILTHG .
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Table 1 Physicochemical properties of soils used in lysimeters
H Total Total Bulk
Soil Texture (}‘; 0) CEC C N density  Porosity
z meq/100g % A g/cm? %
RS S 7.4 3.0 0.25 0.02 1.56 41.8
LA SiL 6.3 20.3 1.68 0.15 0.68 74.0
GL LiC 6.9 13.8 0.60 0.06 1.20 54.6
HA L 6.5 28.7 5.44 0.37 .63 74.7
3 BRERUHEE

3.1 EEE-RHAOBES & &1 Lo Rk

BT 1981 F 8 A~12 HOBM- &2 — it ¥ T HALEIO 7 H 28 KE 62.7mm &
Dre 2 PRI S EER AL O, B APHE2S 10 s THFREAS {ian 1l Anb 12
AadBod{dbv580THR(H1), LA-T8 AWAICELE I hEHL
TuwickBbhs, COWRC>CTHERKEWP) P BEFEAE (D) OBE Al b 0onR
2THD, HBEMAKREERS>LA>HASGL ONEIC 458, 300, 222, 222 mm{2 AREKEHR)TH
h, RSTrFIXT o3BT SETEN, DL 3 Bl FrmT T >0HERA
X o THHITERTG S, TiIohbERRD 8 A wtEAmEGil g &L HE)
A b, Thk DEbimm &S PryR2oEmainabRkes l, RS<LA<HA<GL ®lF
15, 67, 180, 218mm(2 BIREFEE) &7 0, HA » GL TiXspilic itk & o Mgl e o
LT Edbrh, THEHUEORE U CERROER CHLUTE 2 HBCur o 2 BB

= 1000
E

July  Aug. Sep.

H 1 #SlREERORBRKE
Fig. 1
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Fig. 2 Relationships between cumulative precipitation (Pr} and cumulative drainage
o2
RS : River sand, LA : Light-colored Andoseol, GL : Gray Lowland soil, HA : Humic
Andosol ‘

¥ 2 FEMEKRP) EBEEREKED) OBk R
Table 2 Regression between cumulative precipitation{F» ; mm) and cumulative
drainage(D ; mm)

Soil Treatment Regression equations Corrf.:lz.ltlon
coefficient
RS F D= 1,768+ .236Pr**+9. 114X 107 *Pr2** —6.625 X 1077 Pp3** ,999+**
RS 5 D=—1.4224 _405Pr**+2 591 X107+ Pr2** —2 401 X107 Prer* 997
LA F D=—4.002+4 094FPr**+8. 519X 10 Pre**—6 706 X 1077 Pr3** 992"
LA S D=—1.995+ _046Pr* +7.827X107*Pr?**—5.288 X 10" Pri** 997+
GL F D= . 173— .052Pr**+3.794 %107 Pr2**—1.051 X 1077 Pr3** 998+
GL S D= 1.501— .200Pr**+1.103x10*Pr>**—6.695X 1077 Fri** 995+
HA F D= .735— .167Pr**+1.065X107Pr2** =7 007X 1077 Pri** 994+
HA S ID=— 651~ _113Pr**+1.083x10-*Pr?**—7 545X 10" Fr3** .993*=

RS : River sand, LA ; Light-colored Andosol, GL : Gray Lowland soil, HA : Humic Andosol.
F : Chemical fertilizers, S : Sewage sludge.
** : Significant at 1% level, * : Significant at 5% level.
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BYULhOoMEKEGFHELFES) S E L bR, it RS>LA>HASGL o) 0.56, 0.42,
0.36, 0.36 TH b, =ixh HA, GL oRBmea s haiz s,

ToX S e FH O MEN R BOFRKE SRREES Db - T A EBbh S, BT
ZEITHA, LATHURLI ELFELUSXEVDICH LT, GL TH55%, RS T 40% L 2n(E
1), BT EOAXER L Th—RENTKUE R EENEEILTF 2822020, HA,
LA of7KEEL GL, RS icH~NTEVEE 2 DS, THhiob RS THA, LA X olErAE»-
LEEZR IO EROENETHTLRD, L L GL THIEAANENS CERHKE, D
fehe 2B, ¥ LA £ HA oFik o T o h TRt E R,

3T oo B+ BOF RS Mo —%—/5 40, 100cm ©@RGHE|EPF)DBE{LHA
BOKETH D, BRUHEHEREECH ~720% ZOHERIILTFTOL 5 nSs oL BmEy
RLTT,

Tiobht GL THRREGRBO pF 2Z L ET 2RIV 25298 S 100 cm @ pF
BHELZR A CEELY, DEORERMCIFEOKIERCL » Thbhh R R IO F£D
NEL D TR CEROBENR TR, LA, HA CE < DaBB%RT4 HA Tl v GL
IV R R LT, RS TR0 3 R EREERCL TR Y, BWRE, ZRIAOEL
R, IR I BEL DAL, HEEpF B ihib- 170 B Ihic b E 1 bh
D,

Lo Ba R L oEREAGL>HA>LAS RS TAS Z E2RLTRY, Shitttoi
FebOOEFThH5, T L UHFCHBRARRER - OBRBRCL > TR dhfch o L #E
BIhD, LMo THENKYRSBRBIRE - T-20ThHD, BELERFRECL ST,
RELEBTIERCL->TEOMERYHL T Lk d LB bnb,

¥ 2 EIEKEOZE A E TV 8S Lo 3 LF TR T ORI s Tt Ll
TAYHEBACTEIRMWARERCRY LT, A5 12 -5 —HOERD JHSH, BEEC
T ABREESHRELTFDSH VT, LT oo tHbhERBAEL L TR Eb XA Y
Bl

3.2 RHKBOFAET L

BUBICRRLIICT I v 4 — 2 —ERrLOREEECHRE oM (3RO L 575
HBIFEATRT LS bR TV A, AELROBARERRELHAIAC-T(1)ED
AT ATBCHETELBECROAT S, &, BHOHRBL LI L LT~ 2 2k
MERHABDO=2THo, (1DRPDTT » 2 £y 7 AL E+(S— Se)iciiz, (3DRLHH
TELE®RA L

S THHERORILARDAFELARRE sy 77w v P LTABERID I 5D,
B S —o0EREEOSHF S LTHES, ThbbilAkE D SBREAK ¢ t0BET
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B 3 BERF(Pr) & 8K R5EPF) o BEL

Fig. 3 Daily change of precipitation (£r) and soil water suction (pF) during the
period from 12 September to 6 October 1984
RS : River sand. LA : Light—colored Andosol, GL. : Gray Lowland seil, HA : Humic

Andosol.
D=D+D, “.D
Dl:alekr‘.t C42)
D2:aze—r,-.’ . (43)

EFRE D, (.2, . DRNAANIREFTOF L ChAEN 2 v 72T AW LRLTHY, T
GEARC S Vs ORORFERY X L LOBREEY Xob LTHEBEADORERK Y » L THE

—dX/dt=D, D=r-X, Xy=alr (5>
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Fig. 4 Daily change of drainage(D)) after heavy rainfall in river sand during the
period from 9 to 20 October 1981

LR Eh230THAE, LEF-TU.2), UDERZ20x v 2 W EFIEBIATL2
TERRLTCGS,

K4 oL@ fEHEYZ 5B LT3, FlRT5 i lkE, Bk
LMK BEOBRICOGCTHELT 288 S5, Rl Lot 5w kBREoRKED DD
AEBEOBNMER LR AR oIt b D, ChbdvERCARTSERE L vy
EFARRSDIYNLDOTHD, B I BECERS v 7 2/, 2~6 BB LERTOR
BEAEZADTHL, FhFADE v EROoRBLEA, B HLvET, 270G
DFHILGER B8, BHECHYL, 5 v AOKMAREEAOME LB 2 L &5
HadhE 5, L IR L o TAa#HNT S0 TH 5B,

IhHOERYE, EREE19EL 58, BrARRAY LT TR CEED L O T e iR
K EBROBREFEGRTHEBRLETH S, X LHEERZKBICEL S50 - EHLDH D,
B2 KRN BE 2 LB v 7 ~OBRHORSBAYHAH T LT v L, RlirbE~—7
FHOBAGERSERML H2, HDE X - CRETHZ L2 TES, RO TILIE
ERBRRE v 7 EHMES], HS2, HSDK L - CRHITE2, ChonffE~a 27
V¥ - A THHIEHETE, R0 EORELEDET I LICL > TEEBRTE2HRIES
hic, %3, AGFEOARBLERTSF v 7 =T AVORHEEYE LD LDTHL, ZOHKRE
i3 OWMFBDKE R - 72 RS THEM 2 ¥ 7 00b s v 7 ~OREHHA L VK& LY
2 b, OUEBRERNEY V-1 RS, LA T8 s v 7 BT 2EERHERS 1L, RS2
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Fig. 5 Tank-model

# 3 Bz i—z@E
Table 3 Characteristic parameter values of rainfall tank
in tank model shown in Fig. 5

. R RQ2 H RA
Soil )

RS 0.6 0.6 125 0.4

LA 0.75 0.5 125 .22
GL 0.5 0.5 188 0.22
HA 0.5 0.5 188 0.22

RS : River sand. LA : Light-colored Andosol,
GL : Gray Lowland soil. HA : Humic Andosol.
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Table 4 Characteristic parameter values of soil tank in tank model shown in figure 5

Rl R2 R3 R4 HlI H2 H3 RSl RS2 RSN PRS HS1 HS2 HS3 HSM
— (mm) — {rrm)

3 0 0 50 0

Soil

Rs 035 .3 .75 1.0 11.5 3.8 8.8 0 0
LA 005 .27 .60 .88 115 1.9 4.0 0 ¢ 010 0 5.0 0

GL .01 .26 .67 1.0 11.3 2.8 53 ¢ 15 010 4.4 3.8 14.4
HA 005 .42 .69 .97 121 3.0 4.5 095 006 .5 .01 114 50 3.8 10.8

thowr oo

RS : River sand, LA : Light-colored Andosol, GL : Gray Lowland soil, HA : Humic Andosol.
RS3(J) is calculated by R33(J—1) xPRS from f=2 to 5.

RSP ELELBRH, OFHY— 708 0@y, HHEEHRHERL R2, R3, R403
BRI RAPKELEZERTWH I EENREIN T,

Plborscf§bnics v s 27 A LD RRELERABECHE YR 6~9 1R LT WTTho
Ly — s DR, REREBEEENL {—RLTw50, BRodbiu L2 20K
BOEE, HAHIGL CAShEBEOHOE VY — 2 CHHIETE RV BE ST, Thb
LI ERBIO 2 v HEZLLENASESN, ThEET S s Ry 7 AOREREEET 5l 4
SBRMLEU SRS, IOTERFEMCARE YL 2240 L LTHVAXELDTEALY, &
ERLHHE -2 0B HE 2T, ThELEOBI LA DI E LICHllA - time scale D
BREPLETHELEELRD,

- 102
E RS e Moasured
——— Calculated

10t 4
[=]

lO0 l-

T
1071 ; ¢
Aug. Sep. Oct. Nov. Dec.
1981

6 WHKEOFERE S FFEEOLEIE)
Fig. 6 Comparison between measured and calculated drainage from tank-model in
River sand

—136—



54 vA-— 2 —FRBIC LK EBT A4 v OREBEORN

~ 102
E LA = Moasured
Calculated
1ol ]
o
109 1
10 Mot A o + +
Aug. Sep. Oct Nov, Dec.

1981

K 7 WHEREOERE L FEEOE@GEER 2 4)
Fig. 7 Comparison between measured and calculated drainage from tank-model in
Light-colored Andosol
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Fig. 8 Comparison between measured and calculated drainage from tank-model in
Gray Lowland soil
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Fig. 9 Comparison between measured and calculated drainage fron tank-model in
Humic Andosol

3.3 HEEESS 0B

3.3.1 WEEES '

BERFO NO,-N 0@B%EEL HA>RS>GL=LA ThhvFhi SEKoFrnE (K 5),
FOBEE oy — AR5 R, HA, GL, LA T4 NO,-N BE 2RI —Eic
Bn(®1D, BEERRECBENYAKE LBEESBEFCH o LT, RS T FK
THREMFCAZ c@BEY - 7 P BB BER TR LI 1D, SELHFOE
KERBRISREIDLUBEITL LT (® 10, E10 0BHRE 6 ) b—TEED NO,-N %
BET5(C 2T 0.5mg/em? s Lis, SO F RERED 60% XT3 0BT oMAER
WAETPFRDIE 25 HA<KRS<LAKGL £%h, RSTRSET, o3 LBETRFRTIO
B4 (FE5), ocHERAR -HERUARCERGE 2 » LY T s RERAEYRE
3% L RS<HA<LA=GL &7t %, RS Tt 9 Ah~TFHIC HA T4 10 #ifgw, LA, GL ©
1108 22 HD 331 mm OEBFERCHEBRIND 2 Litles7s, LicdioT NO-N O%R RS
TREHEAENE L EICY o7, HATHBE B HEINL Lt 2T, Bk (k2
b, Wic GL T AS Lz bhb 2l -7, LA CHREECHBINAZ itk »
Tl b b0 BRI NE,

% fz NO,-N o+ 3BREOBESER RS S o LB CiiRi-Txh, RSTRFK
CLLREEOEY -7 S ETI/NI LA diib T Tids s oS shs,
L LEEHSEO S-S E(EEERFTCSK 2.78mgN/cmiictf LC F Z 0.84 mgN/em?)©
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F 5 BEHEO NO-NEBEER U 0.5 mgN/em* BT3B LR
kR, EEKEE
Table 5 Total amount of leached NO,-N during analyzed period (from Aug. to Dec.
1981) and amount of precipitation and drainage leaching 0.5mgNO,~N/cm?
Total leached for leaching 0.5mgNQ;-N/cm?
Soil  Treatment NO,-N [Drainage Precipitation
(mg/cm®) (mm)
RS F 822 133 294
RS S 1.041 153 333
LA F .661 226 631
LA S 758 202 622
GL F 545 186 905
GL S .858 143 623
HA F 1.171 92 490
HA S 1.350 89 425

RS : River sand, LA : Light-colored Andosol, GL :

Andosol.

F : Chemical fertilizers, S : Sewage sludge.

Gray Lowland soil, HA : Humic

GL

0.9

0.6

0.37

LA

/ HA

500

100

D

200 500
{ mm }

200 200

B 10 BEHHKED) L8 NO-N B E(N) 0Btk

Fig.10 Relationships between cumulative drainage (D) and amount of leached
NQ,-N (&)
RS : River sand. LA : Light-colored Andosol, GL : Gray Lowland soil, HA : Humic
Andosol.
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Fig. 11 Relationships between cumulative drainage (I} and concentration of NO,~N
(N) in drainage
RS : River sand, LA : Light-colored Anddsol, GL : Gray Lowland soil, HA ; Humic
Andosol.

# 6 FHERUEKRE (D) FEENO-NEBRE (N) oBGomriEsk
Table 6§ Regression between cumulative drainage (D ; mm} and cumulative leached
NO;-N (N ; x]10°mg/cm®)

Soil  Treatment

Regression equations

Correlation

coefficient

RS F N=-=25T8"*+4.607D**—1.982x107*D? —2.562X10-5[3** 958>
+3.633X10°8 4"

RS S N=—9898**+2.0915D** +5.035 X 107302 * — 1 440 X 105 )2*+ 599>+
LA F N= 488 +2.212D7* 1.000**
LA S N=—6.940**+2.514D** 1.000*
GL F N=— 491" +2.704D"* 1.000%*
GL S N=—8.447**+3.566D** 1.000*"
HA F N=-10.02""+5.587D"* 1.000**
HA S N=-—15.00**+5.834** 1.000**

RS : River sand, LA : Light-celored Andosol, GL : Gray Lowland scil, HA : Humic Andosol.

F : Chemical fertilizers. S : Sewage sludge.

** : Significant at 1% level, * : Significant at 5% level.
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LB BE AR GEFEIRL L, o 3 +ERBREAREIFR LV £15,
DL A RAESEBELD NO-N REA(L 225 LSROGEEY & LTOMERL D02 5,
T bbb A OEEBEEED 7 — A L LTO source-sink 31 tH 5, HEEEHCZ LRSS
THEBAROERICHI - THRRE L L Tsource & LTEE, FoBEEIREN kN
EEYRBLIVALE2ZLhE, —Ho 3BT TEEBYOBE S (BN RS tabh
fod 976 NO-N OREF(L L BB & LEBROMORY L DBET~AZ RTLE S,
HRACHEAESEOS . HA CTNO-NREEIRLE<HB L, BEEREI | S &
WTHBWEENA SN DR LA TH B, NO-NEEIGL Ih{E(HB LT, 20X
LBERF S A TICBBEINLI 7 =4 v BEFEBICL 2D LEERDY, 101 5 CBRE LK
CHZBh T iod, BIREEEZER HABR S <, EBEEDSES LA 1o LinnGL T
KERMBIERBEE, R BRI,

Blbo X 5 HEYZ NO;-NEECHE X T -T2 @b aTHL, IO source-sink
B 2 LI AFNR L DCT D LENDHD T,

3.3.2 AU YA
BEHNOBEBEREIIRS>HA>LASGL TAD RS TR F E Mo 3 Gz S KA &-(E
7)o ZOBHAEZ— TR HEERBKY S DT 2>h TRER THREZ A7z (K 13D
BRREAMEI AR TE TV AR 1), SHIECRS #BRVGCALD 3 Lo 2 BIREMOER -2 2 ~

Fz 7 SN KSERERT 0.1 mgK/em?* % &+ 2 0w B L i
H, BoXE

Table 7 Total leached K -during analyzed period {from Aug. to Dec. in 1981} and
amount of precipitation and drainage leaching 0.15mgK/cm?

Total leached for leaching 0.15mgK/cm?
Soil  Treatment K Drainage Precipitation
{mg/cm?) {mm)
RS F 402 123 278
RS S .305 152 331
LA F (181 234 654
LA S 185 226 683
GL F 162 184 900
GL 5 .1R3 182 728
HA F .209 135 607
HA 5 223 135 540

RS : River sand, LA : Light-colored Andosol, GL : Gray Lowland soil. HA : Humic
Andosol.
F : Chemical fertilizers, S : Sewage sludge.
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Fig. 12 Relationships between cumulative drainage () and amount of leached K (K)
RS : River sand, LA : Light-colored Andosol, GL : Gray Lowland soil, HA : Humic

Andosol.
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Fig.13 Relationships between cumulative drainage (/3) and concentration of K (K)
in drainage
RS : River sand, LA : Light-colored Andosol. GL : Gray Lowland scil, HA : Humie
Andosol.

—142—



FAYA— 8RB LDREETA 4 v ORHEEOREK

g < A < 2 FUARE RS G X B K RO BT L B DTH - DK LT
RS THEI L S ETECIAZLATHE(E 1), 7L NO-N @ X 512 2 SEIRE MoBREE
btz — ik Eh AT LR Iobh T, 2 RIEKMOBIERE S F EA0.44 mgK/cm?,
S X4 0.23 mgK/cm? & Bic - T\ h bt HIROKBS R LR U5t d 54 L -FBA
FChD, )

FERE oW TIRRD X 5 RS A DR, Tibb 12 OBk (#E R I L —EHD
K %%+ 5 (2 =T F KiERE D 34% 15 0.15 mgK/em? & Lo 0o &4 2 BEm LK
Eadkwmto b oA RSCHASGL<LA &iph, HMTARAEICHERETSE RSCHAKLA<GL
TH-1(F 7)) ZORKEIEINO-NOHESLBERLTH 702, BEDo L Kt NH&H
e B A & O BRI AP I Sk BT GL ORISR T A EBER A LA LD
Bt aTdh, 74 4—%—%43nd CEC 2 GL € 19.9meq/cm?, LA T 16.6 meq/cm?T
B0, KRR 0,011 meq/cm*TH B 2 bREHIC L HENTE N HEG S 2L
AL, Rkt AEESERRRCGE R TV R EE L X2 B, SHRORET
HD

¥* 8 HERHEAED) LHE KBRS OGO EEA
Table 8 Regression between cumulative drainage(D ; mm) and cumulative leached
K{K ; X 10®mg/em?)

Soil  Treatment Regression equations S(?éfl;’?:;?gnotn
RS F R =-2.686%+1.421D**—1.512x1073D?**+6_046 X 1077 L3** 1.000**
RS S K=—2.004*"+1.171D**—1.103x1072D2** 4+ 8 . 146 X 108D 1.000**
LA F K= 243 4 967D**—2.108x1072D%**+3 056 X 10-5D%** 1.000**
LA S K= J793**+ 9390 —1.636X 1072 D¥ 4+ 77T X108 D3 1.000**
GL F K= 175 41.343D** —4. 7171073 0%**+1,003 X 1075 D3*~ 1.000**
GL S K= AR 11720 —2 761 X 1073 D¥ " +4 675X 1078 D3*= 1.000**
HA F K= L1430 +1.356D%* —1 827X 1073 D%=* -4 2231077 D?# 1.000**
HA S K= 455" +1.280D**—1.116X10720D%** —1 460 X 105 3** 1.000*"

RS : River sand, LA : Light-colored Andosel, GL : Gray Lowland soil, HA : Humic Andosol.
F : Chemical fertilizers, 5 : Sewage sludge.
** - Significant at 1% level, * ; Significant at 5% level.

i

FRLOE D FESCHU ) FEAMEE #TEC L BE A EF N L EFREOMBHRH
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Vertical Distribution of Total Phosphorus Concentration in Soils

Treated with Domestic Sewage Sludge

BESFEEE - Lo Al

Kunihiro FUJII** and Takenori YAMAGUCHI®

2 B

B LA SR Bk R LT o BRSO BRY G5 S tha AL
WEER 2 £, KOEDLEHRL), B482 2ROCNBCRITLE Y v oEH S & R
OEREMNE 2EBCHEE L, RERF 74, BF7 2 RUINBECSHHZET 15-20
cm D TFEA O VERRL, ThUTOBCIcmoBe st ae8tRL hidh-tn
ORI, BRPO v EBLALTELICBET AL L RRBL T D,

Abstract

Studies were conducted using soil samples collected at two years after the final
sludge application from sludge - treated light - colored andosol, gray lowland soil,
humic andosol and river sand. Applied sludge. dehydrated with lime and ferric
chloride, was produced in a domestic sewage treatment plant and its total accumula-
tive loading rates were 45 dry metric tons/ha. Total phosphorus contents of subsoils
of light-colored andosol, humic andosol and river sand (15-20 ¢m) were higher than
those of soil layers below 20cm. Those results suggested that phosphorus in the
sludge was transported from the surface soil to the subsoil.
Key words : Total phosphorus, Vertical distribution, Surface soil, Subseil, Domestic

sewage treatment plant
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TRV v ORFLENE S - T D, LECHEMIRC Y vt ECRFRFE S A, Wi
B CWBEBE L L XA MBNT VA, B0 Th, KIUFKCHRES 5 HEOWE D
MAEBEERCET AL DIINSEC) vVEIEHOERALETHS, T0L 5, Vv
BEBCEE I NS D TRLPH T RKCBB Lt b0 sAeZhTyv5, HRLEE S
LYV YERREB L LR TN, B, BERBERRS I LRABBOMLHRYERML
RBROEA7 LB T A TR E~BETL 2 E4WEY L, HEPY v BOoBEIER Sh
BE AW Tl ZOEPRRET A HTEY R THE LREY S EREROEN T 14 —
# —(HEM) O XRBILARBREAR L FEPEEICHRL, 853hd 0 v 2L CRKER
FD Y VOTEA~NOBEBM LI, ABERcOoBERCBT s oTHE,

2 ERAEE

BERCECAIALLE, BHIALEE SBREOAE, HRofhlE LESHORE
B, GE, B, HEOBRESIIEERY s THRE LRy THES, FENTE T 458 pH
DFFEIO SR L R AR L, BEY -T2 ) v (T-PY&EIE Lz, FRaC
BFEELTY v ERRERE S B EY it - TRE Ll MIE 87 BIFHME S EXEE Model
100-20 B & Buvte, 7ok, FER~TKTAShECTEOS ) Y EHEE LY Y IABREREARAYE 1
T, B L BRI BG40 em B2 CTH -, T2 CTHRREHR LU EIRE i A
ROoHEOFREH T-PREYRLL, B0 T-PRIBHOFEHETEHES, T, tE8HY »
i USSRl T B

F Ol HREEOL Y v EEREC) VERBIAH

Table 1 Total phosphorus concentration and phosphate absorption coefficent of

soils used
T-P mg/kg dry soil

Light-colored Gray Lowland Humic

Plot Sand Andosol Soil Andosol
Fertilizers 232 584 357 1896
Sewage Sludge 222 574 365 1892

PAC* (Absorbed P;0; mg/100 g dry soil)

- Light-colored Gray Lowland Humic

Plot Sand Andosol Sail Andosol
Fertilizers 130 2160 830 1880
Sewage Sludge a0 2220 810 1880

* : Phosphate Absorption Coefficient
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Table 2 Vertical distribution of total phosphorus in soil treated with sewage sludge
- or chemical fertilizers

(T-I* mg/kg dry soil)
Sludge Treated Plot

Depth Sand Light-colored Gray Lowland Humie

(em) Andosol Soil Andosol
0-5 538 1078 291 2312
5-10 487 1096 599 2283
10-15 457 1075 535 2224
15-20 384 988 399 2015
20-30 277 851 377 1942
30-40 262 819 393 1898
o level O.M 0.01 (.01 0.01
LSD (0.05) 54 65 24 88

Fertilizer Treated Plot

Depth . Light-colored Gray Lowland Humic

{em) Sand Andosol Soil Andosol
0- 5 695 1757 996 3207
5-10 766 1851 991 3182
10-15 633 1777 786 ’ 2721
15-20 431 1293 423 2220
20-30 355 850 390 2075
30-40 313 845. 422 2133
a level 0.01 G.01 (.01 0.01
LSD (0.05) 94 169 91 117

3 BBRRUEE

K2R L HREBARKE 32 T-PREREOFSNSMrLRO I EABGMIEIRIL, T
b, JNIWECHERESE (0-150om B) k<48 (1520cm B) wxits T-PREQ
H3E (10-15cm @) I hElsACEGA, E5B (20-30em &) RUH6F (30-40cm &)
LHBBAKEY, REEFs LCLAKETH L, REERL:TRHHEREBBATH L RE
DEHSD, HIB U0-15ecm B) 41, 2BLoBLEL, 20, BIRAFL4BIVES
DIE, Lisl, HABALEEE ToIBRICEEENTED LTV, BAE 2 L TRHTE
WP 3B, 4 & SBRBEYS L6 BRICHBEEENESH LAV, 4 &6 BRCIATENR
BHhih,
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Table 3 Vertical distribution of phosphate absorption ceefficient in soils treated with
sewage sludge or chemical fertilizers

(Absorbed P.O; mg/100 g dry seil)

—| Shudge Treated Plot

Depth Sand Light-colored Gray Lowland Humic

(cm) Andosol Soil Andosol
- 5 260 2090 1040 1910
5-10 250 2160 1060 1900
10-15 250 2180 950 1900
15-20 190 2210 910 1890
20-30 120 2250 870 1860
30-40 130 2270 880 1860
a level 0.01 (.01 0.01 0.01
LSD {0.05) 40 180 50 30

Fertilizer Treated Plot

Depth Sand Light-colored Gray Lowland Humic

{cm) Andosol Soil Andosol
0-5 160 2040 860 1790
5-10 140 2060 920 1800
10-15 140 2060 850 1760
15-20 120 2190 880 1840
20-30 100 2210 870 1840
30-40 110 2220 810 1860
e level 0.01 0.01 0.05 —
LSD (0.05) 30 50 50 80

IAHBDERE, B, REEFRs+RUER T TRBREEABUTOTE A0S vBE
BERLTGBIERRLTVE, BT HRPEESThZ 0V A TELCHEEB L2 X
ERLTWS, RERBEABRBCSIHIHE XY vEDEEBOES TEV LREBILLER
(T-P;0s 10.6%) M ENIRAERFR 7 L TiTbhLd, R S eBHERBRT b
EY v ORKAEREALBCESVCTLBRPO) vATRLCBETA - &AL X hi,
BREREBRACKTHARETIRY v & LT T THREMED BRI X A2 E) & LTsax
hTv3,

o) VO TRLENOBEL IWRUROBEBEZ L TRHREBRSHEOBRE T {2
EREBE T4 BERHESBCH BDKBH L T-5 2 i@ b3 2),
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TRL:oREERABRESE L VEVERCH -/, ok, JIBETRBEA 7 Lk T
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KEBRIC i D EEAM ORI, B EESo ~S£EEH, KEEE, BHARE £LF
SRR L, ¥, THEREORE L M - Td T A F, ANBEFRO B
Pulrfivt, ChALOERICFEHOERRLET,

51 B X m

D BERERA - UE - B9 55084 FROBENBETAHEE IS, HREMCLIAL
Erh—E AR L UESEOBE), BATHEIPEEEHEREE, FI0H, 0287

2 HeFtw - BREEES S - Lo EAIC1086) | HiRO B ALE pH 1ty 2 A% B AT
i, 93 %, 53-60.
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FHRERTEIC B 5 BRI Mn, Zn, Cu OFZEE

Forms of Mn, Zn, Cu in Each Layver of Soils
Continuously Treated with Sewage Sludge

WO SEE, RRACREE®, TR

Takenori YAMAGUCHI', Sueo ASQ? and Kunihiro FUJI[*
and Kunihiro FUJII3

E 5

TR AR R TE A 3 EMHEAEI 2.51/10a, € 2E), 0%, 2EBERHT
PR L s BEHO T HEGEVES, BORBRF s 3, EEERUERS 2 4D sT, HERE
BIC0-5, 5-10, 10-15, 15-20, 20-25, 25-30cm @ 6 B Mn, Zn B Cu D5 148
~L BB EFROTERESBROBEERE L LTI htualiEkc Ly, ki
DTGB L7, TOBE, HEFEMLECK 54 M, 4 Zn 20U Cuit, BiEE
T L IEHE DT BERA s T > >BA7 2> 08 2R L, THiRED Zn
OB ROEXy T, 7, Cultftis £ 05 < CERb{EEIEZ Y F@-
o & Znit, THEEABOTEG 4B ToEd, HERAES 02 In OBEHED
bitte, #HHEITEFE Mn, Zn BOTCuid, KEGH 1%EDTA, 0.1 N S8R 00.2M
Va DR R U v ARESAEE LCTRAEL, B, TBIRMALEICKTS Inil, 1%EDTA,
DINEREFIZMEe ) B M) T A0 EOHEL LTHEEL, £7Zn kb, E5i
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Abstract
Distribution of Mn, Zn and Cu in six soil layers (0-5. 5-18, 10-15, 15-20, 20-25 and
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25-30cm) of four kinds of soils {sandy soil, light-colored andoso!, alluvial soil, and
humic andosol), to which limed domestic sewage sludge and chemical fertilizer had
been continuously applied over three vears and then untreated for two years, was
determined and their forms were examined by means of a generalized method of
extracting soluble metals from soils, with the following results.

Total contents of Mn, Zn and Cu decreased in the following order : light-colored
andosol > alluvial soil > humic andosel > sandy soil, both in studge-treated seils and in
chemical fertilizer-treated soils.

Zn content in the sludge-treated soils were high in light colored and humic
andosols and Cu content was high in humic andosol, either being higher than those in
the chemical fertilizer-treated soils.

Total Zn content was high through out the four soil layers under the sludge-
treated layer, indicating translocation of Zn from the sludge-treated layer.

Mast of Mn, Zn and Cu in all soils existed as 1% EDTA, 0.1 N hydrochloric acid,
and 0.2 M sodium pyrophosphate soluble forms, and especially, Zn in the sludge-trea-
ted soils existed as 1% EDTA, 0.1 N hydrochloric acid, and 0.2M sodium pyro-
phosphate soluble forms, indicating further translocation as compared to total Zn.
Key words : Sewage sludge, Heavy metals, Mn, Zn, Cu
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EHE L, BT R GT, ARBEEFEAFRDD Mn, Zn R0 Cu BT, Mn
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B ABE L, X5, B0 LR, tETOTERESROME L LRI T
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2 EEBRHIE

SERINE, i HE, (HRLBEOBRSEOFEREME D BERY TRELICEEY THD, ik,
FEFN 57 SERF VG A R & b CiBiR s ik FBR AR, Bffryara, Zffdsrv vy
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Table 1 Distribution of Mn, Zn and Cu at six soil layer

Depth Total content {ug/g dry soil)

Soils Treatment
em Mn 7n Cu
0- 5 289 344 10.1
5-10 2623 48.6  10.1
- 10-15 286 3.4 10.6
Fertilizer 15-20 2143 303 9.6
20-25 2667 344 9.2
Sandy 25-30 246.4 332 9.4
soil 75 238.4 607 12.9
5-10 238.4  55.6 3.1
10-15 2203 505  13.1
Sludge 15-20 200.0  39.4 9.8
20-25 216.2 281 9.5
25-30 2231 29.3  10.2
0~ 5 1618.2 119.9 91.4
510 1587.6  123.4  92.3
. 10-15  1652.9 123.6  94.0
Fertilizer 1520 16225  119.0  95.1
i 20-25 1685.6 126.5 04.5
Light 25-30 1632.4 116,72 95.8
colored - — -
sl -5 1568.2 1407  92.0
5-10 15965  146.3  92.8
10-15 16482 149.6  93.5
Sludge 15-20  1663.6 1346 9.4
o0-25  1623.8  124.7  92.2
95-30  1659.7 1198 92.3
-5 15014 107.1 57.9
F10 14804 1039 57.4
. 10-15  1283.2  94.6  58.2
Fertilizer 15-20 13354 90.7  58.8
90-25  1438.3  94.9  57.9
Alluvial 25-30 13544 039 53.7
501 05 1341.6  110.0  56.4
510 1388.3  119.2  56.2
10-15  1364.7  117.0  56.2
Sludge 1520 1296.1  105.8  49.6
20-25  1384.8 916  54.3
9530 12474 91.5  54.3
-5 10290 591 446
5-10 10331 63.8  6L.7
_— 10-15  1023.2 72,6  43.9
Fertilizer 15-20 10251  71.5  50.5
20-25  1040.1  58.7  49.9
Humic 95-30  1019.8 597  39.D
andosol 0-5 1013.4 109.8 54.9
5-10 981.6 102.8 555
0-15 10123 1093  55.0
Sludge 15-20  1023.6  86.8  53.5
20-25 10148  96.8  46.4
25-30 986 8 755  41.8
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Fig. 2 Total contents of Zn at six scil layers of the soils to which sewage sludge was
continuously applieds

; Application of sewage sludge
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Table 2 Forms of Mn, Zn and Cu at each soil layer of four kinds of soils

Extractable metals {ug/g dry matter)

Soils Treatment Extractant H,O 0.1N HQl
Depth {cm) Mn Zn Cu Mn Zn Cu
0- 5 0.96  0.26 Trace 33.14  6.15 2,30
5-10 1.88 0.49 Trace 29.18 5.85 2.3t
. 10-15 1.82  0.46 Trace 25.03  5.13 2.33
Fertilizer 15-20 2.02  0.52 Trace 22.11  4.45 2.35
20-25 2.07 0.53 Trace 19.22  3.89 2.27
Sandy 25-30 1.85 0.25 Trace 17.87 4.09 3.01
soil 0- 5 0.89 0.48 Trace  37.20 19.42 6.06
5-10 0.89  0.23 Trace 38.7% 19.85 6.37
Sludge 10-15 1.77  0.23 Trace  33.08 18.18 5 51
15-20 1.77  0.45 Trace  30.87 14.72 4.60
20-25 1.95 0.45 Trace  18.97  5.56 2,78
25-30 2.07 0.53 Trace  20.69  4.67 2,73
0- 5 2.02 0.58 Trace  32.99  3.09 0.58
5-10 2.0  0.27 Trace 33.27  2.69 0.47
Fertilizer 19-15 1.03 0.27 Trace  30.89  3.01 0.61
15-20 1.03 0.27 Trace  22.11  3.63 0.86
) 20-25 1.03  0.57 Trace 22.8  2.91 0,71
Light 25-30 1.03 0.5 Trace 25,53  2.36 0.5
colored
andoso] 0- 5 0.99 0.5 Trace 41.74  3.34 0. 46
5-10 1.02 0.52 Trace 37.74  3.23 0.35
Sludge 10-15 102 9.26 Trace  38.69  3.46 0,47
15-20 2.05 0.52 Trace  32.73  2.62 0.41
20-25 2.05 0.59 Trace 30.91  2.16 0.47
25-30 2.05 0.53 Trace  28.17  2.00 0.59
0- 5 0.91 0.24 Trace 80.54  5.00 4,64
5-10 1.90  0.26 Trace 81.13  4.52 4,75
e 10-15 2.94 0.26  Trace  77.47  4.67 5.45
Fertilizer 15-20 224 0.47 Trace 7195  4.47 798
20-25 3.31 0.60 0.29  65.66  4.74 7.85
Alluvial 25-30 3.31 (.86 1.04 67.07 4.01 7.82
soil 0- 5 0.91 0.47 Trace  97.02 11.74 6.08
5-10 0.9] 0.24  Trace  93.61 12.50 6.16
Sludge 10-15 091 047 Trace 93.71 12.57 5.79
15-20 1.66 0.47 Trace  93.40 10.82 7.53
20-25 1.66 0.42 0.52 83.62  6.29 7.53
25-30 1.97  0.73 0.78 7264  5.52 8.02
0- 5 0.96  0.25 Trace 46.84  3.77 0.22
5-10 0.96 0.28 Trace 43.75  3.67 0.25
» 10-15 1.31 0.28 Trace  40.41 3.6l 0.23
Fertilizer 15-20 2.09  0.25 Trace 36.64 3.80 .30
20-25 1.05 0.50 Trace 36.35  4.10 0.50
Humic 25-30 1.06 0.25 Trace  43.54  3.90 0.50
andosol 0-5 0.96 0.25 Trace  49.97 8.45 0.28
5-10 096  0.25 Trace 47.42  8.50 0.22
Slud 10-15 1.20  0.30 Trace 42.68  7.56 0.28
ludge 15-20 1.18  0.25 Trace 63.54 .44 0.33
20-25 1.12 0. 25 Trace 48 .21 6.72 0.44
25-30 1.12  0.25 Trace 4310 5.6 0.44

—156—




THES BT 613 5 BB SIMn, Zn, Cun iR

*= 2 o3

Table 2 continued

Extractable metals (pg/g dry matter)

1N NH,AC 1% EDTA-2 Na 0.2M Na,P,0,

Mn Zn Cu Mn Zn Cu Mn Zn Cu

1.95 0.36  Trace 24 .28 3.29 1.50 2.10 L. 0.69
1.77 0.44 Trace 21.97 2.89 1.75 2.08 0.96 0.7%
1.85 0.35 Trace 29.13 3.92 1.57 2.55 1.01 0.86
1.82 0.30 Trace 22.06 3.14 1.57 2.58 0.91 0.91
1.82 0.53 Trace 31.40 2.45 1.57 2.05 0.86 0.66
1.85 0.43 Trace 22.75 2.00 1.64 2.00 0.94 0,74
2.17 1.16  Trace 33.76 17.53 4.67 2.85 9.27 3.21
2.12 1.24 Trace 32.12 17.68 4.80 3.36 9.70 2.73
2.20 1.69 Trace 31.31 17.10 4.72 3.16 7.86 2.75
2.43 1.34 Trace 24 .51 11.29 3.51 3.41 5.96 1.90
1.82 0.53 Trace 23.87 3.56 2.25 1.96 1.85 1.31
1.72 0.40 Trace 23.24 2.80 2.15 1.65 1.04 0.96
2.25 0.46 Trace 77.57 9.20 19.63 11.22 5.01 14.46
2.16 0,35 Trace 79 .88 950 19,48 7.93 4.87 16.53
2.19 0.32 Trace 20.06 11.10 18.94 §.32 4.99 12.20
2.08 .54 Trace 92.08 6.55 15.88 6.91 5.76 18.96
2.28 0.51 Trace 97.47 5.37 15.08 11.28 6.67 18.54
2.46 0.41 Trace 91 .51 5.45 14.81 8.61 6.19 23.09
2.74 0.40 Trace 36.95 17.24 17.05 §.04 g.21 17.12
2.51 0.43 Trace 57.97 18.44 18.10 G.19 9.51 14.41
2.50 0.38 Trace 60.99 16.89 17.76 6.15 9.58 15.93
2.62 (.38 Trace 68.54 11.14 17.68 9.77 8.72 14 .54
3.10 0.41 Trace 80.03 6.85 14 .67 15.30 7.25 18.75
3.20 0.41 Trace 84,94 5.2h 13.34 14.81 6.21 19.29
3.26 0.16 Trace 202.9 4.55 7.52 95.14 1.64 5.31
2.75 0.16  Trace 203.0 4.49 7.30 93.19 1.35 5.41
2.73 0.19 Trace 226.8 4.36 7.68 62 .97 1.51 7.17
2.44 0.21 Trace 251.1 2.05 2.49 49.53 0.86 6.16
2.6h 0.21  Trace 257.8 1.56 8.24 44.16 1.07 7.21
2.45 0.19 Trace 266.1 1.64 7.86 48.99 1.10 6.07
2.60 0.29 Trace 175.2 17.06 12.05 91,33 4.96 4.39
2.45 0.34 Trace 182.1 18.40 12.39 79.43 6.63 4.53
2.37 .42  Trace 196.6 18.90 12.95 3461 6.91 5.19
2.50 0.49  Trace 243.7 14.43 11.99 78.27 4.16 5.17
2.05 0.24  Trace 305.0 4.62 10.54 36.19 1.60 5.32
2.16 0.21 Trace 233.8 4.82 15.84 42 .67 1.28 7.47
2.51 .27 Trace 144.6 8.33 13.25  167.3 5.06 18.55
2.44 (.30 Trace 71.03 10.75 16.06 186.5 4.98 15,55
2.39 0.28 Trace 76.27 10.00 16.00  174.0 4,75 18.95
2.42 #.31 Trace 92.31 8.23 16.02 154.5 4.34 19.93
2.83 0.36 Trace 89.35 6.82 16.62 157.3 4.26 20,14
2.82 0.39 Trace 89.73 6.13 16.99  148.2 4,44 20.79
1.86 0.58 Trace 150.4 21.23 16.67 182.3 16.97 23.47
2.30 9.66  Trace 1255 25.13 17.01  184.3 16.34 28.49
2.30 .41 Trace 138.3 25,28 16.61 184.7 16.52 23.29
2.52 0.47 Trace 119.1 21,74 17.04 193.3 13.36 19,81
2.69 1.13  Trace 89.62 13.41 16.41 188.2 9,22 26 .87
2.9% 0.29 Trace 98.63 9.83 16,15 197.2 8 8% 26.36
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Fig. 3 Forms of Zn at each soil layer of four kinds of soils
: Application of sewage sludge
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‘ A DV C BB A O SR A TR LD TH L, BIRLALL 51T, Thbofii,
BREGE THLEIE»LHIBO~15cm)TEHL, HROBA ST L7086 18(25~30
‘ cm) TEWEARL, H4BROFEIFEA5~25cm)Ay, #6 F(25~30 cm) L » & fER R L1,
Lo e, IhEOBEILZIn LD, SHLIZTRBCBHLL TV HETHAL LELLRE,
PAlhwmiic ks, BiREHLErs354 Mn, £ 7Zn BU'e Cuil, BIREUYLEIRE R
DCTFhIBEBEERA 7+, Wt Bxs+ BEHAOMECKL, tEoBBcL-TERS D
ENEILICE o, 3, BREMRKCSTLE Zn 4 @Ho+Ee, ¥, £ Cunl®HE
LEOCERF s TR TRAE S, LFIEREY EAS 2 SR bR, —H, ©Znit, HBiEx
HHLcABEOLIEC ST, FREABOTESEIBEZEITE L, BRESGE» O ZInoB
B bnt, JOBAEHEA-RUCRE S Lkt ARBMY04E CuimovT L@ LR,
ZAHErho Mn, Zn BUCuiz, A#521%EDTA, 0. INEHBEREG2M ey VE#+ Y
vATEEE UTHEEL, Bic, FREARAECHETS Zn it 1%EDTA, 0.1 NEBEO0.2M
Ee ) VR b ) ATEOWMEEE LTHET A EB B nR o,

5 B X #

D L n ZA « B« R HE1986) R KB IEA IR SEEIEF O Mn, Zn, Cu O Bz AEH
FRTIRAEEY, 94T, 19,

23 B BU98L L ILSE B Ic kI A 7V v B RSB SO TIC o€ AR LI
2k, 52, 347-355.

D WA L RNFEE - BB - BIEE984) | TGRSR SMESEYoRACE S BSET
FOLRERM LB, DR BRI RmBE S, 5304 286.
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EROKBLEETICL 2BEABECREITREE

Effects of Paddy Field Application of Sewage Sludge

on the Aquatic Environment

SAES « FRRET « EABD
| KA T - b

| Osami YAGI', Yuhei INAMORI', Mikiya HIROKI'
Norio OKUBO? and Ryuichi SUDO?

| E 5
KAHAOKRT 1 4 =& — AT, FRERLAALECRET LSS o KEBRE
' P, ) v oRA~O AR CRREMCRETREC VTR R i i, 3R
THRBBOHAR & HRBE L TOERER O ATED ST A w2 -4 —& v, HEAKMLTER
EROKES LR RER R ATV UTO S vl o L,
BRAYKAAECETL LSRG, HRXTPCSERRECHABEE TR ey, X
NH,-N 2.45mg/!, NOp, N8 3 mg/! ¥R, ¥ 28 KT0.054mg/! TH -1,
¥ 4: AGP @i A fliE Microcystis, Selenasirum THRFN 9. 4mg/l, 7.0mg/l T-THh
LRAE2HAUHOLOTH -fo, BAE 2 AABREBE»SORBERESEENCE
ATBZEXTFEEN, —F, BENIERABROBEELYREAYS b iE L
Bhis,
SEOMBTROELR LSS o T 5 Microcystis W NI TEREEREIT 5
% Selenastrum capricornufum % FCTHEK £ BB AOHREEDE >V TRE ¥
it WHEKNRLERENKT Selenastrmon 1Tk - TV VEIRICH - Tute, F 2 Micro-
cystis DG, BEKRUBEENCER, V- 2ENLTLHE AESLA TV - P BE
THLHEDTAZBMICEMT 5 L IBMARDERE 2 &0k, BRAECLERERIL
Microcystis & - TIBRLICC WIKE Lo TV A ERIRL 2,

Abstract

Effects of sewage sludge treatment of paddy fields on the aquatic environment
were investigated using lysimeters in a greenhouse. Three kinds of sludge were
applied to paddy fields. Nutrient concentrations and Algal Growth Potential (AGP)

1. BZAEWER KELERSET T 305 MR mEEe mmer/ gl 165 2
Water and Soil Environmental Divisior, the National Institute for Environmental Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.

2. BBEST~60 B BEAEWHEFEADEE (ERC¥ESH 7274 #gh=il2-2-D
Research Collaborator of the National Institute for Environmental Studies. Present Address : Toho
University, Faculty of Science. Miyama, Funabashi, Chiba 274, Japan.
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of surface water and leachate were measured.

Nitrogen and phosphorus concentrations in the surface water increased by sludge
treatment for 2 months. Maximum NH,-N, NO,-N + NO;-N, and PO,~P concen-
trations were 2.45mg//{, 8.93mg/{ and 0.054 mg/ respectively. However, after 2
months of treatment, the nitrogen and phosphate concentrations reduced to the same
levels as that of no-treatment. AGP values of Microcysiis flos—aguae and Selenastrum
capricoriution for surface water were 9.4 mg// and 7.0 mg//, respectively. There-
fore, it is important to pay careful attention to the managemant of the surface water
level of paddy field for 2 months owing sludge amendment.

The concentrations of nitrogen and phosphorus and AGP values of leachate were
bath very low and these values were the same as for those for non-treated leachate. It
seemed that the sludge treatment had no effects to the water quality of the leachate.

The limiting nutrient of the leachate was phosphorus for S, capricorution.
However, No growth stimulation of M. flos—aquae was observed upon addition of
phosphorus to the leachate. Additions of phosphorus and EDTA to the leachate were
very effective for the growth of 4. fos—aquae.

Key words : Sludge, Microcystis, AGP, Leachate
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Fig. 1 OQutline of lysimeter
TE : Thermometer, LS : Liquid sampler, GS ; Gas sampler
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Fig. 2 Structure of lysimeter
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2.2 #tRFER

FEHRLABREYF LT, No2osA o2 —s— it THFAAEBOBREHEARER
UL 2 82z e, BABEERISLD, No.3DF 1 v —x it Nj FKaE
DERYES TERERC X b B, BOKEBEE IR0, Nodos 1 v A—F it M#T P
KABLOHR &5 TREFTEBEISE, BIEMBLLHBEEY A No 1oz M rA-
2 — ISR AR BRI & L, B KRR, EF0BE1LTI160kg-N/MhaiZ/s L3, No.
2, No.3, Nodms 4w 2—-5—i5¢t 3t 3.7t/havthEThiEA L, HRER 1em
OHELIBAELTHRBEL A,

* 1 TAHEROEHR

Table 1 Characteristics of sewage sludge

Lysimeter

Neo. ] No. 2 No. 3 No. 4
Location of - . .
sewage plant V]Victlh out T city N city M city

sludge
Coagulants amendment Ca(QH),, , .
for sludge - FeCl, Polymer Polymer
Sludge Raw Raw Digested
treatment sludge sludge sludge
Amendment 5 t/ha 3 t/ha 3.7 t/ha
amount (160kg-N/ha) {160kg-N/ha) (160kg-N/ha)

2.3 SALA—4—0OnBEER UIFKEEMH
S A A= — OB O AR AE 2R T 5 B 16 B 2R 10 cm IKiHREYEE

£ 2 BEKEBEKOHEKA

Table 2 Sampling time of surface water and leachate

1983. 5.16 Sewage sludge amendment

5.23 Mixing of surface soil

5.24 Sampling of surface water (1 week)

5.25 Rice was planted

7.11 Sampling of surface water and leachate ( 8 week)
8.22 Sampling of surface water and leachate {14 week)
10. 3 Sampling of surface water and leachate (20 week)
10.28 Stop irrigation of surface water

11.14 Rice was harvested
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FHUEO KB BRI L 5B e

#10cm OB D, FO LBRBCRrEEAG, BAEAL CAYEA LERKOEEKE
L, 2R -COBHEAMAYT-0b, TA 11 Q@ HEE), 88 22 5488, 1083
0020 BRE T HEA R BEKDREKET -1, BEKILERE LD Bam DL IH IR
Bt Lo, %7, CORBEAOKS Y 2emicb, W LagrowTOIERER R L1, &
4510 B 28 Bk A wiEl L 11 A 14 Bl b 217- 7z,

2.4 KEHHOFHE

1T 7k & U588 3B A i o T 4L, NH~N, NO,,.-N, PO,-P o B % % fT-7%, NH,-N,
NO..-N, PO, P hi 77 =avllad—+ 7774 ¥ -¥ACTUTORETHIRLAY,
Thbt, NHN@A v F7 =/ —2idd VS 8SHE NO, N@AALZ 7 =T 2 ¥ L
B RER Lo 7 Jegme e 5 ABoiE, NOy-Nite ¥ 72w T NOICRTHE,
NO,-N & RO HHEC & b BEL . |

2.5 AGP RURIBREYHHEOIAESL XY

AGP R E Yy AEWRFE ISR ~72Y, SR ELTY v P2V GF/C7 12 —THK%
EHEHIGZS8L, oA 100m! % 300m/ A=A7 7 A 2 EEMIZ 100ml FH5EL, TH
R EE L AGP RBRA T -7, HIREEDHEORFICE, REMCERL AR EHE
OFFEEYIHRN LA, BEYEELL, BNRBRCEVTR, BRNY 2 e - e L,

Vo ERDn, EEEM, Vv EEREM Vv EEELZEDTAHNET 7, VP LLTOL
mg/l L75 E O K HPOKE R, FLEREN LT Img/! L5 X5 NaNO KB
%, EDTA 3 Na, EDTA « 2H,0 % I mg/! il iz,

AL L THED AGP BB OB L /- T\ - SEREOD Selenastrum capricornufum T
B i CRKOFERLHET S Micvocystis flos—aquae  Fi\ . Selenastruom ¢3.25°C, 4,000 Ix,
90 rpm TR & 2 ST C, Microeysiis ¢ 30°C, 2,0001x, 1H 1EFTHBATHHBESET
TR AT o, BB aL 2 -3 v ve —ZF-NEL R CRSREAR CREHL T L,
BHEA LB ERC I ERERYER L1,

3 RERUEE

3.1 ERAOKE

HEAD NH,-N, NOyp,;-N, PO,-P BT 5 KBS RS 3ITRLA, NH,-N D4,
BRSO BEA LEERT0. 14 mg/l, HK - HNBT0.20mg/l, &5 FNETO0.38
me/l EBRERC L O F e ST LA, HUBREOHE 2.45 L EL {EGHERRLL,
Ll 8B#ICIcd ST hoBed 0.09me/! LT EATEVCHAYRL, 14 BHCOI0.03mg/!
DIFEZL B E 7o 7,
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£ 3 HOXkoOKHE

Table 3 Water quality of surface water

NH,-N NO,,s-N PO,-P
Weeks Weeks Weeks
1 8 14 20 1 8 14 W 1 8 14 2
without . 0.14 0.03 0.01 0.02 090 0.01 0.01 0.02 0.008 0.006 0.000 0.000
FEtdEe () 0.20 0.00 0.00 0.03 0.70 9.3 0.05 0.03 0.012 0.026 0.005 0.000
o Siudge 0.38 0.03 0.00 0.03 0.31 0.31 0.04 0.03 0.025 0.035 0.000 0.000
£ﬂ§§;;8d 2.45 0.06 0.01 0.02 8.93 0.36 0.04 0.02 0.032 0.054 0.014 0.000

{mg/ )

NOpo-N OFEz, AEHE v, ERATE 0.9mg/l LAK %, S7TFABILLHE
@A LIA, WHIBRE S 9mg/l SFL CEVEYRL, 8EEIEERTI0.01mg/l &
ELOEGEHL, HRERATT0.30~0.40mg/! BEE 1EBL Y EITLER DL
Ftce Lol 4B n &, HREERIFATS 0.05mg/l &afeh sz,

Vv OBE, HREEAE®T0.01~0.03mg/! BE-CEERD0.08 L@V EXTLL, 8
W, B L ERBEOEELRLLY 4 BE G EGCERTL, 20 B CV-TROB
HHHEHRA (0.00lmg/d UTFTH -1,

—~RICEFCHL TR, EREES03me/l LlbEea k, KESERFLT A D ESNBR
THEh, IOMBXERTLE, HREABE2HAMGIOEYBLLZEABEA, 220
BEASERENCIEEYS 215,

—%, P oREREFELOREL LT0.02mg// BENAV-SRTV-E, HROKAL
R TEH 2 HEORERTL coEYR L TVABAE L EL LA I A ERIIIEE R
Lz ALEFRBLCOEEY S 2 b0 sELLRL,

FRAERDOKET, NOypeN B UEFRINC G oodo B3, 1 BEH0.90 & o5 fidr
Lo CHITHWERAOE 2T bl FOEENTLLDEF L LN,

3.2 BEKoXE

BE KD NH,-N, NO,., N, PO,-P cHT2KEFWHRLYFET 410 LI, NH-Nw, %
WAmALTS 0.04me/l IFEEL RS EEHEERILBETHD Z ¥ NO,,.-N L 5IR
ML TH 0.06 mg/! BT Eb IcnEERTR LA, — 7 PO-PEBIL T3 RToOBET
B S RFERAYEAL ThHEY B emBl@ThiE) vaREKBREZRD D LE I LN,

—166—




EROKEALERTC Y sEkRE T

* 4 BREKOKHE
Table 4 Water quality of leachate

NH,-N NO..a-N PO, -P
Weeks Weeks Weeks
1 8 14 1 8 14 1 8 14
Without ;
amendment 0.00 0.02 0.02 0.02 0.02 0.01 0.000 0.000 0.000

e O ety 001 0.04 6,03 0.04 0.02 0.02 0.000 0.000 0.000

Raw sludge

Raw shuds 0.0 0.02 0.01 0.03 0.02 0.02 0.000 0.000 0.000
Digested 0.02 0.03 0.03 0.05 0.04 0.04 0.000 0.000 0.000

{mg/)

Doz &XoBBEkdoER, |V vyBEERcEIBREERCL 2ERBEL~OFEE IR L
AEltdbDruvz k5,

3.3 HEK® AGP

BEXD AGP O BIERERYF 50k L1, S capricornutun O%BES 1mg/l #8250,
B« #0Bo 8 BHEO 2. Tmg/l, SO TFAEN 1B, 88O 7.0mg/l, 1.9mg/l, #HLTH
RO BEERC6.9me/l THL 4 BHRIIThOBES Lmg/l LFER UL, —BITHARD AGP
2 lmg/l DTFoBER, KEXRGKEVWS 2 kP2 52, 14 BEOBEEKL AGP iz
FEERVIKEV AL 5,

£ 5 MmEXKD AGP
Table 5 AGP of surface water

5. capricoynuinm M. flos-aquae
Weeks Weeks
1 8 14 20 18 14 20
without 0.5 0.2 0.1 1.0 0.2 6.3 0.0 0.1
?é:gg‘[}{‘g‘fel?ecw 0.5 2.7 0.3 0.3 0.3 4.2 0.2 0.1
%mﬁﬁ% 7.0 1.9 0.1 0.6 0.0 0.5 0.0 0.0
gﬁﬁm 0.3 69 0.4 0.7 0.1 9.4 0.1 0.0

{mg/D
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—, M. fos-aynae DBE T BECEK « GAERURE(LERT4.2me/l, 9.4mg/l &&
WERTR L, 14BEEE0.2mg/ T EWThOBEHEL (EWEL -7

AGP 3Bz 3\~ T, S capricornutum D& & i3 M, flos—aquae &\ fH AT HH (R 25
Faobhicd, GOTFEROER1B®, S capricovnntum THIEL <EWEXRL, M
flos—aquae T2 0.0mg/i TE&EREVZH LA 2100, TORRCOOTIARTHL, ¥
to AGP CHIBERINER £ 0 &0 8 BEOL & AGP 2R T 2 &V ZOREC 0T
ARTH S,

3.4 B&BEko AGP

BEKD AGP o IEHERYFE G WwR Lic. S capricornutum O M. flos—aguae T WD
EHBRABELTE AGP i lmg/I LT THh, BFEKD AGP 2L k- &A% LI,
IHIEBEKGO ) vAMEERUTLZL CKGLBBEEKPTERSHEMMTE LV 5D EF
Zhbid,

# 6 BFKOAGP
Table 6 AGP of leachate

S, capricornutitm M. flos-aquae
Weeks Weeks
8 14 20 8 14 20
Without . -
amendment 0.4 0.2 0.8 0.7 0.3 0.1
Raw siudge 0.7 0.4 0.7 0.0 0.0 0.2

{(Ca(OH),. Fe(ly»

Raw Sludge
{polymer) 0.6 0.1 0.6 0.2 0.0 0.0

Digested
shudge 0.1 0.3 0.5 0.0 0.0 0.0

(mg/1)

3.5 BEKOEIBRRENE

HEAOEEAEECET 5 HRSHEME T AL cT o), HEKCESE, Vv, EDTA%
GMLBERORAMERE YR~ ToBRYRI 3~ 6 Im L.

B 3 B 0 T AGC SRR 2 R L s B S DR R AR Loy, HEKIT S capricornutum
REBLIES, SFRAEML T, BEOGAMME ERMOBE & BECIE L A KRN
bR, U yEmMc L A 1 EME T 8eme/! SELLSVCBREENMEORT, ¥
-8 RU20EETL 6me/l BIFFEHRMNL 0 EVEATLL, TOZ &1 8RB0 HE
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S, capricornutum

—
80} 1
60

S

o 40r

E

i

S 20 H

2

< 0 = P

3 18142 1 B2 181k ) 8142 Weeks

v s N P NP

E

£ 40 M, tlos —aguae

x

o

b3

20 H
Q = =
1 81420 1 81420 1 81420 1 81420 ' 81420 Weeks
S N P NP NPE

B 3 HEEAD AGP SHIRREHHE GHREERAD

Fig. 3 AGP and limiting nutrients of surface water (Without amendment)
S : control, N ; NO,-N 1mg add, P ; PO~P 0.lmg add, NI’ ; N and P add. EDTA ;
2Na « EDTA - 2H,0 lmg add.

OHERELY v PHRERYECH D 2 LAvnd, i, FERE Y VREEEMT 1, §RU20
BECEEEOBIERIIFRF R 8 mg/l, 35mg/l, 16mg/l THE, 8KU20 EWETY VM
DB E DM ERCER R LA, SO &2 8 U 20 METIREES Y itk SHIREIEYE T
5L ENbD,

—7# M. flos—aquae DB G, FHE, V) VHXESENL TLEEREORAIZDH LT, FH,
V>, EDTA #RIRHCHRMLA & 2ic 8 XU 20 B T T ASRD LR, 202
Lt M. flos-aguae CRAT A CrIaEdE, v vRMES @L< {, EDTA ofFf X
GRS (bbbl EL BRI,

H4 Ak, SaEY LAHBRA R LAHTKORFEHRRABE R R L, S capri-
cornttum TY 8 ABERRMTHEEE WA TLZ 0 LERSHRIC LTV 5 2 8, ¥/
L, MWED208%) vIENTHATLZ Enb ) vHEIRIC K> Tv 5 EE L bR, —H,
M. flos—aguae Tt 1 BU S BHETY YHIB-TH 0 14 T 20 BEER, VS CraEmsEE
HEY EDTA O X b #s TSRS b,
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80} .
S. capricomuium
I

60f
I 40
o
E
£ 20+
: Nl
o ol Nall
= 1 8 1420 1 81420 1 8420 181420 Weeks
8 3 N P NP
g 40 M flOS-C’gUOe
E
=
o
z 20 1

181420 18142 181620 18120 1 81420 Weeks
5 N P NP NPE

K 4 HEAD AGP » HR&EDE (Ca(OH),. FeCl B HIE)

Fig. 4 AGP and limiting nutrients of surface water (Ca(QH),. FeCl; sludge)
S ; control, N ; NO3-N 1mg add, P ; PO,~P 0.lmg add, NP ; N and P add.
EDTA ; 2Na « EDTA - 2H,0 lmg add.

SESTFAELLBIRYRE L AHEKOB&GTHLE, S capricornutum 128 - T 1,
S8R 14 8% VHIRRTH ~foe —H M. flos—aguae TiL BREBCEE RO viRMT 20 A%
Y CEMTE s D Bor 14 #ERE, Y v RUEDTA Hin TR OB ANED LR,

E 6 LB OWMERDBE TEL P, S copricornmutwm TiL1, 8§ BEY vHITRAFRT,
20 BHRGERE Y Y OERRICHR E 7o Toie, M. flos-aguae DFE, 8 BELEE, H.
Vv, EDTA 2R HENL CHMILR & A CED bRl o,

HExDEIRERYE LT 7T Lt S capricornutum DEEC, SIRBE 2 LAY
DEE YV THote ThEEEKOKEFWRRIGLHOALL S, ERCE~Y voRR
EAE <, KESWOSE L EEERRBoBER LB (~8L TV, LA L M. fos-aquae ©
By v, U EEE VU LEELEDTAMSRC - T840 50, HESIRSEL
BicgEM ) v itk <, EDTABRBRESHRIC - TWA2BELFETI I L E I,
Fh PG LA D, BHREY v EEDTA 2FRpCERNL THBEOBMATD S ich - 1o
DLRFEL TR, M fos-aquae DBE LD ELEDH LRI,

FBRAYEALARE LR TORBEERE ISV LAFERRD bALh o7,
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60r
S. capricornutum

40
—~ 20
o
€ Jo. 0. - LU
- 1B L2 Y 81120 1 B2 Y B2 Weeks
-—r e — ——_— | S |
2 s N P NP
-
o
_ 8anr _
© M. tlos—aquae
o M. flos-aquae

601
£
3
£
% 40f
=

201

= A~ jm HH
181620 1 81420 1 B2 1 B1420 1 & M 20 Weeks

5 N P NP NPE

B 5 AEKD AGP LHIRFFHE (G5 FARER

Fig. 5 AGP and limiting nutrients of surface water (polymer sludge)
5 ; control, N ; NOy-N 1mg add, P ; PO,-P 0.1lmg add, NP ; N and P add.
EDTA ; 2Na - EDTA - 2H,0 1mg add.

# 7 mmEkoHRHE

Table 7 Limiting nutrients of surface water

S, capricornufum M. flos—agie
Weeks Weeks
1 8 1w 1 8 14 20
Without , . - .
amendmet g P ? P 2 NPE » NPE
Raw sludge : :
(Ca(OH), Fecty 0 N P F P P NPE NPE
Raw Sludge .
(polymer) P L P ? NPE NP  NPE P
Slilg(iegg{séec} PP > NP ? NP ? >

N : Nitrogen, I : Phosphorus, E : EDTA, ? : Unknown
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601
S. capricornutum

A0

207
N
o 5 H Hr]_& H
E‘ 181420 1 8142 1 81420 1 Bl1420 Weeks
- —_ a [ — 1 | S —| —_—
= 5 N P NP
; .
g
U\aa_
3 M. flos-aguge
2 A

SD{
E
>
E wof
ka3
o
=

20}

8

W20 1 8%W 182D 181420 18U Weeks
S N P NP NPE

1

6 HmAD AGP L HIR#ESHDE (HHR)

Fig. 6 AGP and limiting nutrients of surface water (digested sludge)
S ; control, N ; NO;-N Img add. P ; PO,-P 0.lmg add, NP ; N and P add.
EDTA ; 2Na « EDTA - 2H,0 1mg add.

3.6 BEKOEHIBRENE

R 7~ 10 12K DHIE R E & Tt R T Ce, (8 T G75U8 & B L 7w KO
THBH, S capricornutum DHE VY BB RY Y E BRI GBI 2 T M,

flos—aquae DBEL, WHREV v EEDTADO IESNBRCHEEE L bRt

M 8 T AK-BAE LICHEDBETHE Y, S capricornutum T v TR IS -
T 0, M. flos—aquae T3 20 BHTY vENTHEBEL S LA EE, v, EDTAR
B cIBR AR Bk,

9. A THRERQLESE, B10GMLBROBETHLN, Thi S capricornutum
Tt L A YOBE ) vHIRTH D, M flos—aquae TIXEFE, Vv, EDTA #Hmwc LB L L
2o

BEAOERLFME AL QI E Lty BEXOESRBRLEE S capricornutum O,
BEAEY VY TH ol THRBHEKOKESHOHERBRERPIZZ Y VAR LAZSERT
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40 5. capricornutum
~
h
E 20
E |
] ~ [1. M M
[+
o g 14 20 8 w2 Iangiauzg\-‘veeks
= S N P NP
L]
(8]
40
£ M. flos —aquae
3
€
e
o
=

: ol

B % 20 B 1420 B 1420 8 % 2 8 142 Weeks
5 N P NP NPE

B 7 @&Kko AGP rHIRZEYHA (GlEEH)

Fig. 7 AGP and limiting nutrients of leachate (without amendment)
S control, N : NO,-N lmg add, P ; PGQ-P {.lmg add, NP ; N and P add,
EDTA ; 2Na - EDTA * 2H,0 Img add.

S. capricornutum

40
<
o 20
: H
£
3 0 L_]l-'l{—l H
g 8 1% 20 8 14 20 %20 B 1420 Weeks
5 . ;. . .

S N P NP

T
[9)
€ 40 M. flos ~aquae
3
£
= 20
g
=

0 il

E W20 B 14 0 B 142 81420 B W% 20 Weeks
s N P NP NPE

M 8 B#EKD AGP LEIR¥EDE (Ca(OH),. FeCl,AARHYR)

Fig. 8 AGP and limiting nutrients of leachate {Ca{OH),. FeCl; sludge)
S control, N ; NO,-N 1mg add, I’ ; PO,~P 0.1mg add, NP ; N and P add,
EDTA ; 2Na « EDTA + 2H,0 1mg add.
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S. copricornutum

49
> 20
£
e
';’ 0 v""\]_]
e § 14 8 14 B 14 8 16 Weeks
U] — | N | I —_
S N P NP
=
ht
4o M. flos—aquae
E
E
'z 20
g
2 H
0 1
& 14 B 14 8 4 8 14 8 14 Weeks
S N P NP NPE

9 BEKRD AGP SHIRRESE (B9 TaBRH

Fig. & AGP and limiting nutrients of leachate (polymer sludge)
S ; control, N ; NO;-N Img add, P ; PO,-P &.1mg add, NI’ : N and P add,
EDTA ; 2Na - EDTA « 2H,0O Img add.

S. capricornutum

40
N 20
o
E
£
o0 =
5] £ 14 & 1 8 14 g 14 Weeks
o S N P NP
B
c 40 M. flos-aquae
=)
£
x 20
=
. nn
8 14 8 14 8 14 8 14 g 14 Weeks
S N P NP NPE

10 B&ko AGP L§IRFEDE (HLHR)

Fig. 10 AGP and limiting nutrients of leachate (digested sludge)
S control, N ; NO;-N Img add, P ; PO,-P 0.Img add, NP ; N and P add,
EDTA ; 2Na * EDTA » 2H,0O 1mg add.
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PSR IH A58 T T & SRR R T e

#.8 BEKOCHIRYWE

Table 8 Limiting nutrients of leachate

S, capricoynutiom M. flos—aquae
Weeks Weeks
8 14 20 8 14 20
Without s -
amendment P NP P NPE NPE NPE

Raw sludge , .
(Ca(OH),. FeCly) P E P NPE NPE P

Raw siudge 5 _ - _
(polymer} I P NPE NPE
Digested » _ ' ' _
sludge k ? NPE  NPE

N : Nitrogen, P : Phosphorus, E : EDTA, ? : Unknown

IR ERS—H UL, Eho M. flos—aguae DEE T & A FOBE, v v RUSEEYERIC
ML THIGHELRD L hY, EDTA OB & o WEROR A28 bii, BERT M
Hos—aquae /o & > THIE L vk Th b b2 L 5, coBRCOWTRBEEDE - ARHTSH
A9,

—, BRYERALCES L LEVEE T, BEKOIRGENMEOHEEBMEOMBINTE A
Efswdokvi

4 Fia

1. RECHERYELT A6, 120 AMRBRE»LOEEDE A AMEKcBATS C
EATFEERL,

2. BROBLTIKOOBENCH L UGB LAYEEYRITX LG EEL LR,

3. BEKCEREEY VIENLTE Microcystis ¢33 RIF /oMt T34, EDTA 0oENic Lo B
H I AR AR b i,

51 B X ®

1) AGHZEREA(1985) | FABEHEE. 224 p.

2) MRS « HAB S - ABE—1984) | LERFKOMEAEOBICRES. AAEEK 26, 50-57.

3) BEFAMGS1984) | FhREE . '

1) ErAEHEIOSE | WEOERREBEIL LD AGP olE. B ALPEETHRgE, 526 2.
53 p

5) BRI AETRET984) | HROAIEET L FOoEBc BT AWA. BUATHATHRHY. F68
&, 197 p.

—175—




BRIAHFRHTRES #9445 (R-94-86)
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Microcystis B7 » R0BB IR IITHE B e

Effects of Bacteria and Organic Materials on the Growth

of Cyanobacteria, Microcystis aeruginosa

KARES' « REXE - EHFH - AR

Osami YAG!', Mitsuhiko KUMAGATZ Yoshichika TAKAMURAS®
and Ryuichi SUDO!

E B

Microcystis 2B E NP THMLIC L, EDTAHFC L A RF LD o b
Mo, Microcvstis OWBIRITAERS L X 0 IEFCIRIBET 2708, Microcysiis YR KT+
I & H o RS0 TRE I 21,

A & LT, Microoystis WATER LGB HIE S, 088 E LTkl =+ A,
~ 7 b A& T nutrient broth M\ 7o, Microeystis DIEREL, 20mg/{(TOC 2 LT7.5
mg/ LB nutrient broth @ L b FOEMTEE 2, LaLics s 2 o
VL, Microcystis WAERS L QU B B A S SR 5 &, W0 Microowtis DRERAEE iz,
Microcystis WATHE LS 20 Bken 5 6 10 B H TS C Microcwsiis OBERTS IR
HEFTAER2HE LT, FERWOEAE Microowtis OB A2 <{B5LTwsL0 L
#zbhis

Abstract

Effects of bacteria and organic materials on the growth of Microcystis aeruginosa
were investigated. Bacteria—free M. aeruginosa K-3A isolated from Lake Kasumiga-
ura and bacteria isolated from M. geruginosa floc were used throughout this experi-
ment, Nutrient broth containing meat extracts and peptone was used as the organic
material.

Microcystis growth was stimulated by additions of both nutrient broth and the
isolated bacterium, but inhibited by the addition of more than 20 mg/{ of nutrient broth

. B oHWRR A LSRR T 305 S R IRE MAeT N 16 % 2
Water and Soil Environmental Division, the National Institute for Envirenmental Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.

2. BEFIST~594EE [ AEPIRATGLFAMSE (IEAT AR T 300-03 YR FREERE RED)
Rescarch Collaborator of the National Institute for Environmental Studies. Present Address: Faculty
of Agriculture, Ibaraki University, Ami Inashiki-gun, Ibaraki 300-03, Japan.

3. IBFIS6~60 £FE HEUAMMENMEATEE FEAREST T 300-03 FIRDAGEEMT RED
Visiting Fellow of the National Institute for Environmental Studies. Present Address : Faculty of
Agriculture, Ibaraki University, Ami, Inashiki-gun, Ibraki 300-03, Japan.
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only. Ten strains of 20 isolated bacteria stimulated the growth of Microcystis. 1t
seemed that the presence of small amount of organic material stimulated the growth
of Microcysits in the aquatic environment.

Key words : Microcystis, Bacteria, Interaction

1 BRLaiz

ZEEMOBFREL LB TR, Ebfiessd, Microoystis Bin L 27+ = (ko) 24k
REL, HaBEFEL TS, {3k BEORFEMBRTITKFD ) v i EFRoRE
RELERL T2 EEZLRTELY, ToMCh e s VEYRF L — FMPEY, W KR
HY I EOBEY P EROREBIC A B EY RIET LRI R TV S,

LichioT, BREZKHILET LRSS, T0RENOER~cHEY THIEEL TR LE
BHHEBbRD, TR, BROREHMCEESESL TG LV 38E LV (o
TERD LD L Lindie, Microcystis WEL T, Anabaena % Aphanizomenon
TEED L S IAROD T B IEAT, M E ORIV T, BEA SR LERT
Wiy T Microcystls RO L2 I D EEZ LR D,

Z T, Microcystis DB RETHEHE U HEORELE LT~ <, WEoHs
LB D Microcystis & Microcystis OB EILET O HIE R BV, B#®O Microcystis D
MR TR VTR RN,

2 EBRFE

2.1 PHFIHBTSHEOLBAE

TAZCNETIHAOENEYHM LR T, Erilick e C7 a2 nkEr e LT3
EEOMKA98IFE 10 A 4 HEEOH 0 m! #HEELZC A7 U a—F+ v 7R 50 m! REFICE
BPelte, o, Bkpo 7+ 20R FBEO—oRfZEE v €5 Y — =y T, 10m/
DREA L EANRBECB L AN, Cha X URVEELHE, BEE-oRELTH LVRE Y
Ly FARAGCTH AL I0ml OB L, FIElEERcEY BE, co—@oldkc L
HEEEIEY TEE 0B LA, BBICS0W, 30 BROBEELAEYT-T7 4 20 r s
Lt BEBAICL D, BHELSERUCMEG, /10 BEOS BERFREm(P=+ A 0.5
g/l, <7 bv1.0g/, Sk + Vv s0.5g/, EL15%)T, 15 BRE, 200C ciE#F LI, &
FLCEAMEY 7+ 2858 LTERCHLA,
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Microcystishi 7 v SEQ BRI B id-H IE X 4 B ot

Cotton plug
l:nc washing (7 times) |
@ Al cap
[ 1 Sonication (30 sac.) —[

Incubation on 1/10 nutriant
agar plates (20°C,15days}

©

L/ 27 strains were isolated J
Lake waiar ! \ 2 3 ? 8 L

Sterilizad watar (10mL)

B 1 Microcysiis fHEREBRBERD O S BE

Fig. 1 Isoration procedure of heterotrophic bacteria associated with Microcystis

2.2 Microcystis aeruginosa K-3 A OIERE{EEMBE N A7 ) —=»2Hik

D BEREE

REBCHV A M. qeruginosa K-3 A, EELDAEFHOKOIE (F42) mhE2, b
HEWMECL - THBLEE e - vHTH B,

2) B oM

AEBT, F1CRLACAKD MP, MF, MB o 3#S0kEirHyv-fo, MP 5y, 7=
VB SR RHE L TRY, M. aeruginosa K-3 A DIRFFEFENOTIERCH A LI, MF g,
BWE_#P e, TE2EEENTH L, MBEH, MF 5#C Nutrient Broth % 40 mg//
(W=%= 10mg/l, =7+ v 20me/l, B+ v oalomg/l) EMULERTHSL, M aeru-
ginosa K-3 A LI & o — 38851, MF it s MB i VT, ok, Chbhoii
i, A — bz v FEE 2010C, 1545) #, Esc AT,

3D EBENE

D M. acruginosa K-3 A ORTE#

M. aeruginosa K-3 A OFFEFEAC 0 W, #4120 BEIOBSHAE»HEOCT » TRk
L, £0 1ml % 100m/ o MP Bl A7z 200 mi 27 7 2= B L7, B3, 307
C, 2,000 Ix AR e (BEYKE), BELET -7

@ MEONIEE

| HE A BRI 400 mg/7 © Nutrient Broth 10 m! 2L, REHEAZ v P bEEYE
BLTWCC2HM, EL8BLT-7
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x*= 1 MP, MF B O° MB i oo 15
Table 1 Chemical compositions of MP, MF and MB media

MPp* MF MB
NaNQ, 100 mg 100 mg 100 mg
MgSG,+7H. O 75 mg Hmg 7hmg
CaCl;+2H,0 40 mg 40 mg 40 mg
Na,CO, 20 mg 20 mg 20 mg
K,HPOQ,*? 10 mg 10 mg 10mg
Fe Citrate .6 mg*? - —
FeCl,+61,0 - 0.5 mg*® 0.5mg*?
Nutrient broth - - 40 mg**
Deionized water 1! 1/ 1!

*¥1 Preculture medium of M. aeruginosa K-3A
*2  Added after autoclaving

*3 0.lmg Fe

*4  15mg TOC

@ —HEE

M. aeruginosa K-3 A OFERERT, 100 m{ Ofx Al 200m] D=ZF7 7 A2, &
BEN Img/l e h Lo wEBE LA, B, BREES 0D (660nm) TEX10AHI/LE LS
R Lo, ToRTR, MEYERET, M eeruginosa K-3 A OB LAIEATRIII
g, 30°C, 2,000 Ix BEEIS (EMIEE), HBRET T -

2.3 M. aeruginosa K-3 A o#iE (RERE) ORERZE

M. aeruginosa K-3 A DEEEREOMEICL, = —1& -7 x— (Coulter Counter Model
ZBD % Vi, 50 W, 20 BRIOMEFAE CRELHER L E, BREROTEERERY 1
Fv T oo SEFOMNTL, FOFHMEY, HEHAUHIERL TRV ARERICE D, B
DOFRER mg/l LRDT,

2.4 WBEEOMEF L

MBS R OWE S, HKTHRE T o . BRBREH (W= 258/l <7+~ 10g/],
EiLF 20 v ASg/l X% wAV, 30C, 7 REEEOR, EHLm e = - wEEL
7o

2.5 HMEOAFEOHAEPHRERE
Mg E T, Bergey's manual (BB 83K WU T o7,
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Microcystis B 5 ¥ HIRE 12 ST & i o B

2.6 M. aeruginosa K-3 A o B4 1 XORIEFH

M. acruginosa K-3A OBk A AW, A v Va1 RORNGETIT VI b v iy b RS
LB, Sk 100 mi RIRF B S, TORBORGRECEAMET S Lk LT,
FoDiitRnt, TEFERICHGII TS v b v DAy v 0, FRER 576,
276, 148, 58, 3 pm (NGG 34, NGG60, NXX 4 NXX 25 N-No. S380, B vhd,

2.7 Bt -ATEORES®

M. aeruginosa K-3 A OF L LR8BG BBBSmI 4 6,0004G, 15 9500 8
L, LEECFELTOLHEDREY - A2 -2y v 2 —CHIEL, ShGREcdss
BL WTEEEINENOES Y A~ TRLT,

3 RBER

3.1 M. aseruginosa K-3 A 54 (BT 2 E 0SB

BWrMORDE (74 2) ORELD, 0K0 7+ 2 FEMELSEINLOT, TRALICD
WU M. geruginosa K-3 A DR RETDMBEOR 7 ) — = » 7 & {7272,

20 BROMT D M. qeruginose K-3 A wxtT 5 BMEEMROGEEE, MELEGL I M

Strain Na.

- MB t:ud.

a0

20 L1} 0 2
Cyanobacterial Growth (mg/0

2 SEEEO M. aeruginosa K-3A OB RIE TR
Fig. 2 FEffect of isolated bacteria on the growth of M. geruginose K-3A (6 day’s
culture)
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aeruginosa K-3A BIhoBER R L O X W HEFE L, M. aeruginosa K-3 A O IR E
() EEFCOBOMIMBY ThEh, £2ER2ETLE,

* 2 M aeruginose K-3A o WIS EE L RIT-HEE O BE
Table 2 Effect of bacteria on the specific growth rate of M. aeruginose K-3A

Specific growth

Strain L
Number MF rr:(?(;ieug (dM)B medium
No. 1 0.47 -
No. 2 0.48 -
No. 3 0.48 -
No. 7 0.50 0.75
No. § 0.55 0.80
No. 10 (.50 0.94
No. 11 0.70 (.68
No. 12 .49 0.78
No. 13 0.53 0.86
No. 15 0.38 0.70
No. 16 0.51 0.62
No. 17 0.71 -
No. 18 .46 (.45
No. 21 0.48 0.48
No. 22 0.49 -
No. 23 0.35 0.56
No. 24 0.42 0.27
No. 25 0.37 0.63
No. 26 0.58 0.65
No. 27 0.45 0.53
Niwe  om -

MF k413, SEBRO M. geruginosa K-3 A 0 1.5 511 o R T 4R L 7ol +2 No. 11
2 No. 170 28 TH o7z, No. 11k, M. aeruginosa K-3 A OMIAEY 3 EL LciBmt w1,
MF Bzhecil, (BEARLUHERE  ad oot WEhOMBEYERLESICh M aerug-
nosa K-3 A ogfes+ 5 AFRED bhitd o1,

SyueR LT, 40mg/! @ Nutrient Broth % &is MB 55T, 2080 55 10 BkOME I L
RREE T 2 FE AT, S 6 B HOMWBR T2.7-4.0 S0REDRSED LR, Ll No.
1, No.2, No.3, No.17 B0 No. 22 %3468 L2 % Tk, M. geruginosa K-3 A DIBRAEED 5

—182—



Microcystisl& 7 v ROMAC R T @E L HHORE

i o i,

SR A o (HEMEOS (2, FREREHITETHERFITRTH 1AL No. 7 HilK
b BEORE L REHERLA, Lidi-> Tod No. 7 iR EEo &L LGEC, U
BoXBRCHAVZ I XIT L,

3.2 #ERE{EEE No. THROMESHNRE

M. aeruginosa K-3 A ORI R T 5 {EE DR D b No. 7T o MEBF ML E 5% 3 iR
Ui, WHEESEOTD LRtz No. 78, 77 afath, SFEEHoRE W 1.0X2.0 gm)
T, REEHE (1,500 %) Fe, LU 2~REOMESERCE > Ty L0 BE S
fro EfNo THRIMEOAFELEELAshol, Fra—RX, 7I7 A, vV /-2 TFYE
SR, HFH =R, Fuve—aA RS v vERRCTT o0 OF BB T, VL PThofiioxd
TrE M bED o,

LbDEFEMNS, M. aeruginosa K-3 A OERICERESR AL /2 No. 7y Moraxella non-
liquefaciens & BTE L1,

# 3 SEEME No. T HROEEMEER

Table 3 Morphological studies on the isolated bacterium No. 7

(Gram staining Negative
Shape of cells Short rod
Size {gm) 1.0X2.0
Pigment Not product
Motility Non motile
Catalase Positive
Oxidase Positive
O-F test Negative
Indole Negative
H.S Negative
Nutrient agar Growth
Plood agar Growth
Aerobicity Aerobic
Penicillin Sengitive
Carbohydrates Not assimilate
Nitrate reduction Reduce
Acetate Not assimilate
Chocolate agar Hemolysis
Phenylalanine deaminase Negative

Strain No, 7 was identified as Moraxctla nonliguefucions
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3.3 Z—Eizs

1) M. gerugivosa K-3 A & M. nonliguefaciens No. 7 O

T HBEFRIC BT B M. aeruginosa K-3 A & M. nonliguefuciens No. 7 ORREME AR 3107 L
oo

MF medium

Bacteris) Numbers (cells/mL]

a4
2
L
g A bacterisl No, Abacterial No,
E 3 O axanic O axankg
a 25 @ with bacterium ® with bacterum
L
g
F 1
-
]
1 L Il | I 1 L L
] 2 4 6 a8 10 12 14 1] 2 4 & [ 10 127
Caltivation Tima {days) Caltivation Time [days)

B 3 T EMEE No. 78D M. aeruginosa K-3A o BR{EE L H
Fig. 3 Stimulation of the growth of M. geriginese K-3A by the isolate bacterium
No.7

MB EEHT f6\ Tt M. nonliquefaciens No. 7 28 @ L1BE, SHOB 320 85 5me/i T
FCEL, FLOBMBEREHEDENRD LR, L L M nonliguefaciens No, 7 238 L7n 18
BTIL, M. aeruginosa K-3 A DRIEA b B ich e, —H, MF EBHTO M. aeruginosa K
-3 A DR, M. nonliquefaciens No, 7 DEBOH BT L A EBBY 2SI, M. aeruginosa
K-3AoRXEHE tMEYEELAVCHEE T 1mg/l, BELALESTI23.8meg/l T, @
BoOME LvERiln bl ote, M. nonliquefaciens No. 713, R3% 2 B B A
EL, MF T4 MB BT 4 @R U ARES bt

2) Nutrient Broth & o8&

MB E#ic & % 1 % Nutrient Broth ©O8 % 5~ 160 mg/l wwZL 2, M. aeruginosa K-3 A
ORI K iTT Nutrient Broth BE Q&L L1, R4CEE 12080 M. aeruginosa K
-3A OWRERYT L. M. nonliquefaciens No. 7 %88 L /=384, Nutrient Broth D EBE 5
STLBIE T M, aeruginosa K-3 A Wb+ 2 (B8 4 A% <A sHE2 8 b it Nutrient
Broth A 80 mg/! DHEITE, B L&AV EMREDE,NED LAY, 160mg/! OBET

—184—



Mictocystisify 5 - Wi R R =T HIE L 48 m oM 8

= Cultivation 12days

o

€100} ]
- Axenic Culture

2 | [ weni

2 +No.7 Strain

5]

inosa

M. ger

(=]

0 S 10 20 40 80 160
Nutrient Broth Concentration {mgft)

4 M. aeruginosa K-3A ORI KITTB = & A 55H & 5005
No. 7 tho @2

Fig. 4 Growth stimulation of M. zernginosa K-3A by nutrient broth and
the bacterium No. 7

v ERRE AR SR oto, SRS LT, M. nonliquefaciens No. 7 %8 L 7o & T
3, Nutrient Broth @B 20 mg/! LA LTk, M. aeruginese K-3 A ORFET E A KDL
indssto,

3> M. nonliquefuciens No. T BB OB

M. nonliquefaciens No. 7 DEFHED, M. geruginosa K-3 A ORI TS\ OB
LiERPE SR L, MBIz 35T, M. nonliguefaciens No. 7 DEERERTS 3 BRE (0.4 %
104, 2.0X10%, 4.0xX10%¢cells/m{) &BAL2 2L A, M aeruginose K-3 A - THOBE
b REFWET AR LD, BENY 10Z LT, MR kel biloh iz, ¥
fo, M. nonliguefuciens No. 7T DI BEREEE OB VCIDFE L VERRDSLAT, WTFholf
HFTHRBLERICOIBERANCEL, T0oERA T HEMELRI 27,

4) M. nonliquefaciens No. 7T ERBHOREE

M. nonliquefaciens No. 7 DEFER A, M. geruginose K-3 A ORI FFT 8o T
HLUAERYR G R L, M. nonliguefaciens No. 7 o4, ITBEIAEE, B4 HRUS
B H¥, Nutrient Broth ®&in & R T - 7o, HBEBHRRCMEOEEYT 8T, M
acruginosa K-3 A o3, 2~4 B BIioiRE Shfhw, B8RS 0 R AsMER e LA,
EFEAABROS HFACHBEOERYT »BmE T, M aeruginosa K-3 A OMFE L, #MED
BRE% 2~4 H QB S hids, foBe L rERABREORAISHEMCELL, —H. M non
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Cultivation Time [days)

5 M. aeruginosg K-3A OEFIZRET No. TH0#MEL p®
Fig. 5 Effect of inoculum size of the bacterium No. 7 on the growth of
M. aeruginose K-3A

liguefaciens No. 7 O, EEEECh oo, EGEH 2 AEECEL, FO8IT
PEOELEAZh o1,

50 M. aeruginosa K-3 A OFEY 1 K ki¥ T M. nonliguefaciens No. 7 OB E

M. nonligquefaciens No. 7 75, M. aeruginosa K-3 A OGO AF R L3 ABEYHRHLE
REHETIT L, EEHROBDLhTMBEH TR, BEBJIGELL8HBEATT,
75~80% 4% 150 4m A DB ELBE LA L T, 2iucHd LURESROED LA
Zrofc MF BEHCE, 150 wm A RO BRI, BRHAEYEC TREA SR I hins ol M
aeruginosa K-3 A 7, M. wonliquefaciens No. 712X » T, BEHEELTITE F &l K&K
BEAERT S Edbd T,

6} M. geruginosa K-3 A ©F L « T EIET M nonliguefaciens No. 7 0%
SEEF B M. aeruginose K-3A OFE LR L ITHROEESOFRAR 8 1275 L7,

BT R OED bl MB 53T, BRI E L TR2ED 75~80% 2 il Th ~f. <
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Bacterial Numbers (cells/mL})

Caxsnic

&0 day

M. asruginosa Growth (mg-L)

A4 doy

M8 day

| | 1 i
6 8 10 12 4

Cultivation Time {days]
B 6 M. aeruginosa K-3A O X1 No. 7 koo s
Fig. 6 Stimulation of the growth of Af. eernginose K-3A by the bacterium
No. 7 inoculated at different period

FTE L TR R OIS bt - 7o MF B3 s T, M. nonliqguefaciens No. 7 DEERE
O A BT T A%, B3RS 0B LR T 90% LA L Tl TH - 1oy M. aeru-
ginosa K-3 A », M. nonliquefaciens No. T2 X - T, WHEELS T L 210, BLEERO
FlEAEL BT LI Edbhat,

7) M. aevuginosa K-3 A ORI K15 M. nonliguefaciens No. 7 DB 4

ZEBEBIC R D M. nonliguefaciens No, 7 OFEEREYERMCEET 5 0T, M. non-
liquefaciens No. 7 % Free-living bacteria & Associated bacteria & TEHET 5 2 L %5
Hti, BRBEYAENm DTS5 v 7 b v iy i@ S, 0 ARPOME Y Free-living
bacteria & LU L7, T4 R+ 29, B8 EHC (REDEVTEDHSLR MB B
}OTZH 80% DML, (REDR D Hinden -7 MF BT R Tl S0%O/ME», M.
- aeruginosa K-3A @ 30 pm Lo k& 2oEcEE LT, Ll 12 HBMETCRT~T
" #EEE 2 Free-living bacteria & L TS 2 hre,
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Cultivation time
Rear (days) 4 16
b Total growth
k4 12.1 3r.7
Control 3 (mg/D
3 a0
(MF medium) e
@
# 20
.3
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=
n
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£
% 60
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8
H 40
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with No.7 &
& 20
.8
Q

Distributions of floc size {jam}

B 7 M. aeruginosa K-3A OFEREICRIFET M. nonliquefacience No. 7T @

e
Fig. 7 Effect of M. nonliquefacience No. 7 on the floc formation of M. geruginosa
K-3A
=100 —
2 75
Control E
E 50 —
(MF medium) &
e 25 —
a
0 L
~100 —
.g 7% —
MF medium O
= 50 —
with No.7 ‘a
25
o
3
m o =
~100 —
g7
MB medium ©
~ 50—
with No.7 &
=, 26
o
=)
@ g4 L

16

Cultivation Time {days)

Bl 8 M. aeruginosa K-3A OBF FWRET M. nonliguefacience No. 7 052
Fig. 8 Effect of M. non[:’q;tefacience No. 7 on the buoyancy of M. aeruginosa K-3A
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Microcyshis B 7 Y ROBMCRETHE L TR ORE

# 4 M. aeruginosa NEEREO &EHCH T HEE

Table 4 Ratio of associated bacteria with M. eeruginosa to total bacteria

Cultivation Time (day)

Media 4 8 12 16
Total " . N !
(Notmd) 187X 10 114 X10*  76.3x10° 30810
MF Associat
ssoclate =
o0 51.6 48.6 0 0
Total 139X10°  313x10¢  266x10° 446X 10*
(No./m/{) - )
MB Associat
ssociale 7
" _ 0
(%> 32.0 o ’

4 £ B

BMoM7 4200, M acruginosa DIESTEA (BT L HE L LT, Moravella nonliquefaciens %3
SEERISE X vtc, Achromobacter, Aevobacter, Flavobacterium, Pseudoomonas, Vibrio 78 £ 0 7
5 AREHEY, ChETS vRLLSEIRTGSY, Caldwell Y 3, KOFEOEHMIZL -
Tt Anabacna flos—aquae DETHEWR DI FEL T HEZHEL, TOMEY Zoogloea
sp. EEE LN, ¥, Gallucei ¥ 1Y, Anabeena sp. OKDFEDH D Pseudomonas aeruginosa
2, BWEOT IEsE L 0 GBS R M aeruginesa BURIEE DL Flavobactertum sp. & T H
FROERT L, LoALoAbofMEe, wihd s vECKT2EMEESROERI I
Tidels, LicdioT, 7 VEOBEY RET2HE TERTE DS ERD M nonlique-
Jaciens iR LB b, ‘

Movaxella BAE L, KPR HER L ZLM5MMEMEORINTLODDL0THL, &
REOMED Y + — Vo TREOMEY (RET A REERYERCHE TS, 5518
Mo A A ER LT AREY R LTSI TS L bhb, BEELIT-
CHRBERMECOGTOETORBC Xy, EMIEER M. nonliquefaciens No. 711 E 2 2 v
Blsvs v BI12ERMT, sa=—x, 7V a—if +FyoBERIRACER, LY
v, 7w ABROFERRFIBECE B &k o, M aeruginosa K-3 A 2HEEER Y &
BT, SROWEARETH LW NG, 74 - VIOEITD 74 2 BERNC, 74304
Lot e A 2 2 IS8 A0 L O AT AN E hts,

M. aeruginosa K-3 A v3, BEF 20 mg/! L\ o Nutrient Broth #&¥siE#ph ¢F L HE R X
e, 7 vEEEOMRBHERTFICOGTe, BSEY hcamE&Eaadico, s 2y
B CEBRERED T L BUESBEET L - T M. gernginosa K-3A OEEHRE L Sh
B ERBELCHBS, Shbi M. aeruginosa VS RBSIREMHE THL 2 LD M. acrugl-
nosa DL FBERDT : JBENBEY, AFTF 4774 - VA VHEXYFITLIDEE R
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KAEL L

bih, LLZDL a7 M ageruginoss K-3A ICAEN AR EEETios T4, ME M
nonliquefaciens No. 7 MEF Z D &, Nutrient Broth i X 2 ¥REE IR X, M B@mEs
BLBESht, ChlEDHEOMNE FRHOEELY, Kuentzel’™ % Lange'™” #:fL7R
LA CO. D, £F s Sb LCEHESEDHES, HDV QA Fe 7 o 790k 5 icHmd
BWHOEER Y, M aornginosa DEFCHAGBEHEATY, ARcL-ThibEhilont
E2LADL, UL, ThHOBED Y BERD, M acruginese DI LT, K& icEs
FREL 2o Bbniidsl b, SROEERLRETES,

KRBT, M. aeruginosa K-3 A 9\ M. nonliquefaciens No. 712 L - TISMIEE S L33 L
Tk, KENRELTHL, Br@logayfRses o bibh o, BRFICRCT,
S UBBAKEAHEYHR T Lo on T, BTS2 b oA SOBAREO OB
AXELELI LI 5T, MEENDRNRAZERWBE CH L L 3nd K, FERTOM
B, 6 CO,, MFBEBOFLET 50X, BRAOCEHETCE - TV52 E4F 250 T
Who Tt BEeWTFrovTd, KA~y MRIEBR SR A 2, B To2v
PE o USRERI I D SRR A A EMATHS S L 2R AT, TROMYB S v F vt ET
LHEEY, KRB LEREIRL CO,0MAREREICLTW2LV5BREAD, SEDE
BiERHLT i, FRRoMBrERvE A5 b TERVA, KERBELERTLI oL E
FEMROEIE ANt 2 2 &, M. ceruginosa K-3A © Bif/cSikEELHE L TV 20T,
M. nonliquefaciens No. 7 5 M. geruginosa K-3 A DMHICH R LRSS Y > 0L T0 5
LEZLRD,

ZHERBEICETD M. nonliquefaciens No. 7 DETFREY R~ F8ICK T M. geruginosa K
“3A OBEFEAHEEC S D & &, M. aeruginosa K-3 A OFEICESE LT HHER A
By 2 EAmRE v, Caldwell 5942, Anabaena flos—oquae X B EEE & Lok IO T4
eI P O MR 7.4 X 10%cells/mi TH =1 h,  Anebeena O XSE O M % T HER
WL DELALE A, 2.6% 10 cells/ml VI BHTECETH > EERELTE, R
A AEEBRCS 250, BEROREALThELIVRE, TAThOEEDDORT
WHEE THE EEZBND. M aeruginosa & T OTHECE £ T 580 & ORICFET 5 BEDN
FRERIC BT 2 WE - AVFHNREIEG ORI, MBEOFLEN A 7 1 AR L5 E LN
THILiL, SEHOBELRELCZLD. |

5 E B

) BrificisElicrAalh, M aeruginosa K-3 A O 4 RAETAHELY 105 BL,
205 BEHRENT | B OWTHHFNESN YT -1 & 2 A, AFL Moraxelle  nonligue-
Jaciens EFIFE IR,

2) 20 mg/! Ao Nutrient Broth T T, M. aernginose K-3 A 11, E L\ EAEAE %
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Microcystisif 7 v FROEH WRE T S e o R

T, BEAERBL D B T

3) M. nonliquefaciens No. 7 82, Nutrient Broth & &% 7o\ ERTHP T, M. aeruginosa
K-3A OB & A FBESYE 278, 20~80 mg// © Nutrient Broth 23+ % &, M
aeruginosa K-3 A D IMFEEE (p) ##5 1.5 510, RAMFE 4 3~5 B s/, Lol
Nutrient Broth @R A 10 mg/!{ AT, H30 0160 meg/! Tk, BAREGRED R -
yo

0 M. aeruginosa K-3 A 7, M. nonliguefaciens No. 7 & OIF Tk CHEMARE Y Z T
BEEFCL, REARPHATEL, FEfRofasE L (BREED I Lhbh T,

5Y R kT, M. aeruginosg K-3 A oBRRE I H H L &, M. weruginosa K-3
A @30 pm L EDBFICEE LTS M. nonliguefaciens No. T OB 02 LR E N,

5 A X B
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Studies on the Growth Factor of an Axenic Clone

of the Cyanobacterium Microcystis aeruginosa K-3A

AR - JIE— - RER - AR

Yoshichika TAKAMURA', Keiichi SHIBUKAWA?, Osami YAGI®
and Ryuichi SUDO?

E B

Microcystis 7 v B HBETHKOE(T A 2)ORAEMAFE-T L2010, it
e EOHAEERO L HPMERR TARTOLODMBES N 2 MA 2 LN EFE—1
WETHE,

FHELL, M. eernginose OEE 2 v — vEGEE S, 1980% BT, B v O
RRIVTCAROMMA{EET2HEVEF L, Bl CCTEoFLV-QRALLAL,

B FREOMIAC AN Z I BBAATET, BOSBE L ~TRERTE L -7, #
DL LT, BEBE—#IELR L, T = B RIFAMERAATR LI, LAL,
EDTA ¢, SE SR BMYE 2 liomodn, BB —#ka My o8
&, EDTA oWmaaifaiic <, L AWING X » THREAHSE S ht,

AEOBEMEEETCF I Y BROGEMDRLBHR LI oh, B 100 ug/l OBE
TR EET A LRV ST, o s @ Vit {BESEATED b ih otz
B @EIMC X 0 2 OBERNT 4~5 S {EE 0l B OMEE SRR M iIn T
W TE L EE TR o,

Wi, AWoMRnoe T A, CHEES 7 B BRHER, SEETEBESNHO
IR A TR Loy, LTRGBS, U LASHENTSH . R,
T o SEEATENEES T Lol ORI, B 0 EVERE (10~40 mg/ ) TR
Aol  GHET L L oA & {BEn b,
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Abstract

In order to reveal the growth characteristics of the cyanobacterium Microcystis, a
dominant genus of the water bloom in eutrophic lakes. a survey of nutritional factors
to promoting or to inhibiting the growth of an axenic clone of M. geraginosa K-3 A was
carried out.

A number of agents such as metals, B-group vitamins, amino acids, purine and
pyrimidine bases, organic nutrients, monosaccharides and organic acids were tested for
the effects on the growth of the alga. Among the agents tested, iren and vitamin By,
were found to be effective factors in promating the proliferation of the alga.

Iron was essentially required for the growth and FeS0, was the most available
form out of the iron compounds tested. Vitamin B,, increased by 3-5 fold the
maximum growth at the concentration of 100 zg//. The promotive effect of B,, was
able to be replaced by cobaltous sulfate. EDTA, a chelating agent which is usually
supplied to the culture medium to advance the incorporation of metals, was unneces-
sary and rather inhibitory.

Most of organic compounds such as casamino acid, peptone, amino acids and
monasaccharides were inhibitory for the growth. Especially several amino acids
remarkably suppressed the algal growth at the low concentration of lesg than 10mg//.
Key words : Microcysizs, Growth, Cyanobacterium, Inhibition

1 ¥ B

Microcystis B v % BLEE LT HRKOFE(T A = )OFREEAREE L, OB E YT
THIBICE, K7 VEOBBERYHLNCTHRERD B, TOHL, BE7 P - v
oML, MEEHLOHEEROLGCEET CREOEBEHEEYEOHCTHZ L0HEETH
Do

REW, FELRESBOT A 20 M oacruginosg DEEFEYDEELY, EhiITF e I U —
Eety FEBRA R CTEE S 2 - VB R EET S O BTN L Y, B e — AT, &
B IO T2 BB AR VE (, M5BT ERT LCHBERE, &
KRN ER L, DELAMEY TR Rk, Z0BRAO—>k LT, HEL0HkER
BAGR A R € 7o o fodcdd, RENBEBCRET L O LERSEENRF A Embr AT LI &8
Ezhbinb,

BABERUHEROE < 0, v v BT BL, 47wy, EdFuwinlnes
D VEER B w vV, Ay ATc EDEEES, SN v, Y iU vik EnRERREESY
% AR PR ER T LML RTB, T, &E EERYER TS, EDTA
oA E SRR B F s Z £, Microostis R DT ATEOEHTHES I ATV,
RO, EEAYCCHEBHEBRERCH T ARERES, BRHOBRLBRA, e -V
o T L RAD D ENRESRTL B2,
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Microcystis aeruginosa g 7 v — v BRI

#ELL, M aeruginose BEFROHB L (RETARENERT2HHL, X LEES
Hr@yT5EMT, SEE BRes i vHE SEREREENE 7B BES HE
BSM 7 & A RO BT O AL S o R 3 E TR S R R L,

2 ERFE

(1) $ads vk

EREETIIE o7 4 =2 byE Lt Microcystis aeruginose DERE 7 » — w#R(K-3A B %
Aveio, K-3A BREEH 80 L e s MR HBIC B AN AR BE L, BhomaFE LT
WA HHE A b - TV B, R T B (K3 B i AU 3R 2 504 S BRI R e &
Fv, BibedcBRLICRETHEBET S,

(2) EMRUEHRAE

FHAZEME L TREARSY O M-11 8% Ayvto, M-11EMoBBIIIEE 1LICTRT B0 ThH A,
BT 200ml BZA7 7 A2y, CACEH 100 m! 4L, 1200C, 1528, MERE
T oty 7 = VEEE ZHQRERE T, BEERCEWEMICE RS Ui, BRECARR
# LR M-11 e fly s, AREOBEBE I 1% & Ui, HE]30°C, 2,000 1x oAGEME
FIEFRH T THENEY T, 79 A2 2—B—BEPHCH LA L, #9 ABCEEN
/L L 3L,

F 1 Microcystis aernginosa K-3A ORI
Table 1 Composition of the culture medium for Microcystis acruginese K-3A

Components Concentration®
NaNO, 100 Mg
K,HPO, 10
MgS0, - 7 H,O 75
CaCl, « 2H,0 40
Na,C0O, 20
Fe-citrate 6
Na,EDTA - 2 H,O 1

* per liter of deionized water, pH 8.
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(3) WHEEOAFE

M. aeruginose D MEEN FIC BEROMBRIEBR O 7 e e 7 4 Lg(chl o) BUBE
(OD)DOWH &I L LTEE LR, Kok, FERZTHTT, THETRL -,

(i) ZrezisngOfEY  BHEIOM %7 5 < GF/CTHAL, Bbhlilfil
OB LM EEL, W0~15mi DB 7 viina T, HEEiEgy 7 ARKE s A ¥ - TR
BeLfo, BERMEVE 7 2 AEOGECE L, BRI —REKE Lo®, 15,000 rpm, 1558, %
HEOHAT - 70, LR 630, 645, 663, 750nm &HEREBITABKEEXMEL, KFic Lo
chlL.afxKebie, chl.a (ug/D)=(11.64XEg—2.16 XEgs +0.1 X Egqo) X BB B (mD), 7
#, FRBEREDO.D.ERXT0nm @ 0.D. %% L3V AETH S,

(i) F@i  K-3A BRI BB RIS L 2 - THELL TV 20 THEO D #HIET 2
SEMNTEIN, £IC, BENAEC X - THEXEEL, HBRECLL TS 0.D. #H5EL
foo Tiokob, EFREIOmM! # 100ml B —H»—w Ad, 50W, 2007, BEEAELYT-T
BON A RABREERRE O 660 nm 35172 0.D. #RE L,

K-3A Tikchl g & O.D. ORI 1R L 5@ e MBG=0. 910435 5, HIEE S i
THHDTHHELWEIHOIEE L L UIEMCHVL 2 A TES, UL, Slo®ce, [
faddtzh o chl. e ERAPETLAGRSRI 20T, HEOHBIME tA I EHEDHLNRT-5,

Chi.a{mg. L)
n

1 1 1 y

0 0.2 Q.4 0.6 0.8
O D (ate60nm)

B 1 z2revitgl Q0D oHE
Fig. 1 The relationship between chlerophyll & concentration and optical density of
the cultured medium of Microcwstis aeruginosa K-3A {axenic strain)
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Microcystis aevuginosu & 7 = — P2 Lab: L]

3B R

(1) M. aeruginosa ERH & B OHEH

FEWRHR(K-3 A) & BLEER(K-3) D M-11 B s 2 MR g 2 R 2 Wom Lie, BRiRi R
BB M T 0, 5% 10 HE CRAMAME (chl. ¢ 1500 pg/LYiGE L, —7, EEBETIE
IO H 0 2L, BXEAE(ChL g 500 wg/LICET 5 & TRBEERD 2 FoRHF B
BB Ltc, ¥, EWRBORAHMMECERERORLZ /5 0EITH o, EEETERIH
W ETAH Y, BELAEHESEE LIS, ZOEM chl g AR L, BOOENLI -7,
3% 30 B Hi s msratucih, O.D L L, BEHTIilchle & 0.D. -
FH—BT A, BEEHETRchl g A LI LS Ting g, O DSk L, B 25 g i A
BT L, CHIMBEETHREBREMEY, AROBBOER T, B8k O.D. LEAIER
2B THDL, DToEEEYAGCEENE T, BhRoBAmls L T2 15 H Ao

FEy A BRI LT,
13
+ 141 '
+ 4
_ 121 f ka3 ;
£ ! ' H
c 1.0F P 2
o Y —~
© ; Z
©.08 i Ey e
© [ N ] =
Z 06 ®
o] 11§
04 4
0.2 1

10 20 30 40
days

B 2 M. ageruginosa K-3A (SE#) & K-3 GEN#) oBmiig (M-11 510
Fig. 2 Growth curves of M. aeruginose K-3A and M. genginose K-3 (monoalgal

strain) in M-11 medium

{(2) #AxvRBUFr— 7

M-11 85#icit s = VBRI Z#2 Fe L LT I mg/l ORETCEEN T 5, 7= BEHY
BV foBithe, SAEALCEREOSBOMBEYSELE L LT 1mg/! ORETHEML, B
WRIETREEY BN USRI E 2 TH 2, SRRl rv b E(r = B M-11 551
@mlmomﬁmﬁ%&5ﬂtﬁ.:nm,%Eﬁ@ﬁ%ﬁ&m;é@%&%zbﬁéaﬁﬁﬁﬂn
PR R A T L, 7= VB o 2~3 E0RE S -1 Ni, Co, Zn, CuOFEMT
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# 2 EZBEEBO M. aerugincsa K-3A DEHC FIET8%
Table 2 Effect of Metals on the growth of Microcwtis aeruginosn K-3A

Growth
Metals -
0. D. Chl. « (pph)

None* 0.007 14
Fe-citrate (.139 356
Fel0, 0.280 1248
NisO, 0.002 0
CoS0, (.002 0
CuS0, 0.002 i}
Zns0, 0.002 0
MnS0O, (.015 40

Metals were added to M-11 medium at the concentration of 1 mg per liter
as metal element. Growth was measured after 15 days cultivation.

e CHEFEAVR ANt ot BIRINEEH TH TR I bR, T ALOERIT Fe O
Ede B Ee Dy, AEOHEFICIN L THERTH S Z L2l L T2, Mo 23 #1710
DEHEATL TV -AD, Mn2iFe RS MITR%ELTV-A500, Hout, BEEECHL
RENBORARY GO T ED020E- 20 Uikt Wil Th, AEOEMIC Fe 234
AREREhD Z EXWELTH S,

3oLy v - ' FlOBEE2BRH LR TS L, EEOBLEI-ThEBEA
BT 2 LA, FeSO,> 7 = v MsE 8 >Fe,(S0,),>EDTA - Fe OfHfF
WA EE L, cnbogklEYnt, EDTA 282 BEolriBifseE 4R L7, EDTA
EUHEMIC EDTA « Fe, &% 3 FeClyR i o & OBMIb T ThH -1, EDTA Lk
EROBRIEMETH Y, SHEILCHMAERHATALEY S L, Pl ld, ZhLOER
L, REOHEC EDTA 2EFEMRLETEV- L Bbil,

(3) WxivBuéainhi iRl

M-11 S S 80 BB € 5 3 08 100 ug/! ORECHEBICHEML, BRI RETHEYR
HLCERAE4CRLE, Exdy, #1478V, YEZIEY, LY NFH—n, +A7 >
VoS T B p-7 s REER BB TR OB S ok, vT /3
A58y (B BB REHRODD D AR SR, ByOBEIcoLTHE L
HES THB. Buid 100 ug/l OBRETRSLAVCERLTL, COBE, HBO 3 BT T0
B, Buo@BEEL, o B,BRE RS Tab T 5 EREICH~T 1,000 L5
Buo 2B BulBFRE A0 FEEA L, CoSO,DE BB L, CoSO.i B,o ikt
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Microcysits aernginosa G 7 = — v ErO NI

+EDTA -EDTA
Q.Df(ate60nm) 1
02 04 02 04

o | 1

FeSO0,

FefSOya

Fe-EDTAal

Fe-cit

0.51.0 15 051015 20
Chla (mg-I™)

B 3 #moRELEDTA OB RETEE

Fig. 3 Effect of several iron compounds on the growth of M. aeruginese K-3A with or
without EDTA
Iron compounds were added at the concentration of lmg/! as iron element to
Fe-citrate omitted medium. O. D, and chlorophy!l & concentration were measured

with cultured broth after 15 days of cultivation.

Addition O.D.catesdnm (3
(tao[0/]) 0.1 02 03 04

None (M)

Niacin

Folic.

Pant.

PABA

B2

0.5 1.0 1.5
Chlor.a (mg/L)

K 4 BEvs i vEOBBCRETES
Fig. 4 Promotion of the growth of M. aeruginosa K-3A by the addition of vitamin B,
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HHRESR

FCofBELTELADICEMLIL, FSEMT X 51 By 100 wg/l HIMT 2 CoSO, + 7
H,021 pg/l RE T B, K EHT2HEORENRD ORI, Fi, B lRHRCEETHEL
LB OIS CoSO,DBEBED LA, JDI &L, BOHEEERR L CoSO, U
TELHZERTLT S, B, 100 pg/l HEN LS # (LT B-12 5i) oo mis M

OD. {at 860 nm) —
0.2 0.4 0.6 0.8
Control
V.B12
(pg/L)Of

T

0.5 1.0 1.5 20 25
Ghi.a (mgsL)
5 ¥ v B, RUEE= - OBECRETEE
Fig. 5 Effect of various concentrations of vitamin B,, and cobaltous sulfate on the
growth of M. aernginose K-3A

The concentrations of cobaltous sulfate corresponded with the concentrations of
vitamin B,, as cobalt element.

{ |
$12r A i
l/ ) —
— v A\
10 Teiz N 1 2 g
5 i y 2
© 08| / \ | S
= <
~*06 g
o 41 O
QVopa
0.2 1

10 20 30 40
days

M 6 B-12 HinEHic it d M. aeruginosa K-3A DIEFEHH
Fig. 6 Growth curve of M. geruginose K-3A in the medium supplied with vitamin B,
(B-12 medium)
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Microcvstis aeyuginosa Tl 2 o — v/ PRo 895

1 R s TR L LT 6 KOR L, B-12 BTt chl e T25 A E, O.D. T30 H
Hi B AR EL, COBSTAERINED 4.6 BRUAEOHEETR L, B 71w
T 9w, REREECEELS TR AOMER NS, Tk, BER Y chl ¢ TRIE
ThHE, M-11 5 & B-12 B WHERGEE 1 120,46 TEH ek fons, 15 H HORAEE
VEETE DS 1,490 pg/l TH DO LIEZ T 430 pg/l B9, BOimick h 3.5 F1i-7, By,
OYEINC L ) BT AR AEERE M ELNEY, WMoY b L FCKET L RENE
X hieh ot

1000
500

100
50

Chi.a {pg/L}

days

B 7 B-123: M-118Wicisi s M. gaeruginosa K-3A OB O bz
Fig. 7 Maximum growth and specific growth rate of M. eerugionse K-3A in M-11
and B-12 meia

(4) 73 /BERUBEBRERC L HRE
Bl L AW OEENES LMD THRICE=FA, 27 v, 293 S SO EESRE
% 10~20 mg/! DEIE TR L THALC BT TRV Lz, Vithd, EBEROBEIECH L
TUBHER TR A ¥ VBB L SABRE Lo (E8), VBRI €1 v K@Y T
T3 /BYERSLELTVH0T, RIC0BEO 7 L By 10mg/ ! OBEE T M-11 £xucEm
U 8 mst U, WMORT L 57 ¢ /B0 % A ROMAIC T LTI
T, READREATRTLONE oty 73 /BohTil, Hel-7xs=2A475 =, L-A&
Vi =, L=y, L-v AT g v, LS v, L-eaFoy, L-Fe v Affs ol (AL
foo 72247 7= lmg/l DEVGEE T AREOEEYIHE L, —77, #KY oy
LB EETLL-7 0wy, Ly, L-Ziz i vER L-7 *-15 & w8 21k o R

IR E A EHERE 2 e 5T,

(5) HEEEUESEEC L 5 HE
M. aeruginose (THIRRMIZ 7 - h /75:]1’-}{5 L, E@#EciEseyc s vh /s —A%E
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Inhibition of the growth of M. aernginose by organic nutrients
Casamino acid (® ), meat extract {0) and peptone (&) were added to M-11 medium
al the concentration of 10mg/{, Growth was expressed in mg dry cell weight per liter.

3
02 04

Glu e

Arg [

Pro |z

Asn e

Asp SR80

Met |-

Thr
lle

Lys

B 9
Fig. ?

ML

Try b=

Fhe

Tyl

Serfg

Cys

A I a ST

Val

His

1 2

Chl.a{mg/L}
EHET I BROBBCRETES

Effect of amino acids on the growth of M. aerugrnosa K-3A
Amino acids were added to M-11 medium at the concentration of 10mg//.

Other conditions are described in the legend to Fig. 3.
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Microcystis aernginoso &l 7 v — » ¥ho> BI5H

B (o) TA 2 ERRVEERTVDY, i, BUHOARBIN 705 v VBB STEE
BsENLR Ly A ROAT A 2B TR bR T3, 20T, KEOEETLIALEELHE
AT 5 EEE Y 100 mg/{ RUT200mg/{ OBRE CE#HPCRENL, HECRETEEVERLL
(K1) A7 1 4DEBRLEERECHL 7 5/ —A, 723 —A, =V /- ATIEHEI -
A, Ere—a, TIE - ATRAESEDLRL, SAra-A, HIFZ AL 10mg/ ] D
PETIAEN T e, 200 mg/! TR AHE LA, a2 — Ao TREDREY
BE L& h, Faa—A100mg/! (CLLTA0mg/ ) s & AFEOBFLEIH 2 h,
S00mg/! (C & LT200mg/!) TREEBFVBEDHBIE» o7 (K11,

B 12 4T OB 400~800 mg/! OBETM-11 S iim L, B RkiETBgres
LR THA, 7V 2—-BE 40 mg/! DEEEREB T~ 7B, VB, 77— B, 7>
VEBBRUH S 7Y e vV ThOBE CLBAHENTE o, BILAS I A0 ST
FaETAAS 77 e B0 me/l OWETLE BT L. £, 7 =BT
WIBEAIMEIL 208, coZ S M- B A TS s = B s FEEE(ID L Y
L ARICh A L EBEELTHEER RS,

O.n{at660nm))
0.1 0.2 03 04

Control

(M)
Rhamnose
100{mgsL) =
200

Xylose
100

200
Galactose

100

200

Glucose
100

200

Fucose
100

200

Arabinose [
190 553
200

Mannose [
100
200

0.5 1.0 1.5
Chi.almg/ L)}

K 10 #EREEHECBMECEETRBE

Fig. 10 Effect of several monosaccharides on the growth of AL aernginosa K-3A
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Fig.11 Effect of various concentrations of glucese on the growth of A1 aeruginoesa
K-3A

Q.D.(al 660nm )]
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T T T T
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Control M11

Glycolic 400
Acig  (mgsL)
800

Succinic <ao
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aoo

Malic 400
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Galacturgnic 490 ?
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[:Refe]

1 L 1 1
¢5 1.0 1.5 20
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M 12 AEHRBOMECEETYE

Fig.12 Effect of several organic acids on the growth of A weruginosa K-3A

(6) b7 bV v AICLAEHOEE

Microcystis 7 v BROBEHELF » U & it L > TRl Z RS C Eni b BT DHbh
B, M-11 ke NaCl 2 & @ BE CRm LS JiE TR B 2P 13 TH 2,
NaCl% G & LC 800 mg/! b Lo -CHimMm L B TR o L CO%iSn, WE
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Microcystis aeruginosa®E W 7 » — ~ ¥k 95

—
415
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Fig 13 Effect of concentrations of chloride jons on the growth of M. aeruginose K-3A

DA LTOWBE LIRS e o7z, LasL, 1500 mg/! DRE Chir Tl afd bhi,
NaCl CHEEH-Z &3, WBAE S A7 800 mg/! B EOBETAROBED ¥ 1 X2k & ¢
B ETHL, Tichh, ARELAER-S M-11 B CBEAOFERM 1 2411 180 um ¢
Botens, Clme LT 1000 mg/! O T NaCl 3 Ut FO5BULOAES LihE
11000 gm %R Ltc, NaClOFiniic L o BE o4 XK E B2 &3, A5 4 A EOBRE
A Na e - T bhihdtELbh b, HEAMREDE VKRBT A S LBEYIE,
FONBRRKOBENIOKEGAS A LATEY Z LI, BENATREC Y 2 @EABEE
DLW TWE EHESR S,

4 % =

GEE, B x v, v b 78R AERERREE EER BEEBNETOSC
DERW CCHERL S YAV SR TS M1 B R L OB s TR B A
Rt B, Co HBRUTVL R REBEARDORIES ok LA, £ DL DIUEE
I L CTRENTH - 12,

B ABOMICA T RICLE L Shb s, BCRAR? pEE LREREA L THLA, #
FAVGORT Sy = VRS D B (1D 02 RROMIICHEATe s L WRE i,
Fe, (SO0, U FeCly e &' D 3O PAL &Y 2 i 2 1SR MANTREE L 2 Emh, KD
WAL Fe Al Th B = LR LT b, ¥, 2R3 WMORLEYIREDTA DL
IeVEBD A, 1L A RIFRME AT O T, RROMANCF V- P HRREL L B
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MAftEED

Mo, WHONRLETLAT A 2 BAEYEEBCES LT 0o 20 s BESH L b L
Vo Linl, EDTABEEMNLE £, #2 S BTN, Zn, Co, CusfHEAT Mn 4
RENTSHD C ERARORICH T2 EBHORE EHTHL L LT LTV,

E2 v B RBEoBBEALET S —0RBMA L L TREVWIES R, B REEomime
MY (72240 =) WEREIRL SO T RIEEFEETF 1. 70, BLoRfEsCot
RERBTEL D, FERBLOEARRYEL V530 LB, M-11 81 B0
AETEICBAIND Co D #BIND B, D0 E LV ~0r 2B <, SOl IR S
TWLEHEZNS, BoRBEmL i (B-12 1) ToORTGORIERY, EOWIIM-11 1
e LI, Linl, M-11 S CoBEMEATEICA SR 5 B0 RS 15w T
nT< b,

B-12 S5 Ciiig KR A AT A L LW, BEAEBAAEL TSR R L &n
5, Bochl g & ERICALHDEELYE 2 TWL L EEINL, Bpo At 7 oA Hw
Hh5 E coli Th Co 2 B @R ETMoaMcfBcE oo @E0 AT 5,

DA, ConXDBEHEICL - TREZNLZDTH LT, BrBRUWIREB LIS
BB T ~THEH Y RER S, WL Db 0 AENTH 1 A Th, 71 /BeD
iR, Wed R, AT U RRSEBEROEOER I ERE LA L OB gL BESE
BRI, T8/, WOCREYS2LT I BEEACHEY I T I S BO 27—
g b, BrEENPCRLECEETHE SV v, Ly v, L-vr s B, RU
L-7TAA 5 VvEBAEED I A - T BT 5 2 LSk, L-7==20F7F=v, L-t A=
v, Loy vy, Lt wASEGRE AT L OB BTy, F, REAEEO S
BRAEELLAS, HOBEPBECTCA YA 7 L OKEBREIT Y - CTHEEE A L ER IR,
FEOEEIC I FEbha 7 U 2e ) vEA KHPO, O b ic fl v Fo s oo A8 & 3 8B b
TR eh T, CHHOHE R, M ceruginosa MEBFIEEBEVITL, AR oYt
BRRIRERBPC LT /T BAERRCR L, HRAOBEEEGICL - TiRWE T4 7 7 4
Vellp g, avibe—nAARsd0lBiohb, Iol L3, BITEEREEEDE L TOXRE
DREFH L L5,

B® 5wz Co M £ 0, MEHRTOHEERCISERET 2B OMBEES B SR, K
RELTHEROT BIENE , HWEVNERTEL, REKCSITS B,UAOHBE L4 LT
LEE L OBREBERCoWT, BEHL(BHL T I ERNEELELAL,

5 B ¥

1) M. aerugingse DB 7 = — VR RVT, AR (M-118#) «, ¢85, Birs
TV, 7 B BEGERNEE BEERUEEBEALEECEML, BECESTREEY
ﬁ;ﬁﬁj L'."Co
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Studies on the Slime Polysaccharide Produced by an Axenic Clone

of the Cyanobacterium Microcystis aeruginosa K-3A
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Abstract _

A slime material was isolated from axenic cells of the cyanobacterium Microcystis
aeruginose K-3A, grown in a synthetic culture medium. To isolate the slime material
without other contaminants from the sub-cellular fraction, a new isolation procedure,
a mild mechanical separation followed by ceagulation with calcium chloride, was
employed.

The slime material was isolated at a yield of 7.29 (w/w) in dry weight and 34,5%
in fresh weight from whole algal cells. The native slime contained a much amount of
water for forming a gel zone surrounding the algal cells.

The partially purified slime material contained 51.4% (w/w) carbohydrate and
12.6% protein. Chemical analyses showed that the carbohydrate was a complex
polysaccharide containing galacturonic acid, rhamnose and xylose as the major carbo-
hydrates in addition to the sugars. fucose, arabinose, mannose, galactoze and glucose.

The slime material was not soluble in cold or hot water but soluble in 1 N NaQH.
It showed a peculiar characteristic of coagulation upon addition of multivalent metal
cations or in response to acid pH.

In the contrast, the extracellular and intracellular carbohydrates extracted from
the culture medium and from algal cells devoid of the slime were mainly composed of
glucose. The extracellular polvsaccharide was derived by autelysis from water
soluble intracellular polysaccharide of the same composition.

The slime, intracellular and extracellular polysaccharides comprised about 8.1%,
1G.3% and 46.8% of the total carbohydrate produced by this aiga, respectively.

Key words : Microcystis, Slime, Carbohydrate, Polysaccharide

1 ¥ 5

7A 2DFEREEYTE D Microcystis B7 wEOBEFNERO—D> IRl koA L2 E s> &
KRR H 5, BRHEEEILS v E#2 2 U ET 58KERD I LB F i T 5202,
O ECERFSNEE IOV T30 - T i, EREEREC OV THOFEIL
AEOBEMEEL X ORECRETEEYNL AL LEETH L, EREHE I cell
envelop AW 35— TH 543, TRV HIL, sheath, slime, capsule, mucilage, gelatinous
matrix 7r EFEEHIC L DB h—F L Tuv oy, Drews 5% 43 “a structured layer” % sheath,
“undefined, unstructured zone” % slime & FF|L, TEXRNL TV-D, M. aeruginosa DL
BT 5 EFRERE QIO A2 TEHD zone & LTHEY, RAEOHZHE/TED Hivkl 0
TATFALENFLZ LTS,

I VRO AT A & F vk sheath iCBI T BB Anabaena®™®, Nosioc™, Chlorogloeopsis® 12>
WU X AT B A, Microoystis Voo Titia & A EFEE S T Fol s, BEICHE 7
B R VRIS T, B, SWE LY HEIMOT A ek TEBRE, KT8,
FofeEtE o THE LTS, BB RE TS 7 4 2l species O A HED Micro-
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Microcystts aeruginosa & @ 7 v — VRO £ E T 5 REREEI

cystis B VHEMNRIEL TV d, Fho, UKo LAHh, MERECHESEMEELEELT
Who Liohio T, THER, alotncs— T, toRELLrEPELPBECELL, ¥
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DT, HEEXS, HEEESLCESBALTG-ATERELS DS - o,
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LT L ERRCEENAEDT, TOBMY AT A A0SR UGA L, EMcE
DECATA AHGFBTEL LI oT, SO &k, MBEPATEEEEY O Mt o B
THLNEMEREZ A5 4 2 KL THET 2 b THRIC LI, ARE T, 2kl
Bohts, M aerugnose R v — VEBROLEET LA 5 A 2a0{LFHREE 2P LICE~N, S
T, AMFAPATENEE R OHRA TSR & i Lo S o TRl T B,

2 EEHZE

2.1 SERER UBESE

(i) SRR - Microcystis aevuginosa K-3A W 7 = — v BEx vz,

(i) BEagiek | ISR it M-11 Bshic e 2 3 v Bk 100 wg/l OB iz B-12 15
HCHEIE A AT - o, BEEL 30°C, 2,000 Ix(BEACATEE RS ) © Fi- CHEEE S 1T - 7.

2.2 A7 LAOHBEFCBREILD

B-12 550 4 [ VT 50 BRI FE STV T CHRE Y EDT, BRERELHAF - —T0F
THA BRI, Tht, RRE S (F—t=F o rIHI#r—HM-10) % -
T2 HMh <A L, 15,000rpm. 15 508 L3 BERTT 5 E AT 1 2 o—8MHM il - Tk
BRI L, MELABERBHUER I+ v Ao BB LT, BE v -2 FufgEos
CHARERBOIE LA, Bl e y bV v A v s Bu ik s o TRET RBERGbO
AT A AOFHEEGHEYTER LIz, 5~6 EORECHERNEO AT 1 2 3 LA B R, "B
AT A NEE” PE L T TEIRE R,

BoHhi AT A sgRE Ly vy a(CaCl,) % 100 mg/! DEECm %, 15,000 r.p.m. 15
DHELTEERTT Y SRR LT e 2 7 4 22BE L, FHy R e LTER X R
e

AT A LA+ v RCHUBREL, S8BT+ —Th A LTaREY, Zhic CaCl,
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Algal cells

Vibration with LAB-Mixer
[ Centrifuged (15,000g. 15"
1

|
Slime fragmen#ls(Sup.)CaClz Algal cells (ppt.)

Ppt. . (Elimination of Slime)
{Crude slime)
"Deslimed cells”

|
Washings with Hy0. 6M Urea Sonic disruption {(50W.15)

Chloroform @ n-Butanol Cell extracts Cotd TCA

Aqueous phase
I Lyophilized

“Pure Slime”

Sup.

Elimination of TCA with Ether
| Lyophilized

‘Intracellular Saccharides”
K 1 Microcystis aerugirosa K-3A @A 5 A & B UF¥E PO 0] i 58 o B8 sk )
e

Fig. 1 Isolation procedures of slime and intracellular saccharides from Microcvstis
aeruginosa K-3A

Az CHE S e, ZoRfFR TEEVELT, REEIEDYEREL

BAT A apitir g VA7 B ST h oD, 6MEBERCIABEEL, iz -/ —A k)
HEED, BX s rahila, g7 & 2 — b B sevag 51D TR s v 7 BT ok, JOBRE
THEBRIAT A a4 A VK CHENE BEEEEETY, MoREA T 14 & LTRERICH
L,

2.3 MBREEMEER UERA T EEEE O SR

B-12¥rb 2! # VT 26 AREEHE ST, ROTETEEY S, RElRYFEL B-12
BERWTHREL, SETERNCHETAT A akBE LI "BRAT A AEE & 30ml oAt
KicBEL, 50W, 50088 TBEHEEBRYT -7, KT, 15,000 rpm. 15 5E05 BT
W, BhALIERIC Y 2 r ABERR(TCAY % 0% 0#FEECe s L S5t mUrRTit
BakE, LEBEPCESEhs TCAd=Fr=—5 2 ThELL, KEO pH s d T
=T ASRERERDE LG ED, SHRCTEERYTV, IR HIRANTEEEE & L CERCt
L7z

AT AR SRR ISP ER GBI LT 50T, B2 2 2 /v-41 0
ke E 2 1T - 720 MO EE5,000 rpm. 15 5) TREYERE, GOl LBRY e —F Y
L AHE Y- - THI0RCRD E TERFLL. BROBRETTRESSGITE Lo TR0 #y
FoThEll. LERATHEEMRL, REATTHERE L L TRl
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Microcysiis aeruginosa BB Y » — v ERD L FET L EREFRIE

2.4 thiEEOSH

(1) WMKSE HOEEAS AL 2~8mghraBly Izl T2M™E 2m! 2T
S BRI L BiA 4 KT 18N @D L3R, RSHAELHTT, 110°C,
GRERS, DI EEATT - foo BOEEE, RV v ADWMERLYBBLA LB T CpL, &
OATEETABHERE VR, LB » b= v GF/CTARL, ARy HRETERERRE LI

(i) 7TaA2b—aA7e7— FBHEEOHENYE | ATHMOFEY WL T -7, kG HE
D NaBH, BH WO mg/3mDuxmz, FERCIREEELT7 A2 b -2l BT L,
Dowex S0(H*ADN % pH 4~5 e H ¥ Tz, BEO NaBH. 251 7o, GF/CtAhfL, #EH
BE L1, chic, ## /7 —nbmi¥ing, HREFEYIEERDEREL, UL FLrraFl
LT Ui, gue, EREER D v o vEKRQ L v/ivi2ml BiNL, 30°C T®/A vEa
e Y VETGWT e F b ot BREEELTESh BRI s e 5 2ml #ing
TEREL, GC ot i,

(i) 7aor—A TMS HEGOREEY: | MAGEARY 7o — AT 27— P FEHEVR
Bl+2Ra e OB LE7 L - GRETL LI, YUY L ~F a5 (HMDS) ¢

b Ay er S (TMCOYDEESH0: 21, v/ v)TREEL 20~100 4g/0.1m{ iZicd
LA, 30 EBL <A TMS (LA, REEIIXIommIcBL, #ELoct-
TAHEDTERE, EBEY GCHthicftli,

(iv) wAage=t2Z5700W& B 1638 2 s e~ 77 7 4 HEYBGCTHH
Lite, FAvb—ATey— tBEEOSWH&E RO LBV THD, BEEG FID, 254 ¥
SA#3A3mmx1.5m), FCAH  3SBRECNSS-M{# {4, chromosorb W, AW}, KALZER
B 950°C, A7 ARE 150~180°C FHEC1'C/min) 7t 180°C El, 740 b —a TMS i
RS 3% ECNSS-M X r QV-17(384k, Unwort HP) R, QILERE 200C, 77 A
HEE 130~160°C BHR(3C/min) & 7o 140°C B CFT » .

2.5 TarEOaR

A5 4 ARG ES Jeffery HOFES AL LT 7, HoREEAT 14 5mg 200
Ko BRI 5 A A, Dowex 50(H*ED200mg & 0.05 N H,80, 2m! #inx, #HE% 1000C
T 24 B, DK R AT o fo, DA G ERENEN T Dowex S0(HED2 m{ #ahbich 7 2% 2 [BLfE
TR, BBH L ST LAOERYEHET, ZhicBaCO XM ThfIL, HGFTERT >,
EBBRRIFCGF/C TARL, AWEMERK%1T -~ S NaBH, 50 mg &hn2 % i 1 F
BB LT 5 Dowex 50(H-ED %z T pH4A~5 it L., ETHYTMLIL. 2 &/ — &z
THRREEAREEREL, BECBREYRIERRCERL, v vBE7AF /57 YICER
Lt P—2 0 —x A3 — g~ THEEBEYERE, Yoy HMDS: TMDS0:1:1, v/viE
Wami Rz 20 SR E S L TMS (L Ui, GC #ir&ibduito 7 vt -4 TMS F38E
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BH%BHL
DEEERUTH S,

26 ROMAIZEIhBA R LBOT I BRI
OB AS 1 4 12mg i 6 NER L5m/ 02 THE L, 100°C 24 B, MK @A T -
Tro T3 VBMAIZEE 7 ¢ s B E (BRI T LA,

2.7 &BoHmE

A7 A L5.0mg HHBE(1+2) & 60%BMIEEM LI TIKIL LA, =y F 7 v — b B CREIOR
WIES Y, WAR INERCES L TEBC LI, » MY Ya, 709 2S00 0Ee »
YT A wrAYT A FEETRAFIE L,

2.8 {LE2aHE

(i) BE 7=/ —ABEEY THT LI,

(i) # w228 Lowry (iCHIE L1,

(i) 49 v 0 Allen DBERKAECKILL, =¥ 77 VB 4 —HBTRE L,
Civ) WiMb#E . Terho 5" @ sodium rhodizonate SHE & Fi L« B FEECTIGE L oo
{(v) ~%v—+3%v:Strominger 5D HE® L - THEL L,

(vi) 7w BB AT — LB TR LA,

I B R
3.1 M. aeruginosa K-3A OEET AR5 1 LOTREENBBE AL TAAT I L4
At

M. geruginosa K3ADEETZ AT Aok mny b ) v A v s TRF T« 7ROLLEE Y
M2 Tmltc, BROMAEY 1 v 7 HTFHBEALLVAREROAS 1 40 EL B> T 2008
Bhhd, Ao~ 7FATERLTHLOTRKFEICELD, —FilkodicbE¥RTHHEL >
DH b, HINHECHEDF ¥ BANETHME CRELLEATH S, HEs S HHEOMH
BAETHEEQE-ERLBCHCEREEL, FOMME AT 1 & s88H B - T ge
LCWd, 271 0P A &~ 2 THY 3 5 BERLEL, AMIBAER CHENESEE
ME K TFHROLOFAET - TV —VEBRELTVAL A Re s, M4358RE 59 -T2
17— a /R TBEREAT M AT OG WY v V) v s v 7B CRELLSE
THhbh, FEERCIREEARTEAL TG, 7, BRWEESBO LY HEBOBRA LN,
Wity —le A 7 A AL AT E N D,

A A kKPSl oA T 4 AR OB HGEC(18,000 rpm. 20 ) TRITF L7y A5, 18
fess vy s (CaCl)RRIT 2 &, A9 4 Al pBHEL, BHICROGETERTEL D &2
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Microcystis aeruginosafE 7 v — Y HOEE T 2RI RER

B 2 M aeruginosa KBADAS A LB (my bV VY IA v 7 LARTT 4
TR LAV IRTFOBALRVGABRY — v AAT A L)
Fig. 2 Microscopic observation of the slime layer of M. aeruginosa K-3A
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Micrecystis aeruginosa$&E 2 » — v DO EET 2 X G EE

B 4 M. aeruginosa K-3A OFFEI LR HMLIAT I LADT7IZ AV
Fig. 4 Slime {fragments dispersed in deionized water
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Microcvstis aeruginosalTA 7 = — v kD S BT 5 X T B

Rudighi, BS5EAZ A 25 «0BRECRS L 5w Callyxnz, Lo EA5,000
rpm. 15 M) H TV EEEFOMERE S HIE L ERTH L, CaCl,h 40mg/! Hillz s L ¥
hofT AL L, BOSEC L Y ML A EAVR &R, CaCl2 100 mg/ ! TriEE 100%
GEGCEEAE L, EERPCRAS M A0 e BE I {ftot, CaClLTibEE L
A5 A4 LAEEERO Y ARYEL, BREREY T LAROERRERELULDE MBS,
A G A LSRR A E TR A 4 AR s L, CaCLofle X - Trafb LT
BT o8eefRAL AT 1 L0 GHE OIS T - -CGEBRITIRERD,

mg/L

)
[=]

20

10

Slime saccharide carbon

20 40 80 80 1C0

1 1

CaCly mps L

B 5 HAvvhld i LBATALAORE

Fig. 5 Coagulation of slime by the addition of calcium chrolide
To the dispersed solution of slime fragments, calcium chloride was added at the
concentrations as shown in the figure. After removal of coagulated slime by
centrifugation at 15.000 r.p.m. for 15min, the residual slime saccharide in the
supernatant was measured.

3.2 A7ALDEER X {E¥FMHY

E 11 M. aeruginosa OSTEEn 6, BIdOHETAS { abpL o b 2ONRABE (L
FE)RUEETTLL, 417 0EHEG0 HRER LR T 153 g DEESEBLA, Thib (.11
g DA T A ANGE RN, BB TILEAD T 2%0AT 1 A TH-1T, —77, BETIE, 23.7
EOWEMNLRIgOAT A ANGHMIRAD Fieh, BODETEDEBRED UMY PR S
1A THote, “OZ LWL, AT 2HEHETRT.2%THDHY, native TRETILEROKY
AL EKE B I AEREEAREROH 13 ML NS TV LI EHERLTVS, AT 1 4%
Beo A vk, 6 MREHTHHL, BRMK Sevag DFETHR# v -7 %17 o THE W
AT A SRRBOEMNERLE 2 1T LT,
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EHEHD

F 1 Microcystis aeruginosa K-3A ORFRENCBEE LA T 1 4 OINE
Table 1 Yield of the crude shime isolated from Microcystis aeruginose K=-3A

Wet Dry

weight weight
Whole cells 22.7¢ 1.53 g
Cude slime 8.3 g 0.11 g
Residual cells 15.4 g 1.42 g

Yield of slime 34.59% 7.2 %

The alga was cultivated in 4 liters of B-12 medium for 5G days
at 30°C with constant irradiance of 2,000 1x,

2 HoREAT M 20kENE
Tahle 2 Chemical compousition of the partially purified slime of Microcysits
aeruginosa K-3A

Composition Contents{(%)
Carbohydrate 51.4
(Uronic acid) (13.8)
Protein 12.6
Lipids (not detect)
Nucleic acids (0.28)
Hexosamine not detect
Sulfate not detect
Metals 6.4
Water 4.3
others 25.0

AT LT R vBAELEENSL A% TREY S, 2B 12.6%, B (Axadl
T) e AUE TR T I, v e yBIAEE 26 8% ML Enh, A5 1 a0 kS
WRIRAETALERHLATHD, B Vv BREAEOBKR A v s Bl s TLBETET,
Fhse eV EEBEABR LRSI L, 2 vt BIRA T A AR B
CBL, A4 AGTFONTMCHEDA TR TVDHEHRETE D, & VA7 HHAT 1 L ORERHE
BEFTHENEIDRECHEANILECHD, A7 1 LB HEHLR LA EEEERT
Wil BEoFRS ) vaBRE SR, ThA, BBEE Y VIRHE, v v v HouvHhie
BET &b, BICIED ThThThoat, AT 1 4hiIiny HEEL ~F Y —
27 I vhBHER 20T, AT A ABEMCREFROMEGEAL TV 2B R
Bo mDT kY, FAIRFC, RABEIFY-wHVILAT T 05 HER CHIRBEEN 2 EA L
Ihkmolt l EEERL LA,
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Microcystis apruginusal®Edi 7 v — v R0 4 FE-T 5 EXEEN

3.3 R74 LO8ER

A4 ADERBHFEBHEETHE L EORGEINAOT, FOL 5 ok SENE
BERTVWENAAZ a7 7774 —THHT LI, H6RAZ A Ak GBO7 L2 b —
LT 2T — VEBEEDON A n = ¥ T LERLI, AT A ADBEOBEEE LTS A/ — A
(Rha), 7=—A(Fuc), 77/ —a(Ara), ¥ve—aXyD), =v/—2aMan), #5 +—
AGaD R U A2 =2 Gl TREOREEARE Ehz, £O5TYL Rha & Xyl AM{Bokiic
NTEME = mUT, 79 r AT 25 - P EBEEAO GC T Fue & Rha o5 EAEB,
HOBWOFE LI hote, MT@7AY0 -4 TMSBEBEEDOFAZ v~ t 75 2 h R L, T
2 b~ TMS FEHAD GC Tii Rha & Fuc o5 B -8, ooy — 74 —-35 o
7L, FEIES-T BRECTERCM AT, R TAY AT 2T — FEEED GC &
iz X > 7, Rha & Fuc oFfER T v b —n TMS S#fko GC o tko i,
B8ty v YEED TMS BEMEDOH AL v b 79 adeifli, AT 4 odhD Y e VBN T
7y e vBONEE LI, A7 4 AMKGESCTHREOY 7 2 Y e v ing T TMS F84&

al
o
o
Q
j=3
[2]
Q
o Y 1 1 ] 1
£ b)
[&]
S
Q
O
1,2
3
4
]
& 7
1 1 1 L
10 20 min

Retention Time

Bl 6 AFALEEOTAS - TeF— rFEEON R I by T A
Fig. 6 Gas chromatograms of alditol acetate derivatives of neutral sugars in the
partially purified slime isolated from M. aernginosa K-3A
a) Slime saccharide.
b) Standard saccharides : ! ; rhamnose, 2 :fucose, 3 ; arabinose, 4 ; xvlose,
5: mannose, 6 ; galactose, 7 ; glucose.
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B 7 A5428807L5 A TMSBEEOH A7 < 7T A
Fig. 7 Gas chromategrams of alditol-TMS derivatives of neutral sugars in the
partialty purified slime isolated from M. aeruginosa K-3A
a } Slime saccharide.
b} Standard saccharides ; 1;rhamnose, 2 ;fucose, 3 arabinose, xylose, mannose,
galactose and glucose (overlaped).

DEEGHE L bo A, H5rve  BOMBIZIBOC— 72K <BRhi, ZOBEELD
ASA Ak e VIBIITF Vv e vBOLTS L e yBIESERT LIV AR SR,
HICATA ARBERTLPUER YT 7 7 e vEBOERZEREY s L TR L, $HEL
L7t Rha & Xyl pvidREBE S {, oMo 3IBLE<EEh T i, TOKRIZAT T A
MED I B G A A R A L HII A FAT R TT—RA T IS —
Al mv s —AR2:2:2:1:01:1:01 11 ©OEETEL repeating unit & Lo H Y = —CH DT
BEM AR LT %,
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Microcystis aeruginosa W 2 2 — V BEd g+ 5 2T g

a)

Respons

Detector

1 i 1 1
10 20 min
Retention Time

8 A4 A0u e vEBOTMSBEEON A=t 75 A
Fig. 8 Gas chromatograms of TMS-derivatives of uronic acid in the partially
purified slime isolated from M. gernginose K-3A
a} Slime saccharide. :
b Slime saccharide plus authentic galacturonic acid.
Peak 1 was identified with galacturonic acid.

# 3 A1 AoBEHE

Table 3 Sugar compositions of the partially purified slime of M. aeruginose K-3A

Sugors Pacent of - Percent of
Rhamnose 24.2 % 24.49%
Fucose 6.0 6.0
Arabinose 5.8 5.4
Xvlose 21.6 20.0
Mannose 4.5 5.0
Galactose 7.4 7.7
Glucose 6.9 7.6
Galacturonic acid 23.5 28.1
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3.4 BRGHATBEMEER CRENTEHESOBRE SR

M. aeruginosa K-3A Q¥EFOERCE b ChH R d RO NEREE 2 ERT 5, SEIOE
BCir83.3mg/! (73 — ABRBEDVEMACER LY, TAD F—AT v — bRk
LD GCtnd, ks BT 9, b) MK GBEED S, a)D 24 7AW THF 7, K
SBEIOF Y T i), B3, ST —A0E s - SR, IKOERED
GCrr~t 2774 —TRI/A2—ADE-IARLKERE— 7 ELTREZh, FoMicT
h/=RA, TA—RA, TIE /A, Fvae—RA, <y —AGPERRr -2 iR LAt, O
DR, BEAUTBEBOEIRS 742 —ADFE ) v —THBELARL TS, FOAY
T-ORBRENERbhd o - A0 BER L L TR bR LR R, K
TRCL 5T, RA54ADBMRAMEERCBBER LT CREL0, BRI L, &
EHATEREORITLAT 1 ADGEYATHELL T, BA LN TEL TV 5,
IR EATTERBEO TN A7 v = b 77 A %R LY, MRS ERHOEE (F10b) it
A=Al )~ ARULROTSE AT A AT T - VEEEL L TR R

L

b}

Detector Respons

!

LN N
10 20
Hetention Time

B 9 BUEHATEEBEEOT VU=V T - P B0 A2 A
Fig. & Gas chromatograms of alditol acetate derivatives of extracellular soluble
saccharide
a) After hydrolysis,
b ) Before hydrolysis.
Peak 1 was identified as galcose.
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Micracystis aeruginosa B 7 = — B o 5 TR E R

aj
&
=} 3
a
[}
i)
m —_—

b)
a
Q
2
]
[a]

| 2
10 20 min

Retention Time

M 10 BEEATBEEEOT7A S b~ 725 — rFBEOTAT R b 75 A

Fig. 10 Gas chromatograms of alditol acetate derivatives of the intracellular soluble
saccharide
a) After hydrolysis.
b) Before hydrolysis.
Peak 1;mannose, 2; glucose, 3; galactose.

oo MAKGEAEOT Ar e =776 (H10a) CTREGATHEREEDOES LUT, Fra—
ADE— 7 OEANREDLRE, TV /- AETIE S —ADY — 7 3RS BET 1B ET
b, KELE-7 bt ors, OB, BENTEEEEOXEILRS A, BRESNTE
HEEHERC L2 - 20 R ) v —ThHE I EERLTVS, LavL, MAGEITORC~
VAR A L LR ER T D RREATTEEEE LRSS TS,

e 4 AN TENEE R OB ENTEEEEO RN AT 4 A B L TRL . &
(FATEEED 81 9% v — A Th oz, 47— A91.0%NFEY = —, B5%AE/ = —
LTS ER TV, BEAREEEED 73.7%0 25 ra -2, 131%™ F 527 + —ATh-T, .
=AY TR EY ~—T1.3RHBE /= —Thoto, # 37 b —ANKSRAR D
ZEHER, T/ v L LTERIN TG o7, BENICIENES 527+ —ANRNEEAT
WA, ASAADHT Y e YEBEOERBIFLBEEL CHER IR, BN RUEEAT]
HHEER, S - ARTLAEENA T AR THEAL T2, L OMOREEOMR L
RO RILH> T D, BT, THBLEAT A 2aDBHEM LR L TV 7o, Tibd, A7 1A
B WIS A/ —A, Fue - AREEOBETIIDLALRVGERTLAS TR Ttk 2k,
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x4 ASA A BEATENRBEEROBREANEREED PSR O LR
Table 4 Sugar compositions of the partially purified slime, the extracellular and
intracellular soluble saccharides produced by M. aeruginosa K-3A

Sugar compositions (weight%,)

Sugars Slime  EWS'  LWs*
Rhamnose 31.8 1.9 4.1
Fucose 7.9 0.8 1.7
Arabinone 7.0 5.8 1.9
Xylose 26.1 1.8 2.7
Mannose 6.5 2.0 2.9
Galactose 10.7 5.7 13.1
Glucose 10.0 81.9 73.7

* Extracellular Water-soluble saccharide
** Intracellular Water-soluble saccharide

LinL, WhiclTh, A7 1 2 ORENGEHENRUREATTER S EAT, BbTa=—
7 IALFERTER Y S > T B 2 B TH D,

3.5 RFMALETENDE /2807 2 /BHA

AT A LR EFRTVAF VAT HOT7 3 /BHRAYES R LL, 727 7B (13.5%),
T 7= (10.92%), Ava = (10.26%) RUZY v (10.05%) DREMIICE B ERT
Wi, AFALFOR VA EOT  BEEEER S Vo s BE B XK AT I B
HECEBEHBTA2 Vv A7EOT I VBERE 3RV EAEL D LAED LR, Tiobb,
TRADIR D VR (12.33%), TAATFEY (12.01%), 75 = (10.98%) #EFn T
D, AFH =V, TAF=V, FerUDERRIATAL0IEELEETNTVE, AT
I APDE A TERAT A 2B R B THDBIEERL T A,

3.6 AFMLOEEERE

AFGA LR EENLERTROGTRRELYECCT LI, 2 v sl RGLEEERT
fodh, CHREBAT A AR HIEA CACLICHET L EELLRD, AT LT
TTF Py anECFFRTY, Na PR SR TR TV LD THSL I, &
EOEEC QAU AT A A HENESE TV LR ERD, Bibies 27
B 2AUN AT A APIZHETRT N, Fh, AT 1 Aahilith T h ThHas ) vVEEhT
Witr, Vo 89%inA e U VEEEE Y v TH ot frds, BLicHdT A Co g s <, A
MThots,
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Microcystis aeruginose B 2 v — v B0 H B 5 BFHER

£ 5 AFAAREEIRTWBLEVA7EOT ¢ /BERE, BEPRUES
HujgEE oty BT L BRI i

Table 5 Amino acid compositions of the slime protein, the intracellular and extracel-
lular soluble proteins of M. aernginose K-3A

Amino acids. Slime Intragellu[ar Extrgcellular
protein protein protein
Aspartic acid 13.35* 12.01* 14.96
Threonine 10.26 6.57 5.82
Serine 8.60 6.57 6.34
Glutamic acid 8.42 12.33 14.18
Glycine 10.05 8.67 8.77
Alanine 10.92 10.28 9.96
Valine 7.41 6.52 5.95
Methionine 0.38 1.94 1.81
Isaleucine 4.95 5.05 5.44
Leucine 8.58 8.17 7.79
Tyrosine 1.74 3.44 2,17
Phenylalanine 4.55 3.81 2.97
Lysine 3.23 4,44 3.57
Histidine 0.63 0.97 .57
Arginine 1.71 4.36 4.21
Proline 5.20 4.86 5.77

* Per cent of residue.

£ 6 HOoBERATA sdhERBY Y v OBEE

Table 6 Metals and phosphorus contents in the partially purified slime of M. werugi-

nosae K-3A
Metals Contents S::‘Z:i:y‘
Ca 21.3 mg/g 9.4 %
Na 14,1 1.2
Fe 10.7 29.4
K 9.4 5.8
Mg 6.6 2.5
P 2.3 3.7

* Recvery from the metals and phosphorus initially
contained in the medium.
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3.7 RIALOEREYE AL
HRREERLICHSERAS 1 4 3mg B TCAR, £8EELIm! Tomz, BBE:+
Fo T FAL, BEBBEEOBBIECOCTRE L (RT7). A5 1 208H SR »
FU v o X HEMERE S, CaCLYENL, BLSEBEO BRSO EREY ST
LWL »TF=s 2 ke 27440, AKRUBKCREBETS -1, 0.1 M OkE{L> b
Jwa (NaOH)Y T2 7 1 20—, 1.0M TT~XTOAT A apq b L. 2O Y7
WA A AT 2 AT LU CaCly iz ross, # A RIEE AR Lo ko, 6 MIRHE
RAZ A L BRI —D7 57 4 v L GHELLSTHE LI L tnoto, BBz <278
FAHELERLOCAGERL SDS 2 Y b v X-100 m E o ATEERI. BvBh ks,
7FvEOHHERAV-BhE~F A 5 Y B (SHMP) Cihiir BE 2RI - TLE o1,

# 7 BORNEAZ T LORBEERCNT 5 BERMY

Table 7 Solubility of the partially purified slime in various solvents

Solvents Solubility
Cold water Insoluble
Hot water Insoluble
0.1 M NaOH Soluble
1 M NaOQH Soluble
6 M Urea Insoluble, finely dispersed
6 M+109% 2-ME Insoluble, finely dispersed
1% SDS Turbid
29 Triton X-100 Turbid
29 SHMP Coagulated
109% TCA Coagulated

A4 8RS CaClyD i L - TIETAMEARGE 2o, CaliftodBic) -
THF AR H0E IR Lice A5 4 5B R RS REY 100mg/l L5 X3
LHRE S LTALEGARE5,000rpm. 15 )% fTv., EEFOBBELER L, F 811k
BLIAT A2 ENLAEBIE 1l mM Y7 o BRETHEL, SHORBR7 A =22 083
RRVBEEIER 278 L, RGN 88 fER #3 L iz, Ca iz Cutt, Mg i &t~ 23
Egg A Cott, Mntt L D iEVREERL S -1, 1l Na 355 BEERLISER e oto,
CRBOERE AZA A0SO, 2HEOEBELEBEBELIEY, ST ERRL
Ty %,

M1l pH LB AF 4 2D b B LR THD, pH4 L TIRT Qs AL
pH1TAFA LD 60% L EABEERE Ul COBREITIETERLE TCA, SHMP oL b =
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Table 8 Effect of various metal ions on the coagulation of slime

Metals Slime
(1 mM) coagulated
NaCl 13 mg
CaCl, 85
CalOHD, 40
MgCl, 105
MnCl, 55
CuS0, 124
CoCl, 106
Fe(l, 178
Al (80,); 231

Metal ions were added to the dispersed solution of slime and the coagulated
slime were precipitated by centrifugation at 15,000 r.p.m. for 15 min.

ay
=]
T

Coagulation %
i=Y
o

]
Q
T

B 11 A4 4o pHBEEHE
Fig. 11 Effect of pH on the coagulation of slime

FAAMEIE L L EFF U, pHM AT, #9529 vEBEON X2 vV IEO R
PRI, S EL EE LB RS,

4 £ B
Microcystis aeruginosé DAFA LOTEBERENFF 7 v e vEEE THOPHEL O HEEES

WEeHD o ERBLMC S, L~y — A 3EEMan, Gal, Glo), ~v A2
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(A, XyD, #Fa~v b2 288 (Rha, Fuo) k772 v e vEED BER 2TV,
SETERE SN TCLEET v BN EOWRESEOBANYE S TR L, SEEHLICL
THRBRII M gevyginesg BEEEO A S A LTBRNEOEELR L £ o0, ¥1:, Anabaeny,
Nostoc Palmella®, Chlorogloeopsis D7 m v EELy 7 v vBETH B M, M. aeruginosa K-3A
WHZ7Y7evBThoaTo, MED DTMGEOKOELLHL THEM, »Ye vBTHLHAT
EELORRE—HL TS, 7 VYEEORT Microcystis B GHa 5 7 7 = vigafE-Tu 3

9 BBERUEREYORHELEOEEAR

Table 4  Sugar compositions of slime materials isolated from various organisms

Sugars
Organisms . Gal Gle Literature
Rha Fuc Arb Xyl Rib Man Gal Gle acid acid
Microcystis
aeruginosa ® O O e o o 0O e Takamura
K3A(Axenic)
Microcystis sp. ¢ C ] o O e e Amemiya
M. marginata mucopolysaccharide and pectates Kessel
Anabaena .
) . [ ] O
cvlindrica © © . ® DBishop
A. evlindrica G e O @ Dunn
A. evitndrica
spore & O o 0O e Cardemil
heteroeyst
A. flos-aquae*
(phenol phase) e O © Wang
{water phase) O .
A. flos-aquae ® O L O Moore
Nostoc sp. 0 c 0 e O ® ® Mehta
Pa[mel!c‘z e C . O Tischer
mHCOSK
Chlovogloeopsis
(water phase}* o O O QO e ®  Schrader
{Triton X-100) o O o G e
Pseudomonas sp. O c O e O Tago
Activated sludge c O o O c ® @ O Kakii
Azuki Beans o O o 0O o O O Matuura
Kidney Beans o 9 O 0 o o o e Matuura
Junsai o O 0 O o e O
Okura O @] ® o

* Phenol-water extraction
Rha : Rhamnose. Fuc: Fucese, Arb: Arbinose, Xyl: Xylose, Rib: Ribose, Man : Mannose,
Gal : Galactose, Glc : Glucose, Gal acid : Galacturonic acid, Gle acid : Glucuronic acid.

@ : major sugars, O : minor sugars
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Microcystis aeruginosa @ 2 v — Y BROEET LA TR EIH

CENEE IR, TREFERA VY VER LB S FUEPERFIREM o B 48
By, Microcystis DA 5 A A b RIEEHEOFEEYEL, ve v BELTLYI 27 vBYEAT
LA D& LEERE

A7 4 a0 2ff, 3MOEERTpHAUTOBREM T LT 500, #7522 w v EBCiBR
TEEELLNLG, Tibb, F777avBoinEd o idid i Lt BYE L KERST
LoToraftdaLF 2 b0, INNaOH i X > TAZ 1 a0 B L, BWERECSEBEY
TNLTh oy afb L el fraoh o b2, F5 2 ve BN © g-BERIEAE T B4 &
MicZ ExmLToed, ¥, 6MBRHETAS A2 llnl7 72 4 v b icplet 22 ik
BEDBY IR LTV 5,

7VBROEESN, BEEAVEAEEE AT M ABBE SWLUEELBERS S, Mhta bo
Nostoc sp. DPIHERGT, WTFho#ES Ch b SBROSEOMABIIA Z RERNR Li5HK
LTWwvb, Ll M. aeruginosa K-3A TH&ER&ER, A4 058 TRl 7o h ool
BREET TAZ A 5 ERFL BB LYTLT5GE 10, 1D, BERTEERCY 7
7R vRRORBEGEBLNEN T 7 P — AR T 0 - RCRCTE L, BRI
ELETOHE RS bR, ChBDERSS, M acruginosa DEETIEBEA T A 20O
MEERE SR ART D 7 A v ORI R BITT & B, HEY T Microcystis BT v ERD a1,
AR o], 6B E LD a /A h Y RITRMEEELL T > T0 5 EBEL T3, AREOEE
VROERFEATL 7Y 2 - VERPEE IR $/0, RESLENE-7 7 -XERLH
THO LG, ERoEREIRLTVA,

RN S PAR S OO B LR, MBI 2 A v I S kb
DTHEHS, BEGETHLI LN, REO7 I VEIRCERMAL LV 25, Tibh, &%
kbl Licx v 2 Bé, REGMCERHPCERL T2 v B 7 ¢ /BERILE
E—BL TS HCOTBCHRET L L2 EM4 T TV 5,

ERANCY Y, M. geruginosa (FETRHIREOR D 2HHEOE, AT 14 AEELEELE
AYEREEL TS, A7 1 288 AL, KOREHN, &BIOMERTHROWRS GBED
SHOTFR GHE, BRI 2-0) v — e FOMMMEREIC Y T2 8O BEY L Hbooik
BHOE &> T b, =7, S s YIRS REYONE, =51 ¥ K%, 7 /B 5B
REDERRACKHMSH, BEOMBMEAT /R HRANEEOBE Y - b, M. acruginosa
K3ADBETHA7 A A08E, EFNTTEEEEROEEN TEEEE L 2BEEORLT 8%,
10% B U 4706 i35 Z E RS hi,

—231—



BHERS

210 HROEKHN TR EE O REE R
Table 10 Sugar compositions of extracellular soluble saccharides isolated from
various algae

Sugars
Organisms Rha Fuc Arb Xyl Rib Man Gal Glc Gal Glc Literature
acid acid

!l/[z'cmcys_ftlﬁ

aeruginGsy O o O O c °o e o0 Takamura

K3A(Axenic)

A'Ziﬂffcﬁ?m o o e o e ® Bishop
A. flos-agquae ® O ® o Moore
A. flos-aquae o © ® @& ® Wang
Nostoc sp. O O ® Mehta
Nostoc sp. o © o 0 Moore
Fabmella e © ) O Tischer
A elons o o e Sanqar
ugg;ﬁig dea o 0 ¢ O  Moore
C. valgaris o] O o 0 Moore
Chiorella sp. o 0 o O Maore
Qocystis sp. o 0 O O Moore
Chlamidomonas sp. o 0 O Moore

Rha : Rhamnose, Fuc: Fucose, Arb: Arabinose, Rib: Ribose, Man : Mannose,
Gal : Galactese, Glc : Glucose, Gal acid : Galacturonic acid,” Gle acid : Glucurenic acid.
@ : major sugars, O : minor sugars

5 ¥e¢®

Microcystls B S vEOGEELNHREENBE THARAREONBLHE > EREFER(AZ 1 4)
OF LVCEBFEYET L, Tiobh, MlER0E - LR BNAEL, Arvw
LA A YERINCE o T abT 5882 FIALT, M geruginosa BH 7 = — BEOEBERENS,
TR EEARF L, MEORVAS M AxHELR,

AG A apd, BRERTRED T2%CHML, Y vEBRSTMBELETHL L EATRD LA
fro GCHHICE T, A48, FA/ —A>PFVR—ADHTIF—ADFAITI—A>73—
ASTIE, —A>= v/ A0 THEEOCPHEL N F 77 e vBHLRA~F o =~ Th-
o, PHEEABECOE 1 REOHN 7 2 v e vBEEA TV, A7 4 438K, BKCTET
~fi, SR, i pH 4 DToBRE Ty LT 2HENED BRI, A7 1 Alknative 7¢
g T, FEOKZAUEL, BEBERO B% YLD T 1,
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Microcystis aeruginosaBE 7 v — VIEROEE T HHIRHER

F 1l BEORGHTIEEEYE OmER
Table 11 Sugar compositions of intracellular soluble saccharides isolated from
several algae

Sugars ]
Organisms , . Gal Glc Literature
Rha Fuc Arb Xyl Rib Man Gal Glc acid acid
Microcystis
aerginosd O o o O [oJNNe] ® Takamura
K3A(Axenic)
M. aernginosa L] Handa
Anabacna fehp
cylindrica © c. e o e ¢ Bishop
A. flos-aquae ® O ® O Moore
Palmella ;
mncosa ® O ® O Tischer
Nostoc sp. o O o) e O e ® Mehta

Rha : Rhamnose, Fuc: Fucose, Arb: Arabinose, Rib : Ribose, Man : Mannose,
Gal : Galactose, Glc : Glucose. Gal acid : Galacturonic acid, Glc acid : Glucuronic acid.
@ : major sugars, O : minor sugars

=77, MifeA:HEE S W AT IE LB AN OFHP) CBR S h D TEEER G, W Th
YN —ADHEY = —HERDTHY, A4 2OBEHAME B L Ric-» T\ I, EERE
FUBGNOAHEEER R v 2 - ALUACEER S ETOMARY S5, EEfNcaR— 24
ednf Thbh, EEAREEER L SERNC, 8CoE R Y BEHENTTEEEE S
Beprhic ol S hvis i &Eﬁﬁ) Livte, M. aevuginosa FERBROSEET LEB RGN EOA T 4
HEEE &, BAEMBAREEED S A v DT KT E A,

AT A APEE, BRNTTEEEERUCREN TTEREERAE0EET LIS BEEO K L4 8%,
2RO AT% Y+ 5 2 & pTR It

51 A X ®

1D KREFHE (1976) I BREAK 77 v 2 » vRE (RTHD

2) Stanier, R. Kunisawa, Mandel. M. and Cohen-Bazire (1971) : purification and Properties of
unicellular blue-green algae (Order Chroococcales). Bacteriol, Rev., 35, 171-205.

3) Rews, G. and J. Weckesser (1982) : Function, structure and composition of cell walls and
external layers. Ix : the Biology of Cyanobacteria, Carr, N. G. and Whitton, B. A (ed.), Blackw-
ell Scientific Publication,

4) Dunn, J. H. and C. P. Wolk (1970) : Composition of the cellular envelopes of Anabaens Cylin-
drica. ]J. Bacteriol., 103, 153-158.

5) Wang, A. W. and A. Hill (1977) : Chemical analysis of phenol-water-extractable materials from
Anabaena flos—aguae. J. Bacteriol., 130, 558-560.
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9
100
1D
12)
13
14)

15)

16
179

18)
19)
200
2D
22)
23

24)

25)
26)

Bishop, C. T., G. A. Adams and E. Q. Hughes (1954) : A polysaccharide from the blue-green
algae, Anabaena cylindrica. Can. J. Chem., 32, 999-1004.

Mehta, V. B. and B. 5. Vaidya (1978) : Cellular and extracellular polysaccharides of blue-green
algae, Nostoc. J. Experimental Botany, 24, 1423-1430.

Schrader, M., G. Drews J. R. Golecki and J. Weckesser (1982) : Isolation and characterization of
sheath from the cyanobacterium Chioroglocopsis PCC 6912. 1. Gen. Microbiol., 128, 267-272.
TR HRZEF « oL (1984) © BESE Microcvwsiis X o BBE LW EEHE LT L SREC AT
RAEE. BKEMERL 45, 187-193.

Moore, B. G. and R. G. Tischer (1965) : Biosynthesis of extracetlular polysaccharides by the blue
-green alga Anabasena flos—aquae. Can. J. Microbiol., 11, 877-885.

FHEER - KAEE - mEEH - ABEE—(1984) | By WS RAET L Microcystis aernginosa OFE
S8 KEHERHG, 7. 437-442,

BB E1982) | Yo aERE. 41p, (ke y 2 ).

B bR 10760 | A LeFsiRitm 4, BEOME(L). ErbEFRA  pbd.

BT« il @ HEBATD A7 m= b 7 F 7 4 —i2 L B BIEO alditol acetates ©
S BIERIC 31 5 methyl-B-D-glucoside @&, BARNbF&EE 51, 167-169.

Jeffrey, P. L., K. G. Rienits (1967) : An improved method for the isolation of hexuronic acid from
chondroitin sulphate preparations, Biochim. Biophys. Acta., 141, 179-181.

HAE{LSEHR197D - e EREM 4, BEOECT). BERLZERA, 370

Terho, T. T., K. Hartiala (1971) : Method for determination of the sulfate content of glyco-
saminoglycans. Anal. Biochem., 41, 471-476.

Strominger (1969) @ EHE - B8 - B3, 14, 1014-1015.

B 2 F 19760 | EE SR 4, HEOMFECH), HErRbEREA, 375-376.

Tischer, R. G., and B. G. Moore (1964) : An extracellular polysaccharide produced by Palniella
mucosa Kiitz. Archiv. fiir Mikrobiologie, 49, 158-166.

BEHET - PUAET984) T Microcystis DISEEOEE L U7 ¢ /BEER, AASS{ESpM 50
EEEAEEMETE p50.

BERFEZ -0 B-EETREA8D) 7T AFFEORIFUMERE RDERGaRIRFSEE, 29,
712-719.

i BE(I983) L A v v sty F o SBEO(FREC oL, BAEELEEERE 5T
851-855.

HE - 2AE0980) | EBIE T 0 2 OIS, £V I RERL B B B
EORY, HRAFES. 18-34,

FMBE982) | BAREHO HEOME L RH, BTEERE, 14 (1), 21-25,

MIE— . A B EREE - ZARBH985) | Microcystis acruginosa DIERCL: 5 BB ED
Tl HABREFEEM 60 FEAZEMEE, p24d.
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A comparative study of adults and immature stages of nine Japanese species of the
genus Chiroanoimes (Diptera, Chironomidae). (1978)

(AKE=29 A8 Chirononues B9 EOh, 2%, dhoBiED HED)
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family Chironomidae (Diptera). (197%)
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Studies on the effects of air pollutants on plants and mechanisms of phytotoxicity.
(19807
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Multielement analysis studies by flame and inductively coupled plasma spectroscopy
utilizing computer-controlled instrumentation. (19802
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% ELE RGN
Studies on chironomid midges of the Tama River. (1980)

Part 1. The distribution of chironomid species in a tributary in relation to the degree
of pollution with sewage water.

Part 2. Description of 20 species of Chirenominac recovered from a tributary.
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Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey and

their distribution in relation to the pollution with sewage waters.

Part 4. Chironomidae recorded at a winter survey.
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KEGRMAOR— L UE GO L E - 2 BB » EBRAITE — B 56 £
et oemaE. (1983)

TR oA L SR B A TR, (198D)

ESIE D #pt J O Rt EE i B 5 SRR TSR, (1983)

Studies on chironomid midges of the Tama River. (1983}

Part 5. An observation on the distribution of Chironominae along the main stream in

June with description of 15 new species.

Part 6. Description of species of the subfamily Orthocladiinae recovered from the main

stream in the June survey.

Part 7. Additional species collected in winter from the main stream.
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B h RS, (1983)

AEEEY, SUHRILEY. FEREOEAERCHETER L LTI TR —
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RO S (L 50T B A JLEEROBeE. (1984)

Studies on chironomid midges in lakes of the Nikko National Park (1984)

Part . Ecological studies on chironomids in lakes of the Nikko National Park.

Part II. Taxonomical and morphelogical studies on the chironomid species collected
from lakes in the Nikko National Park.
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Limnological and environmental studies of elements in the sediment of Lake Biwa.
(1985)
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Study on the behavior of monoterpenes in the atmosphere, (1985)
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Studies on chironomid midges of some lakes in Japan. {1985)
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Repori of Special Reseatch Project the National Institute for Environmental Studies

No. 1* Man activity and aquatic environment — with special references to Lake Kasumigaura —
Progress report in 1976. {1977

No. 2* Studies on evaluation and amelioration of air pellution by plants — Progress report in
1976-1977. (1978)

[ Starting with Report No. 3. the new title for NIES Reports was changed to: ]

Research Report from the National Institute for Environmental Studies

# No. 3 A comparative study of adults and immature stages of nine Japanese species of the genus

Chironomus (Diptera, Chironomidae). (1978)

No. 4* Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides sys-
temn — Progress report in 1977, {1978)

No. 5* Studies on the photooxidation products of the alkvlbenzene-nitrogen oxides system, and

| on their effects on Cultured Cells — Research report in 1976-1977. (1978)

No. 6* Man activity and aquatic environment — with special references to Lake Kasumigaura —
Progress report in 1977-1978. (1979)

No. T A morphelogical study of adults and immature stages of 20 Japanese species of the family
Chircnomidae (Diptera). (1979

No. 8* Studies on the biological effects of single and combined expesure of air pollutants —
Research report in 1977-1978. (1979)

No. 9* Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides sys-
tem — Progress report in 1978, (19793

No.10* Studies on evaluation and amelioration of air pollution by plants — Progress report in
1976-1978. (1979)

No.11 Studies on the effects of air pollutants on plants and mechanisms of phytotoxicity. (1980)

No.12 Multielement analysis studies by flame and inductively coupled plasma spectroscopy
utilizing computer-controlled instrumentation. (19803

No.13 Studies on chironomid midges of the Tama River. (1980)

Part 1. The distribution of chironomid species in a tributary in relation to the degree of
pollution with sewage water.
Part 2. Description of 20 species of Chironominae recovered from a tributary.

No.14* Studies on the effects of organic wastes on the soil ecosystem — Progress report in 1978
-1979. (1980)

No.15* Studies on the biological effects of single and combined exposure of air pollutants —
Research report in 1977-1978. (1980)

No.16* Remote measurement of air pollution by a mobile laser radar. (1980)

No.17* Influence of buoyancy on fluid motions and transport processes — Meteorological charac-
teristics and atmospheric diffusion phenomena in the coastal region — Progress report in
1978-1979. (19807

No.18 Preparation, apalysis. and certification of PEPPERBUSH standard reference material.
{19303

No.19* Comprehensive studies on the eutrophication of fresh-water areas — Lake current of
Kasumigaura (Nishiura) — 1978-1979. (1981

— xvi —



N0.20* Comprehensive studies on the entrophication of fresh-water areas — Geomorphological
and hydrometeorological characteristics of Kasumigaura watershed as related to the lake
environment — 1978-1979. (1981)

No.21* Comprehensive studies on the eutrophication of {resh-water areas — Variation of pollu-
tant load by influent rivers to Lake Kasumigaura — 1978-1974. (1981)

N0.22* Comprehensive studies on the eutrophication of fresh-water areas — Structure of eco-
svstem and standing crops in Lake Kasumigaura — 1978-1979. (1981)

Ne.23* Comprehensive studies on the eutrophication of {resh-water areas — Applicability of
trophic state indices for lakes — 1978-1979. {1981)

No0.24* Comprehensive studies on the eutrophication of fresh-water areas — Quantitative analy-
sis of eutrophication effects on main utilization of lake water resources — 1978-1979.
(1981

No.25* Comprehensive studies on the eutrophication of fresh-water areas — Growth character-
istics of Blue-Green Algae, Mycrocystis — 1978-1979. (1981)

No.26* Comprehensive studies on the eutrophication of fresh-water areas — Determination of
argal growth potential by algal assay procedure — 1978-1979. {1981)

No.27* Comprehensive studies on the eutrophication of fresh-water areas — Summary of re-
searches — 1978-1979. (1981)

N0.28* Studies on effects of alr pollutant mixtures on plants — Progress report in 1979-1980.
(1981) '

No.29 Studies on chironomid midges of the Tama River. (1981)

Part 3. Species on the subfamily Orthocladiinae recorded at the summer survey and their
distribution in relation to the pollution with sewage waters.
Part 4. Chironomidae recorded at a winter survey,

No.30* Eutrophication and red tides in the coastal marine environment — Progress report in 1979
-1980. (1982)

No.31* Studies on the biological effects of single and combined exposure of air pollutants —
Research report in 1980. (19810

No.32* Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides sys-
tem — Progress report in 1479 — Research on the photochemical secondary pollutants
formation mechanism in the environmental atmosphere. (Part 1), (1982)

No.33* Meteorological characteristics and atmospheric diffusion phenomena in the coastal
region — Simulation of atmospheric motions and diffusion processes — Progress report in
1980. (1982)

No.34* The development and evaluation of remote measurement methods for environmental
pollution — Research report in 1980, (1982)

No.35* Comprehensive evaluation of environmental impacts of road and traffic. {1982)

Ne.36* Studies on the method for long term environmental monitoring — Progress report in 1980
-1881. (1982}

No0.37* Study on supporting technology for systems analysis of environmental policy — The
evaluation laboratory of Man-Environment Systems. (1982)

No.38 Preparation. analysis and certification of POND SEDIMENT certified reference materi-
al. (1982)

No.39* The development and evaluation of remote measurement methods for environmental
pollution — Research report in 1981, (1983)
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No.40* Studies on the biological effects of single and combined exposure of air pollutants —
Research report in 1981, (1983

No.41* Statistical studies on methods of measurement and evaluation of chemical codition of soil
— with special reference to heavy metals —. (1983)

No.42* Experimental studies on the physical properties of mud and the characteristics of mud
transportation. (1983)

No.43 Studies on chironomid midges of the Tama River. (1983)

Part 5. An observation on the distribution of Chironominae along the main stream in June,
with description of 15 new species.

Part 6. Description of species of the subfamily Orthocladiinae recovered from the main
stream in the June survey.

Part 7. Additional species collected in winter from the main stream.

No.44* Smog chamber studies on photochemical reactions of hvdrocarbon-nitrogen oxides sys-
tem — Progress report in 1979 — Research on the photochemical secondary pollutants
formation mechanism in the environmental atomosphere (Part 2). (1983)

No.45* Studies on the effect of organic wastes on the soil ecosystem — Outlines of special
research project — 1978-1980. (1983) '

No.46* Studies on the effect of organic wastes on the soil ecosystem — Research report in 1979
-1980, Part 1, (1983)

No.47* Studies on the effect of organic wastes on the soil ecosystem — Research report in 1979
-1480. Part 2. (1983)

No.48* Study on optimal allecation of water quality monitoring points. (1983)

No.49* The development and evaluation of remote measurement method for environmental
pollution — Research report in 1982. (1984)

No.50* Comprehensive studies on the eutrophication contro! of freshwaters — Estimation of
input loading in Lake Kasumigaura — 1980-1982. (1984)

No.51* Comprehensive studies on the eutrophication control of {reshwaters — The function of the
ecosystem and significance of sediment in nutrient cycle in Lake Kasumigaura — 1980
-1982. (1984)

No.52* Comprehensive studies on the eutrophication control of freshwaters — Enclosure ex-
periments for restoration of highly cutrophic shallow Lake Kasumigaura — 1980-1982.
{1984)

No.b3* Comprehensive studies on the eutrophication control of freshwaters — Seasonal changes
of the biomass of fishes and crustacia in Lake Kasumigaura — 1980-1982. (1984}
No.54* Comprehensive studies on the eutrophication control of freshwaters — Modeling the

eutrophication of Lake Kasumigaura — 1980-1982. (1984)

No.55* Comprehensive studies on the eutrophication control of freshwaters — Measures for
eutrophication control — 1980-1982. (1984)

No.56™ Comprehensive studies on the eutrophication control of freshwaters — Eutrophication in
Lake Yunoko — 1980-1982, (1984)

No.57* Comprehensive studies on the eutrophication control of freshwaters — Summary of
rescarches — 1980~1982. (1984)

No.58* Studies on the method for long term environmental monitoring — Qutlines of special
research project in 1980-1982. {1984)
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Studies on photochemical reactions of hydrocarben-nitrogen oxides-sulfer oxides sys-
tem — Photochemical ozone formation studied by the evacuable smog chamber —
Atmosphpheric photeoxidation mechanisms of selected organic compounds — Research
report in 1980-1982. (1984

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfer oxides system
— Formation mechanisms of photochemica! aerozol — Research report in 1980-1982.
(1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfer oxides system
— Research on the photochemical secondary pollutants formation mechanism in the
environmental atmosphere. — Research report in 1980-1982. (1984)

Effects of toxic substances on aquatic ecosystems — Progress report in 1980-1983. {1984)
Eutrophication and red tides in the coastal marine environment — Progress report in 1981.
(1984)

Studies on effects of air pollutant mixtures on plants — Final report in 1979-1981. (1984)
Studies on effects of air pollutant mixtures on plants — Part 1. (1984)

Studies on effects of air pollutant mixtures on plants — Part 2, (1984)

Studies on unfavourable effects on human body regarding to several toxic materials in the
environment, using epidemiological and analvtical techniques — Project research report
in 1979-1981. (1984)

Studies on the environmental effects of the application of sewage sludge to soil —
Research report in 1981-1983. (1984)

Fundamental studies on the eutrophication of Lake Chuzenji — Basic research report.
(1984)

Studies on chironomid midges in lakes of the Nikko National Park — Part 1. Ecological
studies on chronomids in lakes of the Nikko National Park. — Part [1. Taxonomical and
morphological studies on the chironomid species collected from lakes in the Nikko
National Park. (1984)

Analysis on distributions of remnant snowpack and snow patch vegatation by remaote
sensing, (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen-oxides sulfer oxides-system
— Research on the photochemical secondary pollutants formation mechanism in the
environmental atmosphere — Research report inn 198(-1982. (1985)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur oxides-system
— Final report in 1980-1982. (1985

A comprehensive study on the development of indices system for urban and suburban
environmental quality. Environmental indices-basic notion formation — Research report
in 1984, (1984)

Limnological and environmental studies of elements in the sediment of Lake Biwa. (1985
Study on the behavior of monoterpenes in the atmosphere. (1985)

The development and evaluation of remote measurement methods for environmental
pollution, (1985}

Study on citizens’ role in conserving the living environment. (1985)

Studies on the method for long term environmental monitoring — Research report 1930
-1982. (1985)

Madeling of red tide blooms in the coastal sea — Research report 1982-1983. (1985)
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No.81" A study on effects of implementing environmental impact assessment procedure — With
particular reference to implementation by local governments. (1985)

No.82* Studies on the role of vegetation as a sink of air pollutants — Research report in 1982
-1983. (1985)

No.83 Studies on chironomid midges of some lakes in Japan. (1985)

No.84* A comprehensive study on the development of assessment techniques for health effects
due to environmental heavy metal exposure — Final report in 1982-1984. (1985)

No0.85 Studies on the rate constants of free radical reactions and related spectroscopic and
thermochemical parameters. (1985)

No.86* A novel retrieval system for identifications of unknown mass spetra. (1986)

No.87* Analysis of the photochemical secondary pollutants and their toxicity on caltured cells
— Research report in 1978-1983. (1986)

No.88* A comprehensive study on the development of indices system for urban and suburban
environmental quality II — Environmental indices — Applications and systems. (1986)

No.89* Measuring the water quality of Lake Kasumigaura by LANDSAT remote sensing. (1986)

No.90* National trast movemnent in Japanese nature canservation — Trustworthy or illuusion ?
(1986)

No.91 Economic analysis of man’s utilization of environmental resources in aquatic environ-
ments and national park regions. (1986}

No.92* Studies on the growth and decomposition of water-bloom of Microcwtis. (1986)

No0.93* Studies on the environmental effects of the application of sewage sludge to soil {I)—
Research report in 1983-1984, Part 1 (Research Papers 1). {1986) )

No.94* Studies on the environmental effects of the application of sewage sludge to ntil (1) —
Research report in 1983-1984, Part 2 (Research Papers 2). (1986)

* in Japanese
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