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Decomposition of Various Sludges in Soil and the Effect of
a Synthetic Flocculant on the Decomposition

Hiroyuki HATTORT, Koichi YAMAGUCHTI?, Toru KUBOL,
Kunihiro FUJII* and Jinya YAZAKD

Abstract

Two types of labolatory incubation experiments were conducted to determine the
decomposition rate of sludges in soil. In experiment 1, 4 kinds of sludges [sludges from
a chemical plant (M-sludge), from a petro-chemical plant (H-sludge}, and limed (T-
sludge) and unlimed (K-sludge) domestic sewage sludges] were independently mixed
with a light colored andosol at rates of 0.2 and 1.0 g of sludge-C in 100 g dried seil. The
mixtures were incubated at 25 °C and the amount of CO, evolved during 2 weeks was
periodically determined. The amount of CO, evolved was in proportion to the rate of
sludge applied. The decomposition rate was the largest in M-sludge, followed by H-, T-,
and K-sludges, in this order; the order corresponded to C contents of sludges. Nitrogen
mineralization rate of 2 weeks was related to the C/N ratio of the sludges.

In experiment 2, effect of a cationic polyacrylamide derivative (PAM) and
incubation temperature on the decomposition of K-sludge in a humic andosol was
studied. Five gram of air-dried K-sludge and 0.2 g PAM were mixed with 200 g of air-
dried humic andoscl, and the amount of CO, evolved for 4 weeks at 25 °C was
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determined. The amount of CO, evolved for 5 days from the mixture was 70 % that of
the control (no addition of PAM), but it increased to 97 % during 4 weeks. K-Sludge
was added to humic andosol at the rate of 2.8 % of the dry weight, and incubated for
5 days at 4, 10, 23, and 30 °C. The amount of CQ; evolved increased markedly as the
temperature increased.

1. Lo

B8, FTAERTEEAALLS L3 28E8EE > TwaBTAL L bIT, TROESES,S
F4 T 2AER, MER, BRIVEAMNEZOWTFRSDTERTOMEII D2V TOWE
DRESEBECERINL22H 27, THho ORI, HROSERSHOEBIO SR
RTEL, LrbERE2Z~4BHETORBERENILERLTVE, T2bb, HRIEA
HiC S8R SRD R 20 08BEMTHD, FOBOMRE, MOEHYOSR L R, HHEOE
PhfTbh b, £, IHHHKAET2EE, BROBRIC > TRE2N, 85, BHE
Fff, BBEBECL o THREBINIWI LR EMELARINT VS,

LinLAsss, A TORRETEIHREONE L SFFE0EFRE>wCidtRicHehizEh
TELT, 2 BRI > CIEEA L UTHY AR 727 U A7 & FHEEECIT PAM &
Y 28be 0 b 3N, TOPAMMNEROIMOMEIIED L 5 BEEERFIZTRICDN
THEHEIA TR L, FROBEFHCEL, nso2wTBHsnizd 52 L3, HRAR%
ROZETHEETHL L EL S, BHER, FROVHAOHMECEL, BEORLZ2EETD
SEEDE, PAM OBE, BEOEEC >LIY VEBETIT ERY s D 8DTH S,

2. EBAE

2.1 $HEIBMRUMKEFE

13, FPRARBEETTESLASFRRN TERL 2R ER R 7 LB R R
BHAIOTEM» SERLLEBR 7 2B EAVL, BRAGHKBATFEEN ST €27,
AZ /= NVEEEFTHEERSGR AITMERLET), AL SREITHEAZILT
P AT E R, BEREME OB TEREAFRCIT HERLEY), DRKEEF S 0EEE
AANEER (AT THEREET), BEFALSI2VARRIMMBSEOREGR (LT KERE
) o4AEErERALL. HEIERUEROMEER 1 CRL,

2.2 vrREls CORENME

EOBELEICHT ), T9b5, 300 ml &RV AFu—VBFAC~EROLEED 2
ZEah, 0.5 BEAR S M) Y A I~d ml AR SmlAY Y P 2 A LR By T, %
L, —ERETHATEELL, I~THHOMBTABES F Y 7 AHELERH 2, ROH
LhzkBAEF b Y 7 A%, S0 mIBESAYIRacBL, IREECY YA mEML L
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Table 1 Properties of soils and sludges used in the experiment

pH T—-C T—N

Material Flocculant HO) %) (%) C/N
Light colored andosol — 6.6 34 0.3 126
Humic andosol - 5.4 6.1 0.4 145
Industrial sludge (M)* Synthetic flocculant 24 503 129 39
Industrial sludge (H)** Synthetic flocculant 62 478 9.3 5.1
Domestic sewage sludge (T)  Ca (OH),, FeCl, 101 261 2.8 9.3
Domestic sewage sludge (K)  None 65 145 2.1 6.9

* © Sludge from waste water of chemical plant
** ! sludge from waste water of petrochemical plant

#, 72/ —N7F 04 EEREL LT 0.2 ATEHEBTHE LTV, RIXLE COBEEHL
*Ca

2.3 FBREOGBERUBHRILENAT

Bl T2mm BOR*ELRERER s HEB57.7g (450 WAL ABOBR (5
®MHTK) #REZELT, 0,100 X500 mg Nz, HHCBELE, THICERAEE
KEKRED 60%127% 3 & HwiiinL, 2 BEBE L, £OMRSEET 2 CO,BEHIE 2. 2 0HH
&> TRENICHIEL 2. HRESTE»SHRET 2 CO,0EM S, BRERNLE» > R4
TH5CORE7ZV7HELTELRWT, BRYRFODEC L >THRAET S COEE LT,
72, B® 2 EBMBOLBIZOwT, pH (H,0), NH,—N, NO,—N BOHIE 2T, ERER
MO NH—N, NO,—N E#ZL3 T, RV 2FROSEC L > TER L ERERES
Lz, ChoQREEREIHRYERILTH o7, BEORFERVThb 2ETIT- %k,

2.4 BESBIRIZTERESFRENOESE

BA 7 +HOBEML 2009 (1L LT 163.5¢) = Ki5ie (BESERN *REWETS
gEBELTL6QHEMLEACBE LY, 2T, 2F4VHRY 72 VL7 2 REHK (45
T, $6007) 0.2g CHARELRIIK 0.1%, BLFNE0.12%, HEBLBREINEK 4%, &
HRARIE 4.3%) 2 REH®, REKERAEAED 60%12%5 X 5ici, 25°C T 4 BRHEE
LRELLCOBERELR, &7, RUT2 VAT I FHEBEEMA R o 2B DB T D
FRRIZ CO B2 HEL -,
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2.5 BFREABCRZTEENES

BR7HHORE L 200g (&1 163.5g) 2, KIHR (BEFISEN s»RAEWE L Thg &
4.6 g) W™IUL+HCBE L. ThEARYKERKEKED 60%WC% 3 L Hicnz, 4°C,
10°C, 23°C, 30°CTHHMERL, BET2 COEEMELL.

3. BRcER

3.1 HREODMERC IR

ERWTZREBRNL 72 L8 H 5 0 CORERE (mg/H) OREELERL, BELEZ CO,0H
HED/ 7 7(2M 2R LT, CO.OREFHE I, SHREME L L EAERL SEMEED,
Vol ABRKIZELLE, FOBRETIZ2 WIS —vERUE, L, BERENER
T 5L TORMI, B L) B2 0EETEREKERD M BRAEHEL 5~T7HHE,
tHOFERIZ2~38%&ThHot, CORED—DE LT, MERD pH 835.4 LftDi5FR L DE
Wiz, HEREYMOMBEIBNL I BBz ohD, B pH H10.1 L B BOAKEEEHR
LT AEERANEBO T BRI, BEELLTOBREINE1.0%0%®, A% 1B8EHO CO,
AR, HOBFROKI2ETH 1, 2N OFERIE, pH OB ERIEVHERAEERDO SRS X
DERTHE L2 TRTZLOLEILSNE,

. M SLUDGE H SLUDGE
Z 150 4 SLUDGE-CARBON |
e 1.0g/100g SOIL
—l
3
o 100- -
8 :
.
g [ SLUDGE-CARBON
~ 50 0.2g/100g SOIL [
v "/\“‘\o—o_o
3 m
E 0 L n — .
(o]
3 T SLUDGE K SLUDGE
100f -
50 ‘ 'L
% B P -
03 1 2 0 1 7
(WeEKsS)

1 4AEOBRZHRML 2 RER R 7 285 50 CO,BERE

Fig. 1 CO, evolution rate from light colored andosol amended with different
sludges
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Fig. 2 Cumulative plot of CO; evolution from light colored andosol amended
with different sludges

HREMEL CO.ELHEOBREA 20, BRESRCHEN REL L TOBREMEK
1.0%) L7:H&cHEE L7 COAFR L PREM (F0.2%) 0HECHEEL - COLHEBLED
HACORERILETS) LD, 777K L (H3), Hintk1 BEHO CO, R4 RiZ, ¥
DEFERTLHRMEIL S 2 TR, Zhid, BRENERZAZEL AV d-T, BE
VHERBOFBRCEHIECER >N edEr N5, LbL, 2HECR CORERK LR
L, 4 AR, wiFhoBERTH 5 RikOE 2 D, COR4ER R, HREMR W Iz EH+
LIrw@Ebonl, -7, RZERLEL LI 2EMOBROSERRBCZ OV TR, BINRE
LAERBD SRR M T2,

Tester 5, B KA PIZDWT, £, Terry &Y TAFBRIZOW TR BROE
MBIWCHAL T COMHKET L LR HEL T, 251, Hsieh 694, ERERDBE, &
MEH 4% & TREFEMBICHEIL T COMFEET 248, FME 8% 23 EHEERETFTT 3
CLEREL T, SRIOERE, FOBEROBEL, REL L TOFRMESLFECNL T1%
ETHE, SRESRFNRIC L TEDLSRWIEHTLTWE, Thbb, ZORGBEY 7L
i, FROBMBSRFL LT IUETRACAEAIEZR>THE LI IENTE S,

=75, BRICL s TREBEIRES RS> RETELNRLEZ VM BB TIRREEDL 30% 58
COETHBLEDIEHLT, B2 KBRTRB W% L rSEE T, BESROLVER
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Fig. 3 The ration of CO; evoluved from light colored andosol amended with
studges at application rate of 0.2 % of sludge-carbon to soil to CO,
evoluved at application rate of 1.0 %

EEMRERREVEBICSH -, DF D, ERMESELHRECAERNE{RDIIE
1o, EERYSEEYOSEEPHELTWI I ENE L NG, T, BRYOEEHOVED
B E2T, ZOLIRMBECESECLIELELZONDY, THEO2LTIIRBFTH S,

#2103, 2 EBEREEOTZEOpH, 7V THRER, HHEERERUEROERLE L
Tl COBEREHENMUMETL 7 v 2 = 7HREROTESS (  HREEXIDLTH»TH -
fzo L, FEREING 2 HFTEIEEIERSEIARWILERTLOTHSL I, Fi, HlE
REBIHIMLEBESCR 2BMEBO pH B ER L, ChR 7y e=7HBEROERO D L
Eioh3,

EXROBELBIFRICLVALD, MBREBTRRED 48~61% (FH55%) »EHAL L
55, T BT 24~29% 3 &3, C/N BO/hSWERECERBEESEL -, 2T, 24
FTIAELLIIENTWA C/NEO/NEWERDR LY 20Z2RI BT TERLIL BV EL
FHRVE-HL TV,

Lk, 4BEOBROMESRROBRE»S, REGREOZLEREICRROSMERNEL, %
OEfE, BERM>BFRH>HRT>HERK THD, C/NEO/MAWERIEZVEROERLE
D3 4 A HEE (F OIERE, BRM>ERH>ERK>EBR T TH2) 05 2RO oM
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Table 2 The quantities of inorganic nitrogen, percentages of carbon
decomposed and nitrogen mineralized, and PH values after 2 weeks
incubation of the soil-sludge mixture

Added NH—N NO,—N N C pH
Sludge  sludge-carbon mineralized decomposed

{(g/100g soil) {(mg/100g soil} (%} (%) (H.0)

M 0.2 249 0.0 483 325 6.74
1.0 156.7 0.0 61.2 34.9 748

H 0.2 16.1 0.0 41.3 27.5 6.69
1.0 81.8 0.0 42.2 28.1 7.17

T 0.2 5.2 0.0 243 182 6.86
1.0 31.2 0.0 289 18.5 7.57

K 0.2 8.0 0.5 29.2 10.1 6.63
10 448 L1 313 - 09 6.86

3.2 EREMBUIRITEHRASTREHOER

BEREZSERVWEEFRK AW TIBITOBFROMECRIZTRI T ZIAT 2 FEE
Efk (PAM) OBEEF -, B4 CO,0REFRERERR S5 i CO,0E4LHE (mg/H) 2R
Uiz, 28U L 3 &, PAMEINE O CO. A B, HRMAE 4 ER  TERFNMX X D E B
THOSESTSEh, SEEE TERELR CO,0RE&IZ, PAM EFMOBEOH 0% T
Hotz (B4), 2f, COBAEREESSAH2 L5 BHE TR PAM EBME2H <, PAMEMN
XA COFEENTENAD NS, L L, FO%KIE PAM it 6 0 CO.FAEMRE (mg/
)i, @it #sbFeic k@ (R5), 2888 & Cie®E LR CO.FEMRE, ENMLS
O 9T%ETEE L (E4), 2O ks, PAM @iFMEE:, BROSFECESLTHE
BEVOLEBCHERRIZLTWE LD EEZ NS, PAM O E Coli FOMEMIRT 28HE
EHPEFBEE W2 an Ty, AEFESE, PAM 25 ppm UTOERE TH 138
BEOATEHEET AL 2WMEL TS, S0, AL PAM Bid, Bl T 1200
ppm (WEE+) LHFETHLZ I s, LEHMEYAOREITSE LGNS, &, B
2, PAM OFBEZRGTBEHREC Lo Tosh, BREBRCLZI I LEREL TV 5,
ST, FINERCIBREMOEEREEL T PAM b, BBREWCR, ThBEEs 8K
SN k- THARE N, BROSHEZMFHTLHLRBCADNTEL D EELOND, IO
&5, PAM REMERICO S, BROSELMFIL, SRS € 50, RENCATLHGK
RERODIEAOFERE LAY WD EEL OGNS, FBCERISENS PAMER, 5
BOERICAVERLDLLVBLEZSNZDOT, FEA~DEHII IR ETFEENS,
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Fig. 4 Cummulative plot of CO, evolution from humic andosol and sludge (K)
mixture added with polyacrylamide derivatives
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Physical and Chemical Properties of Soil Applied with Sewage Sludge

Hiroyuki HATTORI', Seiji WASHIZAWA?, Toru KUBOI
Kunihiro FUJII}, Yasuaki MATSUZAKA? and Yutaka OBA?

Abstract

Sewage sludge was applied to Yatabe light colored andosol in lysimeters at the
rate of 50 metric tons dry solids/ha, and changes in soil physical and chemical
properties were investigated under controlled environmental conditions (temperature:
25°C in the daytime, 20°C at night, relative humidity: 60%, Scil temperature: 18°C,
irrigation: 701 a week). Sludge application increased the concentrations of carbon,
nirtogen, phosphorus, calcium, zinc and lead in surface soil. Abount 40% of carbon in
siudge applied to soil was lost within 13 weeks, but the other elements showed little
change in surface soil for 13 weeks, Sludge-borne organic nitrogen was rapidly
mineralized; the amount of NH,—N increased in the first 2 weeks and the
accumulation of NO;—N followed. The sludge application decreased the solid phase
ratio and increased the gaseous phase ratio, liquid phase ratio and cation exchange
capacity. The pH value in surface soil applied with sludge increased from 6.1 to 7.2,
base saturation percentage exceeded 100% while the phosphorus absorption
capacity increased.
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TABRO EFEHTOHEDLFOBEEIC OV TOWRIR, FRE—F—L_NVDO—ESH
TTTbNTELTY, hid, BROSECHEEEPRELY ORREHOHELI T
B, BRFEETTRHEROBITCRELES 2L &, BRAES T COBROSEERET 210
ORI FESHELSh TwihollooTh b, JHIEHL T, HROLEBEEEE RIZT
BRI OWTOWRE, FCHRELET CITbATE 090, BEHET COMEFIRD 20,
I, -0k 3w/ SREREMR (BR0 KR, tIXFER) SEHEOERICHE
BARWREBTHELI, L, BROSRLZOBEERIR. hETHEIn TS 2 1ERER
rEMREOMBRTCRERL I EAELZONE L, £, BRURALSEOREEHEER,
ERYMOSFER, BEGEME L FR BRSNS 060 TSV RRT L > THELS I
ZrEZONL, oT, IRHORETI IR, XY ERREICEL »oBERELEIET
ELL20HBAREHAVIONBLEEF LV EEZOND, 2 I TEE LI, KR, BE, g,
PAKEREIETE, HOAY AL TAKEVTIA Y A—F—(EE1.Tm, #X2.3m)%H
W, —ERMETTOHFROME, FELEFHFOE R LBOBFEORIFEN 2 B
L, BREATECOHE HEL T 3 2 L 2Rak. FEEE, 1EEOKRRE, K3»AH
DERE2ZEDRbOTHE, ¥, 20, 3IOEGREEFABEOEREZZOELICDNTI,

I THET B,

2. BBFHE

2.1 EBREE

RSB ZOEMEPRE T 2 MARSEHT A v A —F -4 B2EH L, 28, 1 B8R
BEIZ-oTw3,

2.2 #HLBERUHESE
HRAL L ETBIROEBR 7 LHETHY, HRAHRIBKEERA L LS EREAR T ALES
DOEAGR S RERDR L 2 b D TH- 72, HATBRUHRAFROBEER LR LT,

2.3 MERE
2.3.1 HRHA

AEENFA LV A—=F—DIB, No.1l& No 302EREWELT5t/ha DFRAYEBH 10
emDFBCHERE L. CHIRTEONIY% (EWEEY%) Tho7r. 8, No. 2 & No. 430
B O(EAN) - L7, EROBRERILASWOBELERI LY,
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# 1 #ERIERCHABROEE & oM
Table 1 Chemical properties of surface soil and sludge used in this experiment
Soil Sludge Soil Sludge

pH (H. O} 6.1 10.1 T—F, (%) 7.5 6.9
CEC (me/100 g) 21.1 — T—Ti (%) 0.86 0.11
T—C (%) 3.20 27.3 T—Mn %) 0.15 0.07
T—N %) G.26 3.7 T-—Zn {ppm) 120 1,330
NH,~N {ppm) 1.5 1,660 T—Cu {ppm} 124 262
NO,—N  (ppm) 0.05 7.6 T—Cr {ppm) 31 88
NO,—N {ppm}) 50.0 2.4 T—Ni (ppm) 37 37
T—-P.0. (%) 0.23 2.0 T—Fb {ppm) 19 83
w—P,0:" {ppm} 0.12 20.7 T—As {ppm) 18 ]
T—K (%) 0.80 0.30 T—C4d (ppm) 0.5 2
T—Ca (%) 0.88 15.3

values based on dry weight
T—means total
*water-extractable P,O;

2.3.2 BmERH

54 v A—5—Oth EROBRENEEZ, BRI 25°C, %M 20°C &, BER 60%ICREL, Hid
BRNEFIRL, £/, WRIE 18C BT L 048, RE 5 om OMR G 20~28°C D2 EEL
7200, pAKRELE, P4V A—F—1EDLD V] OERFATIToN, 2hid30.8 2 VO
WECHST 5,

2.3.3 HEBRHBREUVIEHANOHER

BEfiMFIRAR I BEOERER 2TV, EAE® (04%), 3HE, 1, 2, 3,
4, 5, 7, 9, 11, 13 8B, RELE(0~5 cm) #HW L7z, HiRAERE EBEUBED £
BEREL, PAKERIEE A ¥ A —F —DEEOC IS 2>V TIT, ZO9HEE—ELT?2
mm OFfe@ELH®, FEIZX)zF Lo BMoficAh, EEREANLTLCBEY, O2LE-
TRV BE . ZhEMARRE L,

2.4 LR

2.4.1 pH (H.0) oz
WSz -T, pH (H,0, 1 :2.5) 2HEL®,

2.4.2 FTrE-TEHEIREOER

BBt g2 200mBE=F73X2cxh, 10%ELH U 7 ABES ml 2Nz, 30 5
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BPEETRR L

2.4.3 HMMEEE, EREBHRELUAENEY v BROTE

BEL0g2200 mIBE=ZA75R2KEYD, HBHILY VA0 Ly FFEKL ml 22,
10 2R E 5%, 2:8L 70, 2EPOEMBEERF AN 7= AVT I R-F7F L2 FL 0y
TIVIEERFALLHESNET, MREERE, EF 7Y V- L) EBRERIcE
LU BRI R » RO HEI SR T, $okER ) vBEE Y ST v—aEEEfAEL
e EBFTE TEFHCHIEL 2219020 T e DRIER R T 2 =3 v A — T+ 54—
AA NBFFERL o, S 2HTITY, BHRIETPHETETL L,

2.4.4 ERRRU2EROCH
WABCN -5 500 B e, BEREZEENEL L THIEL .

2.4.5 £V VEBOEE
AL g oW, BEFERGE— P2 S VBEEOEYCEVER L Z RIS
BT 4 P — AGFHHEH UV—150 2FHL 72,

24,6 EAFIVALARUVEI/UADER

£ vBOERTALBERSRMERI VT, TERMEDETOESBO HFEPICE
TUTLAFIvARVL D ADEREfTo, JhZIE, BEEERRTFRLLETH AA
—640—12 B FRA L1z, ‘

24,7 AVSL, BANYTIL FF, <A, 8 oy, 6, @i, E LY
T h, ArTrFULRUHOESR
ORTEC ## TEFA—6110 BliF vs X X BMaWEBR 2 By, BEOAEMC L OAIEL 12,

2.4.8 HEEEHEE (EC) OfllE
B 10g A 200mI =/ X2k h, FEANmI 202, 60570 5 &%, RREW
B T8 Model CM— 1 k& X DHIEL 7239,

2.4.9 HEEBRESER(CEC), BftEILY YL, A2y 740, AHU YL, BF LYY
L, BERMEEER CHEERMNEORHE
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LIEFUuRNCINTEL, PYEZTOERERA Y7 2 /- VHAESHE L Q894
B2 X DT, 2oflid, BEREREEESEFRALTEREL -,

2.4.10 ) »ERINER

BEE+L25g % 100mBEZ/7FAICED, 2.5%) VEB7 Y E=wA50ml #0%, HAIE
LI Lans 24 BHEETHER, 2:BLEY, 2BHOY vBE€) 77 71— thEakEf]
ALLHEMRENCE VHEL (F27 =2 84—+ 7+ 74 ¥—AA ITEER), RIVGE
BRDIz,

2.4.11 =G
BES LD, EEH, BEEAERD, 2h ol 0 SHAFEHEL 2. R ARERL
TEMNFERBAEEELFHL -,

3. BREEE

3.1 itRboRERUCEROEL

THPOSRERUV2EROEGEE 2 IR, 2RERE, BAERCRELELD LD
WXL, WRBHARTRERERICH 1.6 BNl y. 208, 2P T 2HEmeHD,
WHAE®» S 1388 & T+ 2 RERE, BROBAKE X 28045 (HAEM L EERDOE)
DI 40% (No. 1 48%, No. 3 34%) whiz %, #-T, 13 BMTHERBRED 0% L 535

* 2 TAERERI#TORERVEERDOREL
Table 2 Changes in total carbon and total nitrogen contents in surface soil
applied with sewage sludge

Treatment Lysimeter weeks after application
No. Before*  Start** 4 g 13

Sludge 1 3.22 4.69 1.79 4.46 3.98
T—C applied 3 3.10 4,94 4.42 4.16 4.31
%) Control 2 3.15 3.16 3.19 3.14 2.95
4 3.08 3.34 3.20 3.11 3.12
' Sludge 1 0.24 0.44 0.55 0.50 0.55
T—N applied 3 0.26 0.48 0.48 0.50 0.49
(%) Control 2 0.25 0.28 0.24 0.25 0.25
4 0.30 0.24 0.26 0.24 0.24

* | just before sludge applicatinn
** I just after sludge application
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BLIZLOLESN S, 2RRRLBNERTRIZLA VRS ORNLT, AR TR
HRBERICEN L2, ChoDERBERVLEROBMBBERHEACLIL0THS, Lk,
TOBROLBEEOELIFZEALRED SR>,

=, Ml1RLE kI, ER0ERLRTARPIITbRI, Thbs, TVveE=7HEE
i, BREAS7 e TREFRPFHCSUI L L H-T, HEEKW 160 ug/g &1 (5%
b5 24 NH—N OFEMEIX 151 pg/g®t) cBOEERLEY, 3613 HEIE 270 pg/
gELIETHML, 20%, 72 7RERIIHABCARL, THELUBEENSR L0
WNE L Botedt, FRTYHENBERO 10EUEOEE T L, 207 v E=7HEEROIN
FoT, FHEEREESMINL, 28H, BB we/s bt BuEERRLE, 2512,
BIEERORIN 2 ICH 7z, R OMEET TR RRBESED % RERIE A & hi 1),
BRERCLI2pHO LR, S REBEROMEC L AT Y 2o PREZOSS LM L O, —8
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Fig. 1 Changes in ammonium-, nitrite- and nitrate- nitrogen contents in
surface soil applied with sewage sludge
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RONELI 365 po/g ¥t (NH,—N 100 gg, NO,—N 155 ug, NO;—N 1210 4p) ThHYD, 2
HidERPOEREBEROMN 12%1ICBNT 3, it-T, 2BHMTHETOEREREON 12%
SbLoriins, CUBBETRDEIOERD 2 BMTOEBLERG 5% TH D,
SHRINEHRNITE-7, ¥, CVEFZRBR TR 2 ABORBREER LSS0 7 ve=
THRTH-2QREAL T, SEDI A v A—5—-FBTR, 7T £ 7THESF L IHBREERER
BIZRBTH -, THOEDEWVE, SEOFEROKEREENLEOHNI% L UV ERFBD 2Z
DEThotz b, EVvERBFBRTECORERTECEE L oBRRR 2 2 HEH 2
HollehXwidtEioh, HTLLEVEREL T4 VA7 —HBROBBREDO R
ERLUTWREZWaky, HEBEBERIE O~ TEBICH 1500 wg /g Gt LR EE R,

CHEFERETORFEH 0% CHALET A, 20 L3 CHERBREZOHLESS 2 2 H MR BT
3SR 0T,

3.2 JrEoxt

KWK LB T, RESO Y yBREECRE, BEsh, KERY VBRI dEs
VA, ZOERICHE2%O) LB (PO LT Mg g, BRAKLDEEFOY CEIREL
gL mgMLAcs (F3), KEE) v BOoBINE ] pgTShhoat: (€2), =
OEFED U EBRIUEEEH 2000 mg/100 g2+ ThHD (F4), 11 gL7-D 20 mgn P,
O BETEL, -7, FRIOKERY) v EBHIWAFRPEBYOIBC L > THEL B K
B oL, KEBSstBeRELIAL O EEZOND, SHLEEROBHK I ) VR
IRHEL BN TV 393(F4), ChEBRPESRCEINI ALV T7LARLZ D EEDR
3, Z0X 5, BRPIAEE) Y BRESEING OO0, KILIKEBIzB LT, B@cks
dhbsbDEEILNS,

# 3 TAEREA LSO YEREOEL
Table 3 Changes in total phosphate content in surface soil applied with
sewage sludge

T-P,0, (mg/g dry seil)

Treatment Lysimeter Weeks after sludge application
No. Before*  Start** 1 4 9 13
Sludge 1 2.1 2.9 2.9 2.9 .31 2.7
applied 3 2.6 3.4 3.4 2.7 3.0 2.7
Control 2 2.2 2.1 2.1 2.4 2.0 2.0
4 2.3 1.9 1.8 1.8 2.1 2.1

* ! just before sludge application
** *just after sludge application
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WATER EXTRACTABLE POy (uG/6 IIRY SOIL)

B 2 TRERERIETOKEEY BRECEL

R EhIEZ &
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} ConTROL

(WEEKS)

Fig. 2 Changes in water-extractable phosphate content in surface soil applied
with sewage sludge

# 4 TFAERMALIECE T2 ) CBEBIEROE
Table 4 Changes in phosphate absorption capacity of surface soil applied with

sewage sludge

P,0, (mg/100 g dry soil)

Treatment Lysineter Weeks after sludge application
Ne. Before*  Start** 1 4 9 13
Sludge 1 2,084 2,311 2,264 1,939 1,886 2,069
applied 3 2,087 2,271 2,2 1,931 1,877 1,848
Control 2 2,097 2,100 2,125 1,511 1,510 1,488
4 2,106 2,100 2,133 1,564 1,446 1,536

* @ just before sludge application
** 7 just after sludge application

3.3 mEHEROEA

#F5 L THOTRAROEBR L, (Mg, HREAR, MULER L 2BD05 1 v A —F —
DEBEET L. 2R, TEFOBE L O FRYTOBENGLITRE, HFRMHBCL > TH
oL, BwitErHE T 2EMCH o, Bz, BRMBESAIBTOBE LD 10BHMEREL
By, B, BRERCI>THEELY, 20, Zoa, 8, S85EAK I - TR
T AR S BN, —F, BRPBEDGE A A, FF¥, wviy, vEx PRRERIK
IoThEhrcBI L, TROOTECESREEOVTR, FRHEABOELS 2o/,
Taylor 5K U Sommers 53 b ERMEMIC & 0, LRPOFH, A2 LOHSFREITHEM
L, clo0BEEBIRIMASALUEI YL 2RELTW, #o7, BROBHEE
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A, IThoDLEOLEBPBEREEZ—HiKE 5, HBCHEO TS HEOTHBE L,
THEOBEC L -TRE2L00, BIZF1000ppm L3R TWH AN, SERIFELBEO AL
bIZpH b LR L T a7:0(R3), BT aRtTaeELoNE, Lol, ZOBERSE 50
t/ha DHFABRTHIOEEET 2 &, +BPOEMBER, 1000 ppm KE T2 2 e HBFR2A
2, ZDEIE, FRFPCS{EINIESER, TEEREFV-0TRERELLD, BROE
ENBCBRLTE, TOoRTIEET2 L8NS 2,

#* 5 ARG LHIC B 5 THREKOEL

Table 5 Changes in chemical composition of surface soil applied with sewage

sludge
Sludge Weeks after sludge application

Before* Start** 1 4 9 13

K (%) + 0.80 0.75 4.79 0.78 - 0.77 0.80
- 0.81 0.88 0.76 0.83 0.82 0.90

Ca (%) + 0.91 1.45 1.39 1.51 1.57 1.45
- 0.86 0.77 0.82 0.39 0.86 0.86

Mn (%) + 0.15 0.14 0.14 0.14 0.16 0.14
- 0.16 0.15 0.14 0.15 0.16 0.15

Fe (%) + 7.42 7.47 7.49 7.52 7.89 7.47
- 7.82 7.70 7.1% 7.60 7.77 7.60

Ti (%) + 0.85 0.81 0.83 0.88 0.87 0.86
- 0.89 0.91 0.92 0.88 0.90 0.88

St (ppm) + 126 118 116 124 120 118
- 128 119 123 123 122 124

Cu  (ppm) + 122 132 138 141 129 133
- 129 137 130 128 129 127

Zn (ppm) + 117 207 201 209 211 201
- 123 122 121 122 121 124

Rt (ppm) + 68 66 65 69 68 69
- 71 72 70 69 70 70

Ni (ppm}) + 35 33 34 35 3 34
- 37 33 3 26 32 . 41

Cr {ppm) + 21 19 26 3l 27 29
- 21 16 19 24 21 19

Pb (ppm) + 20 25 25 27 24 25
- 20 20 . 18 21 19 15

As  (ppm) + 17 13 12 14 15 14
- 18 18 18 15 17 22

Cd  (ppm) + 0.27 0.35 0.30 0.20 0.17 .25
- 0.54 0.34 0.13 0.22 0.14 0.28

values based on dry weight
+ [ averages of No. 1 and No. 3 lysimeter
—  averages of No. 2 and No. 4 lysimeter
* ! just before sludge application
** 1 just after sludge application
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Fig. 3 Changes in pH value of surface soil applied with sewage sludge
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Table 6 Changes in cation exchange capacity of surface soil applied with
sewage sludge

CEC (me/100 g dry soil}

Treatment Lysimeter Weeks after sludge application
No. Before* Start*” 1 4 ] 13
Sluge 1 21.0 28.9 25.7 24.3 — 22.9
applied 3 21.0 24.7 25,2 34.2 25.4 26.0
Control 2 21.0 24.7 21.6 21.4 22.5 20.5
4 21.4 22.9 23 4 25.1 19.0 21.1

* : just before sludge application
*+ : just after sludge application
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Table 7 Changes in base saturation percentage of surface soil applied with
sewage sludge

Base sautration percentage (%)

Treatment Lysimenter Weeks after sludge application
No. Before®  Start** 1 4 9 13
Sludge 1 65.2 137.4 154.5 182.7 — 212.2
applied 3 61.2 16(¢.2 153.2 123.1 168.9 157.6
Control 2 62.4 60.7 60.6 57.0 56.4 66.8
4 58.4 56.8 57.7 43.6 77.9 52.9

* © just before sludge application
** . just after siudge application

4 8 TAREREHIHCBIIEEEILY YA, AR5y 24, ASY
v a, BF YT AOEE '

Table 8 Chages in exchangeable—calcium,—magnesium,—potassium and
—sodium of surface soil applied with sewage sludge

{me/100 g dry soil)

Exchangeable Sludge Weeks after sludge application
Before® Start** 1 4 9 13
Ca + 10.6 33.3 32.2 36.2 35.5 38.2
- 9.8 10.0 10.5 9.6 10.9 10.5
Mg + 1.4 4.9 4.4 5.1 4.8 5.2
- 1.3 1.4 1.4 1.4 1.3 1.3
K + 1.1 1.3 1.3 1.7 1.0 1.1
- 1.3 2.5 1.3 1.1 1.4 0.9
Na + 0.4 0.4 0.3 0.4 0.3 0.4
- 0.4 0.3 0.2 0.2 0.2 0.2

+ . averages of No. 1 and No. 3 lysimeter
— : averages of No. 1 and No, 3 lysimeter
. just before sludge application

: just after sludge application
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Fig. 4 Changes in electric conductance in surface soil applied with sewage
sludge
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Table 9 Three-phase distribution of surface soil in 13 weeks after sludge

application
Treatment Lysimeter Gaseous phase Liquid phase Soild phase
No. ratio (%) ratio (%) ratio (%)
Sludge 1 43.9 33.8 22.1
applied 3 42.0 4.8 22.2
Control 2 39.4 31.1 ' 29.5
4 40.3 3.8 24.9
4.8 #
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Changes in Total Carbon, Total and Inorganic Nitrogen Contents
in Soil Applied with Sewage Sludge

Hiroyuki HATTORI', Toshiharu TOYODA? Toru KUBOI,
Mikiya HIROKI!, Kunihiro FUJII' and Yasuaki MATSUZAKA?

Abstract

Domestic sewage sludge was applied 3 times {in Sept. 1979, in April and Octo, 1980)
at the rate of 50 metric tons of dry selids/ha for each application to environmentally-
controlled lysimeters filled with Yatabe light colored andosol. Subsequent changes in
total carbon, total and inorganic nitrogen were investigated. Since the sludge-borne
carbon was not decomposed completely within half a year, total carbon content in
surface soil increased gradually with each application. Thus, the content at the 3rd
application became 2 times higher than the original level. Total nitrogen content also
showed more than a two fold increase after the 3rd application. Ammonium-nitrogen
decreased faster at the 2nd and 3rd applications than at the Ist application. Nitrite-
nitrogen accumulated faster at the 2nd and the 3rd applications than at the lst
applcation. Nitrate-nitrogen showed the fastest increase at the 3rd application,
followed by the 2nd application and lst application, in this order. These results
demonstrate that the nitrification rate is accelerated by repeated applications of
sludge.
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Changes in Inorganic Nitrogen Contents in Various Soils Applied

with Sewage Sludge

Hiroyuki HATTORI', Kunihire FUJII}, Toru KUBOI!
and Mikiyva HIROKI'

Ahstract

Sewage sludge or chemical fertilizers were applied to sandy soil, light colored
andosol, alluvial soil and humic andosol in lysimeters, and changes in pH values and
inorganic nitrogen contents were investigated. Sewage sludge or chemical fertilizers
were applied in June, Novenber in 1979 and April, October in 1980. The pH values of
soils increased with sludge application, particularly in the case of the sandy soil and
alluvial soil. Ammonium-nitrogen contents were the highest immediately after sludge
or fertilizer application and decreased thereafter. Nitrate-nitrogen contents increased
and decreased over again due to rainfall. The amount of nitrate-nitrogen in soils
applied with sewage sludge was lower than that in soils applied with fertilizers for the
first month, but afterwards the nitrate-nitrogen content of sludge-applied soil was
higher. Changes in inorganic nitrogen contents in each soil followed the same pattern,
but the amount of inorganic nitrogen varied with the soils. The amount of ammonium-
nitrogen was higher in the light colored andosol followed by the humic andosol, sandy
soil and alluvial soil, in this order. The amount of nitrate-nitrogen was highest in the
humic andosol followed by the light colored andosol, alluvial soil and sandy soil.

1. BLoic

ATl L 5w, FARBERBALTBCIBY 2RFORELLsHerTAI 13, B
OBREFALEELRETH2, THEBELTHINE TRV DhOWESEZIATH R,
FOHT, HRAZFROER LT BOERER I > TRZ 2 Twis Y 54, whp s LBEE
T S RREBH THRWSY, Lhas I DR E-I—L A TiTbhkbDThHY,

" BREFGT TERIZROE/ O DERE L oL TR I LR R v, ARFHT TR, &
. 1. ESTASHER AEEBES T 305 RPUREES MBI 16 B 2

Water and Soil Environment Division, The National Institute for Environmental Studies. Yatabe-
machi, Tsukuba, Tharaki 305, Japan
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BRLULBEREBRIMT~0BEZ YKL 0RE» oAb TED, 20RAEIT LT
BroTwdeEzonsd, -7, BROZFOHBEOLBWE LR L1H5E, HICERL
Bri#@T a0 enl, *0ROEREEROBERE DV THHETILELHDL LEL D,
AHETE, hopBHEERALLCT LD, BEDENTA v A—F —kAv 4EHD
TEAERE LR OMRA 2T, XELBTOEREERROEELREL 2,

2. EBAE

2.1 BHAIALA—R—tHETALTHE

dmxXdm BHEEL12mOBAT A YAy —8BEEBW, TTALER WELE
=R TRA), paEts FEt, WRKBLETEL, BRrRLto48ET, —201H
W2HEDTA VA—F—CRTAINT S, THOYERRLCRLL, 19796 5 TOHR
BRERUREBER, +¥TrmELLY,

# 1 #@ERAERCHEGRONE

Table 1 Properties of soils and sludges used in the experiment

o ey ey ON
Sandy soil 7.4 0.25 0.02 15.6
Light colored andosol 6.3 1.68 0.15 11.2
Alluvial soil 6.9 0.60 0.059 105
Humic andosol 6.5 5.45 037 14,5
Sewage sludge* 10.1 27.3 3.7 7.4
Sewage sludge** 10.1 21.2 2.7 79

* > used in 1979 and on April 28 in 1979
** {used on October 21 in 1980

2.2 HEBE:2OKARL H FICFEHOKICR

B, REHNOTEEMEEANEE LD, SAEN T0%0OKAYy —F L LTHERL, XA
Rk, HEOEERAL, 19794 7R, 10 AR 1980454 BT L7275k 19798 6 B
IR L0 THD, 1980 E 10 Bl L 2B RIEAE 10 BT L b O THh o7, i
OUEBRPRL1ICRLE, B8, JOBRZEERL L THARK LELE#1FEbh TV,
B, A—0+BERETALR2EDIA Vv A~F—D3b—HIZEWE L T 10.8 kg(7.5t/ha)
MR LTz BREAL o1 I 4 v A—F — 3 LEEEZHERAL, ZoMpARE, 8—28
— 5 {bARAEEL 1 t/ha, EREYU AR 0.6 t/ha, ¥LAK L t/ha Th -1,
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2.3 HBERE

ERECEEREHSOERRE2EIT, 1979ER TAIBEI1HG6H, 1980 Fi34H28H
10 B 24 Bz T o7z, 1979 R B F A, Z/NEORBBE 2T o0, 1979 i BHER - RIS
HEML, R—VORAALKE & AHEPOEEHFEI IO 1980 EiZEMOER 21TH$
B L 1979 E 7 A HoBE 1 MEoERECEFEEHEARIIN 1L »AB S, 1980F4 A
BHDEIFEEETFI0H 24 AOF4EEOEAKE, 1~4A8BEI, REL(0~5cm) %
EE L7, HEE, 874V A—F—ZDOWTENFRIBEFTITY, —HFLIE, 2 mmos
Dur@ELE, B> TRGRSTEBE LT,

2.4 L#pH (H,0), PrE-TRHRER, FHMEERRUMHBREROEE
VIR LFRNCR L AR - TERET» 2, AER L ITHG 2 #TITW, BRI FHE
TERLI,

. BRRUEE

1, 3, 4B EOEREVCZENEREZOEIEO pH (H,0) o FE{b2H LizR LT, BE
BRI7LEERETH, 2HMAE2EL TEHEEHR EBRRTIE LA VERLEL, Wb 7
Mi&OEETRL, CRIEHL THELIRUMHRLETRERE O pH 2MEZBEE O pH £
0.5 D, 3RC4EECERBRER S D EDE S %, 77, HRE L{EFESED pH
DER, 1EBEEA®RLD  IRE, 1EFMAEBCRE 23HAK D>, Jhik, Bk
EBEDANYILHEEINTVLAREELEZ ON, REPWELXRUBELD L5 CEBYSEY
B (F1), EBEMAVFOLEL SN LB TR, BRAEMCLY pHtkE{ ERBLZb D
rEbh3,

HREMEFREHAERED 7 » 2= 7EBER (LIFNH,—N £&7), EEBEEE (LT
NO,—N &) J&UEE}@EEE% {BAT NO,—N L&) BoztbzzhehE2, X3, K4
CFUTe, &LBY bBREAKO NH,—N i3, 1 EERERA% (197947 A) R 3 BEHAS

(1980 = 4 H) WdHAEE S, DURELLA2»HBCZ 0 KRV EIRZ 572, Zhex
LT, AEEMA% (1980510 8) i3, MAEBROEEEVY, FOBART S @3k, —
EOEEE2ER (WEL, $QEFRs1) FLaWns 289 (L, EX71) Baoh
foo 70, EFEREKTH NH,—N ZHERABERCE LUERL LY, {BEEABEORL R
YiEh, 1l BOKFOEHGRER 10CHETH D0, MEIEFERIR CUTTRELLE
NBEERTVWAEY, &, 7Y ETHRREALERTRIEBRL tEZHNTWLEY, o T,
AT ERARCERER UMLK & & NH,—N 2, fEOHAREL 0 & RBRLENE F
ET 501, SRESMES 7 veoT7R, MELRL VBN v ELS50h5, NO,—N i,
HEBL L AEERAERCEVEER L, BoREUN 0 LEOEZIERK TR 2,
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Changes in Inorganic Nitrogen Contents in Light Colored Andosol Applied
with Sewage Sludge

Hiroyuki HATTORI', Kunihiro FUJII!, Toru KUBOI', Mikiya HIROKI"
Mineo KOBAYASHI?, Jinya YAZAKI® and Yutaka OBAS®

Abstraet

Domestic sewage sludge was applied to light colored andosol of experimental field,
and changes in pH value and inorganic nitrogen contents were investigated. Sludge
application rates were 0, 3.75, 7.5 and 15.0 dry metric tons/ha. The pH value of soil
applied with sludge increased. The amount of NH,—N was the highest immediately
after sludge application, and the amount was in proportion to the rate of sludge
applied. The amount of NO,—N increased for 1—2 weeks after sludge application, and
NO,—N in soil with repeated sludge application increased more rapidly. The amount
of NO;—N in the soil applied with sludge was lower than that in the soil applied with
chemical fertilizers for 4 weeks after sludge application, but afterwards it became
slightly higher. In winter, both NH,—N and NO,—N remained in the surface soil
longer than in summer, particularty NO,—N content tended to increase for 20 weeks
after studge application.
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2, EE LU TABRERFLISCE ) 2 BRESROEFH*Hs T L OOKEE, HiH
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EMOTABREBELLBERZ T RUVAIKEGET AEREER L RERE 7 L TO TG
hEHEOBREOZBMERE L TE"Y, L Lass, REZTABRESBT S L3 REM
Tk, BRPSESBELFORLY, TRERFEROBEECCHEELSLL I LITEE
R20T, FIEBETrEONERSF0 s HATIZLRTERY, 22T, BREMNT
TOTAERFEZOBESLEHEH L, SHRET CHoAEROMES AR T
22rdh, EBOGREBCERLEETHS LELL, ChETK, TAHBRAIBCED
MRERFEOEIC DL TEHRARG T B LMD ok Y, ZOFMETHTHS, ¥
ZoORRVTLEE R L S, FIHBE T TOBRROSRE, IBCHARYEIICEZD, &
FOBHEL OB AS (BT 2, #-7T, BRRETCOTRERIEROBBELORF
HEBELMCTLHIR, BRARETEEV TS, SVHAEHRE T2 &l %8BT 5 LEH
D, BEFEoi, BEHETOSA v A—F—FBRLETLT, 857 —VOEBMNEIC, HiR
R, MEER, HRERAVEROEESY R L RLBR AR, KELBTOEROTE
TR 1~ 4BBECBH L ABREZZO 5 180 FHOBRCODVWTEI D HOT
H35,

2. EBAE

2.1 BREHE

FECHEA L 3B, FBHHEo hHESE T O 2HE L YRR BNIZE
2@ (1—1, [—2) RUBHMEB2E (II—1, [1—2) THEY, IEREEL LD
RIS 7 -V Th5, HERZIEHE L ROER 7 18 LK) THH, [I—1EHE
REEBEE T TIEL A PREN THEDSRSE S N EESOEWEETED, Mo 3 1ERIEE
B L InAER T CHEDEESTONIESBTH S (-2 3B REs—-ELR T HE SR
7219,

2.2 HBRoSM, SERAERF

SREBROBRECO VTR, TTRHEELLY. T4abs, BRAMEREYMELTIE .75t/
ha (LIFAEK 2 T), 7.5 t/ha (UTHRR L), 156 t/ha (UTHRERX LET) THY,
SBRZE2AMUTSELEY), PREKZEIE (LATM 1R L), RUE2E (BITTM
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Uy (L3202 3 VSRR IRERD & L 7z, fic SR (BT C IR 2389, LAk
K (MFFCRERT : 88— 5 {LARIEA 1.05 t/ha, #MRY VIR 1.4 t/ha, HEFERK 1.4 t/
ha) 26 HBR Lz, cheoFBER 1A DEIREELE L, BRESMESH L O ERE
R B L 7205, W1 THERI L 28 &AL 2o 5 R d 272, 1— 1 2 11— 2 1843
255426 B X D BRAAEBBL LR bR, Tabs, PR (3.75 t/ha, £2E: X
TYREEY), WRE (7.5 t/ha, # 20 BT MWK EET), HRE (15 t/ha, 113 : B
FLRLET) THD, 301, e LLBEOEL VAL, RCLTO—1, I1—2135
2 5547 6 B X DEMR 280, TRbb, BMELEK (T ChbR LET), BibFmEK
(T Fb X £ 7), SHERSEX (15 t/ha, £ 16 BT LbRERY) TH2 (Fl).
TS TEMARR CEERE, BT O % ThER 1K s LRER L a7,

# 1 ABK - 2DORE

Table 1 Treatments and their contents in the experiment

Name of Planting Fertirizer* Sludge** Application
treatment

Summer Auturn Spring Autumn
(1979) (1980)

C + - - — — — -
FC + + - + + + +
S + - small + + + +
M1 + - middie + - + -
M2 + - middle + T + +
L + - large + - + -
S, + - small - - + +
M! + - middle - - + +
1! + - large - - + -
Cb —~ - - - —~ - —~
Fb - + -~ - - + +
Lb - - large - - + -
* . Compound fertilizer (8-8-5)  :1 t/ha

Ground dolomitic lime stone 1 t/ha

Fused phosphate 1 0.6t/ha

L

. Amount of application
small  3.75t/ha -
middle . 7.5 t/ha as dry matter
large  ; 15.0 t/ha

2.3 HEFE

B, RFETHOGFEEMRE NS Y v, SAEH 0% DMKy — & & LTHERL, RB
GREEEOEEIRA L. RB 199 EOE - ZERU 1980 FE0 EF iz 1979 F 6 BiciFf L
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7iERE, 1980 HEOLEFESE 10 B R - HRE 2~ 3 DX BERL TADH 50% 0%
BOLOEENTHEALL, BROMEIR 2R,

#* 2 #EFAROUHE

Table 2 Properties of sludges used in the experiment

Sludge” Sludge**
pH (H,0) 10.1 10.1
T—C (%) 27.3 21.2
T—N (%) 3.7 2.7
C/N 7.4 7.9
NH,—N {ppm) 1,660 4.9
NO,—N {ppm) 7.6 1.1
NO,—N (ppm} 32.4 3.4

values based on dry weight

* used in 1979 and in spring in 1930
** used in October in 1980
T— means total

2.4 WEAE

REHEEM1WwRLE, - 1EBTE, BMSES5 5 RHeERE2MAL, 5B 19K
BEREREE L, 1 -2 3857TE, 4 ANBREBREEAL, 5ATHC a7 %188, 6 H 22
HicR# L7z, 272, T—1RWI— 28T, 6813 HcERERETY, 68208k
ARBHALL, 8B 13BCFARINELULE, 8A 9B YL RBREL, 10 A 13 Hic#E
L7, BIZHOEMUER b UERX L MigCEYOBRERCBEIC#EZEL -, K ERK
[EifRi[ERCRHE L 2. BRERNS, BRNCEEKORBEy i s #E+ (0~5 cm) 23
Ufeo RG> PARAE—RERE2—HEL T, 2mmDH5LEEL, MEHYH>TESLIE
SIFHAE L U, [I— LIEBTR, BREEBAR T B 23 i 2 AB0OBRERA 21T 7
Y, EREIBOFENETY, £Fr BT 5248 pH - HBEEROBTLEEHL 72,

2.5 xi#pH (H.0), 7rE-FHEEHR, EHREBRE UEMEEREORE
GENOFIRNICR U AECE - TERE®To 1, fIERVWTFR Y 2ETT 0, HEXTHE
TERERLIT,

3. B R

3.1 TAFBEBALE® pH RUMBERERONELE—F0 1, 1 —1 38—
#3 1 — LiZ{oRMEKX O +i#pH (H,0) RUTBHO 7 = 7EBER (UWTFNH—N
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-2 %W—*m
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1330 1981 YEAR
1 HERH#E
Fig. 1 Timetable of this experiment

! sludge application ///// : planting

T HMBEER (MT NO,—N L87) RUMBESEE (LT NO,—N L23) BE0fE
BRERLR

ZOEBOBFREARE, wInbERARTHY, SKiE, 3.5 thaoiERE® 38, M 1K
i, 7.5t/ha DFERE 2R, M 2Ki3 7.5t/ha D% 36, L Xid 15t/ha OiEeH 2 BERA
ah, *OEMAHN (AFERE) &, ThEh11.25, 15, 225KV 30t/ha TH 2,

EREAROBAMOTEPH 2, 7.26~7T 41 TH VD, BUHER (O LV PPHEVEETH-
fed, HREME2HEO pH id, |MEBX L &L T 0.45~0.58, MEARIO pH LB LT
0.2~0.5 LR L/, BRMARD pH 12, ZOEEIRE/NE Y, BREARORRIHE > TH
YT AEAERL . BRER LSO pH D LB}, BRESBICEF IR IV YA LD b
DTH%, L, 1#pH & 1980 EFEAOKERRUVERAMER L OMIC—-EDHRIZRY
e,
- BRECEZENERXORA% 2 HE0 NH N i, BAMI D&, 22, IA50RO
NH,—N &, B@&fE%RL 77, 2hid, MAREHEMK NH—NOERSEIL I L &R L Tw
5o, FDHBRO NH,—N HAHecHEY L 4 BECRERANO VAV Z o, SR O NH,—N
B2 2DBEMTEET S £ #DERIE, FC>LsM 2>M 1>5>C i3, 2O &3 iiER
K THEREFROEMICHE > T NH, N ¥ iR H 5, £/, NH.—NOBRRE:
1980 EQRERUVEHAKRLOBFRYA 2 L, mEZRi, SHRAWROEY, ZTOHI
WIELTRML T3, e, PHR LG8 2 @HERK &0, 1980 £0MEMARLL R IZIZHIE
L, BERAMEL LoEERLE, TRIEEAK £ P REOIE, AARLRUERAHR
PEThh, #BR L AREROLE, EREAMRECHGL 2,

—45—
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Table 3 Changes in pH value and inorganic nitrogen content in surface soil of
[ — 1 field applied with sewage sludge

Treatment Weeks after application
Before 2 days 10 days 4
C 7.20 7.17 7.21 7.18
FC 7.43 7.34 7.20 7.18
pH S 7.41 7.62 7.51 7.48
M1 7.26 7.75 7.61 7.56
M2 7.29 7.63 7.63 7.54
L 7.32 7.74 7.64 7.60
C 2.8 3.3 4.1 1.5
FC 1.7 106.5 21.0 1.9
NH,—N 8 2.3 13.1 4.0 2.4
(ug/e)* M1 2.2 23.7 6.1 2.4
M2 2.0 35.6 8.2 2.4
L 2.2 37.3 19.6 4.6
C 0.04 0.05 0.06 0.10
FC 0.04 1.60 .48 0.15
NO,—N 8 0.03 ¢.12 .09 0.13
(ugig)" M1 0.04 0.19 0.10 0.14
M2 ¢.04 0.80 .13 .13
L 0.04 0.92 0.39 0.14
C 0.0 0.0 3.0 2.4
FC 0.0 16.0 5.3 40.0
NO,—N & 0.0 6.8 0.0 12.2
(ugig)* M1 0.0 9.6 0.9 25.0
M2 0.0 15.9 3.1 19.1
L 0.0 16.0 9.6 16.1

* . dry weight bases

THEho NO,—N 13, NH,—N BT NO;—N HARTEL {BEWETH -0 43, {EEEEK
T1 pg/gEEt b, BRYBRF 2ERRUFLER T pg/g i ERE SR, TNED
RiegwTid, BAMO VAV L DELLEIINED shi,

+i#Edho NO,—N i3, FRE UMb AR £ b ERERE 2 58U RO ¥ — 7 2
Uiz, #0%, 4BBRBFEMLL, BREERBZ2OY -/ BEUCTEa THo72, fl
OETIR, ¢ BECBEHEET L. BYO Y- 780BRIEAKXD NO,—N &0OIEMIE, FC>
LEM2>M 1>8>CTH b, 4 BH3ONO,—N®E, FC>M1>M 2>L>S>CTH H
NH,—N R EREAEOHINCE-> T NO,—N LT 2 EELREs o0, 4 BED
BEMEL TR, $8E 1 HARSERERRO 2 CiBAL 20, BRMBAR L o/

—50—




TS RAERM-LE 5 2 e ROZET(t

—ECHFSRLIE Y e o7, 2HEQE — 7K NO,—N K2WTAa 3k, NH,—N L[
WEBRX A EE2EHARBICREN L WY, PELREEIRK, 3B 2RKEVSER
M, di 2 KA U TR IER - SHERBICENH D, 2RFNLOMOD NO,—N iz, EFRER
BOHCBENE LR, £7, PER:PEF IO R FREE2ER £ £2KD NO,—N Lt
i, 1980 EDEARILICHIEL 72,

FIDHEREZ, ZOEBOEEBERHERERRKO NH,—N, NO,—N E U NO,—N i3 HiH
BELW, RBCHENT 2 2 ERUNO,—N i, o NH,—N Ho iz NO,—N oER = #
LDZLTLHHEBRBUENTZ2 L E2RLTHS,

3.2 TABREEALE® pH, RURBEERBOZLL—Fn2, 1—2318—

F4Z] - 23508 NEX O+ pH(H,0) R+ do NH,—N, NO,—N K 7f NO,—N
BOHEHERETL 72

BRMAROHEBRO pH L, 7.34~7.57 TI1— 1 EBLDDOE» o748, HHE2EHD
pH it, EREAE X0 0.2~-038 <, BAHMICHAZ £ 0.18~0.33 FR L&, 1-11E8BLD
FOLERBEINE Do, —H, *OFRELEEAR E pH OBFiconTid, T— 1138
BUHRE R,

{EEENRE CEREFARXOMEB% 2 HE0 NH,—N &, HAFDELVEL, »oREE
otz TOHRBABTEAL BECEHAMEIFRRC Y~V EL o, KD NH,—N &
¥ FOBRBETHET S L, FOIEME, FC>L>M 1>M 2>S>CThHY, SRAEBRON
Iz > T NH,—~N #8333 2 L pmahiz, BREAKS NH—N 1980 E0HEEE
UEMAHRLOMERA2 L, YRR LFEE, YER LSRR, FR 2K - 58K NH,—N
iz, TAFR 1IN0 EDHERIICHIELTHED, #05PER L DBE2EHAR (M 2)
RUDESRIEBAK M 1) t$8K0 NH,—N i, SEafErCRBENGELE, Lol
IRVEOHBRIE—TH L2 NERATRLELA PR IR M 1M 2) B, BHRANRD
MM 1RO NH—N M 2K &b &,

NO,—N i, NH,—N kD@D TYRTH 72, EFIRRE I — 1 B L A% 28
BuBA L L o705 FiREAK TR 10 ABIKBERESR L. 20 NO,—N & 2 0&HEOE
W E b U est, 8BHE TR PINOMERE %R L, BEE 10 HBOHRE O NO,—N
G LESELSWY, BRERE L NO,—N OB R—E0BERED sRkyL,

EEEE R B REAR O 1 8h 0 NO,—N i3, MR AR S kh o7, A% 2 B
HBizdBmlian, WHABRRBSMEIEL . TORABKE L AHICEEUREINL
7z, REBMEEL 10 HED NO,—N JE{EH, FC>L>M 1=sM 2>S>C 740, 8#EHD
NO,—N &, L=M 2>M 1 =S>FC>C L& D BRHAR O NO,—N E»EFERERX D £ 1
ZEzbof, 72, ARAL LEBEREDBOBINICE S T NO,—N B8 2E@RABRDd 5 h

—5]1—



HRfBIEZ &

770
# 4 1—2@3BCBY3EREREOTE pH RURBBREROZE (L
Table 4 Changes in pH value and inorganic nitrogen content in surface soil of
1— 2 field applied with sewage sludge
Treatment Weeks after application
Before 2 days 10 days 3 4 8
C 7.23 7.45 7.26 7.59 7.42 7.22
FC 7.45 7.40 7.20 7.66 7.64 7.46
pH S 7.47 7.65 7.98 7.89 7.78 7.66
M1 7.34 7.66 7.51 7.66 7.73 7.66
M2 7.57 T.77 7.64 7.82 7.73 7.73
L 7.42 7.75 7.63 7.83 7.92 7.77
C 3.5 3.4 2.8 6.8 1.9 1.2
FC 2.2 137.5 24.5 5.0 1.3 1.7
NH,—N S 2.3 10.9 9.4 7.9 1.7 1.7
{wg/a)* Ml 3.1 28.0 9.3 10.2 2.5 1.6
M2 2.3 22.2 9.2 9.2 2.7 2.2
L 2.4 50.0 18.0 9.8 3.5 1.2
C Q.04 .04 G.04 ¢.08 0.09 0.13
FC 0.04 (.88 0.42 0.19 0.10 0.16
NQ,—N S 0.04 0.13 0.52 0.10 0.10 0.15
(ng/g)* M1 G.04 (.45 0.48 0.15 0.08 0.15
M2 0.05 0.36 .39 .15 0.13 0.20
L 0.04 0.29 1.04 0.30 0.11 0.19
C .0 0.0 6.4 0.8 0.0 0.9
FC 0.0 1.8 159.0 22.2 0.0 6.0
NO;—N S 0.9 0.4 2.0 5.1 0.0 8.1
{ug/e)* M1 0.0 1.7 49.0 13.0 0.0 8.9
M2 0.0 1.7 46.0 13.8 8.4 17.2
L 0.0 1.8 71.0 19.0 13.1 19.8

* | dry weight bases

ZERERRIC2WTEROMAR & NO,—N OBFiz 20T NO:—N OREE TR T 3
r, VEREGEFE2ERM 2), PERESEX, dEE2EK (M 2) : FRXAMO NO,—N
iz, EEEFRKICHELTE Y, TRRME TR NO,—N e Z8®b o ¥ 2 hid, 1980 &£0
HEF BEEC TG L 20

CORBOEREAROEREESRIT, A%, 2HEC NH,-NSE—27EL, BHT 10
BHi NO,—N BV NO,—N #RFE~ 2 2@ T2 L IR ER LA, EEEERoz R
it NH,—N ¥ NO,—N #HERBIEE -7 CE LT NO;-—-N #Y =2 e R 3E{E R LI,




TABRMA 8 51 5 ERERROENEL

3.3 FTAFERRALEO pH RUBMBERBOZ(—E03, 11— 1 FH—

#5e— 1 BBOBNMKX O+ % pH R Lo NH,—N, NO,—N K1 NO,—N B&D
HERBRETR L.

HRERX 018 pH i, S BORAIEROCREE, BRERCFHEL b FROEMANRON
M- T ER U, &7, BIRIEHAR (S, M, L'K) T, BEERCEHEITHERE
BEOBMICE-> TER LA FREAK D pH BEABK L DB, (LEERK & i+ 2 &8
AXOFEY pH &, dEUETE ko8, YINEAKo 2, SERTEIRZESE, 4, b&
KT PR X o8 e piclBnote, BREAOEE, 2HARK: b, ERENE (B
il REMRCEIELY), PEEOM 1M 22H&LTH, M 20 pH 275 <, BEHK
IO EBpH G LA L L HREMARO pH L EFH#% 3 BH® pH 21T 2 L, ROV EX
RudgM 2 BEtE, BAML Y LR L, BREFR BT 2EHpH ik, 6~8:BBXD
gahre, COROpH i, FREASE THAN L Do M LR UM, 20 L8R, EH
R & D AEIMRE X o5& W IEREES S i,

BABX£R SR THYERECFEROMEA®% 3B NH,—N i, AT L 0 gL, %
BAORVEMAR 2R 2R T, MEE VAR CRBEEL: 2 (SR 2:88), f0®EI L
foo FDOEWDYONRNI -2 OV THLLERKTRECEY LD L T, FREOFAE,
BYOREI >, ZORGBECOWT A2 L LBXMEDIES &, Fb>FC>Lb>L'>L=M 1>
M'>M 2>$>S>ChsCTh Yy, BROEKAR(S, M, L) TH, SREFEOHEINCH-
TN 7208, £ OBEMFCHIGL T, HREAKG, M 1,M 2, L) T, NH,—N
AR UVERAERREOMICE, —E0BRRIEDLsh. Lal, PER<FER, V&
E<H#EXOMFRISHD, HREBROMINCHED NH,—N OBMEmREy sk o, 1§
FEAOEEE, $RE (L ') Ctu, ERMASEL, $&K M1, M2 & M) T,
A 2@ >HE> 3E0BESH D, PRE(S ES) TR, §>S TERRMIEK & D {Ed -
feo MK (Lb) &K (L) 2HET 2 b »icBHRESE» -7,

NO,—Ndb¥FrLoEReT, 1 gBtded 1 pgllbe k208, LFEEHR, GREE
HHR, FRM 2 XKRUPESEORAR 2BAEETTH -7,

{LFEH, HRERAR, ELEKE, BA%IAET, HEPERRFFRRKIZRHEMRE 1 H#
HT, L8450 NO,—N i, ALV EL 2D, FnPhEROBENED i, {LEIEx
R, BiREARECERARKBAR O NO,—N &, HH% 1 8B, bEEEETE - HRsR
FHRXozrhE, 2HEBKRBMEETLS. FOBRIBREES L, FABROREMI 2V
T*DNEG %45, M 25L>FC>M 1 >8SLb>Fb>L'sM>S>Ch=COIETHD, &
REMARECERIEX & EARORINC > T NO,—N b¥IT 2 ERHBED S v, 5
HER I 2WT NO;—N OREME 1980 £0MARR UCEMANR : OMOBFEEAB L, &
X & X UHE 2 X0 NO,—N i, ERATEILCHEL, MEIR, 1980 £O/AR
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Table 5 Changes in pH value and inorganic nitrogen content in surface soil of
N —1 field applied with sewage sludge

Treatment Weeks after application
Before 3 days 1 2 3 4 6 8 10 12
C 6.35 6.43 6.31 6.30 6.30 6.58 6.47 6.74 6.60 6.63
FC 6.74 6.80 6.78 6.83 6.88 6.76 6.92 6.88 6.76 6.78
) 6.74 6.74 6.71 6.80 6.86 6.76 6.86 8.94 6.79 6.82
M1 6.71 6.84 6.85 6.99 6.94 6.74 7.08 6.97 6.86 6.90
M2 6.95 6.91 7.01 7.02 7.05 7.13 7.19 7.16 7.07 6.95
pH L 6.92 7.01 7.01 7.09 7.17 7.19 7.31 7.31 7.21 7.07
Y 6. 44 6.52 6.57 6.54 6.54 6.46 6.65 6.77 6.62 6.60
M’ 6.3 6.56 655 6.60 6.57 6.59 6,79 6.83 6.66 6.55
L 6.38 6.83 6.77 6.37 6.57 6.71 6.64 6.94 6.65 6.52
Cb 6.49 6.73 6.77 6.57 6.57 6.71 6.64 6.94 6,65 6.52
Fb 6.51 6.83 6.90 6.77 6.66 6.64 6.62 7.02 6.62 6.54
Lb 6.52 6.69 6.92 6.77 6.85 7.02 6.88 7.15 6.87 6.81
C 6.1 1.8 3.8 3.8 2.8 5.9 1.2 2.5 3.6 2.2
FC 1.8 135.6 189.3 49.8 6.4 2.8 0.8 1.6 1.9 0.7
S 3.3 12.3 16.2 10.3 5.5 3.6 0.9 2.0 4.3 2.0
M1 3.5 35.5 50.3 32.1 3.1 3.9 1.0 2.7 2.6 1.6
M2 2.4 24.8 31.4 10.4 2.4 2.8 0.8 z2.3 2.9 1.6
NH,—N L 2.4  53.0 50.3 22.7 3.4 5.1 0.9 1.9 2.3 1.8
(wg/g)* & 8.7 18.5 16.4  30.5 9.8  19.9 2.4 4.1 3.4 2.2
M 4.2 34.8 46.9 32.3 24.2 26.7 2.8 2.8 3.8 2.4
L 12.8 45.3 63.8 38.7 25.7 26.8 1.4 2.4 3.1 2.7
Cb 13.3 1.7 4.2 2.5 2.5 6.2 1.1 2.3 2.5 2.0
Fb 0.1 109.0 202.6 129.0 44.7 17.5 1.4 1.9 2.3 1.8
Lb 10.6 36.8 71.3 63.0 25.7 10.5 1.5 1.9 2.3 1.8
C .07 0.17 0.2y 0.19 021 0.15 0.09 0.19 0.02 0.03
FC 0.07 1.23 1.01 1.39 .41 0.17 0.11 (.16 0.05 .03
S 0.07 0.30 0.45 (.45 (.28 0.17 0.10 0.18 4.05 0.04
M1 0.08 0.49 0.72 1.51 0.28 0.20 0.12 0.21 0.04 0.03
M2 0.09 0.77 0.83 0.54 0.33 0.18 0.11 0.15 0.07 0.03
NO,—N L 0.08 1.09 0.90 1.38 0.33 0.19 0.13 0.18 §.07 0.04
{pgig)* R 0.07 0.11 0.38 0.30 .26 0.24 0.12 0.16 0.04 0.03
M’ 0.16 - 0.29 0.45 0.30 0.37 0.23 0.12 0.21 0.04 0.03
L (.06 (.23 0.36 (.40 0.36 0.3 0.13 8.16 .05 0.05
Ch 0.10 0.13 0.37 0.17 0.30 0.17 0.13 0.12 0.04 0.03
Fb 0.09 0.13 0.37 1.42 0.55 0.35 0.25 0.16 0.08 0.03
Lh 0.08 0.24 0.48 1.07 0,48 0,25 0.23 0.20 0,06 0.04
C 10.5 10.5 1.7 9.2 0.0 0.3 .1 1.2 2.6 4.2
FC 7.7 27.5 57.9 42.4 2.8 0.4 1.5 0.8 3.2 3.3
S 19.4 26.6 38.7 26.1 2.1 0.7 6.1 1.8 4.4 8.0
M1 16.0 28.4 43.5 38.9 3.2 1.4 7.8 1.9 4.4 8.0
M2 27.0 44.7 66.7 25.8 1.9 0.7 7.6 3.5 6.1 4.5
NO,—N L 24.2 51.7 65.4 62.7 3.3 2.9 13.2 5.7 8.5 6.1
(ug/g)* & 129 124 144 144 1.3 3.2 7.0 2.7 4.0 4.3
M 30.8 15.6 20.5 16.3 3.1 3.3 14.8 3.1 5.4 6.3
L 11.1 15.4 21.7 21.9 3.8 4.4 13.8 2.3 5.9 7.9
Ch 8.8 8.7 12.5 10.7 G.6 0.4 5.3 1.3 3.2 1.9
Fb 9.3 9.0 14.0 24.1 5.1 5.3  26.2 1.7 5.4 2.7
Lb 12.1 15.6 31.1 36.4 3.8 4.3 17.6 4.4 2.8 6.5

* I dry weight bases
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iU - mErRLic, 7, HARCYEHAERE 2HBT 2 S micBRARSE L,
DRI EFRERO NO;—N i on ik, EHATEOHIIHIEL Ttz 21, HR
HEX (L't Lb) 2H#&T2E, RSEL ZEBTRENT,

ZDIFHOFHRMAERER M2 EREEE OBBERRIE, NH,—N & NO,—N O#id
HFREIRHCAEZ B - batmE v, —7, HEETE, BREEEFELE L b, NH,—N
B1IEBEE -7 KELLE, NO—NR2HBECY—7ICEL

3.4 TAERERLRO pH RUBBERREOEL—Z 04, 112315

£6WI— 2 ZBOENER 0 L2 pH RUF+8H D NH,—N, NO,—N KU NO,—N &0
BERRERL L,

HEREMEO pH &, P BYIEEHR 2By CEAER L D E L BROISEERR R UL B
B[R (L) i, {EFEEEK (FC) thEwpH 2R Lk, FRYVIEHEHE® pH 11, FDRE
{8, SRERUEHEE S EREAEOMIMC > THINL 72, 7, BREARO pH OB & {H
EUESHEE, FHRAGZGOEMcf>T LU, PEK S S), v AX M1 M, M
2EMEUM1EM2) RUSEBRX (L L, LELD 20 THROEBK L 2HENT
wot, BRICED pHIRER U, K &K (Lb & L) TiE K (L) #BWEz R
L7

LFIEHIX (FC) RUERIREK () O+#Fd NH,—N 25, A%k 1B CREHEERL
e L TOR (ELEXKERL) T, HAR3IBECERESZRL . HREARD
NH,—N OR&HER, BNBED 7T~26FZ L Ehokst, LRIERK L DS iT{EDd -
fro LrL, ENEXZR{ERCZORBENHEANOZRIVELRD, BRETLEEL
ORI & DL 72, FREBKO NH,—N 3B8EHECRLULBELRCKEL L, 4BHE,
BIERBRAMOLVAACET LR, 2OBRBHEIC W TAS &, NEBRMOIEZ, FC>Fb>L' >
L=Lb>S>M>5>M 1 =M 2>C>ChThy, FRAILERFEAR : 8 HEK (L & L) 28
HOBFER L9 EWERRLELS, PERLDPERTR, ©LA2LERBSVWERCHY,
A r NH,—~N oMl cBERERaEssnkho 2, £, SRR LPRR £ HET 5 L0
NOHELFERSERK L D@ o7, FEEFAK (M 1M 2) T), SRR
BRONH,-NELCRRL Twidhorz, NH—NOBLOBEB 242 L& 288D
NH,—N @#aX»38ER L 5 %<, #j@axXo NH,—N QE», BEROF R L D EericiE
IHIERTRLTwS, B (Lb) :HEHK (L) ZH&T 2 CHEEKD NH,—N #1%5 -
AN

THEPONO,—N » 1 pg/gE L EOEERLAZOE, $RERROATHD, ORTI
0.5 ug/e LT CH -2, i, FREMEAKIZ, $REX (L) 2B THBELZC— 7 2BRL
oL CERRTRER SBRR Y -2 2BRL, BEMEEIHLEL, F0BEYL,
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Table 6 Changes in pH value and inorganic nitrogen content in surface soil of

I1— 2 field applied with sewage sludge

Weeks after application

Treatment

12
6.38
6.91
6.83
6.87
7.12
7.13
6.65
6.74
7.04
6.63
6.80
6.90

10
6.39
6.71
6.83
6.93
7.07
7.18
6.45
6.85
6.91
6.57
6.49
6.71

1

Before 3 days

6.73
7.07
6.96
6.99
7.29
7.25
6.61
6.74
6.96
6.56
6.61
7.01

1.7

6.64
6.94
6.99
7.18
7.24
7.39
6.72
6.91
7.04
6.83
6.77
6.86
1.0

1.0

6.53
6.83
6.96

6.49
6.85

6.63

6.48
6.73
6.68
6.76
6.92
7.02
6.63

6.63
6.89
6.84

6.53
6.80
6.79
6.8
7.07
7.00
6.43

6.75
6.76
7.01
6.90

FC

6.88
7.08
7.09
7.27
6.69
6.99
7.01
6.63
6.69
6.89

1.1

7.07
7.19
7.30
6.65
6.77
7.06
6.67
6.66
6.82
1.3

7.00
7.01
7.23
6.48

M1

M2

7.00
6.62

pH

6.55
6.73

6.72
6.74

6.84

6.39

e DN oo
- o

= N O [~ w2
-

b= b~ =
— -

2.3

o o0 ol
o oo

aw S
o -

— ey
—

=+ D
o S

1.4
3.1

3.1
3
12.8

16.8

= Q0 I~ = 0o o
—_— O o e -
[0 e R = = e
e R I =]
(=2 B LR B+
LSS I I I BN )
h O h O oM —
L= =R I
R )
— o o =
o owp o= e D= 0D
Lo e B e T o )
—_ o~ S -
L e e T =R BT = ]
— o — — - —
h WD T 07 N g o=
h COh © = N oY O
e B o0 -
== ST~ S R R
= U Oy D
[E= R e — 0o
—
vt~ 1D [~ 0 0) ud
L T e B IR T B B |

L e e s Ty
oo O O o
o oo O o
o o= D WD D
[ = =]
Lo R e Y e Y ]
WO 00 00 ™
[ e e ]
oo o O O
S O o o =
] ] o~ o e~
[T e S N ]
WP O
—_ o = o
Lo B e A e o Y =]
o0 UY @ D )
L A B B Bt ]
o oo oo
O~ Uy O Lo
S ey o -
[ e Y e [ o Y s |
o7 o9 1Y Th g
PN = X ]
[ I e B e B e B e
L ATy R = Bt ]
- = 0D 00 =
oo oo o
g h O 9O —
[ o I o B )
o o o

(SR
ORwa =

0.18 0.16  0.15 0.10 0.06 0.04

0.30

[or s B s By B |
ocCocoo oS
S oo oo S
- D D W o o
(=i I = ]
coooc oo
o~ O oo Tel=1]
===
coooc oo
= e s o =
D H A S -
S oo o oo
[ e I - B
o o e
cooo oo
= b~ O <t 00 b—
o e -
(==l e = -
— O 00 1 o0
Lan o B ==~ B X
cooco oo
- N D
B I ]
cooO Do o
o B~ B i )
— O D
[ Y e o R = }
t= b~ [~ I 00 b=
oo S

M~ O o =r o0 = ™
— Y LD e N

= = Nao e
1 O WO WD~ Oh o=
O O 00 —~ O o
SO o~ oy e
=t o0 O N ap =+ o0
L=l e B e I B I T ]
— Uy D O W O 0
oS O - - O
W oD = oD
OO O - - D
o0 Uy = O b~ Y —
L B e B~ PR = it BN |
— O N0 -
—
W S M
e h o~~~ 00—
Lo M- A B L I T= B ]
O D= - 0O
GO b= 4 N[~ 03
o & O O D e
[~ M= = O W0 —~
(o B BT T T I )
p— ]
(SR B
OERwnES
L
zZ
| o
g w
Nu...
2

—— -
o S S

o0 @ & =r o0
s i = e B T e

W~
—— O ™

DS O

— N
Lo
w o —n
- S e
[ I Bt B B e R ]
— D03 -
— D O o
o =r ) wp o
3 O e - oy
aC O b= o =
Lo BT o B - i e-
Lt B B o B s )
& o 00 N o
-] — N
WM N D e
- =P 1N <t =
IO = | =]
=E=8£14

* : dry weight bases

—56—




TARGREFEIEC S 2 EREEROEREL

SRREABVWTIHABC 2BHOY— 2 2BRLABREVES L 12EBRBEMR - 2o, &
7o, BRAKOBAERFRER L VEshcEM ok, HARRUVIEK X &, BEHEIZSERXS
fEOK L &Y, FREMOZRHAR TR 27, 1BRD NO,—N &, PRI H225E
MEREBECCTFRORTHRMEL Y, BHA% I AEMEL, CREECHEROMBEIZ LD E
L, FREARRUVSEVEXORSHEIELEKEDES, #2SBERRD L, L%
RO 3FGEL . (EPIERNREOZRERICL D BRMINL 2, K (L) £ 8K (L)
DfiERED s Ry,

HREEX M1, M2, M) RUSEX (L) oX8do NO,—N idEHE 188, &
FKE (FC, Fb), HRABK (S, &) RUBRSEK (L, Lb) &, % 2:8HcB&RiE
oL, LHBRERERRLLERE 2BHY, P VOREERLE, LrL, 3:8E
WIREBICETL, 2K SBAMTOV vz o, EKES %@ﬁa 6EB/NERE—
7 (M2EEBEO 2ERL, BU0HEABHABXI Y RwWE—22BRLL, HEZIAED
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M 58 >ChsC Tho, 20 & 3 I{EEEEEAR D NO,—N #EA T, BRLSEBHAHKD 1.4
BTHoh, BER, LYTEDEEHK (Fb) L BRASOEETR L. SRVEERR T
REEBXHH, PERIDE 0N, L, TEXEENZ CHEARE NO,—N MicHARE 2 EFRE
Beizvn, —F, BRERKTE 1980 £EEFHOBARICHNL T, 2oBiRicdNiELT
WRLWHEHEOEVWETNO,—N#HELL->T 3, £, EFRETECHL T, EFZF0D
MRS L EmERL R, ERAK YRR 2T 5 L, 8K (L & L) ik, EHEAN
BoHGL CERARSE L, hHEM 2+ MXiz, EREFTEOLCINGL v as#EAR
BFEXD 2 {EOEERL, FEM 1 METREREREAHEORCE L, BHEMNEWE
ERLI, PEREBOLTHERATROL 2 {MEL BV, HRARKSPPEWEERL L,
ok eEROBRICE D NO,—N #mL -, |

3.5 £HMIcHESEEEALRO pH RUBRBESZRZENTL

BB T, 1980 EESOERIKTE, BIRE 2 BRBRE CSERK S 10 A 23 Hi
BRE FLERMOMANSTHR, +8L BABRENONESBES W, 2 ELEK, 5
FE | ERAR L EHE S, R ESRIES NS, 205 51— 1 HBORMER (O, {t
FRHXRCEFERE 2 AR (S, M 2, §, M) 2L TAFCs 7548 pH L BEER
KOTEBI L2, 25, SEOMABRE, 1980 FAEL L bORERShE(EL), +
B pH R U EREREONTRELZ TR LT,
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Table 7 Changes in pH value and inorganic nitrogen content in surface soil of
I1— 1 field applied with sewage sludge during winter period

Treatment Weeks after application

Before 1 2 3 4 7 11 17 20

Cc 6.77 5.94 6,97 6.99 6.92 6.79 6.87 6.61 6.77

FC 6.78 6.82 6.82 6.90 6.83 7.03 7.21 6.78 6.99

pH S 6.94 6.73 7.16 7.05 7.13 7.06 7.24 6.71 7.01
M2 7.11 7.04 7.38 7.34 7.32 7.3% 7.46 6.79 7.16

& 6.92 6.58 7.06 7.04 6.99 6.88 7.01 6.66 6.83

M 6.86 6.75 7.05 7.02 7.10 6.98 7.03 6.57 6.81

C 3.6 2.2 1.8 3.1 1.9 1.4 7.4 3.5 5.3

FC 2.4 168.5 77.9 59.5 41.2 1.2 3.9 1.1 1.3

NH,—N S 4.2 10.6 5.1 9.4 14.4 3.2 9.7 3.9 6.2
(ug/m)* M2 2.5 15.0 2.6 11.7 7.1 2.7 9.3 6.2 4.9
Ry 2.7 15.5 10.8 5.2 6.3 5.1 18.2 9.4 7.2

M 2.5 13.0 19.7 15.4 51.3 7.4 23.2 13.2 26.6

C 6.11 0.33 0.14 5.07 0.08 0.20 012 0.08 n.04

FC 0.13 1.90 0.92 0.71 0.73 0.23 0.14 0.15 0.04

NO.—N § 0,13 0,08 0.32 0.32 0.27 0.24 0.18 0.13 0.08
(ug/g)* M2 0.13 0.25 1.36 0.84 6.37 0.27 0.24 0.34 0.14
& 0.13 0.06 0.30 .08 0.11 0.29 0.34 0.24 0.25

M’ 0.14 0.11 0.91 0.98 1.9% 0.72 0.56 0.71 1.20

C 3.7 2.1 3.2 3.4 3.9 2.7 2.6 3.3 4.6

FC 3.7 29.1 100.9 132.8 198.0 7.9 10.4 12.3 6.9

NO,—N § 10.7 5.3 13.8 18.0 21.2 9.1 11.1 11.1 21.8
{pg/g)* M2 15.8 9.3 30.0 33.4 30.0 15.9 21.6 24.7 45.1
S 5.9 4.7 8.9 8.8 8.5 7.7 11.4 10.6 19.0

M’ 9.6 6.6 15.0 19.9 28.8 33.9 21.2 25.3 43.6 |

* . dry weight bases
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Study on Adsorption Characteristics of Nutrients in
Unsaturated Soil

Kohji MURAOKA! and Satoshi IWATA!

Abstract
Being coupled with the increase of ground water demand at agricultural activities,
the pollution process through the circulating water system among irringation water,
pore water, and ground water has been noticed recently as a problem to be solved. This
report deals with the adsorption process of nutrients to seil particles through
infiltration in unsaturated soil.
The method of this research and some main results are summarized as follows;
(1) Two types of test in this report are the adsorption test through infiltration used in
small soil column filled with unsaturated soil (column test} and the adsorption test
in vibratory batch at saturated state (batch test and repeated batch test).
(2} The nutrient used in these tests is PQ,—P.
(3} The adsorption amount due to column test agrees well with the repeated batch
test, but not with the result of batch test.
{4) The capacity of adsorbable amount of material does not depend on the degree of
saturation in the test sand.
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BERELTHWORRLRRT 9 2 +EMEL & DI ATHIV, ZOREERE: L7
LOTHD, 37 LB EDHEEIVETER LI LIE YV —EBOMIFELLERIE TS,
MEEBOERL, BEANTAPPERBET2 LI, BEHUImmOFFAE-XEL (5T
Ricihy, S5@ETABCERE Y, REXOMESFOL:LORRAOENETI . A
DLz, FIABEAEYRE, EREC I TEKENETAY, RBIDhCBEBETL L
FLFL T, i+ Ea7 20BBER 1L CRT,

£ 1 HBRporBERE

Table 1 Soil characteristics of test sand

specific gravity 2.63
average grain diameter 0.80 mm
void ratio 0.58

porosity 36.9 %
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TENRE S FRMEO LB~ DB ER, AECIHRL L REBOVESENCHEL
BET2HEBF0bITELH, IITH, BEER R L TEENCHRLEET -0,
TRETIRBENE R AT RCBEESEMACSET AR TERALL, HReLEYBE LR,
FEEWEOS bRERL2 LD PO,-P THY, FOMEER 0.5 mg/l, 1.0 mg/l, 2.0 mg/l,
5.0 mg/l, 100 mg/l BT 20 mg/lO 66BN K DWTITFo7, BREEIZ 30 mm/h &L, BHFK
AF A REXREIZLFORNBEFRBIL 22 2 THL, 20REBE—ED PO,—PHE%,
FHEADBEHNEREEL 22 2 THLED .

POQ,—PARBHE7AANVEVYBTEALT, B 7T rBIV—HIEL T 5EMT
358 (Technicon 31> Auto Analyzer [1 2+ L, BBROBEXBWIESICE, Btto CSM—6)
&2 TfT-7.

2.2 BHBERR

BRATER, IBHRELY 125m 0 SORBRERRL, BEERUE, ERWS5g®
200ml DA & RBUKPIZ ANRE S#ich T2, IRE D13 216 RERIC b 72 » THKEL, 24~48
BRI EIC 100 m)! File e A & R PR L ANRL, HEWM->7k0 PO,—PBERHEL T
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PO,—PREBR*HHU L, COFESE, ZZTHAKCLAECHEHLEEWVS,
Fiz, CHEBBICER S5 g 2 1 HREOER 200ml OIC AR T 6 R E 5 L 2 0EEE
the) PO—PBE*RIZL TRBKREERPHEL =, ZOFEPEBMHEE VS,

2.3 |&SBHER

CRE R HBRYE 0g £ 0, —EREICEEL % PO,—P K 100 ml iz Ah 24 Rz b
FeoTREDT B, 2OBEBRIIODVT 0 Bm DAY TIV T A LT —THAL, FAWIZ
2B T PO —PREEZRD, WIHRELOEL VHUEER N T 2 REEERD 2, ZOHE
FIITRoNvFEELD, R LBRBER, FEEErEESNS,

COFE LY, FHEES 0.5 mg/l, 1.0mg/l, 2.0 mg/l, 4.0 mg/l, 8.0 mg/l, 16 mg/
1, 30 mg/l, 60 mg/l, 125 mg/l, 250 mg/l, 500 mg/1 K 1F 1000 mg/l @ 1238 H 22w THER
F{Tolz,

Rz, R BBRDE 10 g 2BEAREER LT 680 OBED PO,—P % 200 ml
WANRBEE S L, 1HZ&i 100 ml 25/&kE, AbYyRELFLVLREOBER A
2o HIEKOERIE, Ny FREOBELRBICAERL TPO.~PRESRIEL, 05 &k
BHROBESYMBECET 2 CIORERRIET., COFERIITHRVEL Yy FH
Ed,

3. RBRER R

3.1 #R&HBAFREA

BRERERBL FTLT, CoMBRPO L DFHREHELIEET 2 BHTRE D BEERE
Tole ZORR, T/ FERDVTE, ETHRECNT 2RERZOMKIE 21087 &
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Fig. 2 Adsorption isotherm of PO,~—P on test sand (by batch test)
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Fig. 3 Adsorbable amount of test sand (by batch test)
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BOTHY, TRHEPO,~PBECHNT s REDOMANER L LSR5,

3.2 BERERR
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T, COELY, MERZOEZHCS £T»T, ERgHEPc L BoREI N PO—POD
8, + bt BBRWOTREERY, RBREECDLTEE L, TOBEER2IRT.
BRETE, FRLEY Y7z onT, KKI3HEVHLEIRE > T PO, PREEERD
oo CORERERI1 RUVFE2ITTET,
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Fig. 4 Adsorbable capacity of test sand for 0.5 mg/l solution of PO,—P (by
repeated batch test)
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Fig. 6 Adsorbable capacity of test sand for 2.0 mg/l solution of PO,—P (by
repeated batch test)
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Fig. 7 Adsorbable capacity of test sand for 5.0 mg/l solution of PO,—P {(by
repeated batch test)
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Fig. 8 Adsorbable capacity of test sand for 10 mg/l solution of PO,—P (by
repeated batch test.)
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Table 2 PO,—P adsorption/desorption amount for unit test sand due to
several tests ( xg/g)

initial concentration® (mg/l) 0.5 1.0 2.0 5.0 10 20

{unsaturate system)
* column test
(1) calculation from
material balance
» desorpiion fest
(2} water washing method 4.9 79 9.5 11 17 20
3y HC1 extraction
method
(saturate system)
* adsorption test in
vibratary batch
{4) batch test 1.5 3.1 5.8 13 19 28
(5} repeated batch test 13 23 27 30 40 90

15 17 13 29 % 45

16 32 35 43 44 48

* % concentration in rainiall for unsaturate system

(mgs1)

20.0 20 my/1
{PQ,~P concentration in raintall)

12.01

10 mg/1

aagt

5.0 mg/l

4.0
2.0 mgA

PO4~P concentration of seepage water

1.0 my/l
4 0.5 mg/t
- — "
0.0 I : _— n ! —
4] 200 400 800 a00 1000 1200 1400

Time (hour)

B 10 fiilke PO,—P BEORMEZEL

Fig. 10 Relationship between time and PO,—P concentration of seepage water
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Fig.11 Result of desorption test {by water washing method)

3.3 EBERNLEBEH

BROTBEHOTHOBECF->TETIPEORBEREDO 55, TOEEARLLVLINEF
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322 L EET, B0l > cE20ERERY» o UTHAEW AT 5 VHEERLER 2
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FT N0 FERCBDBRL Yy FHECLIBRERBOBR LR T 2 L, WEIHS PICRE -
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ORENHIBELVER A, Ny FERE->THRIEBEL y FHEICL > TORRICEN
B BZOTREVIBENSI I ELELILND,

BERSFBRTIFA - HEHONIHE» 6~ 2 ORAD PO—PRERB KD SN D
B, COBPRERTIERTRBHOBREE L RERBCL>TRDEIILLALLDTHE, B
EEBRAETZ O IBERRAER T TARR TS 2, HR0EY Z 20 B TREREX
BRItk - CRESEH PO —P #BBLOIR, PO,—Pic2n»TiR, #OREBRBIFHINT
shnwortk, BELE) v OMEFELHLLEERTWRVI LR YORDTHL. BB,
BEREER AT U, BB Y vBRELTH2ILBEZHNZ0T, HEMEEL
T, EBRAVE 2> RRBY 2 EEERL, HAETREEZAE L, COBRKCI %
WHLER L 2RERTED Shkpofcat, TS TRAR) 1 g 47D 53 ug © PO,—P
OEENED sz, B2 W RTEBRMEEOBRE, OETRAVTHELRER, T4b
LEERERBE B AREEDHEHETH S,
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Fig. 12 POQ,—P adsorption/desorption amount for unit test sand due to several
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LI EERBELTWREEIORG,
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Study on Elution of Dissolved Matter from
Porous Bed to Stream Water, Part II

Kohji MURAQKA! and Tatemasa HIRATA'!

Abstract

Laboratory experiments have been made to investigate the mechanism of
pollutant elution from the river bed, by using an endless circular flume in which a
current is generated by the wind shear stress in the wind tunnel. The endless circular
flume is one of the available tools to exclude many experimental difficulties. In the
testings, the bed materials consist of the untiormly grained glass beads, and salinity
and methylene-blue dye were adopted as the elution tracer initially contained in the
pore of the glass beads (lower layer).

Time variation of the concentration in the stream water (upper layer) is
qualitatively mentioned in Part I, In this paper, we intend to clarify the influence of the
mean velocity in the upper layer and the density difference of fluids in upper and lower
layer upon the elution mechanism, or the elution rate at the bed surface. A physical
mode] will be proposed in connection with the informations based upon experimental
and theoretical consequences. Main results obtained in this paper are summarized as
following conclusions;

1} Elution rate from the porous bed is easily formularized and coincides with one
deduced from the diffusion theory by considering the initial concentration in the upper
layer. Therefore, the elution mechanism could be guessed to be in the same manner as
the diffusion process.

2) Elution rate increases with the mean velocity increase and the density difference
decrease, so the rate could be expressed as the function of densimetric Froude number.
This result may suggest the possibility of the application of the density current theory
to the elution phenomenon.

1. Lo
EBROYEOABA~OBLR, SRFCBI2MBERO B EB-oTEY, TofHEEE

1. ENOEMEA AHLEREE T 305 KNRKEEAHIRE/NEF] 16 & 2
Water and Soil Environment Division, The National Institute for Environmental Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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ROBIRS 2 S FEES ST 2 B8, OFERKEETHASMT 2E, QBEHED
PCELE b WERY T AT, CRBENG, OW, FELIZRENLHENIZ
&, 0, EEMSBEHBELEZ L LIRARS, OQOBEZ YW ITERMNCHRRE
BTw3, EREE - AEFEEHEY (E18HEEs) KFELL, BROABHNTZLROLIT
H5, '

DEECK (FHRE1.255mm) 2L, B5BERES ML —F 3288, KA TRL
SN 2EEEEsRL s R,

C/Co=a~-t" (1)

2z, CRERBBEEA L B AFA (LE) hoESESEE, CGREST (TR $018
SHEET, ak miTERTH L, '
2)fh7, EEEReERE T

C/C=b-t'" (2)

DEEENEpN, (URFORFH m 3 —BEC m=1/2 LREE NS,

OIS, BHBBRURTRESND Y, Fa RUNFE m OXKBEOEELHS P
L, QR OMEM RN T 2 OPEMEOEANTH 3, alBr m EBOLBORKK, @L
BrTEIOREOFEZ, OEEOLERY, ILERL TV 2L TFHENDY, FHETH
FELTQLODHEHRRERZTEEERRL 0, UTO2@R0ERET- 12

DType—~1 | Bar@Eltv—F T 25EER

FTROBEZOMEBYFARG LY, REPET, REROLVWESE -V EL, TR
FOESBELCEAE LSS THERT S, COXBTREBORRE2BRA—CRO & 3 REE
—E&LTWwd,

NType—II : ] (AFLV7N—) 2BHM V-V LT IER

BEEREIRNTIR, 200BRFETI LT, EEEOLVWETROERBRIEARALR
3, #DhdiE, BEEEOECZVWER M LI 3RENLEERD, KFETIEAF
Ly —EEE =3 LTHRALE, COERTR EBOFRKGEEOHREHAL 2D,
2EEORERHEWS,

2. RBRER:HE

2.1 EREN

SR KBS L 3 m, KBRS 0.2 m, B2 0.5m OFIBERARTS 3, AR LI AR L2 -
THh, RED—FcHBEL-7 eI VRAL, KBEHcERCERET2ERMEERLEE D,
IHODHFREIFICE LT REaNTWE, IOKBRCEELZS cn DFETHE 2D,
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WABOKEES cm & L TEBEETo 7, AERTREBLERE B2 5FHRE0. 6 mm
(BAREImm, B/ ER0.3mm) OFIRAE—X2HNTHE,

2.2 REAHZX

1) Type— I DEE

FRL 7 & S, FEEZOBHRK RIZTRELANL 10, 7 7 O EEH % 2400 rpm (F
HwLTH4.Tm/s) t—EwL, {BECHIBE*HTERE2T 7,

37, IEOHEABEOHAKEBEEhCTAEESYE, DV TTREILE VI KRk
KEKBARCEE T 5. 2O, THEFBESINE L TEENRBERROBE MHIGETH 5
e, KBRTHRZ 2 mERTYHS 7 1 »2RTEERACHA L EREHR T2, 20X
JWLTHEDKRE (8 cm) ¢ THRAXT S, )

HEHEEGERE, EBoNE :BEREERORRELTSH 5, EEIIHEBREARH TRE T
2, B D2WTRAWLABPAE TS, 2REOFLERBTSNT, TOLOETHE
FETHRATI L AKBEE A D 2 AL, TEREEEEL L, FEORE AR s
L, Af#Eer 2 LT3 v TERRORESFERET 5. 272, BEABNTORGIHESH T
Y, EAREORGELILEBHO I S TRBLEZ CLBBRELIRTHRACATWS, &
FHRETHIKLES em OIS CEREHEELRAL, S0 LR TEWILREMR, S
BECEBL BT 7.

2) Type—Il(EE

BRI V=T ELTAF VY TN~ B0 HUMRTRT Type— 1 tAMTH 2, LBOB
Bir—PHEEBHCE o, COEBRXEELL THe—Ne# 2 v—¥, BhEL LT v L
N (RBEH) hok ), REBEABERERL THET250TH S, V-V E—LidKE
St S ABICEAICATEASNL, TOXHEELVEILVTRIT S, 5T, LEOKEEE
DYHBEEHET I L2425, B 3MEMSTROLEE (ppm) —EHH (mV) OREH
BMTHY, REBEN lppm £ TRMEBR BFLBERRENED o2, CORBERLEED
SOEHEESZRL T, BEDPOBEY Sppm BEL Lz, 27, BEOWETE R Type— I
YERAERES S 5 cm QHIEBETHY, EBY— AR 7 7 OEERS 2400 rpm & 1600 rpm D
2 TH S,

Bple b r—H T 2EE, FELEIRLTWERL I L REEORSHE & REE AR ON
TH5, MFCOWTREMFRE AU ECH I A - XOREMHEL, D75 100 ppm
DAF VTN —BET2 S L LRERCHC T, FOMERE, RERH (4 FH) T
BEORDEIVCETAS LT, FRAECHELZV LD LHFL 2, BHIDOLT
RUFHREL TV EECRHBEOETREM A AT, HERRSRELTELX AR I
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Fig, 1 Calibration curve between dye concentration and out-put voltage
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HEREESRLWRT, /P
rpm . 7 7 > OEEE, VR
AR, U : Fi9HE
G EHBOBET, Type— 1 D& (%), Type—OHE (ppm)
e 1= (m—p)o pmE pidt s TEBORGBEE Time © HEAIT,
a, m (RN OEH
TH D,
#£ 1 kEHE
Table 1 Hydraulic conditions
Type | Case | rpm VI HE v %%r £ Time a i

m/s | em | em/s ppm X107* min | X10-*

1 6.35 2.91 2.8 270 6.08  0.51
2 6.25 252 1.89 240 1.1 0.47

2 4.7
1 3 400 8 6.20 1.7 1.31 240 7.71  0.52
4 5.6 1.10  0.83 330 13.5  0.47
- 5 2,400 | 4.7 8 6.24 881 0 270 22.0  0.52
6 1,600 | 3.3 ] 316 9.18 300 9.73  0.50
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3. EBERCER
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Fig. 2 Time variation of normalized concentration in stream water
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Studies on Behavior of Cohesive Bed Materials in Hydrosphere
Kohji MURAOKA! and Kuninori OTSUBO'

Abstract
Upflung phenomenon of cohesive bed materials, which has deposited on the bed of

polluted rivers and eutrophic lakes, is one of the mutual transportational mechanisms

of various matters between hydrosphere and soilsphere.

This phenomenon yields two large problems in hydro-soilsphere, one is
transportation and diffusion of bed materials themselves and the other is supply of
nutrients and pollutant matters to hydrosphere.

In this study, for the first step of the elucidation of mechanism of cohesive bed
material transportation, the relationship between critical shear stress and phisical
properties of cohesive bed materials are investigated experimentally. The results of
this experimental study are summarized as follows.

(1) Cohesive bed materials are divided into two groups according to the following
properties, sedimentation, flow curve, state of bed form and relationships between
critical shear stress and coefficient of viscosity. The first group consists of
kaolinite itself, kaolinite containing organic matter, montmorillonite, and natural
muds, The second consists of bentonite itself and bentonite containing organic
matter.

(2) For the cohesive bed material transport, two critical conditions are difined, the
limit of cohesive soil particle’s movement and the limit of bed destruction. Each
critical shear stress for these two critical conditions is clearly related to the
coefficient of viscosity for each group of cohesive materials.
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Table 1 Soil properties by physical tests of cohesive soils and muds used for

experimant

Mud dso(pem) | dm(gm) O T V.85 PL. L.L.
Kaolin 5.5 6.5 4.7 2.60 38.5 51.1
Kaolin+Starich 5.0 7.1 6.4 2.48 27.9 42.3
Kaolin+Agar 22.0 41.0 47.0 2.48 49.8 225.0
Bentnite 10.0 16.4 16.8 2.48 33.0 186.5
Bentnite+Starch 11.0 16.5 16.3 2.48 21.7 162.5
Bentnite +Agar 27.5 40.0 45.0 2.48 34.7 250.3
Montmorillonite 0.8 2.1 2.2 2.60 .45.3 354.0
Kasumi Mud A 11.0 20.7 21.3 2.42 17.12 70.7 212.5
Kasumi Mud B 17.5 27.2 24.5 2.61 11.48 44,2 102.8
Kasumi Sediment 24.9 27.7 18.8 2.28 19.00 71.7 324.9
Yunoke Mud 4.0 16.5 30.1 2.98 15.01 - 96.4 347.0
Inba North Mud 9.5 15.4 14.5 2,51 10.64 69.0 206.0
Teganuma Mud 17.5 26.6 22.5 2.39 14.23 82.7 253.1
Ushikunuma Mud 11.5 17.3 13.1 2.36 16.41 84.0 208.8
Hinuma Mud 7.5 11.8 11.3 2.52 12.71 64.9 239.6
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Fig. 1 Time-variation curve of the rotary number of viscometer's inner
cylinder
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W Oxaoltn @ Kasumi pud A
vy il A Kaslintitarch g Kasumi Mud B
Wi [ KaolintAgar Kasumi Sediment
Bl & Bentnite Yuncka Mug
= E!l A BentaitesStarch @ Inbaruma Mud
- M Bentnite+Agar A Teganuma Mod
= AD @ Montmorillonite & Ushikunuma Mud
101 o l {1 Hinuma mud
=
@
AN ol o
- [ ¢
A
100 b~ — 0 C!
= A A 4 e"
N
Pa
- fal
fal
1071

Y
I

1000 w(t)

B3 EROKE (n) rdkit (w) OFEF

Fig. 3 Relationships between the coefficient of viscosity and water content
for muds
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Table 3 Adaptable viscosity and values of constants in equations (1) and (2)

The first Mud group

The second Mud group

adaptable ranges

0.5< s <40 poise

1 <z <200 poise

Tol A 0.90 0.4
a 0.59 0.32

adaptable ranges .5 < 1, <20 poise 1 <7, <200 poise
Ter B 1.3 0.67
g 0.85 0.46

7.1 + The limit of mud particle’s movement {(dyve/en’}
72 + The limit of bed destruction (dyve/m"}
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Application of Principal Components Analysis to Leaching
Process of Sludge-borne Elements

Toru KUBOI}, Tomoyuki HAKAMATA?, Hiroyuki HATTORI
and Kunihiro FUJIT

Abstract

A lysimeter experiment was carried out to study the effect of studge application
rate, liming and planting on the leaching process of sludge-borne elements through a
humic andosel. To summarise the process, a principal components analysis, one of the
multivariate analysis, was applied to a correlation matrix of element concentrations in
soil solutions from various depths of the profile,

A plotting of correlation coefficients between concentrations of elements and
scores on the largest two principal components indicated a clear distinction between 1)
NO,—N, Ca, Mg, C], Na, K and C concentrations and 2) pH. The plotting also indicated
that changes in concentrations of NH,—N and NO,—N were associated with changes
in either 1) or 2): when the solution samples were collected from the plowed layer (10
cm) or from the subsecil (24, 32 and 40 cm), the changes were related to 1) or 2),
respectively. Changes in scores on the first principal component, which indicates the
relative state of pollution of the soil solution by NO;—N, Ca, Mg, Cl, Na, K and C,
showed that heavy application to limed and bare ground especially, polluted the soil
solution, Changes in the second component scores suggested that the pH of the soil
solution in the soil profile of the plot with heavy application bacome acid.

BLeic

FWELOBERBF LRTNFEENGEEAR (4A5H, £58) L TRRALY,

- ENAEURR KELSREE T 305 KRN EESHIENEFN 168 2

Water and Soil Environment Division, The National Institute for Environmental Studies. Yatabe-

machi, Tsukuba, Ibaraki 395, Japan.

- By AEFRT BUEHES 7305 RGIAEETGHEIETNE 1652

Environmental Information Division, The National Institute for Envircnmental Studies. Yatabe-

machi, Tsukuba, Ibaraki 305, Japan.




KEH 8- EEHKRE - REEZ - GEEYE

RO TSR VEELEEL2 D2 Lo, BLEERLODO—DTH S, £hif, 138,
iR, FERPEEDORE, MARS*RCLEEETTOMTREAESES JEIE R
TERYY, A, 2hb D& dbbe THEETFLVERETABA LR ERTWEY, L LY
236, HERD LFIFVREIC ILARN b TE—TH D, HHRusF L b ERMEE B Lk
WO R TIREAOBHCB T2 ERT - EREL, FORRE L EEEEFHS ML TY

{ZEREETHES,

EFEo b, TARBEOTEHAICHE Y RSO FEEQGERK 2WT, BRABET R UBIEHE
T TRz ORBYR2FHTH - VTH B, LL, FRFROBBRERRITLL—RLTHER
vy, ZOBHO—D, TBEWRPOMSHERS, MEDSE, THBORET AL TRFC Lo
TELET LD D, Thill, EXJFORWERS X T2 HR L L TEEEELEHL 2B,
LEA RSB TELOEELH VB, —F, SL0LBEROSHROHEHEAL SR 2, 1B
Kip7F—7 2ARCHEL, B33 2 2 L RTAHECEY, 22T, IR TRERERASEE S
D, BABOERBRESAERE I L BT 21T o208, BEBRCE G 2RASHEEORR
REABHOEIETHoM, THEEBHTI Lo THLRHREB2 00, STERFER
EEXHBATIOLLIETHES S, Loy stBhOPESERR COFEEER L 2Ha
HENR,

FRETE, TABRRAOHTEECED 2 SBROOKEHE, SLREFED LETH2
CERAAFEEBEOTEA L ER 2w Tili~g,

2.8 &

2.1 EBRFHERUINE

BRXERERN (25°C, 60%RH.—FE) KB L 72/ Bl (75cm WA, EE50cm) DZ 4 ¥ A —
-, BR7XBERTCAL, TAEROKHARES 3 A (RB10cm ORELIZHL, HiR
DEWMEO, 1, 5%MM), XELEOpH 2 2K# (5.6, 7.0}, R (z=v+) OEHEEME
HEbY 2AERK PRI (3 X2 X2, KiER LOERER), #AE 18 35.5mm OBFS
BURE L, HBEritfss 10, 24, 2R A0 cm ODEBICEBEL, #h o088 s 5HI
Ll R EEHOEHER O R E 208 bl - TBIF L 72, 2 BE®EH® NH,—N, NO,—N,
NO,—N, PO,, ClZBBBET, Na, K, Ca, Mg EFBEET, pHiZ pH A—7—7,
R RRER (ENE) iF 254 nm OWREEPTHEL 12, Zh o QBB OFIT
HrEaB a0,

2.2 FTSRRWE

EERTE FEEEOEE I 384 A—12 BR X 4 BUX BE—-KXDIFL, FRAFROR
FronT IIRADAIERfTofe 2SO F—F 2ERONRE LT,
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EVDPBOERSCENT 2 DOMHANFEETH Y, BERAIAOREROEL T 2 BHE
BrhoTwd, Bl1EFRIE, EROTRTOFHESOI LTHE (HH) siALn3 kL
FEEEN, HIERAE, BLIRS L EERLREOL e TRVREVWAME/F X >0k
EEhs, UTRRCL TEROEE TOTRAERET LI LMTE R,

REHEED > B, POBARAOT—5 #RHEER (0,1 mg/l) UTFThHD, FHexE
BASHOBEROMOEREMI L LBHEP T LA, BHF»5BRA L, NH,—N &
NO,—N ORE M0 B ERERCRY, ELLuELRAENSLLTREV LD, HTE
HEEAMBEBR UL, 28, JOLBICL->Th, S5 b TEHEIREI N T LR,
CDREZDLTHBERDTRHNT S L L, Z0# 7T, pH, NH—N, NO;—N, NOs—
=N, Cl, Ca, Mg, Na, K, C QL0E#z 2> » THBERTFIRHEL, ch b LicERS
eBEHL, #-T, SHEZLOANLEELRIC YW TR E2ITS J itk D,

EXRHBOHE: TRAMTRSEREN 707 5 L[MAPWE R Wiz, £ &0
THOERFEATHREL, 87— JOERMBEE /77T 2 L0 OFREBEO T 0T 3 Lok {f
RBlt, IhoDatBEELAEWRFOAMNETFHER (HITAC M—180) 2B T{iTof.

3. BREE
3.1 F— 2 OmEHER
EEAMICELLED T~ 7 ORHEFRCEET 2 2 b, BABRLBRCERT 2
BDEFRARDI ETHB, 7, LEEBRPOZRSOMIED, LERIZBT 2 EERHE (T
B, BAME, B/ME EREZE, TERE, DLEBRUVEAE) 2R 1LIFELE, #IELR 10
HEOH T, pH OEBMRL /S o7 (B 5.54, CV.17.4%), # DO AITEEHEOLEE
RuFnbXE<{ (CV.T60%LL), iz NH,—N ([ 553%) & NO,—N ([ 809%) iz, ¥
LA AREpoT, EebLELEAE (ERAFHOR, Theh 0k 3icns) OfFER, Yol
EHEE b FHAT D SBATVWA L ERLTVWS, R2EAHEHEOBUBOFEHHEEZR L,
LWTFAOHEIEEE £ b 10cm B (GRAAME) OfEsA% <L, ¥ NH,~N & NO,—N iz F/§
EDENELLAEL, U UTOBTRAZEOHETEE < OETH -7, TDLILBE
froEne, MHEKEFHOHERICLIZPEEOKXE 2EBBAMOFERRELLLLTHD
EBbh3,

e E B OHREEITFI AR 3R Lz, pH & NO,—N OFBFREIR 1 % kETHEETH
BHED T R TOEAEHE TR0 A%KETER c Z o0, 205 0.8 L EOHBREE LD
b Dz NO;—N : Ca,NO,—N : Mg,Cl: Na, K: Na, Na: Ca,Na: Mg, Na:C, Ca:@ Mg,
Ca:COOMTHo, 2D &S CREHHOEENEL { &L ko BRI, A#K, BTH
i, B R ORI & - T, TEEEROKHEEOMEEMER L UL I L5505,
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Table 1 Fundamental statics of the element contents of soil solution sampled
from various depth of so0il profile

Mean Max. Min. S.D. CV.(%}) Skewness Curtosis
pH 5.54 7.48 4.80 0,9 17.4 —3.65 23.4
NH,—N 1.22 5.21 0.001 6.77 553. 6.22 41.5
{ppm} 0.005 0.032 209. —0.59 5.06
NO,—N ,057 7.10 0.001 0.465 809, 11.7 157
{ppm) 0.001 0011 446, —0.68 8.03
NQO,—N 48.8 479. 0,24 61.4 126 3.81 21.6
(ppm}
Cl 53.2 395. 0.60 53.1 99.9 3.22 17.3
(ppm}
K 19.0 115. 0.05 12.9 68.0 3.14 21.0
{ppm)
Na 29.5 297. 0.4 30.9 105 3.90 23.2
(ppm}
Ca 65.7 560. 0.05 67.7 103 3.72 21.3
{ppm) .
Mg 18.0 84.5 0.20 12.6 70.0 2.45 10.5
(ppm)
CARBON 0.044 0.25 0.006 0.036 81.7 3.08 14.4
(Abs. 254
nm)

Italic figures indicate the mean, S.D., CV., skewness and curtosis calculated from
logarithmically converted data (=log.x).

® 2 BB BT L BB THEEOTISE
Table 2 Mean pH values and the element contents in soil solution sampled
from each depth of soil profile in lysimeters

DEPTH No.OF pH NH—N NO,—NNO,—N (I K Na Ca Mg CARBON

{cm) SAMPLES (pph) {(pph) (ppm) (ppm) (ppm} (ppm) {ppm) (ppm) (Abs.)254
nm

10 96 6.26 4,860. 256. 84.5 83.9 24.1 56.1 117.4 23.8 0.0787
18.2 5.53

24 96 - 5.49 12.6 1.65 41.5 44.1 18.0 24.0 52.2 17.3 0.0365
£ 16 a8

32 96 5.45 14.0 1.14 36.1 43.1 17.8 20.6 48.9 16.2 0.0311
4.59 0.68

40 96 5.43 13.9 1.41 36.1 45.4 17.5 19.2 48.4 15.1 0.0314
5.24 0.73

Logarithmic mean is expressed as italics.

3.2 EAAHFHROER
FTAERE, AREZVTORSOMTRECE T 2HER, NO;—N, PR YoRs i TRk

wEELTED, ARCESETEAWELAFARS 20 Lo b, ZhsOXETHRS
FAE MOz 2 BRI BT L Ty, —#Kk, 3KRAUEOBEEFRORER, Ririd
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Table 3 Correlations between concentrations of elements in soil solution

samples

pH NH,—N* NO,—-N* NO,—N cl K Na Ca Mg C
pH -
NH,—N* 0.499 —
NO,—N* ¢.618 0.565
NO,—N 0.140 0.307 0.402 —
Cl 0.317 0.549 0.562 0.648 —
K 0.230 0.482 0.478 0.682 0.788 —
Na 0.289 . 456 0.571 0.799 0.839 0.808 —
Ca .28 .303 0.479% 0.911 0.705 0.647 0.840 —
Mg 8177 $.335 (}.448 0.905 0.698 9.7 (.833 0.874 —
C 0.420 0.417 0.609 0.736 .785 0.637 0.859 0.854 0.722 -~

Each correlation is based on 384 solution samples.
* } data are logarithmically converted.
A correlation coefficient more than 0.1287 and 0.1640 is significant at the 1 and 0.1 9% levels, respectively.

SO THL D, .

T, FRASBOMERFREHAS L, EHEAKEOELLSHRICIEET 3 i,
EHAAFRITo . LEBEBRTORTEEER, B I-TRE-TWS (F£2) 720, £
WemBL 24 emUTFTOBEF—7 254, 2oL TERIETo08ERE, 2
Ff WML TINET-BREEEH L, TRZLOMRCET S, BIEESE ToE
HE (BERSOME), FEE (EEE/258), RHFSELFHFLCTLE, 0cmBO 7~
¥, DBTRBOT -7, 275D TFROERSMMEBTH, WET 25TRSOEHME
EFESGRRITFELL, B2EEAECREAML4ME FE5RZ UL LETH o1, k0B
2ERST E TORMT SR B0%AIHICE LT, BIEML 1.0 AT OERME, FHUT OEHR
BLO{ELZHWPOT, ZOHFRE2 TS TR LFTREONRE LT

E1k, 1, BLFEAPORFAME (BERSA 27 L EPEME & OHERE) 2R,
B1—A~Cic kW BLHROMEBRE® B % L, NO,—N, Ca, Mg, Cl, K, Na, Cn& i 38t
LpHD &SR 58, RUEHCI-TERo0 2HEA2BEH T2 :E2 505 NH,—N &
NO.—N D 2mEro L HEricXATSE 3,

bbb, +HETE (24, 2RFHOmB) OF—F0FERAFFcBTE (B1-C), #
LB T HOBRELRERRCE > TRREL 2D, ThoDTEMETAREL TV A
Y% RLTw3, —% pH R NH,—N, NO,—N 0 fiZH0oELERF—sreR3 L, 2h
SEACHBRRMG AR TEL RELER AL R LR X2BTREE2513), 2
&, ETEFET T, 28, TRBICEF 2 NH,—N & NO,—N OEERFI0 L v EDHTE
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Table 4 Eigenvalues, contribution ratios and cumulative contributions of the
first three principal components extracted from the correlation
matrices of element contents of soil solutions obtained from (A) 10,
24, 32 and 40 cm, (B) 10 cm, and (C) 24, 32 and 40 cm depth of soil
profile

A . ® ©
K1 K2 K3 K1 K2 K3 K1 K2 K3
EIGEN VALUE 6.46 1.50 0.67 6.64 1.46 0.92 570 1.94 0.68

CONTRIBUTION
RATIO 0,647 0.150 0.067 0.664 0.146 0.092 0.571 0.194 0.068

CUMULATIVE
CONTRIBUTION 0.647 0.797 0.863 0.664 0.810 0.903 ¢.571 0.765 0.833

K1, K2, K3 mean the 1st, 2nd and 3rd principal components, respectively,

K2 K2
K%(A) () 1)
pie s Ny g™
* N0p
FHy
@ N0z 5 5
NHye ® N0z
el
o
c C
-——l___.i__ﬂl L] L
0 - N K '_U_‘_"_“S_“Tc"_"lﬂ o 5 v K1Kl
® gfa ¥a Fa
aCsa ®Ca ’
> RO;® Ca
® 50y .
e
0.5 -0.5 39 e -0.5
A Ly [

H 1 HFAWwEORH
Fig. 1 Distribution of correlation coefficients between concentrations of
elements and scores on principal components
The first (K1) and the second (K2) components were extracted from correlation

matrices of element contents of soil solutions obtained frem (A) 10, 24, 32 and
40 em {whole samples) (B} 10 cm, and (C) 24, 32 and 40 cm depth of soil profile.

BETH-oT, CNOOROUEBEIROTTERLMOIFEE L2 2 20 FRoH L 8L 72K
HThs 3.

A, 0cm @ (F1B) OF —F DERFHMITHE, NH—N & NO,—N 235 1 #wfEEL
BSELTWw3 (B1—B), EEHo - Bnwigl:, HALLERYOEROERLEL, Thi
5 FREFERR SO S BOME L HERBL T 3720, NH—N & NO,—N 5%z p9, ©
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DIBS R TESEEESE I B B0 TH2 5, pH HTREREREEDOR VLD &,
EBLAORKBAOEEICEEL TELT 290, B2 FRAWCHIL- b0 L EbR 2,
2h, SRME DV THoERIMIEECT(EL AR, 0em BETEBE 0RO/ 5 —
vERRLR,

EEBUT, BlERAGEL L THEABRTCZRHCBTFTLTRICLS (AR OKE
BRERTETHD, F2ERMIFLLTpH OELARDIWMTH L EEZ LI ENTES,
%H L, NH~N k£ NO,~N £20uTit, FN50SDEBUTEAEAS 1, B2 R
BRELRDZ L 2HBETILENE S,

3.3 ERABACE2 [AF] o

FERTCESNRERERABEE, tAFh LEOBEPORE*ROTREBEBE WS 2
BTED, UFEBLTIR, ChoBREREEEIAVT (AT ORUBRE B - ORE
WELEEIT L, UTORFICH - TR, BUILOBEEEA—-ORECHET Lo
W, BT—F 2 FBLTToREERAMT (W1—-A) 28FALE,

39, FABROBANBEROXBCSZ5[AWOKE2 28 THMBEER TR
Lz, COBENREVECHTIROFE I BB 2 RECI 3 [AMIPKRE VN E4,10 com B
BTk NH,—N ENO,~NiZ L 2[ & |6 b 3, K 2 380, £ 7- K 3 3HREK ORRHE
fe@hrE, ABRRBERLZLOTH S, pH ME—HHX (X8 10 cm O L% Ca(OH), %
AW pH 7H%E) (B2—A) TR,EDBHLHERS BRAKOA, 1 BE L D EH | &b
REL LTV, 5%REBT2 (AW OBRAFRHIZ, 10cmBT0—3:8, 24cm T 10
B, RemBTHE10—158, 0ecmBTI5—2058r %Y, TBTRELSBLLR->TED, 21
THIEL (AR OARE2b/hS{oTntz, CHENO—N®Cak &R0 THH] 25
AZPENIBETEAFELY, pOXBIRARGL T iRdTHs 3,

PH RMEX —##X (2—B) D 10cmBTHE, 5RO BAEH R pHAER X D&
WHDD, TOEROAKLSEI AR, REKb>T [AF] SFET2HECH o7z,
24cm BLEIFTH, pHREER X DB 20 TAF] 3%, BIHERIXETRIELAL A
1 i dnote, Calvert'™b NO,—N OBRELBRERB W L > THMT I 2 mELTBY,
SEOEREELLTWA,

R3O 10cm BTR, 6 BEMUBCAH BABLL I L2 ROVTEHEK EFUTH -
oo 2dom BT TREREM G, @AY TARN| 3T 51T, pH RHE HHRK (M3 —B)
DUmBTIRIGEAERBLTERIUR L D 5 UROAM AR MM Eh o7, 6 BE»S
10BRCHFT, a=v 8B LLRELRZD, ThiffoTBMBIA ¥ A—F—28iciT 2
TV, 2RAL SRS ERWE -0 THS D,

RICE 2 FRABAOLEE BRI, BIcRHLE:, CoBEANKEVLEL pH PR,
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COMPOKENT SCORE

!

SO PO oD DRI O N O R B
T T — T —Tr v
} y RS T

b

0 5 13w 6 5 11 15 2
WEEKS NEEKS

2 AW pHFERUVE pH RFHEOCHMKIZ BT 28 1 ERSHBROEL
Fig. 2 Changes in the first component scores of soil-solution samples after the
application of sewage sludge on A, limed and not planted, and B, not
limed and not planted plots
®, C, and A are the application rates of 0, 1 and 5 9%, respectively. The
principal component is extracted from the correlation matrix in Table 3 (whole
samples). &= and [l mean the increment of the component scores applied
with 1 9% and 5 % of sewage sludge, respectively.

%1, FRIBLTE, BENSR2wERWL, 2 NH,—N, NO,—N #EWEwHe
D, BEAMNNESCERIORIZZS (K1), pHME—#HE (H4—A) O 10ecm BTHE, 1
—IHBE Y THASARCEL L, TOREEL:, F1ERMELHS R 1ERRTT
CEmo (E2—A) I EEbbETELL L, FHIDT v E=TERICE  BBLE L, Th
(5 pH OIE F29E 2 ERARAOABICRIL, £ 0%, KAD TEAORBICE- T pH 4
YRS BEOLFCRBLLELDOLEBRTES:, ChE R BIIZEELBL—F
Ui, 24 cm B FOBATRE S S0 RE | FRAEADF A LEHECH L THHTHD,

BIFERSTEI N [AGI P pHOBETFEFE-Tns I3 RLTW2, Zh oMM pH
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Fig. 3 Changes in the first component scores of soil-solution samples after the
application of sewage sludge on A, limed and planted, and B, not limed
and planted plots, For legends, see Fig. 2.
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BRI EA L BlRSEE 2 k0, R o BB s EReXEE A TE Y, MY £
FARTEE OB TED CH S L, PRLEAIBIAZVI L —DORRATHS 5, T
ABRKS O T SERRE TRAMIEEEE L SO RE, AU7—7 2#NERED
LR L LR OB R ARSI EL, FOBEEVshRLLbDEVILED S, [
BB B 1 5 ROERO LR A B, BERRAOEN R EEHTHI L EETIKHz
T, ERMMAEEERTCEDL LELD,

4. 328

HREERIRBL/IEOS 4 v A—7 — it BEs LEEFETAL, FABROMAHR(F
+ieL, 0, 1, 5%), #£+o pHHEDNEE PHT.0, 5.6) 27V HEROHREELS
b 12 MR AT, #i%n s 10, 24, 32 K% 40 cm OELLL D HBERE L, #H
#1z pH, NH,—N, NO,—N, NO;—N, Cl, K, Na, Ca, Mg, COai&fr>7. BT —%
OHFBMRETIIC B A ST £ EA L, BRESO HEhoEEc BT 2 RAEEORRF L,
BRSO TBRERE 52 3 [AR] w2 LT ERS
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Fig. 4 Changes in the second component scores of soil-solution samples after
the application of sewage sludge on A, limed and not planted, and B, not
limed and not planted plots
For legends, see Fig. 2.

BRATROBS TR ST 2BTFANEL S, B 1EFiE NO,—N, Ca, Mg, Cl, Na,
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1 ETRABEOE S YUTFOZ EsHepk T, $2bb, DEROSEEARIIR
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BETR6EBLE, 2B [AFISHETI I, DEELEO pHHER, FHER L
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W2 ERABEOELRS, 0ecm BT, 1:EBLE NH,—N & NO,—-N o&g&#d & pH
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Fig. 5 Changes in the second components scores of soil-selution samples after
the application of sewage sludge on A, limed and planted, and B, not
limed and planted plots
For legends, see Fig. 2,
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Study on Movement of Elements in Soil Applied with Sewage Sludge,
Leaching of Elements in Sewage Slude

Mikiya HIROKTI', Toru KUBOI!, Seiji WASHIZAWAZ? Toshiharu TOYODA?,
Hiroyuki HATTORIY, Kunihiro FUJII' and Yasuaki MATSUZAKA®

Abstract

Soil infiltration of elements in sewage sludge applied to light colored andosol was
studied in lysimeters.

Limed domestic sewage sludge was used in the experiment. Dried and ground
sludge was applied twice a year to the top 10 cm of soil at a rate of 50 dry metric tons/
ha per application. Seventy liter of distilled water equivalent to 31 mm of rainfall was
supplied once a week to the surface soil in each lysimeter for 18 months. Soil water
samples were collected through porous cup from various depths of soil. Leached
solution was collected from the bottom of the lysimeters at a soil depth of 230 cm.
These soil water samples were analyzed for NO.—N, NO,—N, NH,—N, PO,, C| K,
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Na, Mg and Ca concentrations with the following results.

NH,—N, NO,—N and PQ, concentrations of soil water samples from soil applied
with sewage sludge and without sludge were below 0.1 ppm. K concentration of soil
water samples from a 30 cm soil depth was about 10 ppm, but from deeper soil layers
below 3 ppm. Sewage sludge application was not found to affect the K concentration
of soil water samples. These results suggest that the infiltration of NH,—N, NO,—N,
PO, and K in soil was negligible. Sludge application increased NO;—N, Cl, Na, Mg and
Ca concentrations of soil water samples from a 30 cm soil depth and more. Of the
elements contained in sewage sludge, NO.—N, Cl and Ca concentrations were
occasionally high (NQ,—N; 240 ppm, CI; 100 ppm, Ca; 300 ppm) at a soil depth of 30 and
55 cm. Continuous application of sewage sludge had a significant effect on NO,—N,
Mg and Ca concentrations of soil water. In this experiment, the increase in the NO;—N
concentration of soil water occurred fourteen month after the concentration of soil
water increased at one meter above the layer. :

1. Lo

EE R BOT O TABRLRBMCBTL LS LT3R EANTwD, i, &
By FORERVMAT 2 LEbE FABROLDAEDO—2TH 5 LA, BB 3
LEREOERK L2 BERYORYEHI T L L, HOo#EFRLEheY, &, F
Bhie ARCEENAEE, V2 POBERES® S T, BREFRMICHRET 2Bh0b3 b
FEEHORBET A ERARNELLDOTHE, Thbb, BAFOER, VOB
LTOEYBRS2ERL, BUBRMER:L L TR TERCRIN S ¥, SECRITE,
HER AT LAOEILEHEL Tw 3,

Linl, BHABAINLZERRFORSZ, TRUHEDC - TR hzbITERL, —
Wit RY L, —MRAKEAERL, BYRIELBET A LiC Ly, HURES
HELTYL, BROBERY X 7 AOFHEEMRN T 5108 > T, REM~BTEARE
RHESFD, COLIRBREPTOEFICIOVTHSLCT2LERSH 2,

ProksBass, &5, TABRPRIOLBITOABRUHTAOEE LS
BUCT BT, HBHEEAMS A S XA —F— 20T 5 FhE VERPRE L -, FHE
BuTE, BERK L EREEEEREXETABREEAL, K—F2 4y Az X DERL
LEBARUS A v A— 5 —BEROEESTOBEOERIZOWTHET 5.

2. RBHE

2.1 REEW

ERii, ByASHERDEREMBRNCRES W 4Z0RBHIET (v A -5 — %/
Wi, MTHOS 4 v A—y— Lt EROHMRBE» SR FEBORBTER 1 7T, KR
@ (SS—41) WOIA ¥ A—y—iF, B32.6m (EFH2.3m), WEL7TmoMEEHKT, B
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BRERTATIA 2 FAEHRENTwE, 743 A—F—NBDS vy FHRERNDTE
BAZNALT, BBRLOBTHICLY, BROHESTETHSZ, F4 VA -5 —ERO 1A
TEKEDDIEILED, BTE (230 cm) OLEDBIKHTAEERSNE, TEOBEK
W, FRMBEBELT, 74y A—y-—Tu@EazffueniyrreEHEion, BB kRIZEH
EREND, TA Y A—F—EEID 30 om OEMI, KAFHRUMERE - H—s#HAE R,
KARNBEUVHBHEHETFREIND, SV A-F—QAELEBALEF~TR4 9 F5ELT,
BAR8BM (25 cm ) XL Y, LBAOFRHSTETH S,

B 1 MEHEREZ 1 v A —5 —DHE

Fig. 1 An illustration of lysimeter used in the experiment
L ; lysimeter, S; soil, TM; tension meter, TS; soil temperature sensor, GS; soil
gas sampler, S8; soil solution sampler, GL; groundwater level regulator, PT;
percolation tank, GH; greenhouse
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HEROERLAZHNOER G, [ERVEESFIESR, BEORBRUREL, BEYR
S— L EE L CEEEET 2, HEOAKEBRL2HZ, o2 UDRESNTRE L dHdho
KO rOEEIC LD, MFETEEI N UEOF 2T LV hAKTEZENARETH D,

2.2 HEIBRUFBE

T4V A—F—xRTA LB, ENARFRFANOTE—FYHORBER Y+ (H7
EHE) V% Flvafz, T3id, 5~40cm Z TOF: L, 40~100cm £ TCOTELICSFT THRL,
ReggnrmL, £+ 5mm, FELE 10mm D585 wEERS ¥, 74 ¥ A —F —[EIICHE
BR-VERUERDEHREZ DD, TOLMCTHER2AEKERTRUASL, KEEHEZLDHF
HEDHEHS 190 cm DE ST TALR, TRED R, 40 cm oE stk L % FEe L,
M ELIARTEORETARR LB, TENEERET 202 F > TH-REHR T,
FBRI544E 9 B & b R ERRBR R BA L T2

FEBRICHA UL TAERR, KRERFHOEEHAMEAEE (ER5RAR) 0FRT
bh, COBERE, HEKRFEEE2S2A0 BRI E0E, SKENT0%OKAKYy —* &
LTEHLEAOTHE, Hlk, EbRERL, 74 v/ TR, BROLE
~OBAEZ, BTOFETIT2%, Thbb, )74 v A—F —ABIZET 2 0~10 cm O
EBROAEHE LS m ONBOHIORB 10cn OLBEEIHL, @Zhic@H s LT 8.84 kg
MEOBEREMZ, QMRS L, ORIz, Zhit, e L T50t/ha CRREICH
YT 2, dHOFA¥A—F—D3L2&K (No 1RUIDZA v A—F—) 2FRERR L,
2H (No. 2RV 4DT A v A—3—) 2R (B, {EEHERHE &L, HEELER
AKX R EL -k, BHREL:,

HRLBROBFRORAHE 2R 1 CRL,

# 1 SETBERUEREOBEFINEE

Table 1 Properties of soil and sewage sludge used in the experiment

pH Base- T—-C T—N T—P T-K T-Ca C/N
exchange
H,0 Koo SRRESY g % mg**  ppm  ppm
Soil 6.1 5.4 21.1 3.19 0.2 2.31 §,010 8,801 12,27
Sludge 10.1 10.0 — 27.34 3.65 19.70 3,038 152,948 7.49

* I m.e./100 g dry matter
** . P,Os mg/g dry matter
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BRISMEIAABCE 1 NEOEROEA 2T, BN ESA6HIC2@ED, 108 14 &
i 3EEDOEROMBA T,

1EHOERERER, &7 AV A—F - Ly ENORE2ThFERE Ly, 2EE0HE
A&, HRE, MREE1ETF207 1 A—F— (No.2, No.3) wa<y+eikiE
L7z, avwvY 7 i, S50 CHEFLUEET-LETE, E74 Y A-F -2 b 15em RO 45
DEFTE, 13T >ES lonic i %, BB U ABEE, 1»FR1IXOHL2ERL THES %,
BEERSABINEL:, 2w ik, BOSSE5F 138, 7TA8AH, 87268 (LiL2A
HoERER®), 108218, 1286H, MRS6E2A3R (U, 3EEHOBRERR ©
BEL,

2.8 b AKXKFE

WE1E, 31 mm OBNECHYT2EBHEK (A A—F— 184D 0D 2Hhikli,
pAKERR, AFBT2 7~10 FOFHERNEYERHIEIRE L 2, hAKIE LY, HE»AKE
BEAWTERCT 2 —7hAKET> 728, 3SEHBOBERBEAMEIE, UL 2200 THK
Uiz, THH, F2—7RAKARTRES ML - IThhi s TH 3,

2.5 BHAREERKE®

TEORTE (230 cm) X D HEMEAEL THEREKE, FEELYH—F 24 7%
LT KRR L 72 H—=F A A v 70 & B H3KOFEMI, BRMEIRLIYHELAS
Tk, 30 om, 55 cm, 105 ¢, 155 em, 205 cm D 5 BAL X Y, 5585 BRI, —hichz
T80 cm, 130 cm, 180 cm DFt 8B L DI L 2. TN SOERHE, 1~ 3HE S HIL,
S Lz

2.6 AWk

FWML L LHARVLIERFERKIES AT L 2. AFHE R, WBEER (NO,—N), HiH
BEZEE (NO,—N), 7vE=7HRER (NH,—N), £#HY V& (PO, BF D, #V 74
(K), 7 bU YA (Na), vZ7Av7h (Mg), #VvyTh {Ca) THdD, afrikit, BUTEE -
THBICL ST,

NO,—N L F5 v rHFIRBTERY Griess—Romin B2 G L- BB I v RIEL
-5)

NO,—~N ; Griess—Romijn %2 CH L 7: BB HTEIC L DEE L 729,

NH—NIA ¥ F7 2/ — 0 RER L BE8RE S DREL 27

PO, ;% U 775 7 n— i RIS L7 BBV & D B L 720,
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Cl: #4v7 Bk L2 RBEEFEL-EHAMEC L DEEL LY,

K, Na, Mg, Ca: 5 AA—640 IEFTOWEEH# AW T, EFREECLIREL 2,
#, NO,—N, NO,—N, NH,—N, PO,, ClOfI®i}, 77 =ar#HMA - 7F T 44—
AA—TIR &M,

3. BRRUEER

EBEHET, £7 4 v A% 0B B0 T EAR FREATD PO,, NH,—N LU NO,—N
OEEIBBER0.1ppm ULTTHELL, (FOLd7F—F@dFRRLED2T,)

Uik, BRAKEBNSRCESEINILRO—2THEN(E]L), HFROSEOABIEL
TH U VEBHPIHBELZud, H20EaEb LY VB, By YBRIEREF o L3
BEansdicw, +8kb0 POBENEVEETHocELORD, Z0X3 i, LFKD
O POCBESENC &, IERBCHAIALERDO) 88, 205 sRBHIEED,
TEAODBEMIIEA LTI E£RLTWS,

ERPECFENIERT, FROSEICH S TERLL S h, NH,—N =455, HE4T
TREPHRZEEINTNO,—N 2FTNO;—N #5720, +#Kkho NH,—N BT
NO,—N o@EREr - e EZ N3, TRAPTOEBRBEROPER NO,—N #KEH
THY, DI, LEFTOEROBES T L LT NO,—NOBETITObNE I LERLT
3, .

LiTogETR, SBRERP T EATOBECB\ELZELSTD shi: NO,—N, G, K,
Na, Mg, Caix2ow T3,

3.1 i?ﬁﬁﬁﬁﬂ'ﬁﬂa)iEWﬁﬁﬂﬁmmﬁﬁﬁ

EemRRRELAT (BM54£ 8525 0) ORBI Y 2 LBAGTO SRS OBWE %
2WEB TR LI, BBEE, No 2: No 4D 2&DT A fy)‘—ﬁ’uéiﬁﬁiéigig@qzﬁ?fﬁ
TH%,

NO,—N K, 0cm BT 2.4ppm TH o708, 5em B TR 2ppm THD, FRIDTHE
TIRHBUEEREL St Clid, 30cm @7} 0.9 ppm TH - 745, 55 cm BT 13.5 ppm
THY, ThE D TFOBICET LR R Zo%, K, 30 cm BT 5ppm 8L
fo83, S5emUTFOBTHOTRE 2ppm T TH -4 Na, Mg, Calitr>Thit W0 cecm BT
ByBEEMEL (£ #Nn 8 ppm, 2 ppm, 12 ppm), 55 cmATOE (#h ¥ 12 ppm, 5
ppm, 36 ppm BB} LB ESTED ST,

EMBEOIOL S RBENMZ, SV A—F—KHTALLLEORE FLREUTEL)
BUF+EBORTAEIEIZEBbIL, T74bb, 43V A—-F—-DLH40em iz, FEY—F
VIMORBLHBRTASATEY, LBEFON, KXTHLIDEIFzhTwitEroh

—112—




TFAGE FBRE 5 D T R

5, 2000, 0cm BOLEATE, B KHBEOLBETCESONLLOTHESL I, NiX, &
(4.2) THR¥ L 312 NOy -N THREAR T, 2BE 54 Y XA—F—RETALLED, ¥
Fble 53— RESABTOmAKICED, EELH6EHEH, 30 cm By TEBER,
S55emBBwWTRBECRE AL EELZ NS, 0cm UTFOLEE, TY¥—FYBOTE
dTaAEKEHICHURAR, KER{ZLizky, LBEHFHEDLOIHL, 40 cm Bl EDZE
BLoETAE, KBEREAVEL 7, S5cmUTORBOTEBATIZ Wem BLHEWLEE
DCHRFEH s, ThiFIHEERTATIBRZAVEKERKHEED CINTFRLEEENRT
Wik EEbind, Na, Mg, CaDBEMN 0 cn BRBWT, 55 cm BToR L viEWEBE
Tholie Zhlk, RTALLTEDI BRBLIZK»E L Exh, KUAOWMEORELTE
TEOEroZE, RELOTRTAREBLTIAEKILZ ZNGOWEOHE L ALNEP T
b, H-RERBRTCRBLY CRSOMBESBELE R YOBERIED, Ths0PE
B emBRBOTECGBEERLIEELLNS,

20epm 0 lP \ @PFM

301

180

DEPTH(cH)

150r

lsof

230

801

1307

130

NO,-N 30
-

BOF

1801
2307

801

B 2 SREARKESCsT s kb SER S EE Oz L

Fig. 2 Changes in the concentration of elements in soil water at lysimeter

without sludge application
—— ; on 25 Aug. 1978, - ; on 17 March 1981
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3.2 ERARI-sU389DE0AE

B2, HREAREG18»HE BRS6FEIATH) 0EBAK S v A —42— (No.
ZRUNodFA v A=Y izBi 3 LB KRAOBMFIBESFEBGE TR, BER, =
DDTAVRA—F —DFEHHEE LTRLI,

NO,—N iZ, REABAMLART (RIHRELR) 12 55 cm B BBE O L Ty, 18 »pHEcE
55em BB A BEERETL, 180cm BB ABENE L £ 572, NO,—N BEDE
DB LAMTIZBcm BELEZE0S, NO,—N OBEHEERH Tem/BTH - LET SR
Bo NO,—N QO FEA~DBEI, tailing 258 FZH 6 R1s b OO, NO;—N OB EES 2 L8
FRROCEERICR N 2 2BBIL 2 2 i, tEKS BN — 2R LTEBELTWAZ &
ERLTWD,

Chid, 30 cmBuswntdisrArBliany, 1056 cm BB\ Th, HIBRHARBRMELL
HIOBED 1/5 @ Utz, MPOBRES MRS 18 2 AMic 80~100 cm FA~NEE L2 Z L
05, ClLOBHEEER®H2 L, 4.5~5.5 em/ReE2NZ, Thid, 5 NO—N OEF
BESOCBEERL DR NO,—N OBERE L DBV, J0ER, BREBEBROBEHE
LOEHTAES R tailing KX B BRESATLRLWESTHEL,

K i 55 cm BLIAD B8 W TEBENFED L, 30om BEs» IR BEOEILNKE
mofedt, BEICHED TETCOBEOEIERO s, Q2 tit, KOBEOELRZ
HETEABELLOAH TR, EE~ORE, U L3BRINFCLY, 18XPO K OBE
BRY LA E2bDTHIILERL TN,

Naiz 105cm &0 FOBTREESHES L, TOBTREEMEML7, B0 m Bisw»
TBEOESEL {, RBREHELAEOBED /10 EPL, KOBELD EI -7,

Mg R Cait, 105 cm &b LOBTEBESEAL, B cn BCEEORISHE L -
tzo —F, 130 em UFOBTIH, Mg RU Ca DBESEML:, IOk, KELSEBRL
Mg RUFCatiTRHABEL THWE I ERRLTVS,

NO,—N, Clia P +BAkhTE L LTRA AV OHEEL T3 nEy, HHEKkOREICH
T, BBUREOBESTFD Y - 2R o2 THABBL-OKNML, K, Na, Mg, Ca
e +BADTEE LTHEAA Y TEEL TV A TR, EBICIVEEORVELY, KRR
BEDNELT A% Y IBEATOBLR T =2 v e A F4 v TEMNRBD SN, T, Ca LT Mg
DBEORVOE L5 55cmBIrBVT NaDBEOE LIS, NaDBESHEAILL
Wem Bz BT K OBETEIAIWRENFZ YT ELTED bR, BRBEH T L
BRToAFArAREaNS 2L, BRKERERIAPLT L, kG0 K2, 2BETFCR
a7 Na, Mg, Ca b ZHREET 52212k Y, Na, Mg, Cas K XD bRWHHT 5
TrRES, TEATORYEOBESHOELCTEMERECEEIFELEI NG,
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3.3 FREBARCLITAEYEORE
M3 wERERE BT 218k hoE£MEO, BESTROELET LR, BER, =205
A A—%— (No. 1, No. 3) oFHHEELTRL,

30

80 80r
130 130
180 180
230 230

Ik 30r
40 30

z

< 130 130

E L

(V)

= 180 180
ot 730

30 30F
80 a0
130 130} |
150 180
" 230 230

3 TAEREATBCEC 3 EAPRERTBREDET

Fig. 3 Changes in the concentration of elements in soil water at lysimeter
applied with sewage sludge

. on 25 Aug. 1979 ——=—"1on 26 Feb. 1980

——~,on2Sep. 1980 0 e > on 17 March 1981

NO,—N ix, BREMARFDMESH 25 2K, 0em BTP< 2ppm), 272, 55cm B
T2 ppm QE—Z7HFEH N L0, THTRE 10 ppm TEEOE LA NS o, 98
4B 1 BEHOERERM 2To %, 6»BHo 5542 H 26 Hizid, 55 cm BT 60 ppm i #
Ly, Wbem BREBWTHRED LEBFEDH SNz, 208, SH6ER 2EBOEREEAL:
® APR%BOIA2HLE, VemBTLEBOBERETROBELRED S, 180 ppm EL
7 D%, 0B M AR IEHOBEREMALL®RS pERO6E3H 17 itk 3SHEOER
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OB 55 cm Bl THES SR 220 ppm iZEL, 72, 105 cm BB VT 5) ppm 22
4y, 1EE8, 2HB0FBHAOEELAGNIBECLEAY, TEcELWTE DN
T2o

FRrPDEHI, NO;—N &2 h, Sy HERBICREL, HEBETABEL TV,
oW eRR XS, 20H, IEEOEREAEO NO,—N BEOCHINL, 1BEHOHEEHER
#O NO,—N BEOHME h AKX - BREBEO AP0 NO,—N BECHEING, Bk
FEROHTAOBER*RRT2LE2 0N, HHLEVET I LIZL 2 NO,—NBEOD
D& DRI, R L AERORBERRIHTICoONTTEBANRET S NO,—N OFE
DHEMNT A I L HRL T 5,

Cliz, 2EBDEREAK4ILABROSHEIF2HICIE 0 cn BT 9 ppm WFEL M, 15
FHEEGOMEIABH, |AEOEREAE6,FEODLNLE2R26H, RUSHEHDER
A% »HBROEIALTERE, 0 omBRBIFE CIHEBERICTNLL 3ppm UFTH-
f2o ChiE, REO ClOEEE, HROMRC L VENLLE BUadcEd L, BAS»A
BRRERMOBECREL O THSE, 2O ki, BMLERK D EKL I NO;—N OF&EH
RFRRE 22D L, ClREBHEOI bEbisns 2 L 2RLTW 5,

Kit, &8 48 1l ppm EOEENED S 08, FOBEAMCH, BROEEICLS
LRbhAERBD e ol, Thik, BRPOKSESYZVWIELEbIZ, 4. 26T
Btz ldw, EBERTFURBELLKBBEHLICL LWILRIZ8DTHS, _

Naii, BREATIZ0 cm BBV T 1l ppm 2 RL, TREOBEORERZEFELA YR,
7zo LinL, LEHOHRHERH%Z6»HABO5E2H268, 2HABOERHERE 4 »HEO 55
F£9H2H, 3RIHOHREAKS »HBRO6E3F17HICE, 0 ecm BB BRETHT
#fub 5ppm BT TFath, 55cm BT 20 ppm ML 7z, i, BHROBHERIE,
30cmBIcBWT NaDBEREINT 3600, FORAFCHERKsNL, TE G5 can @) ~8
EL-HThH3,

MgtCa REWIEiE - - BESHOELERLL, $4bb, BREOERAS2ERSIZONT
0em BRUSHcmEBOMg L CaDBER AL, B, HABRICSE (15.3%) 42
N3 Cait, 56FE3H1THICSS5cm BT 300 ppm 2E LTz, 20 & 5 HEEE{E NO,—N O
WEOELEENLTED, BROEB2ERD ZLic k), FA~EET 2 Ca XU Mg #h
TEIERERLTWS,

KK EBCTABRERALE, PLK 2 EBERELPT O ERIHTAEEL T L
%, NO,—N, Cl, Na, Mg, CaZ XL o1 <, #ITAREECBUREPICERL T
(rEzONE, B, BRTCHEBLEEN5C, CaRUZ2DARBICHE-TERENS
NO,—N 220 Tt L BAPOREDHMIF L {, AERBRICETRENZH 240 ppm, 100
ppm, 300 ppm iZ#E L7z, &7, NO;—N, Mg, Ca idiEROBA R 312> THEAbD
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BELSBIDT 2EABE O, o, HRYEHEMERL2BEE, REMERAL T
BUERLLBS L TR, BRIORIMNER o BHETIBEBH L2 LETLTNE, &
D& SRR BN T L 2WHORSE, LEEYCL2WHEORRE EHBERRAYE %
G, EMLB2BDEMKE-TEL B LEZONS, LEPTOREOH & OBES L i,
ZOBEEEOR I LY, TETOMBEOBE 2EHHC L5025 L EEBCL TV, &
EEIT 5T 18 A OB, BROMAIC LS EA513BTE (230 cm) b5 DEE
AP DERAMEOEIED sk 5T, —H, K~ AH v 72 & DIRL fz LBATD
NO,—N BEOZEE®» 5, NO,—N ZEMH L0 cn 0F S TTEABEL T LEE AR
oo COXIRFHTTIR, HTFAREN4m OBSKH- L LEELLBECRFERE 5 £MH
ART2ZLko T THTAND NO;—N BECEESENSG, 2OL5BETY, #
TAELMFEOPHROLBL O R—FAH v 7EAGTEBERRZERTZILICEY, 20RS
DB S TENOHNEORELH P UHFRTE L, #—F A H v FEEHWT L8k % ER
L, ZORAOLE( S 6 HRPOMBEOH E 2HET 5HER, FHEEICE L THT GRS
2H5 ETLEWRAELRLETHD I,

4., 828
THEABRINLTABRFORSOM T ~OBELHAZENT, REBEBF7LEFETAL
PR AR S A ¥ A —F — i, BIRERETFEAGRE2EHWE LT 50 t/hatilg, $5£7
A 3[OIMER Uz, 3l mm/ B OREF K EDLAKL, F—F A H v P ERGTHERL 2 + 8RS
A v A= —BTE (230 cm) »6DEEAKIZDWT NO,—N, NO,—N, NH,—N, PO,,
Cl, K, Na, Mg RU' Ca 0BEOELER~, UTFoBRE2E:,

NH,—N, NO,—N kU PO, D+ KD OBE i, FREALBCEVTL 0.1ppm MTFTH
D, TEBNQEELAYEBELZVEELON,

Kiz30cm BizBv»THEAkhic Wppm EEh Ty, 55ecm BUTORBCEW TIREER
B, i, LEXKTBE~OBREACEEIRD LT, BELOTVEEI SR,
NO;—N, Cl, Na, Mg R Ca @ BFROBAI £ b AT OBEMMINL, FOBER 5
em BAFOBIZ L BAL, Bz, BRTPESEIIE IR C, Ca RUBROSFEIE->THERI
- B &3 NO,—N R EBAHOBESEL {EL %3 (NO;,—N ; 240 ppm, Cl: 100 ppm,
Ca . 300 ppm) B¥b H-o72,

NO;—N, Mg, Ca RFEROER4ER2ICONRT, TEAMOBESRINT 28 H -7,
AEBROGRET T, BEIC BT NO,—N ORESIIL 75, TEO NO,—N OBECE
ERREDCH 145 F/100 cn ORAEEL 2,
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1) F AZ-BHEE. ZOEE (1980) : TAHRRO SR & 35 RRS 048K, BATEBRS R,
51, 435—440,

2y AR - BRI SR - IR - MR - FHEE (1083) I BESIES A v A— Y —OERE L
BE FOBREA. BYAEHERTRES, 8475, 201227,

3) WMEERNEH (1977) : MiER. SR L8, K18

4) ARS - BHBEE (1983) D BEEIC L 2 B HEROMEN | BRES O TRERFIEE S 270,
BT EWFRAEERS, £ 47 5, 220241,

%) Technicon Instruments Corp. (1975) : T.0.N./nitrite in water and wast-water Technicon industrial
method, 186—75 E/Provisional.

6) Technicon Instruments Corp. {1977) : Nitrite in water and waste—water. ibid., 102—70 w/C.

7) Technicon Instruments Corp. {1973) ; Ammonia in water and sea water. #bid., 154—71 w/Tentative.

8) Technicon Instruments Corp. (1973) : Ortho phosphate in water. ibid., 94—70w/Tentative.

9} Technicon Instruments Corp. (1974) © Chloride in water and waste water. ibid., 99—70w/C.

10) BERME - BRIUETE « AFH M- BHBRIE - 0RE - A B (1983) © TAREREALEORLFES. H
INERRAFRSE, 475, 1326,

11} Ry - BEES - AR B HARAE - BAEE - MIRER (1981 @ ThERER LB BT 2 2R
#, £2% RUERESREOLL. EvNERRmpass, ®475, 2735
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23.
BEAOEDLBEHR> SRELIFRDOERE
R - HHHE - RE—X R
Heavy Metals of Sludge Produced from Biological
Domestic Sewage Treatment Plant
Yuhei INAMORI!, Shingo TAI!, Kazuo MATS USHIGE?
and Ryuichi SUDO!
Abstract

This work was carried out to reveal the concentration of heavy metals in the
sludge produced biological domestic sewage treatment plant, reffering to assess
agricuitural use of the sludge.

The mean heavy metal concentration in the domestic sewage sludge produced
from bio-film process were 22.8 mg/ss kg for Cr, 200 mg/ss kg for Cu, 1,030 mg/ss kg
for Zn, 8,970 mg/ss kg for Fe, 260 mg/ss kg for Mn and 60.0 mg/ss kg for Pb,
respectively.

It is suggested that these values are nearly minimum concentration of the heavy
metals in the sludge produced from biological treatment,

1. BLaic

BOEOTAEE RREEM3ETH 26 %, F4 R TAHEEM S »EFEE T FHFOFEH S5
FREBOWTHNRCETHEY, BRSO RERIE L LEIOND, JhCFVRE
HRELEML, BRI EEMTL A mY/E (EAETY), % 8mEH 55 £k 3E0
676 T m?/E, 3 5 THBFI60 F it 1165 A m¥/FE L FRINTHE, 2O LI AT AEAD
PN B ON TERRERIFR L S5 HINT 2 L FHsh 3, BIARTAED & HE
FAHERIET TR BLEr o RET 2 EREMEHS NI LS50 >TEL, T4bb, B
54 iz i, LREBEHATE AR TAEAD L0 ARS8 YE LHELEKERA DT 2

1. BuvOBEFns AELBBE T 305 KRBFIRES HEE/ )| 6% 2
Water and Soil Environmental Division, The National Institute for Environmental Studies, Yatabe.
machi, Tsukuba, Ibaraki 305, Japan.

2. BENAEWRE BEFE T 305 RBBRERSEEEE)] 16 % 2
Engineering Division, The National Institute for Environmental Studies, Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.

—119—



AT - EHET - NE—K - FlE—

AETARBAOOLESBEE21.S B, LEBMUEADODZRIEL2L.7 B Li720, 29
ZEDERECBOTREER AL P22 B[ LRVEFEKO A2 AWLE L LBSCRE
TEREBROED 2 RHELHEL BB LELONE, LL, BTN LTHAXTRERY
LRB > oRET 2ERONBANSERAEZMETH 5, HRFRIETT, BHERED
POERTH o R, REET St RERORSENE, BREREEL b b R o TEL I LK
ID, BROCRBERO IV EA MEEESDLREMBEINEREE2E L TL 2D HEL5N
3, tOBACHEL L2 08ERTPEEANLESBTH S, BARKCEEIhIESRRIAE
PRYLERR PEL Z itk D, FHRACHZVBESNIZ LBHSNTWS, T ITHAK
HOESEBETRZBIBRELBER, TOSRNLOBECETCTF oA »EAIoTHE
ghi, BR2EBMBTLT2BSCBI2E4RMAB2R T I LIERETHILEL OGNS,

22C, APRCRERFBEMBITT A I L 2FRE LB, BREEEENIESRE
BEYOBEE CRISEONS I E0TEES, ThbE, HROZV T4 AVEREESESER
FroBErrHEsICL, ZOEEBFRLBENMBELTIBEOFRFEZEINIESRD
SNy 2 XSy REELVGEATS I EERL LD, W DhOEBREKRDOHEEMLEL T
VRRERMSEEOBREERL, 20ESBERrERNCRET S Litll, &8, 45
Bk OBESBERER, £EFR (BRLETERT AECESBSAFERTRS) K-
TRELLOIHMEEORRT 2 eNEI5NEY, ARILTREREL L UTERORER
BEECBOWTREL @ SR A B 2% EEERPCEE A NI2ESRESEE2HS
PICT AL REME LT,

2. k% &

LREEERER AL 2 EFBCERL TRET 2HEE T VT AR EBEAE £
Y3 EMIMBETNEL, »o, HAK, BREKEECEENIEHY, BE(BEREOY
BNESENS I CRHEINWOLORERB L 2»HAENR L L, EEROMIBO
REHDHEO MBS R EET 2 -0 OBRBBR LTSRN L, Thbb, BAKRY
Ik 1 BOFEMZABL LTHHET 225K 1BE L 4 BREEAL B 25—
BELEayRY v vy ZrdEvni, 0BRSS, £ 2 B0, EmE,
R o> TVLALHEMEAL SHRLEERAXESEMTHORE L L, &8, 5
hpBESBOSWEE & LTk, fk, &M, ER®, & &F, ES2CCERT 3, Crn
Mn, Fe, Cu, Zn, Cd, Phb@ 7THEE LT, &7, EEBESRERMAKR A K DV TIEA
iz HET 2 BE (ng/l), BREZOLTRENTOBE (mg/ss kg) TIML T,
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3. BRRUEE A
EVEETCURRUEERREA» S 2 24ERAZLEL TH 3 REARLEL SHRLERE
AK, B1BBEOUNBEREVAS L, E2REEORBERR AL A, BEELEOFE
MICTERE L EYBRECEDIR L D ER, RURBREOKEBBEROBESESRIX 1 RT
BYTHS, ZOHEE 0 2FOBEE D SIEML RO EHERFEERLEZ D TH S,

# 1 £YBEETLEL Tw 23 LEEROEERSREOFISHE
Table 1 Average heavy metals content of sludge in domestic waste water
treatment plant {Bio-film process)

iy ppm (# L it Dryiagd)

Sampling point Cr Cu Zn Fe Mn Pb
. less than less than 0.05 0.54 0.03 less than
Influent
0.01 6.01 (0.03~0.94) (0.31~5.0)  (0.03~0.13) 0.03
N less than less than less than 0.13 6.01 less than
Effluent
0.01 0.01 0.01 0.13~1.7  (0.01~0.13) 0.03
5.6 13 751 5,520 94.8 4.8
Sediment
N . (12.3~21.9) ( 99~154) € 587~ 962) { 4,630~ 7,900) (59.3~116) (2.09~70.0)
' First septic tank
s 16.5 189 785 6.930 91.0 112.8
Ccum
( 6.2~28.7) ( 74~205) ( 538~1,110) { 3,180~11,200) (43.5~~125} (3.68~304)
30.8 254 1,650 14,300 92.0 69.0
Sediment
. (16.9~46.7) (169~311) (1,060~2,200) (12,500~16,900) ( 84~~106) (2.40~113}
Second septic tank
N 24.9 . 285 1,330 10,600 B7.1 65.2
cum
(18.5~34.5) (248~304) (1,090~1,790) ( 8,880~12,500) ( 73~ 95) (3.08~132)
210 217 1.160 7,400 282 56.1
Attached bio-fifm
(15.1~25.0) (120~585) ( 385~2,050) ( 3,750~12,300) (81.0~-666) (18.0~78.1)
Contactor
27.7 216 1,300 10,200 182 70.8
Sloughed bio-film
(23.0~34.00  (141~292) ( 870~1,720) { 8,360~13.600) (150~210) ( 20~124)
17.9 247 1,230 5,860 151 36.4

Sedimentation tank  Sediment

(9.34~28.9) (93.4~463) ( 495~2,310) ( 2,750~ 6,690) (62.6~202) (7.23~54.2)

BEEERPOESESER, BEpCEOHRIIRME, Bk, mBREOT~<Thrs
FlefRephz0T, ZITRINTOBEROFHWESEERKDACHEL TERINLES
BEaBLLBERTHEEERL,

Tabb, BMuESRYOESRSBROTHERUBIZ 7 0 ATk 22.8 (14.5~31.4) mg/ss
kg, 8 7Ti2 200 (134~344) mg/ss kg, B8 T3 1,030 (718~1,730) mg/ss kg, & T 1
9,000 (6,290~11,580) mg/ss kg, Mn T2 136 (79.0~217) mg/ss kg, $ATId 59.6 (7.00~125)
mg/ss kg THoN, BB INSGOFEHERVEREERKOL 2 ABL BE0BRETHZO
T, CNRESEBEHEBERO Sy 7759 FELTHATRTHAZ EL N3, L2537, #
EOFABRNOBESBBED IR 2 K RTHEIPTSHE, JoTARAEBLEE TS
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BAEFBIIEATE YV BESN L L TAKEMAL T3, BiASBAERTTERADEE
BEnOh {BER L TEREERL Tw3, CRPERNEECTHREAOSHEREN L (8
EBRELTRYVv—2FERLTWS, DI/HBELEBTTRERSSE 2yt nEL
THEOVBEFELTEY—2HALTVLS, WFREBLTHESBLAEL L TABEROR
FHIBAIE RN & OWERER L BIEH S5 ORFERERALILLOTH D, R2OHELHD
O LIBT3 L EERAEERE LT ALEE D) »5RELLTRERS NNy 777
2y RERE THEVLEETRLTW S 2 kbbb, Lal, THBEKSTHAL TW 3 UEEOE
BT/t 777 FELDBBWERRLTVE, IhsOEEE FAFE2REMET T
BT LAEMRELTHERPOBESESESaERRYB LI L LTy 2 /7 FIE
IDEWEE TR L@ TR L, RUBETHEAR2ZTANTH 3 TRAEE,6F
G+ 2 TABRTORSESRIEITHEXSCSINI2ESBRE2TRELRIBET 226Ny
777y MEETRTTSN2 I EATEERZ E2EHRL T2,

# 2 TAERTOE &REE
Table 2 Average heavy metals content of sludge in sewage treatment plant
(activated sludge process)

H{i7 | ppm {Dry)
4 B H Cd Cr Cu Hg Mn Ni Pb Zn
A iﬁ:ﬁ’k ; §.23 339 652 1,22 574 163 101 1,800
Ca i (5.96~12.00 | (208~438) | (570~691) |(0.79~1.63)| (440~787) | {108~210) | (13.2~155) | (1,460~2,180)
a
R K
i 4.23 35.5 149 0.77 429 47.4 40.8 918
Cali (2.69~6.59) [ (20.9~52.5)| (123~169) [(0.71~1.29)| (294~611) |(36.8~60.1}(22.4~53.4)| (600~1,160)
a
e i 3.37 110 I 1.38 114 46.5 111 1,180
C | Tspek &
(2.45~4.37) | (41.6~170) | {(318~420) |(0.82~2.05) | (23.1~250) | (25.6~~99.5)| (58.8~262) | {999~~1,600)
Polymer
s o 2.00 22.5 231 0.51 158 15.6 15.5 1,210
D | THBEA £
(1.52~2.99) | (17.2~28.6)| (178~307) |(0.0B~1.51} | (50.0~211) [(12.9~20.8)|(9.46~26.5)}( (966~1,630)
Polymer
4. 329

ARFAERUVLRBEESER T 220 T, BRe v vRETIHREOBMTS 2L
BTFBanG, choOHRITHERRIYRBHERT T2 e, FRERNCEE LV, B2
HETT 2SS B L5 &L L TEKEFINEESTREW X 5 pH ER, FRELFRINGR
w5 pHET, BRFDESBARR YSH 585, 2O THHERPOESEIERLI “RKERD
EhbAkEnMEELED, 227, TEFKZYCHXT BB TRELHIBR LB
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BUSHBPOEEBOBE2HEL, BROZV T4 AINVEREBEESBSELFHIZ LT,

LIREUHEAS S22 £E0ABAL TRELLEBEREAKEEWLERL TW3 10 0FHO%
{LHEEROBESBEROMIZT ok, FORER, 7oA, #, B, &, <> 7, BROEY
EABRUER, £422.8 (14.5~31.4), 200 (134~344), 1,030 (718~1,730),

9,000 (6,290~11,580), 136 (79.0~217), 59.6 (7.00~125) mg/sskg ThHo72, I I TES
NIERTABREFBHBET T 2B50ESBREEERONN v 7 /S 7U R EAZ LTS
B, THLLEARECIVEROZ VT 4 ANVAREBESESEX RO T I i C&:, 8,
INSOEREFERE TERORS W B FEET 2RERSPLEL R LIFbh AL
PoRONERTHY, BHEHO—BHLZMEERL THWAEVAREMNSHE, Fhif, 3o
AR EEBZ O LERETORE TV HEOBEL ER LB 4TS Z LB EE
THdrErL6N 2,

51 B X &

1) FARBRT (1981) | LEREEHAB OB ow T, £iEFk, 1 (12), 2-29,
2) HFESE - BMEXE - ARE— (1980) | EFEAERDYOELBOBE L DV T, BINEMEFRFRRS,
147, 203211, '
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Mass Culture of Small Aquatic Oligochaeta
Yuhei INAMORI', Rie SUZUKI* and Ryuichi SUDO!

Abstract

Isolation, stock, and in addition, monoxenic and mass culture of specific species of
aquatic oligochaetes, Naés sp., Aeolosoma hemprichi, Pristina sp. and Dero sp. were
attemped successfully. Small aquatic oligochaetes are the typical metazoa found
frequently in the activated sludge and bio-film from domestic sewage treatment plant
operated by low BOD loading. Using a sterilized activated sludge as the metazoan
food, the monoxenic growth rate of small aquatic oligochaetes, the effects of
temperature, pH, phosphate buffer solution concentration, organic concentration,
share stress, food concentration and sort of bacteria as food, on the growth rate were
measured.

The optimum temperature of cultivation for A. hemprichi, Nais sp. and Pristina
sp. were 33, 25 and 30°C, respectively, Phosphate buffer concentration which could
grow normally were 1/375 M for A. hemprichi and Nais sp., 1/150 M for Pristina sp.
and 1/7,500 M for Dero sp. The optimum pH values in cultivating the oligochaetes
ranged from 6 to 8. The growth of Nais sp. could not be observed in much stronger
share stress.

Specific growth rates () ranged from 0.35 to 0.43 day~! for A. hemprichi and 0.10
to 0.13 day~! for Nais sp., respectively when the sludge concentration was more than
500 mg/1.

The growth rate of Nais sp. was increased by adding some bacteria to sludge as
the food.

Maximum population density of small aquatic oligochaetes under favorable
conditions mentioned above are 100 per ml for A. hemprichi and 60 per ml for MNais sp.
and Pristina sp. in batch culture, and 1,000 per ml for A. hemprichi and 200 per ml for
Nais sp. and Pristina sp. in continuous culture.

1. B AEREE KEXHEBHES T30 XKEANKESHIET/NEII 1682
) Water and Soil Environment Division, The National Institute for Environmental Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
2. BERIGEEE BEUATFHATREATRRA (EPAYEFRLER T2 TERBETZL)
Reseach Collaborator of the National Institute for Environmental Studies. Present Address:
Chemical Institute, Faculty of Science, Toho University, Funabashi-shi, Chiba 274, Japan.
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1. BLsiz

B EHREROEMRLEEO h T BEIFEBREEERER BB A K, iR
rosplEic LIELESECERTAMER 0.5~ mmBEOBEEM TH S, BACED
NEEB THREEOSVWEE L LT, Aclosoma, Pristing, Nais, Dero, Chactogastor B 5
Fonsy, ThosOMIESERRYEL L THERVESS: Y OMEMEERL, BF
BB TEM IO L, vy MROEREERT 2, 2000, RYE, BHEYWE, £&
BEE AETI2 I BEBRNERTHD, MENZR L Z bz niE HES DR, Th
W, ZOMNEEEPARBICEBE TR AEREITENEEKDOESR L S OB RYE
EEELIEREIHST, WHALIRBET 2022 O OB REREE L THES Z Lol
BElzk b0 rELONE, £, WINEEBEOANEIC BT HREN, REETE, BLAY
HehizdNTukninir, RBCTEERN T ENREREKOERLEICE T 2HBNEEED
AR LA TAI L VAR 2D EEZ SN D,

FIT, FFRTREEOECOAD LB AEEXESBOEMBHE L5 - o OEBMH
FLT, 2RALRBERC B AMINEERORERHSh T2 OEBHHE L THWS Z
rEEHE LT, BNEBEORREERCET 2 EBRORF 21707, TOMEROL220H
EnBonl0THET 5,

2. KBFRE

S BB NEEER, BT AERLEL Ty ZEMEIEEER, RUEHEED

MRS SR UERE D AL, 48, SHT 258, 20~100 S0 ZEEMSE T TR
B, BEEMNFEEL T 22 THRYELBEKRTCH®E L,
SEECHERTH L 7B/ N EBEE O YT Nais sp., Pristina sp., Dero sp.i3, UV vEEERCETELL
THEIEHFREHEML -5 REBET T, £ Aeclosoma hemprichi 3BMBFE L LTV S AL
SRE QRIS Y (LE ) 1R L 2 R TR £ T ok, ZOEIILT
IS O BER KL AN EER DV TR, KEERTABSORERGELERET S
iz, BE, HRE, pH, FHMEE, AMERE, AYEL L TolFEoBE2RRICEI R
BT TORRETo 2, EROERFHIUTERTHEY TH2,

OBRE--KiB%5, 10, 15, 20, 25, 30°CK %5 L 5, EREBIHESCREL TT-
Tro HEEERCRIZTREORECDVWTE, H0EMEEEN AR T2 2 L 2HEL T
Qu EESICCLAEYT ARORIGEEDIEE) RUEREL A vy -0 L -, RBEE
b2 nF—it Arrhenius =

log u=—AE/2.303 RT +5b )

(AE : b= 2 V& —cal/mole, R [UEATEH, T :#EE C, b 5 ok,
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@FRE-pH 6.5 CHELL ) VEEHROBE0~3/75 MOEETERL -,

@ pH - U UBREEHRBRE S 1 /T0MEBE U &GT T pH £5.6~8 308 E 2 T
BL7 '

@FEHBYRE---BOD600mg/l, COD500mg/10 LE % HEAK THRF L T COD % 0 ~500
mg/| OEEF ORI 2 ER L, 3EEET- 2,

QMFREE - — Y —RIRE S8 B TIREIEE S 0~100 rpm ORIFEAET 2 THIZE L 12,
CEMRL L TOMBEOEE B %HE Ry & 58 L 7 EEOME #30°C, 48h BT
BERL, mOSHEL BB E 1/750MO ) o BIESE TEHRIFLH, ChERYIRE: LTRIEEL 12,

ORYBE - EROBE% 0~40,000 mg/l DEWEICE 2 TERL,
RBLEEEE LT e rE) LApBELoMoERIROE /R RD Tz,

H = pmax (Tis) (2)

Hmex - REOHEEHEE (day™!) K. : fAHNEHK
SIRYBE

2B, ThoORBEEEERTLIHEEE, ER3 cn DX P VI2FERALZ ZRAYK L
JUBEEHREEHbE T3 mlit 2 X9 L THERETTHEL (@041 L %Y
R L ) BB R 10ml ANTIRE 5 R T TIREL L) EBRINOMNEEEOEE
i3 Nais sp., Pristing sp., Dero sp.0IBEIE 1 ml H7-0 1~ 2 ik, A. hemprichi DFEL,
1 mlbpin 1EEEL:,

LROERIBWT, BRAORBEFSMIEERCR 22 2BER2RETHEDRTHRTR
Tu e HFHEL 7203, £0DBE u 1d, FRIBEEOHHESERITA T 2BAOED &K
AL DHEL TR,

ﬂ:2.303(log It\f—log Ny) 3)

-
L_.L.:"_,

H o LR (day™")
Nt HEHOEFEK
Ny 0 HBo#EEK
R (day)

3. BRRUER

1) BUNAERO BTG

RERRERA LB, FROEMUBAR CERT 2 AEORVMNIEBRALNRE L+
PILPEETHZ LEASNLOT, MAOLBERGETEES L TH 2 EME, KU, 258
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FHEAEHOCTABL TWA/ N EERAFr I 2/ EEEoHEEE >R~ BRER
1R EYTH 2, EEBRCHBEEOE 1D, A. hempichi & Nais sp.THH, ¥
OBREBEERE 1 ml OEBBRSZ DEL, 1,200, 300 HETH -7, EMETRFCAOE
REVERROAH S BB R, HEREREEHRTS (BRI -EEDO M Dero
sp., Pristina sp.iEd o7z, 5 LA T Chaetogaster sp., Paranais sp., Limnodrilus sp.,
Tubifex sp iz YOHBEbED s, UELD, BAOEYMARARIIB» THREAEIR <,
HELSM/NEEEIL, A hemprichi, Nais sp., Dero sp., Pristina sp.CH 3 Z Lt Hbipo7DT
IOMO SR T, RERET 30 LELRERAREE RV T 0 OHRRBRE
To72,

= 1 ThROEMILEARCHREREOS -EELZMNEEE
Table 1 Suggested list of important aquatic small oligochaeta found in
sewage treatment process in approximate order of importance

Bio-film . Aeolosoma
Nais
Pristina
Dero
Chaetogaster

Activated sludge Aeolosoma
Nais

2) WNBAEEOWERE - BIREYE

BEAOEMUBEERTHRT 2MNEERIIIET LAY OBRE, SENCRIRC L - THET
3, LELE3I~5EENE#H L TEETIES L2 0ER I, 208ETHEETIZLELT
FWV, 2D L3 HARETHEET AHNEERO 20C TS 2 BEHRER 1 CRTEI TS
o8, WUNABEEHET SRS EBEEEBRL T Ll UTHFEL 2. A hemprichi
37 HHEE TRERMICHEIIT 25, 10 BEMUEC LS LEMEEERETL, poEFE0Y 4 X
b/& 2B, Pristing sp., Nais sp., Dero sp.ix A. hemprichi \ZEE~ 2 L BEEE 2/ a <t
LR RBREERNCHNT 2 EALH 2, FLD p 12 A. hemprichi 0.41 day~", Nais sp. 0.1
day~!, Pristina sp. 0.1 day™!, Dero sp. 0.07 day ' THot, BERBVTO g R I I TRLE
I3 uEmRe R, TOERRSroTET A LITLT,

O KEOEE

SR HETAGEOERLRARMETHIREN p Kb 3BBERRTHLIIOVT, K
HES5 Chrod0°COEACEL T u DRERT>7, &B, I THELHMNEERR 207
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100 .
-

/

=

» Apoosoma  p=0.44(day™)
0 Prstina  p=0.12(day™)
& Ngis peg. 1 {day™)
& Dero p=0.07(day™}

I ndividuals / mt
=

a 5 0 5 ® %
DAYS

1 BNEBEOMMHR

Fig. 1 Growth curve of aquatic small oligohaeta

20r
10} *
T
% 0sf
b=
g AE = 12500 cal/mole.
[ ]
al R
al 2 33 3 3B

2 A hemprichi DHEMEE CREZTRECREE
Fig. 2 Effect of temperature on g of Aeolosoma hemprichi

CTHIBBLLDTHH.H 212 A hemprichi CREZTREOHELT V7 ATay LY
DTHZ, A hemprichi © i3 33 CTRALRY, W CHERL ERBBET L. 238
20 'C & 30 CoMoERBRoB s BB B sBHECHT 2B b ALy —i 12,500
cal/mole TH o1, (Q TR 1.7 YT 2) . B3 Nais sp 7 2 BREOREEA b
DTH 20, HBEAENE 25 C, EMLT R F i 18,800 cal/mole, Qu,i2#32.6 TH o7z,

433 Pristing spixi ¥ 2REOCEBELAL L OTH S 2NEE KL 30 C, Btz in
F—{k 22,400 cal/mole, Qi 3.1 TH o7, BEIBOM N EEHOBMIINT 2REQRE
B ow TR, Fbo A ¥ —1712,500~22,400 cal/mole, QT 1.7~3.1, BEKBT
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B~ CoOHHEKHL 2B, I I CEHCL - TRECHNTSEHIERELS L0
CARERBEBoR, e DI L L —RNICH/NBES OB, 30 CLETAKE < B
NBrELIZZLNTES,

1o 1

A E=18800 cal/mole

y(day™
.

Q.01 - - - + -
Ell 12 &) £ 35 36

;l.-:HO3

3 Nais sp.0O B i 3 REOE
Fig. 3 Effect of temperature on g of Nais sp.

@ ERERUpH OF

SR RERT HBE, BRTO) VBEEHRER U pH BEFRUVEBEIIRE (BEERIZ
TEHELEFTHI LMo TWd, CITIREY) VBEEEOBES 0~3/T5M O/
TELRERBEOMNBEED p 2R, TORTOBHERHFT TpH % 5.6~8.2 OMTE
(o8, NEB ORI RIZT pH ORBIC oL THAZ # 2 1 Y VEEEHAE & UM
EHO u L OBFRET LI VO TH B, A hemprichi, Nais sp.bk 1/375 M, Pristina sp.id 1/
150 M, $THIEFCHBETEM, BIETIZLI/T5M, BETIH2/5 M3 EFREL L,
78, Dero spidfisd TEW) YEEHBEECL»HETE T 1/1,500 M OBERFTHIREL
fro TOEIRACMIEESOFH TLHBECHT 28EIL, K2 B2 Litbhol,
B, INOOBERRBESEAEETIRS, V REEREEATHRLABIEDCRET
ZZrOEELLWIEAERL TS, 2OX I, DerospSiE 1/750 M BED Y o BER
Wh THFET %5 2 L iibd 70T, pH DM/ BEHD » KRETHBICOWTIE1/750 M
DY ERERIRT pH 22L& € T 720 BRIZE 3 CRLUIEY Th 2o A. hemprichi, Nais
sp., Pristina sp.O TR TOHBE BT pH 65 S REDH T p wZ{LEFRD51¥, pH

BRNEERONMBECEER ZTRECRBER T LR R I L8R N0 T,
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BOHRMORRREE

1.0
4 E= 22400 calimole
[ ]
i
&
T ol
=N
-
001 —
31 32 33 34 35 36

1 3
T x10

B 4 Pristing sp.OHUERHEE T RIZTHRECEE
Fig. 4 Effect of temperature on g of Pristina sp.

F 2 BUNEEEOLHEEECRIZT VEBEEREEORE
Table 2 - Effect of phosphate buffer concentration on specific growth rate of
aquatic small oligochaeta

Run | Phosphate Growth rate g (day™")
NO. | buffer
M Aeolosoma  Nais Pristina Dero V. microstoma
1 0 0.51 0.10 0.12 0.07
2 1/1,500 0.52 0.10 0.11
3 1/750 0.48 0.10 0.12
4 1/375 0.45 0.08 0.13 0.7
5 1/150 0.13 0.04 0.12 N |
6 1/75 0.63 2.2
7 2/75 ren . e 15

@ MEEEORE

Bk DO EMENLEEBETRHEYCBREL B T 200, LTROBREL VD BRFLMfED
i, BNBERFORB AN B, EHERL D LBBPEEORCEMECS HRT
I EHRIS T30, RBEREOERINE2E5 2o it EREE ORI L T p o8
EOLEIRET 20 2FEENTWHeL LTEL I LARBEEELIOND, £2T, BESH
NEEEOHEBEICOLRIBERRETHAEC 2V TY—Y ~RIEL S8 2w, AFHEL LT A
fgmprichi £ Nais spiZBE L TiTot, BRUEESICHETED TH DL, A hemprichi TR
BENEESTH %mz'z p VETREH o2 DL, Nais sp.TREHEED LR
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® 3 WNEEFROIEMERICRIZT pH 08
Table 3 Effect of pH on specific growth rate of aquatic small oligochaeta

Run pH Growth rate u (day™')

NG. Inital Final Aeolosoma  Nais Pristina V. miicrostoma
1 5.5 6.0 0.35 0.11 0.13 1.1
2 5.7 6.1 0.34 0.10 0.13
3 6.1 6.3 $.35 0.10 0.13
4 6.4 6.6 .35 0.11 0.12 2.1
5 6.9 7.0 $.35 0.11 0.12 2.2
6 7.3 7.2 0.35 0.11 0.14 2.2
7 7.7 7.9 0.35 0.12 6.13
8 8.3 7.7 0.34 0.12 0.14 1.6

04 ¢ Sludge corcimg/l}

o Nais 500

*+ « AeOlosmg -
4 ¢ Nais 2000
03 @ feckasoma
o————"~——_;_.

*.
02 \o——o

p(day™

.
iqmtzqt:q

o} 20 40 [S1e] a0 10
ram

0

5 A. hemprichi U Nais sp. OB T RIZTBEBOBE
¥ig. 5 Effect of shaking on ¢ of A. hemprichi and Nais sp.

Wi T p REECET L. 2D i, A hemprichi BHWOWBOE L L BB EMEER
wwHEE L, Nais sp., Pristing sp. SR OMEL SEBINLBRAERE POAME BT
MBS 2 L0 EMBORBHER LS T 3, LerLu oM EERHOBEETHHRERY
OFPEEENE R o DI, BETIEETETRDELHCEBRT 3, BEIGILR
B (RERCTHDSHRAT D) TEETLENLETHEEELONS,

@ HERUWREOXE

BB OEBYBEY p KO R 5 EBERIZTHEOVT, LER#BL2FRL THELOEE
YriifE (2 = CH CODMn TR ) OEFERE2ERL T, BYRE L THBLEHS L THEERT -
2o HERIHHEED CODMm. B IX 0 ~500 me/l QEETH 572, HRBRACTTEI TH B,
IDFESNS, A hemprichi b Naissp b R DV BWERDBECH A THETE 2 2 L 8EET
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23, ZO7 L1, MOBERESEYICEES LT ERIZECERREOREARTTLA
EHOBEMEI, AEshTWILEERL TV,

E 4 A, hemprichi B XU Nais sp. OB ERE CREZTESHORSE
Table 4 Effect of organic materials (CODwmn) on u of A. hemprichi and Nais sp.

COD [mg/1]* Growth rate x (day™!)
Initial Final A. hemprichi Nais sp.
0.38 0.11
25 28 0.38 0.12
50 40 0.38 0.11
100 64 0.38 0.11
250 136 0.38 0.12
500 240 0.29 0.10

* . LE medium

® AR TOMBEOEE

BBESOBATHRVBENOBRED» S, A. hemprichi, Nais sp./z Fix, REBY L BA
TEHRELALDBEHEE, o 2 3B 2 RYROTRI L L, BEZ L > THIREVSEER
REEE S5 Z Lofiflant, 220, WNEEENOHRIAMERE RIFATERT 25,
BCHEECEE L TESER» S BB L TESEOME AV T, ANl T 2 EBRN L
Totce RESRFERUIHEOEBIBAL LD L0 THE, FRALLEED 2@nS 7 LBE,
SEMRMT, Ju=—lF & v VrRIOBEEL Tz, K6 A hemprichi DM
BT 28l ERLLO0THL, AEORLC L N HESEIEL AR EL THETS
DEREHZVLORBT NS I ENbak, B8, BYRELZLORELERTORET

E 5 TEMEHRL, S HE L HEEORE

Table 5 Characteristics of bacteria

Strain Gram stain Color of colony Cell

Shape Mobility
A Positive Yellow Coccus Presence
B Positive Yellow Coccus Absence
C Negative Red Rod Absence
D Negative Orange Rod Absence
E Negative Orange Rod or Coccus Absence
F Negative Creamy Rod or Coccus Absence
G Negative Red Rod Absence
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= 6 A. hemprichi DLIIRHEE
Table 6 Specific growth rate of Aeolosoma hemprichi

(Food ; sludge bacteria)

Growth rate
Food
u (day™) td (day)

A 0 co
B 0 co
C 0.22 3.2
D 0.10 6.9
E 0 o
F 0.23 3.0
G 0.32 2.2
C,F 0.30 2.3
CG .35 2.0
F. G 0.33 2.1
C.F.G 0.35 2.0
A B,C,D.EFG 0 oo

e BEMLEORML, BYFHERZ2L0LR0BVODEERE TS L 4 EFCETL
oo CNEOHERZHE2EOME A hemprici CHLTBYHR L Lo Wl ERUT A
hemprichi BHIMT 27D XK ECHBHEMT 2L BUELR I LETHBL 03, IO
CERABS DT o T REBYORMEROERE  —HT 5%,

# 712 Nais sp. OB M T2 AU AR b DTH B, A hemprichi & FRELERVED &
#7z#%, Nais sp.OBETERBCRT & 5 CEMBLSNCHRRISEET 2 & o OHEMSH
ERXRblidtbrol, B8 p CREBTHEFEEHRLFNLIGEEOREETLIZLOT
Hb, BREBMLEGHET ¢ 0.05 day-' @ b OHERE 1,000 mg/l ik d X I HEMT 5L
w R BRI, BB, BREAFNLZVHAEOADRT 4 BB TN LBETLIER
BT 5 C L0k D, u ORIISESD Sht, 20T L Nais sp.OBa L @R 5 Tls <
ﬁﬁﬁﬁ&ﬁbﬁﬁmﬁﬁ<ﬁ§bfu%:t%ﬁ%bfw%o:miﬁm,Ahmme®%
ESTHBICHEE, Nais. sp.OBE THERFM RS RESMIEEEKE(EETLII L%
BT A e TE, SO GBI EERHPERTLIEE, RURLLTHIREDH
BHRUEBERESSAVAIEBEETHZ I LEERL T,

® BmRE
HERUERRSE, BNEEEOBYEL LTELTVAILMbe 51207, IhokR

PR LS ORMBED ¢ CRIZTRELRAI, B8, A hemprichi DFET LIRS
PEELTHTLHETES I 2R L T WA DT, A hemprichi B U° Nais sp.& b 2 &%
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* 7 Nais sp. O EHEE
Table 7 Specific growth rate of Nais sp.

{Food; stludge bacteria)

Growth rate
Food
ulday™") td (day~')
A 0.03 23.1
B 0 oo
C 0 ©0
D 0 o0
E 0 00
F ] [
G 0.05 13.9

# 8 Nais sp.OIEHEE c RIZTERESOEE
Table 8 Effect of mixed diet with sterilized sludge on x of Nais sp.

Sterilized sludge conc. [mg/1] 0 100 500 1,000
Growth rate g [day~'] 0.05 0.07 0.10 0.13

Note; Cultivation is conducted with activated sludge
bacteria in the concentration of 200 mg/1

FHLL0ICAEMEE L THEEEERIC A, hemprichi & Nais sp. 23k {BRTI3HEHE
EEL, FAS5OHERSERELLFEREAVWTEACAYREC BT 2 HEREERD 2,
613 A. hemprichi DRFEE L BRBE X OBFRER LA O TH 29, u LI5REBE L O
BWINREFROEoN2 I Ltbd b, IOBHICBYTE / RNEEAT 2 & umax id 0.42
day™!, K257 mg/l k%3, £/ 7k Nais sp.OREEE - SREBELOBEFAEETRLALLO
THbH, Nais spilBT b A hemprichi DIFHE L FRRICRHHREFRESF S, JO#EBKBY
TE/REBEHATDE pmax i3 0.12 day™?, Kbt 81 mg/l £ 3, ZBEITERL T,
EREE0,000me/l1E TR ¢ OBETRFDENEL T, ZNLD I LRBAEYDEBSLE
B RBESEECRE{EETAIEERL TS,

LiE, REFHBRECBII2ELEFERRVEMBECLELEARCEHIAT S A hemprichi,
Nuis sp., Pristina sp., Dero sp. OV ENRE L ZEEBERIBLT, Jhs0ME
EHESHRT 20, KR, pH, HERE, BHERE, fRRE QSR -RES 2 DE
¥, P1E, CFNBEEGLAE  pPbIINEBLTWAZLEPHALHETII LB TEL,

e, ChSOREEMFEZBRECHTL Iy FEBELLBSCS I 2REHEAEEIL 1 ml
120 A. hemprichi T 100 Bi%, Nais sp., Dervo sp., Pristing s5p. T 30~60 @& TH -7, L
L, BEMCAMREENL TREEESTOLH AN LR T THERT 2 mBEASZ
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05
.,-.".
Q4 " . . .
i
< 03
g T -
° ! Prmax = 042 day
~ 02 =
2 Ks 57 mg/t
1A
0
0 00 2000 3G000 40000

Sludge conc. ( mg/l )

B 6 A hemprichi OHBMERE Z RIZTHRBEOHE

Fig. 6 Effect of sludge cncentration on ux of Aeolosoma hemprichi

..“ 3] . & . .
ato [ &
§
- | Ymax=012 day”
T'>'. o Ks = 81 mg/l
hrl
= 00%
]
0
0 2500 5000 70 10000

Sludge conc.(mgf)

7 Nais sp.OBHEECRIZTHRBEDEE
Fig. 7 Effect of sludge concentration on g of Nais sp.

ml &7 0 A. hemprichi T 1,000 {8, Nais sp., Dero sp., Pristina sp.T 200 Btk T ER L7z,
DL CHINEEREORBERRITI H0OFRBERLETIESNTERY, ZOZLIAE
IR L MNEEE R A TEALEERIC B G 2 AYEY, BoMEy s eEEmEE
LTOESEOBKE M+ 2 2 L BRI B o 2 L 28K T 3, £, WNABEVEEH
BRAEC D OEBHEN R 2 2 LML I, TRLBMMNMERHOERTE L BER
BREMSROLIZEN I L, BAMERERCHNARREESNICHEES &5 20 OHERNA
BEnBuanzl L bERLTWLE,

4. 329
ERMREAEC BT 2 ESHERRVEDBC LELVEARRCHRT 2 A8 “EERT
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B AEEORXRER

THEL, REFEFGRrROETLOOEBRIRN 2T/, BRoNHRE*EH T2 1 iRiC

TIWNTHB,

@ SR NT B BEAREIX A hemprichi T 33 °C, Nass sp.T 30 °C, Pristing sp.T 25 °C T
Hota

@ WECHT HEEEEED PRI, U CREERERE L LT A hemprichi T 1 /375 M, Nais
sp.T1/375 M, Pristinasp.T1/150M, Derosp.T1/7,500M THo7z, &%, pHIiZDW
TRTNTOMABERCLBEWT5.6~8.2 DM THEOETRES SRk h o7,

@ BNEEEORBEEBRRENER L LBEL 50, A hemprichi DFTH Nais sp.i2
ErTmtErREL Twiz,

@ HHRWRER COD TFMEL TiTo/a8, RUNEERDOMAR COD 500 mg/l ¥ TET L%
ot TIEERYRER, BETIBECEINELRELBERFLEL520 I LD
o,

® MINAEFOMEIBEZOMERRFERRSOEECLYV ERL B A hemprichi T
XM, Nais sp. FTHMABEM L SRESVEMA* XTI RERAFL L3 I 2D
hoiz,

® FTARTOMNEEEIBOTA0,000 mg/l LV I3RWFERBERMGHT THETS .,

@ BEFETICBES 1 ml b ) OBEERER, /Ny FEBIZEOT A hemprichi T 100 {8
1%, Nais sp., Pristina sp., Dero sp. T 30~60 &, BESESRICE T A, hemprichi T 1,000
@1k, Nais sp., Pristina sp., Devo sp. T 200 L TH 572,

8 A X &
1) HEEE— (1978) | & | BEFNIME—SYEEI0E» S, FL e EONERNRE, R EAmEEe
#—, 11—27,
2) FARIET - ARRE— (198]) [ £PEKC BT 28/NEERMOREICET WA 2 AMNECRBET A8
DNBEFOBRSEG, OEABB IS ASHMRERE, 1374,

3) MR - AmE— - BAEE (1981 D £MOECRIZTRNEEROBE, BRKMESYFESE 1SEXR
THEEFE, 22,

4) WA (1038) : RMEAEELRAR (KEAAT) wRe (1), BYEEY, 66), 4651,

5) Sudo, R. and S, AIBA (1971} : Food habit of Vorticellidae isolated from Activated Sludge. Jap. J. Ecol,,
21 (3.4), 140—146.
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Res. Rep. Natl. Inst. Environ. Stud., Jpn., No.47, 1983.

25.
BADCEYRIB-HRT 28 B REZTERROEE

REFRIESE! « sn AR - R

Effect of Heavy Metals on the Specific Growth Rate of Metazoa Isolated
from Sludge and Bio-film

Yuhei INAMORI, Rie SUZUKI? and Ryuichi SUDO!

Abstract

After growing mass and monoxenic cultures of three species of small metazoa,
Nais sp., Aeolosoma hemprichi and Philodina sp. using sterilized activated sludge as the
metazoan food, the effect of these metals on the specific growth rate of each metazoa
was examined.

EC;, {eflective concentration) was used to difine the metal concentration required
to reduce the specific growth rate of metazoa to one half of that of a control. The EC;,
were: 0.9 mg/1 (A. hemprichi), 1.3 mg/l (Nais sp.) and 5.4 mg/l (Philoding sp) for
copper, 0.04 mg/1 (A. hemprichi), 0.03 mg/1 (Nais sp.) and 1.4 mg/1 (Philodina sp.) for
hexavalent chromium, 3.4 mg/1 (A. hemprichi), 4.3 mg/l (Nais sp.) and 9.2 mg/l
{Philodina sp.) for zinc, 14.0 mg/1 (A. kemprichi}, 7.6 mg/1 (Nais sp.) and 33.0 mg/1
{Philodina sp) for manganese and more than 102.4 mg/l1 under pH adjusted (A.
hemprichi and Nais sp.} for alminium and irron.

It was noted that concentrations of these metals determined from the influent of
domestic sewage treatment plants were apparently less than values of EC;, mentioned
above.

1. BLwiz

RE»SHIH S 2 BARBEI LA YORBSEERERES 2 WIdBHEA K, EEARZ YO
EYEE L LiIFn 2 WEDOEHEAFE L0 ATNEIA TV, COERBREUVLEY
B, S FEBY, WIELESML roSEOMEN» SBR AN BESERRTH
BN, Thik, BAOBEBER A OBENDBS CREEFEL TS, ZOFEKDBHE

1. BN AERER AKELISEREE TI05 ZRRRAKEGHEIRENH/i 165 2
Water and Soil Environment Division, The National Institute for Environmental Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan

2. BII56 £ EuOAEFETAERER (RHAFEEHLEER T TERBETH=L)
Reseach Collaborator of the National Institute for Environmental Studies. Present Address:
Chemical Institute, Faculty of Science, Toho University, Funabashi-shi, Chiba 274, Japan.
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BEREEEZ 2T LT pH, KB, BIPUE, BERZAE(DO), BYBEZESNHT
5%, COILHEHE, ENEGEREICEMREZER T IMED IS BELRITL, Bt
REEZAECELSEIETLL TSN TR S, BROEMUEABICHAT 2HBYL LTRE
&8, ~ury, REEER, Y7y, Zx/-ahEndss, BrBEEBREYAESN
ROLOER RT3 BEROBPELEL N TwSY, Tihbb, BESRZMMORFIHEA
TEWMCHEBERL 20L£RE, BECRZTREEOREVRAF LI LELSND,

FIT, MR TCRESEZEROAYNEARE B IBESEOE N T 2 S2ETHE
LDEDTHE, rORAOEYABER TEBELRAERL LT s MIMEERMICEEL,
FrcEERATIE S 2 BSRBMNEYONEC LR 2 EEEREZT o 2HO»TT S
ERHPE L TEBHRMN 21T o7, 28, ARCEBCHRT 22 0HEBRE*EHEL TV
EFEEARENEL T AREARER X 2 E0EYETDESRSBREVENEZHEEL T
BENEYAOBRAFOESR LB L ORRE oL TORN b To 7. TOBR, »<
OBOHIRSNB N D THET 2, ‘

2. EBRHE

2.1 EAER

ESBROBEIzODHEOBE L AR, EYofas, Hme, KEXRUAE (pH, BHFH
%, HBEZY), HOoEENBEORT HEHEH 2 VRIBENIEROEE) 2 X 0HEF k-
TEL(RL LY, ZITREKOEYLERETHREFOR  ZHEZCRL RUNEE
B0 R TRERERESBEO L Ko TO EVEEI YWT, BESBMAORERE L BER
LT, BERBOMINEETMICRIZTHEL ERMICRETZ Z 8L,

—RHEVEOED N T 2 REIEREE I I > THESh TWwaEY, £ 0EHON
HORBIC 0L I 2 EERL 20 kAN TENOBELHEIRETHEHILELSNBDT, .
FEBTEMAMEESYOLEIEE UT p t27) CRETESBROBELR 1 »5FH T
B, Thbh, FREKONKBERCESREE, YEERCHBO 4t 59—
b (%) BFuv b L, O%DOREIZATHIE - ARER TR U S0%OBE QR AR
ZUTLEBES 4 O%BET T 5EE (Effective concentration, MTFECo bR F) ELf, &
#%iT Doudroff 23AEK 0T 2 BHE 4 TLm (Median tolerance limit) & L TR - HEINCHE
TNTh3,

HRCHR L L EEBRAEREKFIEEEIN2 Cr, Cu, Zn, Mn, Fe, Al, THH, &X
K,Cr,0,, CuSO,*5H,0, ZnS0,*7 H,0, MnCl+4 H,0, FeCl,*6 H,0, AL(SO,),16~18 H,
QOB THENIEHS, BAOBECERL TRV, 8, BESBRARINAT 2 & eid
WMEERLCESEMET T 2B ZMNHLDTE— 2V —TRTbibhonhY, 2-EBCH
Vi-BUNENEE, WD Philodina sp. UNEEED Nais sp., Aeolosoma hemprichi TH 5,
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100

3
|1

\
)

Reduction of i, that of control as datum (%)

0

1 16 32+ 64 128
ECso
Concentration of Zn (maf)

M 1 EC,OHER
Fig. 1 Definition of EC,,
Example of Nais sp. as affected by Zn; cf. Table 3.

INOORMNRERMET A THERF 1B 1ERET2)TOHEELL, CASORMNEEH
MOEYIEE U T TALEE» & L IERGREA — b7 L — 7 THBEL D2 AT,
BYHRE LTOERBERBSOHLEEREOBONIBE L Lcdt, A hemprichi T3 500
mg/l, Nais sp., Philodina sp.Tid 1,000 mg/l & Uie. 35, EIBERL A hemprichi, Nais
sp. CIXERE3 cm O+ V%, Philodinasp. T 5S0mlAD=FA7 5 A a%f», BEIE
T3 ml, BETIOml &L/ BRMHOBERII ] ml b7 D Nais sp.Tid 1~ 2 @ik, A
hemprichi Tt 1 {8k, Philoding sp.Tit 20 BiE X L7z,

LEOER VT, ERELBIEYORBCVL LS ABELRETHEOVTRTRT &
5 L 7288, % OBRE p BERNEOBESESH T T3 BRAOED & RA I &
DEFEL Tko 1,

_2.303(log N —log N,)
= t

o g
bk_.h_,

u L HCHEREEE (day~1)
Nt BEO@Ei&E

Ny 0 BBk
tEEPE (day)
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2.2 74—NFER

EIERAE EMEED D Th 5 BEARETARL TV 2 FEMBLIE 5 & B L 72 BAnd
ERAELAYBEORSBESE, RUZOEVH2EENCEEL, BRTOESBSR LAY
HeBFi >0 TR L, BIEL-ESRRIEEOEERA» s ah 3, Cu, Cr, Mn,
Zn, Fe, Ph, Cd D TR L L1-, AFA R, HRMESE, ®HEEALM, TERATCS
3 30HOFERBEELUTREAXK, M, NE:ZT) 30T, SUNBYORRE & - TEWE
BESERFANLTWEI~8HOEHICIT-1DTH 5,

3. ERBERRUESR

3.1 ERER

(1)

SEOM/INEEBY I RIZTRHOBE YR LR LT, ZBEEICE, CuSO, 5 H,O ZM\V#
BEiZ Cu b LTRLTz, A hemprichi i3§701.6 mg/l DTS5 BECRFE2EL 1 (BE%
Bt L EBWT ) EERGSRD s, 10 BEZRTATBEL 2, 0.8 mg/l DIRMN
TiR1I0BEEHCABRRI TR TEAIAT 7 v B2 o T RSTBEELTL3EEFELRD S
N72.0.4mg/l DHEME TR EXEOFEEEL p OBT LR EACED SN L 27> T A
hemprichi ORI 0.4 mg/l LETHES NS £ w2 %, A hemprichi DFNIXT 2 ECe k3
0.9 mg/l TH27, '

Nais sp.id 8 3.2 mg/l OFMT 10 HEWCRZ T RTEELL, 1.6 mg/l DFEIMTRBFET S
Lz ol iERESCHEE L ot 1.2mg/LRINT L BAFERZED o e s, KRB
DEFRHEAZL T, 0.8 mg/l R BV TR UD TEROERRUVEE 2 HAEENERS
titz, Nais sp.OSHICHT 2 ECi2 1.3 mg/l TH o7,

#F 1 MEBEEMO REERE R THRORE

Table 1. Effect of Cu concentration on specific growth rate of metazoa

Specific growth rate, g, of metazoa (day™')
Cu concentration (mgl™) EC;,
0 (mgl™*)
4.2 0.4 0.8 1.6 3.2 6.4
(control} .
A, hemprichi  0.340 0.330 0.340 0.320 0.210 0 0 0 0.9
Nais sp. 0.145 0.143 0.127 0.099 ¢.009 0 4 0 1.3
Philodina sp.  0.220 (.210 0.220 0.200 0.210 0.211 0.195 0.06 5.4

Philoding sp.it, $812.8 mg/l OFMT 0 BHZZTATEFE L, 3.2 mg/l OFNE Tk
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SR HRT 2 /B RIZTESEORE

EEOEFE2ELEBCNLTELASBEUES SR 10%, 6.4 me/l OFINT o RHEFE
WCAEF L7, Philoding sp.D3R 8T 2 ECyuid 5.4 mg/l Th -7, 3BOH D EEEMICHT
28D ECs ix B WA b5 A. hemprichi, Nais sp., Philoding sp DRk -7, ORI, &
HEO Philoding sp i3 EEED A, hemprichi, Nais spic BB L TG T 2 EHEH3E
ZLEEERL TV,

2y Affiz v L

IROBINEEEYERET 70 A0BB I OWTITo, HBERBICIR K.Cr,0, AW Cr
ELTHELL, EBERFPE 2R L. A, hemprichi iz 70 b 0.1 mg/l OFMTSHE TR
HEAYHEXEL 10 BEHTEEL -, 0.025me/l OFME CREEDEELR L, B+ h
FErEEARL oMb 0.5 mg/l DFMNTRERO@EECERTHROXS AR p
OEELETHRD SNz, A hemprichi © 7 0 AT 3 ECaid 0.03 mg/l TH -7z,

#* 2 BUNREBYOLSIERE CRIZT A 0 ADRE

Table 2. Effect-of Cr concentration on specific growth rate of metazoa

Specific growth rate, g, of metazoa (day™?)
Cr concentration {mgl=") ECso
0 0.013 0.025 0.05 0.1 0.2 fmgl™)
fcontrol) 0.2 0.4 4.8 1.6 3.2
A. hemprichi 0.345 0.325 0.259 V .129 {0 0 0.04
Nais sp. (.136 0.129 0.126 0 0 0 0.03
Philodina sp. 0.220 .210 0.182 0.151 0.100 0 1.4

* . Concentration series from 0.2 to 3.2 mgl™* is for Philodina sp.

Nais spid 7 a4 0.05 mg/lOFEMT VWHBCRBIEAPSRELERZESLLENRS
CEO BN ol 0.013 mg/l RUF0.025 mg/lOFMTIE p DETRIELALBD 60X
tpotbl, HELHE T LEORE SIS (Y, ETRBOEL TV L08R 6N,
Nais sp.0 7 AT 5 ECybd 0.03 mg/l TH o7z,

Philodina sp 37 0 A 3.2mg/| OFMT W HBIZIREBEL 2. 0.2mg/l OFNZE TRIEED
EEEEL ¢ GETOEDENEH-72%, 0.4mg/l PIETIE ¢ BETL 1.6 mg/l TiXEEOD
F1/2D u 2R U1, Philoding spD7 0 LW T2 EC,i3 1.6 mgN TH o',

SEOM/INEERYCNT 2 7 0D ECoid{BVFT, 5 Nais sp, A. hemprichi, Philodina
sp.OIRI % o7z, COBRIIMOBE L FARCHAREBEL ) HIEN 2 o A L THfE 2
BLTWBZEREH®RLTOS,
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3EOMNIEBEEMCRIZTEROBEBCI DV TT > LRBHEREPHIERLL, B, EB
W22 ZnS0, TH,0 2w T Zn L L TR LU, SBOMNEERDCRIZTHEHOEEIDWT
TohERIERERI T L, A hemprichi RES 6.4 mg/l DENTBAESH ST LA LR
Ly DELWETHED SNz, 1.6 mg/l OFMETE o OETRED S FEHDOBEE%E
BLTWEH3.2 mg/l U EOBMT 4 GETHEZ o722 En b A hemprichi OB I3 HEY
3.2mg/lB ECHEINS L2 5, A hemprichi OFICH T2 ECyi2 3.4 mg/l TH-o7:,

% 3 BUNBABMIOLMERECRIZT EHOLE

Table 3. Effect of Zn concentration on specific growth rate of metazoa

Specific growth rate, u, of metazoa {(day™'}
Zn concentration (mgl™') EC,
0 (mgl™?)
0.8 1.6 3.2 6.4 12.8 25.6
{controlj
A. hemprichi  0.340 0.331 (.341 0.270 0.182 0.100 — — 3.4
Nais sp. 0.145 0.140 0.138 0.129 0.097 0.039 0 0 4.3
Philodina sp.  0.220 0.225 0.220 0.230 0.211 0.170 0.052 0 9.2

Nais sp.i2 T80 12.8 mg/l OFEMT 10 BB R T XTI L 72, 6.4 mg/l DEFITHEAEE
BErArEELyy PROZ VREED SR, 4 DFEEZETHEI 57z, 1.6 mg/l DF
METRERLBEELELESLEFRLTATHERSA Y Y RKEb > Tz, 3.2mg/10
WM B W TREEREFL2EL TRV AMNERSATLRLWHFRSETEREFEL T, Nas
sp.OEEHE N T B ECyid 4.3 mg/l Th oz,

Philodina spJd H$8 25.6 mg/l DEHIIT 10 BEWIR TRTBREL Tveiz, 3.2 mg/l DFME
THEEREREREL » DETRIZEACED Sk o703, 6.4 mg/l BLEOIRM TR
WHEL, 12.8 mg/l OFEIMTHEE S ¢ DETHRD iz, Philoding sp.OHEIRITHT 2
ECsi2 9.2 mg/l CH o1z, ‘

IFEOBMUNE LR T B HRD ECy 3BT & A, hemprichi, Naia sp., Philodina sp.
THot, W, 70 LOBE L AR BERRESBCNL THRECRIBL 2,

4) v HFv

3MOBMNEESTCRIET v A Y OBEB IO W T{To T, &8, ERZIE MnClL-4 H,0 %
B Mn £ LTRU, EBREER L% 4 R Ui, A hemprichi < > # > 51.2 mg/| DEMT
WEHBRIETATEIELY, 6.4 mg/l DFEME CRERLEFE2BL p DETOBRLACED
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Shizirol: DXL, 12.8 mg/l MLk 3 LBz bR THRBRICZELRD s h, Ko/ &
WHED ED 2B EHHEY ¢ OFERBETMBEI 5%, A hemprichi D= > H v iInT 3
ECsoid 14 mg/l TH o7z,

= § BAIBREEMOLEEERCRIZT ey OBR

Table 4 Effect of Mn concentration on specific growth rate of metazoa

Specific growth rate, g, of metazoa {day™'}
Mn concentration (mgl-') EC,
0 (mgl™")
1.6 3.2 6.4 12.8 25.6 51.2
{control)
A. hemprichi  0.330 0.330 0.326 0.320 0.185 0.033 0 14.0
Nats sp. $.145 }.132 0.134 0,097 0.007 0 0 7.6
Philodina sp. 0.220 0.211 0.190 0.182 0.190 0.170 0 33.0

Nais sp.d= A 256 mg/l DFEMT IO BEKIITRTERL A, 6.4 mg/l OFME TIiF
EEZAEL2ELRSLEBRATE2CEAL TLL, HBICERT p OBETHRD SR,
12.8 mg/1 DFEMIC% 2 L BREHIBULELEEL o OBTIEI o/, Nais sp D7 ¥ i
X3 2 ECgid 7.6 mg/l ThH -2,

Prilodina spid <> # > 51.2mg/l DM T 10 BE TR TRTHRIEL 2, 25.6 mg/l OEFME
Tl u DETRZEILEFED oot Philoding sp.O~< > 3 3 ECywid 33mg/1 T
Holz,

SBOM/NMEEB N T 2= F D ECyidEB\WAHH & Nais sp., A. hemprichi, Philodina
sp.DIEK &2 o7z,

(5) &

6, 7oA, EE, VA rORBRCBLTRMNEEEMBBT T ZEE B TLpH R
6.3~7.6 DEBECESEZOLOMNMINEEEMCEERRIZULZELONLY, &, TH3
=V LDBERESBEREMETICONT pH 2B MICETL, EERBRK L pH SHHRENIIE
HA322e8FHEINLZOT, pHEFRLLEDELEZWVOODDZDORTERET 2, &
B, LMLOEBEKSWTRBABITRTORC B THIERRAI D b EERICN L TMELHE
T3ILpbhokOT, UTO#%, 7LizvAlonTREEBEHBCRICT 28/ EE
Brngr L TERET-

BNBERCRETHOBEBI DL T > ERBR2ES5 IR LI, o8, EBITE FeCl,:
6H,O #FlaFe 2 LTHE L.
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Table 5 Effect of Fe concentration on specific growth rate of metazoa

Specific growth rate, ¢, of metazoa (day'}
Fe concentration {mgl~!) EC;,
0 {mgl™"}
6.4 12.8 25.6 b1.2 102.4
(control)
22
A, hemprichi 0.331 0.329 0.304 0.131 0 0 more than
: 0.346 0.380 0.369 0.327 0.366 0.374° 1094
21
Nuis s 0.121 .104 0.113 0.038 0 0 more than
- 9.116 0.116 0.118 0.117 9.121 0.125° 021

* . Sludge suspension was adjusted to pH 7.0

pH >\ L 2 WSO 10 HHOEMO pH 2N, $Hi85 6.4, 12.8, 25.6, 31.2, 102.4 mg/
1 Ti& A. hemprichi DRITBE 1 THL6.9, 6.4, 5.6, 3.6, 2.9, 2.5 % %7, Nais sp.ORIH
WTELTO, 6.7, 6.2, 4.5, 3.1 B RLT7, #25.6mg/l OEMTikpH 3 5ATF#2L pHE
T & ST NEEEOBMEEORE . 2 2 - BT AN, A, hemprichi, Nais sp. &
2 u BEEECET L, 12.8 mg/l OFMITHE pH 2 5.6 EZT LTV, Nas sp. A.
hemprichi £ b1z u OETFRIEEACRISTERSBAEEZEL T, &8, ZOZELY Y
MHEMIR T pH 286 a ¢ &HTIcBVLTH pH 5.6 BE TR BERAD s e b7
e, BNEREE»REY pH KETH A TEFTERENTHL LS 2L 2#Hoh
W&, A hemprichi le OF Nais sp.OERIIN 3 3 pH BB L & WiEE& O ECyid 4 22 mg/],
2lmg/Il Th-te pHE2 TORHBL TH/INEEEEEETA LS 102.4mg/l ODRNE T4 D
BFRELAYRDSHTERICHEST 22 e B8 TEL,

6 7rzz=vih

MNBERICRIZET T LI 2 A0BEBC DWW TIT > EBHERLBR6ICRL, kB, HE
1242 AL (SO,) s 16~18 H,O &/ Al L LT L L,

pH 2308 L4 WSO 10 BEOMO pH i, 7o =7 A8BE0.8, 1.6, 3.2, 6.4,
12.8 mg/1 Tit A. hemprichi DR BWTEZ6.7, 6.6, 6.4, 5.3, 3.6 £ F7, Nais sp.OR
WBWTELT.L, 7.0, 6.9, 6.8, 6.4, 4.8 B R L7z, A. hemprichi 138 12.8 mg/l OFMT
BAEFERERED TOEED SN B TRTHBEEL Tz, 6.4 mg/l OFMTHE pH 235.3
WETERE LS ERELAEEREL, p OETLREALED WD o, A hemprichi
OFNI=TAZHT 3 ECyld 9.4 mg/l THo 72,
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Nais sp.id 6.4 mg/l DHFMETRIB LAY ¢ DETFTRBS SR TEEABESE L T,
12.8 mg/l OFEMNTI pH A5 AP s>h T E b PEERIZ L L EB A 5N 508 4 X120 T
WAET L e Nais sp. 7 b3 =7 Mz d 2 ECtd 12 mg/l TH o7,

pH % 7.0 \C3HR L T A. hemprichi, Nais sp.ERTET D L7V 2 =27 4, 102.4 mg/l DFENE
TuDETHELIACEOONTERCHEE I 28T &7,

#* 6 BNBREFVOILEIEERCIZT T I =Y 408

Table 6 Effect of Al concentration on specific growth rate of metazoa

Specific growth rate, u, of metazoa (day™)
Al concentration (mgl™") ECy
0 0.8 1.6 3.2 6.4 12.8 {mgl™)
(control) 6.4 12.8 25.6 51.2 102.4*
A homoricni -3 0.322 0.325 0.319 0.307 0.055 moli’han
L pemprical g qre 0.340 0.358 0.351 0.342 oz RN
12
i 0.121 0.107 0.113 0.117 0.104 0.056 ore than
s SP- 0.116 0.133 0.128 0.129 0.118 0.112* mmez 4a

* . Sludge suspension was adjusted to pH 7.0

Liba~i: X7z =wa, SOl 2EEACAV N EBILEY S pH s s
THEhE, BNVEEBRERECETHASRZ Z Ldibh T, ERL7: 6 OELBO ECso
EELTRTIORL R, BUNGEBYORRC T 2 [ASWE R4 D OEMtH - 7208, &
HOBFArbBErLr oL, f§{, B, 7Ai=vApH xRE), v ¥, #&(pH AR
¥ OETH-%. REBMOBEOEALOA R I VA, 8, B8, 704, TLIZYA
BOETHZ I EHNFERIZEIVBEVS LT w3 Y, BNVRERYS Y osciB) TRECREE
Trrns 2B, BFCBOTEHAR—BT 2 8bh 3,

ERCE ok 3EOMINVEERYO 3 5, A. hemprichi, Nais sp., Philodina sp i3S B RS
EVROP TEELHNMEEBYTH Y, REFLAEAERBEL THW 2B BBtz &
WHEGIENHSN TR, (- TIEEFBRSLEWEOB T I h e O/ EEBORIEITHE
ShOEAREBETL, OBEEIRIELL T Bl FRaRE, Dk, B
EBYOREEEOCE T S4MLEINT A ESBOFERALRET 2 2 LikE THEN
THEY, LrblDFECI»TERNLEREsB2 8 CasELI5ND,

k
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# 7 BNREBICN T S EEEEBIN T 5 EC, DB

Table 7 ECso of three species of metazoa for several heavy metals

Equ (mgl")
Heavy metal Cu Cr Zn Mn Al Fe
A. hemprichi 0.9 0.04 3.4 14.0 9.4 22
(mere than (more than
102.4%) 102.4%)
Nais sp. 1.3 4.03 4.3 7.6 12 21
(more than (more than
102.4%) 102.4*}
Philoding sp. 5.4 1.4 9.2 33.0 — —

* . This value is acquired when the sludge suspension is adjusted to pH 7.0

3.2 74— FERB

K, MBXUNOD 3 pFOBEEORERROAYECESESRIIR S CTTEY TH S,
3LIOFEETAS L BERTOESE SR Cr T 20 mg/ss kg, Cu T 140 mg/ss kg, Zn T
610 mg/ss kg, Mn T 430 mg/ss kg, Fe 7 8,300mg/ss kg £ %3, R FO0OROEYIEIRE
9, 10, IICRTENTH S, T2bb K, M, N DOWLEOEMEC 1M EBYED T
BECEEL TV 2, 20RO 3 OB LEOMNBEEOESE Y £ 12 R LB TREF
REENB O Tw, 8, 2OBEDOHAKDOESRREZ Cr, Cu, Zn, Fe, Mn RU* Pb
T&%, 0.0l mg/l LT, 0.01 mg/l BAF, 0.05mg/l, 0.54 mg/l, 0.03mg/l, 0.03meg/1 LT

THDERERTE SN ECoL D bR NEWETH -7,

Bk, ESBSEEHRAVENBTEELRBZRELLTBY, RERCCHERCHECR
BT 2B R BB RIBTHCOVT, ERNEBRERV 7 4 - FERIC B TR
270 BEREED S INBABYS ERECHET 2 »0EEBOHERABEE, %
274 =NFEBE» O BREE»SHHS W2BEORSEIEMEPCER AL T EMCHL

Th, i, NEHEECE L THBEEOLWIERHEIETEIENTE T,
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Table 8 Heavy metal content of bio-film obtained from rotating biclogical
discs treating domestic waste water

Heavy metals (mg/ke) | Mn Fe Cu Zn Pb
Treatment plant

N 17 462 8,060 132 620 38

M 18 666 12,280 107 518 57

K 25 459 7,490 119 728 18

Mean value 20 462 8,060 132 620 38

Ed 9 A EEEKEMEL TV 3 KL ORISR O M EWE
Table 9 Example of microbes in the biological rotating discs at K domestic
sewage treatment plant

Stage
Biota
1 2 3 4

Philodina 530 660 1,030
Nematoda 170 100 110 180
Volticella 1,180 310 30
Carchesium 1,170 320

Trachelophylium 130 10

Paramecium 10 10 10 - 30
Spilostomum 30

Arcella 570 440 520
Amoeba 80 460 450 560
Euglvpha 50 290 480
Vahlkampfia 70 160 400
Peranema 200 50
Cyclidium 130 120 80
Bodo, Monas 160 50

Pleuromonas 130 120 80

Population number/mg bio-film
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Table 10 Example of microbes in the biological rotating discs at M domestic
sewage treatment plant

Stage
Biota
1 2 3 4
Philodina 350 160 340 200
Nematoda 20 20 20
Hydrocharina 28 30
Dero 5
Vorticella 160 20 90
Opercularia 240
Aspidisca 30
Podophrva 10 50
Euplotes 20
Trachelophyilum 4,040 110 90 80
Litonotus 20 10 30
Uronema 50 10 150
Glaucoma 20
Cyclidinm 720 10
Unknown f.s.c. 10 20
Paramecium 10
Amoeba 100 450 680
Vahikampfia 100 140 230
Avrcella 10 5% '
Euglypha 140
Pleuromonas 160,990
Bodos, Monas 2,150 50 460 940
Peranema 90 50 160
Zooglen C
Filamentous organisms cce

Population number/mg bio-film
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Table 11 Example of microbes in the biclogical rotating discs at N domestic
sewage treatment plant

Stage
Biota
1 2 3 4
Philoding 3 110 220 3.750
Nematoda 10 60 90
Volticelln 10 840 1.340 1,080
Opercularia 10 20
Trachelophyllum 10 30
Glaucoma 130 60 310 0
Amoeba 119 30 3,120 1,330
Vahlkampfia 20
Arcella 10 20 1.210 1,860
Entosiphon ) 220
Pleuromonas 290 70 310 440
Bodo, Monas 450 80 1,250 890
Peranema 220
Beggiatoa r
Thiothrix cc
Zooglea c
Filamentous organisms cece cc r

Population number/mg bio-film

# 12 EEEAELHEL TV 2 EEEAREORA R UL AR
Table 12 Mean water quality in biological rotating discs process treating
domestic waste water

Influent
Parameter Effluent
Septic tank Rotating discs

BOD Total [mg/1] 195 142 13

Solubte [mg/1) 53 52 7
COD Total [mg/1] 46 65 18

Soluble [mg/1] 22 32 14
SS [mg/1] 72 111 12
T-N . [mg/1] 21.5 36.6 25.5
NH,—N [mg/11 14.8 25.3 10.2
NO,+NO,—N [mg/1] ND 1.64 12.1
T-P {mg/1] 4.6 6.8 7.4
O-P [mg/1] 2.2 4.8 7.1
Cl [mg/1) 59 80 77
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4. 2rwh
D A. hemprichi, Nais sp., Philodina sp. D830 5 3 ECeoi 840.9, 1.3, 5.4mg/l, 704
AT 5 ECeold%20.03, 0.03, 1.6 mg/], BT 2 ECyid B %3.4, 4.3, 9.2mg/l, T=
YHTHT B ECpi3ER14, 7.6, 33mg/l TH D E/NBRERMIZE Cric X DN KE
BEEXNDE I L8 hol,
@ ThIzvLRUER pHRBEOFHICLY, BHECRRTEEIRE ALY, pH XA
TOBERUT7 AL =7 bzt 3 ECsotd A. hemprichi, Nais sp. TR 222, 9.4 1721, 12mg/
| ChHotdipH # 7 CFET D LB EWT ECawid 100mg/l LLE ¥ o7,
@ SMEEBMOMECNT AAF\ER L2 D OWHENH -0, BEOEOAILEBE
taz s, #H, B, 7 i=vs (pHEXRFE), w4, & (pH XA OETH -7,
@ K, M, N 3»FotEnEEMROEMROFERS: ) 0ESEEER Cr T 20, Cu
T 140, Zn T 610, Mn T 430, Fe T 8,300 mg/sskg TH o7z, 4B, COBREOESRSRT
RENEBYMOEFCREENED ST, BIFRAEAERE N T,
® BROFBAKPOESEBEECr, Cu, Zn, Fe, Mn kU Pb T&%, 0.01 mg/l LIF,
0.01 mg/t LIF, 0.05 mg/l, 0.54 mg/l, 0.03 mg/l, 0.03 mg/ILTTHIENEBRTHS N
JeECud Db R DEVWETH -,

5l A X M

1) FEEE— (0977 : kL HEHOEMY, EXAARES,

2) FEARMEE-ME— (1981 SR B 3 RUMNEEBYOREICIT 2R 2. STLEHERT B 000
BEFOBRERY, DEABEIFSALBEEES, 73—,

3) Doudoeroff. P., Anderson, B.G., Bardick, G.E., Galfsoff, P.S., Hart. W.B,, Patrick, R., Storong, E.R., Surber,
EW. and Van Horn, W.M. (1951) : Bio-Assay Methods for the Evaluation of Acute Toxity of
Industrial Wastes to Fish, Sew. Ind. Wast,, 23, 1380.

4) Sudo R. and S. Aiba (1973) : Effect of Copper and hexavalent chromium on the specific growth rate of
ciliata isolated from activated-sludge. Water research, 7, 1301.
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Arsenic Speciation in Pot Soil Cropped with Riee Plant,
—Fluctuations of Arsenate, Arsenite,

Monomethylarsonate and Dimethylarsinate contents—
Takejiro TAKAMATSU?, Hiroshi AOKI? and Tomio YOSHIDA?

Abstract

The seasonal flyctuations of arsenate, arsenite, monomethylarsonate (MMA} and
dimethylarsinate (DMA) concentrations of soil in pots where rice was being cropped
were investigated. After As compounds were extracted from the wet soil with 1 M HC],
they were analysed by flameless atomic absorption spectrophotometry (FAA) coupled
with solvent extraction and anion-exchange chromatography.

As a result, although the seasonal fluctuations in the content of As compounds
were similar to those in a rice paddy field (Terayogai, Miyagi), the production of DMA,
MMA and arsenite was accelerated in the pot soil to which rice straw chips (1 %) had
been applied. The maximum contents were about 40-fold those of the field for DMA
and MMA, and 2-fold for arsenite under flooded conditions, After drainage, DMA
content decreased rapidly but MMA content continued to increase slightly for some
time. Growth depression of rice seemed to depend on the amount of arsenite in soil.
However, since volatile As compounds, which had a pungent garlic-like scent and were
tentatively identified as arsines, evolved from the flooded soil in pot (0.0X—0.Xug As/
day), it is likely that highly toxic arsines damage the roots of rice resulting in the

- BN AERRR AELEREET T 05 RERNGSEMENTF 16 % 2

Water and Soil Environment Division, The National Institute for Envitonmental Studies. Yatabe.
machi, Tsukuba, Ibaraki 305, Japan ’
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Ibaraki 305, Japan

- EBRIS3--55 4 EUAEHRRE ANRA GREAE SAEYLER T305 KRRIHIENE

x£8)
Visiting Fellow of the National Institute for Environmental Studies. Present Address: Institute of
Applied Biochemistry, University of Tsukuba, Sakura-mura, Niihari, Ibaraki 305, Japan
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inhibition of nutrient uptake. In addition, immediately after flooding, the highest
concentration of As was eluted in the flooded water, and the ratios of the
concentrations of DMA and MMA to the concentration of inorganic As were high by
a factor of 5 to 10 in such water compared with soil.

1. Uiz

As HEARCEBENCEET 2 0ETHD, 2EHCH Wppm fIiBFEEL TWw 3 (BRI R
#ih 0 11.2 ppm, AHLHE :10.3 ppm"), L L FANFTEEHCRER ML S LD Sl
BCERMa2RL Y, LELIEREDP AR KSR HELS52 5279, £ Db EILAI D KEH
TRONZABOLEFEREPHNERFELMBTCH 2., BIEY~OHFIIKHEPLTED,
BT MM TRE VD As 2 EELTHIE LA YHELE W, iz, KELBE~OERHIORF
%, RERBHOBRLERICIT> TRALABHOFFL I ABEELFRIBIC LiEDS 2 L
BTELDOT, BEREATCETERINLIBEEBZLIA20LEL SN TR,

Lo LR, HEPERCEBICRONEAER 7 U T (Scopulariopsis brevicaulis® ™,
Candida humicola® ™, Gliocladium roseum®, Methanobacterium® R Y)W As %2 T/ AFNT
B (BIF MMA LBREE) 9 4 F 07Ny B (DMA) 2BHBL TPy »ic & TRIA
kT rp@snTED, &L IOBEREHKALEPTERCE > Twhid, #ECE
HOBWT LY rHAMOREED, APEFORRAEE5IEEILTy2ARELEL N
3, ThIIHEBELEADBROEELTHRL-BO—H “KE2BLLHOBENSTATATA
TREEOBBESTHELEBLESTIA™, RLIMMBEI B, £, TV ~OFERELL
THEaNZ2 MMA®DMA b, ZRHEOEREREL L INTWL Y, HECERMT~OR
ENFEFCHERAL PICERYT 20T, As OMER(LEN L & CBRBLER Y A 7
R#EZZEECHE, PAELTAGERT 27y i, #RCEEZWETHD, 25612,
TEARERENO T BETHREtEN 225D, EEMCI As 25 (30D R5h20D
7, As O HBRTOEBOBENE-NS, JOBLEA»S, 1B, BEREEIGEALRES
DMA ® MMA OHFESHEIIL, B0 AsFRM T EE ST A L L b, REOKHTETO
As HEOFHELEERL T TRME L L2 AT 2 OMERRE U OGHRETRER
Wiy FEABEE{TY, DMA, MMA, BErBRUEBOLEI TOFEHLERAEE DB,
i o CICARRBOEEFRT 2 EEROTHET 2,

2. EBFE
B, REEGTTRREL-OLERO D EMEAL I,

2.1 $HETH
19804F 3 B28 A M B ATET FEE CHW L L AERE L Bzt 2mmOD 704 18
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2.2 HFy bR

af000 DV ARy PEELOA2.5kg BRTALLSOLRAREL2 kgl 87 7 (F9 7
) B grBELTETALELORHEL, HowalBe LTE7 2= 40316 g, &
D BRK1.04g RUHEEA ) 74 0.319 g RHEAE L 720 19806 H 17 Hiclitk L, Hohl
HS5SHABBRHERCEBELTHAEL TEWIKES (B 23S Y) 2345 THMLL,
B HEREZERER LY ¥ —RO ) — w2 (251 2°C) Tifo e BAEASEATH
W, BH2THCH#EARLED, B8RRI IEMTCERL 2,

2.3 Eh ¢ pH oRI=E

EhflZid Ry P 0LEEES S 10 cm & 15 cm OFE S WHDRA KR AEDOEERER (0.5
mm id.X 5 mm)? & R—FLRBETEEHOTT oL, 2RpHR 2O L, ¥ 7 ABEL &
MHES Y LB (RELD 2~3 cn DES) KELAARFEL .

2.4 cR{LEHOER
7 L= AV ARFROE4 FE (FAA) TOREERU As b&WORBHBOER TS - Rtk
T i1,

2.4.1 bRELEVOIIER

WU 5 g0tiB (%) 25ml D1 MHCI 22, 30°C T1BEELSBYHLE (1
ME1HEME), BEEO 4 ml 298 o— By, 16mlo 12M HCL 202 etk ~v ¥
YO10m T2EEHET 3. V¥R EbR THOMKEo ~ MY, &5 ml T 2 [E¥d
FTho KHEEHD, JHIC Mg ® 0.025% {(Mg(NO,), L LT #F& 8, FAAT As 2 ER
T3,

DMA, MMA EU2EB As: 1B 1 M HCIBHESRD 12.5 ml 25— FCERY,
KIo3.32g (AMHO KIBELREC 1 Mizt5) 22 THERL %, 7.5ml @12
M HCl $Mz 2, ~¥¥> 010 ml T2ZEHEHEL, ¥ rHEEbe THOMET— itk
2. H, 0, 20 BELAKS ml T2 B L L EAHEE bR, ER As O EEBL L TR
FTDORY CRHIZa 512 H00K(30%) 0 | BEMZ T, —BREKRT 5, 202550 3 ml
BEEA A RIS Z A (2 F 494 X 10 mm id. X115 mm, #65 : Dowex 1 X 4, FE#%
B, 200~400 A v 2) WHRHL, 0.1%FM, 5 %FMEU 1 M HCl CIERERT 2. HE
n7: DMA, MMARUVEB As 2 &0 7527 ¥ 302 Mg* % 0.025%fn%z, FAAT As #E8
T3, 227L, DMA ¥ MMA OBEMEL, +a2ERRESB AL WE 12, BEK
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RREIRER « Bk - THER

(Mgt 4 HES ¥ T EREERETI X AsDBERBRans),
LB SES A B OBEBERPZE LS WTRD S,

suR ST 4 —TCAsTEEYERE TS AR LTRAFETRA LR (F 1) Ooffl
HFF BB BAL L FER YV BEIN T LAY S, I CRAENR L, XEMED

23

1

A—b— B—e c i

7 pasg (A)

=]
II
>

.
o

Detector response,cm
L= T U L ]

10 20 30 40
Fraction number

ruvw b 737 4k b As{bEMOTHE

Fig. 1 Chromatographic separation of As compounds

(A) Arsenic concen.: 10ug (as As); Column: 1.5 cm id. X 24 cm, silica gel
(Wakogel C—200), 200—300 mesh; Eluent (A) Acetone/13 M CH,COOH (8.7/
1.3), (B) Acetone/13 M CH,COOH (7.3/2.7), (C) Acetone/1 M CH,COOH {1/1);
Flow rate:; 30 drops/min; Fraction volume: 250 drops/fraction.

(B) Arsenic concen.: 5ug (as As); Column: separator column (3 mm i.d. X 50
cm) equipped in lon Chromatograph (Dionex, System 10); Eluent: (A} 0.004 M
NaHCO,, (B) 0.003 M NaHCO,/0.0024 M Na,COs;; Flow rate: 59 ml/h;
Fraction volume: 50 drops/fraction.

(C) Arsenic concen.: 10ug (as As); Column: 1 cm id. % 11.5 cm, Dowex 1 X
4, acetate-form, 200—400 mesh; Eluent: (A} 0.1 9% CH.,COOH, (B) 5 % CH;,
COOH, (C) 1 M HCI; Flow rate: 20 drops/min; Fraction volume: 130 drops/
fraction.
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BELBLZITIC{ WEEIONIRA T CFRBIEY I A 5HVWEZ EIZ L,

2.4.2 WABHROSZCREOER
BABRIFENEE S IV RT 74 0% — (0.454m) THBL, Mg % 0.025%ic % 558
Wiz, #0% 3 FAA THTLT,

3. BRER

ITBCERPEEETIEEZOND AsbEMER L ITRULHSY, 203 5RFETHRD
bW e®, We®, MMARU DMA OSmEASEA»S 1 M HOHBETHD, TEHD
TERFERBES LTI AE, 1 MHCICREREK2, 7, | MHCIBHEFTOEL
BOBGEFERECEHOTY, IOBHBESHAVWRELBOBE LB cM2F0FEREELS
e BHE®RS, 1, HHoBELREETE I MECI B s RN H it L
THBRTI2BEELY, b EEHLREVLETHS S,

HAAMGRO 7 B 27T ARVEABEO IR IHE 0B 18 HIZ Ry b5 RBLIE (0~5
cm) BHEL, EBic2.4. 1OHBETAsEMEIFLL, BRER2OTT, 31, B2k
3z As{bEVMOMMBEOEE® 1 Eh, pH & & VR AFEOFELOEE L & b KHRL I
ZORR, AsLEYOREHEBRIREEAR (FEE) COEREPLERRUCEALZTL L,
M7z 0xRy P TR EDOBETHHEME DESHT, BRI —250mV vs. NHE(Z
OB 7 7 2WAAY FORRBEMLEIEAL) KETELTWIRhreboT, BB
WRZEUCTEEEECR, KU MMA & DMA OE&3YEL Tyh2 L, —%, Y7 7 H\ins v
FPTREhBRECETL, BTHECE AsbEMOEH 2 S EHET A DMA £t MMA T
4015, HeBTH2BEL Twa, HKEMY Z8EMKy @ DMA RaFCHBES L
o8, MMA £ 0% Lo il 1o Zhiz MMA O HMBEEHGENLZ & &, DMA 0%
BARSE LTHEIWEREE I oA, £, AROATIEL, ST 2B L7 I8
EBIAy MTREMEVERCRIEFTH -2, B SHEMEy b CRASLBES ST, §
A2l HOEBEHBR*FR1ETRT, FEFHECEBERFEBBINEL T 3BICELIL3 2,
M7 Z78HMEy b0 bEFREREFELIHAL O (K3, *F) TR, LBEsEs T,
FUEIROERGVRBC NS0T, EBRERY EIRTRESNARHEL, DX X Btk
TAs RREFEL /- (H4), TOER, ARy P20 0.0X~0.Xug As/day DF L3 >
FEROLONATARAsHRBEL T, ThEMEY ZHENRyY F TBE LRSSz DMA ®
MMA 97V ¥ v ~DEIERHE LTER @V 2707, BeBOofic 7 vy bEBHECHR
BEoBERIZIBLILETRTZLOTHS,
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Table 1 Classification of As compounds in soil and sediment

(Inorganic arsenic compounds)

Oxidation state General formula

As(V) AsS;

M, As, S (Thicarsenate)

As,0s

MK(ASO‘)sz, Mx(HAsoq)yn or Mx(Aszo'.'}y
As(I1D) As, 5%

M, As,S.(Thioarsenite)?

M,As, 0.

Me(AsO4), Xz Mu(HASO,), X, or My(AsO,),
As(®) Agh
Others M, As, "

MxASyst)

As S

AsSh™

Naturally occurring as minerals:

1) M=Cuy, Zn, Pb, Fe**, K, Ca, Co, Ni, UQ,, B1,0, BiO, Mg, Ba, Mn>*, Mn**, Al,
Sr,Na, Y X=0H, (], BOH),, SO, F
Olivenite, Adamite, Mimetite, Scorodite, Pharmacosiderite, Bayldonite,
Cahnite, Pitticite, Erythrite, Annabergite, Koettigite, Zeunerite,
Arsenoclasite, Flinkite, Pharmacolite, Haidingerite, Troegerite, Sainfeldite,
Schultenite, Dussertite, Forbesite, Lindackerite, etc.

2) Orpiment.

3) M=Ag, TIl, Pb Proustite, Lorandite, Jordanite, Trechmannite,
Guitermanite, Sartorite, Xanthoconite, ete.

4) M=As, Cu Arsenolite, Trippkeite.

5 M=Mn**, Pb X=Cl Armangite, Trigonite, Finnemanite,

6) Native arsenic.

7) M=Cu, Ni, Fe**, Co, Pt Algodonite, Domevkite, Niccolite, Loellingite,
Rammelsbergite, Safflorite, Skutterudite, Chloanthite, Sperryrite, etc.

8) M=Cu, Fe?*, Co, Ni, Pb, Zn Luzonite, Enargite, Tennantite, Tetrahedrite,
Goldfieldite, Cobaltite, Gersdorffite, Arsenopyrite, Glaucodot, etc.

9) Realgar.

10) Allemontite.

{Organic arsenic compounds)

R*AsO(OH); or M{RAsOy),
RAsO

RAsS

R,As0(OH) or M(R,AsO,)
{R,As),0

{R;As):5

R;As0

R;AsS

* * R=Methyl-, etc.
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Table 2 Fluctuations of concentration of As compounds in pot soil

Pot 3 Pot ¥

Sag‘;’tléng DMA MMA X1 X2 AsO,- AsOF DMA MMA X1 X2  AsOn AsOi-

ppb*) ppm*} ppb ppm
'80. 3. 28 8 13 23 N.D. 5.8  95.4 8 13 23 N.D. 5.8 95.4
‘80, 7. 27 14 15 ND ND 20.2 582 7 348 N.D 4 51.9 7.4
‘80.10. 9 5 17 3 N.D. 2.9 825 B9 506 ND. ND. 3.6 0.8
‘80, 10. 18 8 31 3 4 3.6 B3.1 15 86 6 4 3.9 90.5

Pot 3: 2.5kg air-dried soil, Pot 3" 25kg air-dried soil centaining 25g rice straw chips.
Values are based on the materials dried at 110°C.

N.D.: not detectable (<1 ppb).

*): as As.

X1 and X2: unknown As compounds.

(8)
100'(;)\1

100 0
O.I\OA:O 1.2]‘

50

Relative content %,
o

+400
[hoeo
w

-200 _L” ]

s Tn &1 e 0N ¥28 7 81 91 N
Date

2 Ry bEEhTO AsLEHOES)
Fig. 2 Fluctuations of concentration of As compounds in pot soil

Soil: soil polluted with As (Terayogai, Miyagi); Blending of rice straw chips:
(A) absence, (B} 1 %.
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Eh vs. NHE , mV

FEREYER - B - SHESD

(A) (B)
P o 1 -
i S z
o
=z
600 = Q
8
+400r - o
3
+«200F -
0 -
=200
1 | O-- gy’ 1
™ an an
Date
3 AsFERHBTESLAABOLET L ¥ Eh R U pH OXE)
Fig. 3 Growth of rice plant cultivated on soil contaminated with As and
fluctuations of Eh and pH values in soil
Soil: paddy scil (Terayogai, Mivagi}; Blending of rice straw chips: {A)
absence, (B) 1 %.
Filter paper Suction pump
impregnated with AgNO;
Polyethylene Filter paper \\
sheet N\ &’){j
Rioe\ Cotton A? at Sampleﬂk
v
:g ' Aghe n\/‘ﬁ‘\
/ /4'?' Pt-electrode g ==-V-*=\L...‘M-" > ;\V\ﬁ\
o
o p\-"".‘
== _T E W/Blank
. 10cm 8
’J l 15
! l 1 1
0 10 20
Energy, keV
4 Hew b EASRELTARAsEEHOEE L AgNO,EE A K ICH

#Hih AsEEHOT VR XA b
Fig. 4 Collection of gaseous As compounds evolved from pot soil and X-ray
fluorescence spectrum of As compounds collected on filter paper

impregnated with

AgN03
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E H 1 KWBoEERE (198048 A 21 H)
Plate. 1 Growth aspect of rice plant on Aug. 21, 1980
Blending of rice straw chips: (A) absence, (B) 1 %. -

F IRy P OEABEROMBERER L, W7 72BMAE Y b T, BB ELe
O AsOBEHEBR o, ThBEBAORBEOF BB RIcER S 2 LM, 7§
T OGBERD L L THEGS 2 KBHEOBEBRY As LEERL, BHL- ey bvE 2
S b, X, WKEH T2 DMA © MMA 2 Y5 As b0 B8 Asicd LT D 284
D4R L LBV 5 ~1062), ZhiZDMASMMALSHOBREENKE LI L4

# 3 ®y MEKBERDO As {LEYRE

Table 3 Concentration of As compounds in surface water in pot

Total As DMA MMA Inorg As

Sagag’t"ing Potl1 Pot2 Pot3 Potl’ Pot? Potd Pot &

ppb*) ppb ppb
‘80, 6. 26 4 2 ND 116 17 153 - - —
80, 7. 2 3 ND  ND. 55 170 92 - - -
‘80, 7.16 ND. ND. ND. 50 £90 119 - — —
'80. 7.24 ND. 4 3 6 2% 17 — — -
‘80. 7.  ND. 3 5 7 54 4 — - -
%), 8. 7 ND. ND  ND 1 23 15 — — -
'80. 8. 16 3 ND. 3 7 12 9 - - —
80, 8. 21 2 4 3 6 14 15 - - -
80, 8. 27 @ — — — — - - 1.9 1.8 28.3

Pot 1—3: 2.5kg air-dried soil.

Pot 1'—3": 2.5kg air-dried soil containing 25g rice straw chips.
N.D.: not detectable (<1 ppb).

*): as As,
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B FAORBDH (AsO>MMAZDMAYY™) k260D THS5, 72, 8A23BH
A (FEE) CHEE2HEB (0~2com) L THE (2 om DE) 30 TERL, Astad®
EORLE LA, Brie DMASBREBTCIRRRAICTH >3 {HEf - £ (55.7 ppm/
110°C EsppE L 7-0), FH (41.1 ppm) : DMA : %@ (11.2 ppb), F/B (7.8 ppb)}, tEEE
MMA i3&FBi 4 fSEEBB SN Tz (£ #E (124 ppm), TE (36.3 ppm) ; MMA:
#ME (20.1ppb), TR (5.4ppb)}, COKE, KELBTITECHMEMC I VETLERSN
L CE DMA #8, #ETEEBL® MMA KBEARS W TERS N, —EIEAERCE
L, KREFBL CERER T bOLEZOND, £, MBOERTSL LITLIT As BHRAED
e LAk, As S E ORBICRBRCER SN TE D, TOHREH< EIRLI R AR Bt
BTO As oFHicid, BrEe As*OABYHEOM, DMA 2 EBNKE 2 REE2RLZLTw:3
bOLEEENS,

# O
APy, LERHORICHAEV L ERERERT vy — 0L L ERIRARSTE
FEE, RIIK—KRCEHEL T,
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BARKEE - LERT? - SHEH

Elemental Composition of Rice Plants Cultivated in As-Polluted Soils

Takejiro TAKAMATSU?, Fusae HIGA? and Tomio YOSHIDA®

Abstract

Rice samples were obtained from As-polluted paddy fields{Takachiho, Miyazaki)
and from the pot culture in which As-polluted soils (Terayogai, Mivagi: light colored
andosol supplied with 200 ppm As) were used. After the samples were dried (80 °C, 1
week) and pulverized, they were analysed for K, Ca, Mn, Fe, Cu, Zn, As, Br, Rb, Sr and
Pb by X-ray fluorescence spectrometry.

As a result, the uptake of Mn, Cu and Zn in rice appeared to be depressed by -
arsenic, while the effect of arsenic on the uptake of other elements was not
conspicuous. A large amount of Fe was accumulated as oxide covering the roots.
Arsenic and a fraction of Ca, Sr, Zn, Mn or Pb are considered to be occluded in the Fe
oxide layer. The Fe oxide layer covering the roots may be reduced and brought to a
loose structure by As contamination of soil.
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FEEY, FE7A Y v EaEERE L TL AN CHEBYO HRAB CAR A 3 ESD
TORBBMO—ES, 77V 7T ROEREROL O, REF AL TRAMRS
NTICERL, ATEOREFEHTWR LR EbVEIONS, LhL, BEEEZOCER, #8%
WETZRES T,

FWRE TR, B RERAE, WML AR ERERL TRy PRBL ARE TR
XBAL, e BB LVOTRBORRAZEEL THor52Bo it LT, KECRT I EROR
HRESELEHT S B L,

2. EBFE

2.1 KXWREOER

REEEENT 1981 £ 8 H 27 H, HRRETRITLEADEFYE, BEY, RUEFROEKE
SOEMLLO (RE: BEH) -, BAEF /715, 200ppm D As(bBAAL ST L L LT)
EHRMLIRERR s 18, RUSREASIFEED AsHFREREL (0~20cm) Ty b
HELbD (B 23eH)) THB. Hy FEEIEROKICT o, a/5000 72720 Ey
P ERIFBOIE IR ZAM7 S % 1% (BELLD), 0.5%EMLsne, Y55
ABRVLDEN25kg FORTALR, HRy MiZiz 0.48gd NH,Cl & 1.53 g @ KH,PO, %
HohrUHtHBCBEHEL:, 1981 F58 2H (2EEOH b&EETIX, 88 1H), A#E
BEI~4ARHETHBEL, 7)) —v o2 (20~25°C, ABEKEEMEN L7 —) WTIH 23
H(2EE, 11 A6 H) OREHRE £ T2HMBEATREL 2, #AIAERTT o, MO
EERERI As LY FOEAEETBECR oy, Briht (RSTIFEE) 280k
Ry b TEETH 7. EER1LCADVEIVATH, 9H 22 HOEFRAEEZT L2,

FELU 22 3BHE £ 3KEAKT, RCEBFEAKTRAERL . BRMEARICEREB L4, 1B

E B 1 AMosERE (1EEOFMER, 1981495 22H)

Plate. 1 Growth aspect of rice plants on Sept. 22, 1981.
Soil : (A) Light colored andosol, {B) Light colored andosol supplied with
200 ppm As, (C) As-polluted soil (Terayogai, Miyagi); Rice straw chips : (1)
absence, (2) 0.5 %, (3} 1 %.
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DEREAF - $ORIEEIRECER» 0T, REAPO—FLENS Fodr 774 LA
B LY cBesEl, FREBETE2UBRELFRER . B LUk fmizEE, 2 I8
DRI HF, 80 “C TH 1:ERERE, Cyclone Sample Mill (UD Corp.) THE:L THFE,
¥EL,

2.2 BVWHRXBROHW

2. 1 THERLLEEREED 500 mg 2EY, ZHICPHERER (Cs: 100 mg/ml, Se: 1 mg/ml)
OS50 pl BMNEZTERLUE, -3V (FL7ry ReT7Y v a8, Pulverisette- 5/ 4
) TRCBELE. ShERVZFLIES a7 BL, BEOE 2T X 804

(FESBUT v X BT E  ORTEC #3, TEFA—6111) L7z. 48, SVTREDOFMIIE
HYERRTH D,

3. BRrEE

SFERERLICTT, $FEETORTCEOBE L T2 &, Ca, Mn, As, Br RU'Sr ©
BEREIVNBIBVWIEL, FebEROERNRESND, —F, K, Rb, Zn TIHHAMICE
FIE L, KIS AsEROBE R ERT 2 £, Mn, Cu KU Zn A S 012 & DRIXHHH] =
NAWTH5, U LRFER TIE, Cu, ZnBER L L 2EFERETEH LY, Jhid208 1
BRAsELD TR Cu P n b BEESAT RO LELHNDZ MOTEETIE As D
R —EOHEEIEED sV, £, As HEOERGBERRMEMCREROE
BizBEfe <, ippm L —ELTHEY, RNy FRZORHTLHEFRTTHE LD (1 ppm
BT wixhid#e @, BLX10ppmAiETH 5. HicHEE T2 Fe L As 23R
KERBIZEHINTOLIETHD, NS IFETA (N Fod 77 4 M BK) CBEET
NEBEHEBRETEZ20T, KETOBFMROLELF L THROZE Lo 3 h, HIBEE
05 Fe BSROZMCBEME L THBELLbOLE L ORE, 2, BRFMLETRESRS
Fe &t AsOBEZRRALTH2 DT, Asld Fe SRR L THE T 2Bz BE, B ani:
YOTHAH, Ca, S, Zn, Mn, Pb O L FE UCHRKR T Fe 0BMLBicl Az h Tnb e ¥
Abnb, £, TEBO ASBENEL Z3IZ LR Fe EEESH D, TR FeBbBiZ X
DNEGEBTUATIBRLENAEACH DT, As iZIEHO FetBORELR, B 12l
FLTwBREWwE2THLI, 20 Fe{EOEHSHENKBOEBTEECHESL Twa
AR L EL SN B,

o

AFRERITT B H 0, BHTOABREOBRCHGEAT S - 2 ERRES BRHBE
DHRCEHBL T,
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Table 1 Elemental contents of rice plants cultivated in As-polluted soils

K Ca Mn Fe Cu Zn As Br Rb Sr Pb
Sampie
....... S T T T
) RlikE (FEFR) L 229 0.39 844 360 50 23 6.5 73 3 7.9 ND.
BAR (AR § 257 0.09 483 250 8 47 3.1 3 4 1.4 ND.
AR (FEER R* 154 0.12 190 11,200 m 10t 17 30 5.7 1.1
RHAR (FEHR R 1.39 0.23 327 24,800 ¥ W08 233 17 33 24 5.0
BihAE (EER) L 206 0.3 734 289 50 22 54 25 35 6.8 N.D.
Wk E (BEER) S 233 0m 158 237 65 16 2.8 14 46 1.5 ND,
RHAR (E%5E) R* 131 0.1l 90 3,980 77 124 91 6.4 29 8.5 2.7
RIS (ERR) R 145 0.13 201 16,600 66 08 297 7.5 34 13 7.7
REAKE (BER L 19 0.2 283 226 58 25 5.7 61 40 8.8 0.6
Rk E (HER) S 1.8 0.0 202 160 0 8 3.0 43 53 2.0 0.2
HpkE (HER R* 119 0.09 5 1,270 103 102 48 4 3 50 12
RikE (HFHR) R 1.32 0.3 212 10,100 97 135 305 2 3B 10 30
(B FEERL LS 1.09 027 1,130 426 112 il 0.4 172 19 19 N.D.
FERL R 017 0.22 802 35.200 33 32 5.4 23 13 16 N.D
FEHRE (F7 5 0.5% ) L,$ 0.9 0.2 1,000 400 100 3 0.6 198 15 14 ND
FEFHE (F7 7 0.5%5m) K 01roo02 669 33,900 22 34 34 2 11 15 1.3
HEHE (72 1 %R L. 1.05 0.8 1,050 397 88 27 0.4 152 15 7.7  ND.
gt (75 1 %END R 0.9 o0.21 774 35,000 19 27 45 2 13 19 1.2
FeEmt (200 ppm As B0 L, S 0.9 0.21 75 405 57 30 6.8 166 17 11 N.D.
FEiGRL (200 ppm As #iD) R 015 018 858 17.400 2% 32 803 35 9.5 13 2.8
#iG%et (200 ppm As, 0.5%PE7ZHM L. S 0.66 019 886 506 72 23 12 238 13 15 N.D.
#WBt (200 ppm As, 0.5%FEVIEM R 0.4 0.7 804 20,500 3% 22 868 30 9.2 13 8.6
*ERL (200 ppm As, LEE7IEmM LS 091 018 782 478 83 22 9.7 172 15 7.4 ND
# 5%t (200 ppm As, L %R7 FiEM) R 016 012 592 21,900 29 30 1,180 26 9.7 8.2 2.0
58t LS 0.8 0.24 145 218 62 42 7.8 13 08 10 N.D.
BERL R 016 021 228 16,800 3% 9 407 15 10 17 N.D.
Bt (75 0.5%Em L8 1.3 017 1,60 3% 124 58 48 6.2 14 4.9 ND,
5§+ (77 0.5%5N R 017 0.30 261 12,800 19 50 415 17 9.0 16 N.D.
% &t (fi7 7 1 %\ L5 L1 o011 943 305 95 24 3.4 50 10 3.0 ND
5 B (73 L %ED R 017 019 282 10,900 2 0 539 17 9.1 12 N.D.
© #ERL L, S 0.80 0.20 1,340 563 91 39 ND 1% 21 7.7 ND
Hki5Rt R 0.16 0.15 420 27,400 18 2 2% H 1 7.6 ND.
#Ent (A7 7 0.5%EN L. S 074 024 1,54 T44 105 42 .6 237 16 12 N.D.
#Ept @77 0.5%HmM R 0.18 0.11 539 30,000 14 27 11 16 10 10 N.D.
EERpE (77 1 %S L. S 0.9 0.3 1,670 944 99 39 ND. 272 16 10 N.D.
EERE (77 1%5Em R 0.18 0.12 518 33,400 17 3 10 6 1 $1 ND.
i5RL (200 ppm As M) L,S 099 0.2 730 86 87 28 12 125 21 12 N.D.
JEiS% L (200 ppm As i) R 015 0.4 291 24,100 21 M 6.9 10 7.6 ND.
FiERt (200 ppm As, 0.5%M7 7iEM) L. S 0.85  0.21 737 466 8 25 16 132 16 11 N.D.
FiERpd (200 ppm As, 0.5%W7 FEM) R 014 0.12 269 21,700 16 28 758 6.1 9.9 6.4 ND.
FERE (200 ppm As, 1XW7 28 L, S 100 0.30 947 589 60 21 25 8 18 1 N.D.
FEBRE (200 ppm As, 1 %H17 5 EEMD R 016 0.1l 39%0 29,800 16 30 915 1 5.9 44 ND.
55t L, S 1.07 0.30 1,700 245 56 29 1l 8 2 13 N.D.
[ R 017 0.21 191 18.000 2 B 67 i1 16 N.D.
% i+ (BB 5 0.5%EM L. S 1.31 0.52 527 329 55 14 15 134 12 28 ND.
W+ (77 0.5%Em) R 0.20 0.22 195 24,500 2 32 950 3.7 10 18 ND.
5 W+ (77 1%86m L. & 095 0.7 i34 476 39 13 26 278 13 53 N.D.
%Rt (REVF 1%EM R 0.19  0.35 412 22,600 60 55 1,040 6.8 11 18 ND.
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3) Takamatsu, T. {1980) : Analysis of Pepperbush by Energy-dispersive X-ray Fluorescence Spectrometry.
In “Preparation, Analysis and Certification of PEPPERBUSH Standard Reference Material” edited
by K. Okamoto, Res. Rep. NIES, No 18, 54—59,
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Effect of Synthetic Polymer Flocculants on Higher Plants

Toru KUBOI' and Kunihiro FU]JII

Abstract

Effect of synthetic polymer flocculants on various growth stage of higher plants
was investigated using liquid-shaking, water and soil cultures. The results of
germination experiment (liquid-shaking culture) showed that, of the 44 commercial
flocculants tested, only the cationic ones inhibited root elongation of turnip (Brassica
rapa) at a concentration of less than 50 mg/l. Critical concentrations of the cationic
flocculants which inhibit the elongation of turnip roots to 50 % (EDs,) were negatively
correlated to the anion exchange capacity of the flocculants (» = —092, P < 0.001).
A similar relationship was observed in the root elongation of Chinese cabbage (B.
Pekinensts) and rape (B. rapa). Sesame (Sesamum indicum) and cucumber (Cucumis
sativus) were also sensitive to the effect of a cationic flocculant {No. 19) whereas
monocotyledonous wheat (Triticum aestivum) and rice (Oryze sativa) were less
sengitive.

Water-cultured turnip also showed the inhibiticn of root growth by 12,5 to 100 mg/
1 of cationic flocculants. In addition, the aerial parts became pale-green to vellow and
the weight was reduced by the increase in the concentration of cationic flocculants.
Analyses of elements in turnip grown on media containing various concentrations of a
cationic flocculant revealed low content of iron (less than 50 mg/kg dry matter) in the
leaves and extremely high content of copper {more than 100 mg/kg dry matter) in the
fibrous roots as compared to the contents in the control plant. This was confirmed by’
the fact that the co-existence of copper and the flocculant caused severe chlorosis.

Results of soil cultures seemed to be somewhat more difficult to interpret. Young
sesame (15-day old) was sensitive to the effect of a caticnic flocculant (No. 19} (more
than 100 mg/kg soil) although the growth of cucumber at the same age was stimulated
by the addition of the flocculant at the concentrations of 100 to 400 mg/kg soil. Yield
of turnip, rice, corn, soybean, barley, rape, pea, Chinese cabbage and bush bean at
maturity or in the semi-mature stage was not significantly affected by soil addition of

* FRNO—HIEIAFENERFS 1980 EEES (A8 H, BR) RUARTHESHESIEN ST S8
K& (4A6H, BR) wBWwIHHRLE,

1. EyOERAes ABELHBURER T305 XBRRHAKESHEY/ NN 165 2
Water and Soil Environment Division, The National Institute for Environmental Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan
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flocculants, although the plants grown on a volcanic ash seil (total Cu in surface and
subsurface soils were 117 and 150 mg/kg, respectively) tended to be more sensitive to
the effect of cationic flocculants than those grown on a sandy soil (total Cu was 7.5 mg/
kg). Even in soil culture, chlorosis appeared on turnip leaves when the flocculant No.
19 and copper were added simultaneously.

These results suggest that the toxicity of cationic polymer flocculants for higher
plants is caused by 1) physical inhibition of root elongation and 2) copper accumulation
in or on the roots.

1. @gewic
4 EFADNERIED, SEEAOEYNEBR B 5 BB, B3R, MERK—IELE
Zn Y OESERENER SR TV, L Lists, BRERSEERERS0 1/3~1/2
LT 2B BORMELELE L, HROGSH, #IT, 25 dBEETKEL T 328 E
RHMEEFIEEIL TV, GBI TREEFOFERICLD, ZhoOMBEROS { BRRRTE
Bhew, ETFEOERRLS 2D, FPRRALOERMEFROLER, - OREFSHEVSN
LAEEMES D D

BAREATEREFE, 77I07 2 F, TZ2UNMBRFINEOEBREAYDOER LI >TH
EAhbOMHEL, FRMEE L SURAAMICE, HE7 4 vafitke LTOMEEMS
Ehiz a7+ v HREFOERS—BNTH Y, B FERF G AEKRCEE, b2 0RER
PELICHENNHEIRNE L - TR O 2L 30k, £ 0BG, £Y
KRLTESCEVLOEEZ 6 TwR2™, FIAMCEORASRINL, 2 74 v HHRERE
2RIZT I ELBHSNTL S50, YL T, £y b (8 FBCBVT, RBEDCY
FA v HEERNEERIZTVEET, EREEHCEVLEORAS—RNTH o 281119,
EE SRR O BWT, HBFRO D IROME L LHEBRIE (Chlamydomonas) DHEBFH,
EBEOHFF yHBERICL > THEERZ I L 2RE L, FRETCRESECH TS S
F3 RREFOEERIC VT, BEFWE, EYHEE fSRANEsPoricL, BHEHR
BOHAZEA2, BATEEFOERIP LB EERCE 2 2B BB THEET L,

2. RBHE

2.1 #RELE-EZFaRA

BEAMEEHR VRS FREEARER» o #5220 28, RASH s oA L LFY
FZINTIF2EOF 4 BEERALL, 4 Ak 58ORFEE, vF4 4308, /
=X VRUT=AVURTETH S, HRALRERNOEE, 78, BE, 14 EFAXR
U AV ERERER VIETLY, 413 Y RAFRER MOMERREEER VB FEEHA
PE2PLBRYEES UL bOEEDZEFIALL,
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Table 1 Some properties of polymer flocculants used in this experiment.

FLOCCULANT  MOLECULAR® IONIC MOLECULAR  VISCOSITY IONIC ION
NO. STRUCTURE PROPERTY WEIGHT (at 0.1 %) RESIDUE EXCHANGE
(%10-%) {cps) (%) CAPACITY
(meq/g)
1 — CATIONIC 2 — — —
2 — CATIONIC 6 — — 0.97
3 — CATIONIC 5 — — 2.00
4 — CATIONIC 3 — — 3.18
3 — CATIONIC 4 — — —
6 — CATIONIC -— — — —
7 PMA*PAM CATIONIC 6.5 465 20 1.65
8 PAM (MAN) CATIONIC 5 320 50 2.32
9 PAM (MAN) CATIONIC 5 100 60 -
10 PAM {(MAN) CATIONIC 8.5 450 60 3.49
11 PMA*PAM CATIONIC — 300 10 1.39
12 PMA*PAM CATIONIC — 300 20 1.72
13 PMA*PAM CATIONIC 2.5 350 40 2.37
14 PMA*PAM CATIONIC 3 400 60 2.54
15 PAM (MAN) CATIONIC 3 20 — —
16 PMA*PAM CATIONIC 2 300 100 3.53
17 PMA CATIONIC — — 100 3.51
18 FMA CATIONIC - — 160 3.73
14 PMA CATIONIC — — 100 3.99
20 PMA*PAM CATIONIC — - 80 3.61
21 PMA*PAM CATIONIC — — 60 2.78
22 PMA*PAM CATIONIC — - 50 2.75
23 PMA*PAM CATIONIC — — 40 1.85
24 PMA*PAM CATIONIC — - 40 2.14
25 PMA*PAM CATIONIC — — 20 1.38
26 PMA*PAM CATIONIC — - 20 1.80
27 PMA*PAM CATIONIC - — 20 1.60
28 PMA*PAM CATIONIC - — 10 1.08
29 PAM (MAN) CATIONIC — — — -
B0 PAM(MAN) CATIONIC — = = =
3 PAM NONIONIC 10 — — —
32 PAM*PAA  NONIONIC 9 — 5 —
33 PAM NONIONIC - — — —
34 PAM NONIONIC — — — -
35 PAM NONIONIC — — — —
36 PAM NONIONIC — — - -
.3 PAM__ NONIONIC - ==
38 — ANIONIC 12 - — —
39 — ANIONIC 14 — — —
40 — ANIONIC 15 — — —
41 — ANIONIC 12 — — —
42 PAM ANIONIC - — 20 —
43 PAM ANIONIC — — 20 —
44 PAM ANIONIC — — 20 —

* PMA; Polymer of dimethylaminoethylmethacrylic acid or its analogues
PAM; Polyacrylamide or its analogues
PAA; Polyacrlic acid or its analogues
PMA*PMA; Copolymer of PMA and PAM
MAN; Denatured by Mannich-type condensation
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2.2 fHEED

RESH 2 A 7 (Brassica rapa L) 2T L LTH W, MREE (Brassica Pekinensis
Rupr.), 2=V (Brassica rapa L.), &3 ~< (Sesamum indicum L), b F7HEF 27

{Cucumis sativus L.), /NE(EM 6L E) (Triticum aestivum L.), BERR (N v#+2 EF) (Orvza
sativa L), KFE (K7 A 7®) (Orvza sativa L.), K3 (Glycine max (L) Merrill), ¥£¥

(Phaseolus wvulgaris L), ZTHHRERZAE (Pisum sativum L.), —FKZE (Hordeum
distichum L. emend Lam.), V' 7E® 02y (h=—srFA) (Zeamays L) O 12E—HO
ERCERAL L, BFEBAR, BREST CHEAENE THRL .

2.3 BEBHE

2.3.1 RIFEER

A TR U TiTo oo EBRESR, BH-100ml =7 5 A3, B
—20 ml, pH 6, 30°C, 80 rpm, E¥WHEEH—10, LEHH—BEL 18~38 (547, 2
wWF, NTHAL, T, Favl) Ehi28~4 0 (B, /NE), 2K{E HIASEFBE
BRE—5~7 (BER20%MR), WHE—FE&KE L,
aﬁ%T&,@%:tmmﬁ%ﬂﬁb,mmﬁﬁﬁiijﬁxmoaufﬁautohﬁu
Ly L, LiFh#hil@lXoRE, MEXORE, FBHEROBREST T, EFICH T3
BB LTS 5 T, BIMER B 5 LD, AEREC 52 Tlm & A, EDy
(Effective Dose 50, 50% 4 FHEEE) BEMER L L THL SR TV A9, KFEET
LROEERLERE LT ED, B4 BE L7, ED (mg/l) i, B EFBEONEE, 7
THHEEEZ oy bT222i02Y, 75 7h5RDT,

%SRBI B > T o7 48, BRI 2K¥E (30°C £ 20°C), pH b 7 & 60 24
W, BESEAIEE 4K (0, 100, 300, 1,000mg/l) KRE LI, %8, pHIZ 10mM DY v 8

mER TR THEL,

2.3.2 ke
|HEFSEL 7B T2 108, BEAFo— ARk M v r@LcBRLE, 2h
300ml AR E—a— (BEREE) POREK B00mD) EEPRBEILRE> THRELH
L1z, ZkEtEEld Long Ashton #HAE® @ KNO; & Ca(NO,), # 5 mM, EDTA—Fe+-Na % 0.05
mM £ L% b D% pH 6 iR L THEAL 2, BEES HE CREEK, 1/10 BEXHIE,
1/5 BEEAEhE, 1/2 BEASEROBECEEEBEYEDThol, SHREKE—3—440 1 @&
(20 AR il S fE4E) 28 L THEI 5 U, D, AHEERTREL -, 11 A%, Kt
CEoBEORES (No 19) 2L TEBEZEE L. B4, Pkl g, #¥ezgr:
W EAE (BEFALEM L TEREEESET, 08% (UEHB19H%) UL, 20 2R
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BHEETH, AR 10 B8 L 7o, #5713 12 8RN (19,000 1x, 25°C), 12 BSRHESHA
(20°0), BEBCRELLU—AF » B2y AT, 880080 ERL
fzq
MAEEHRE (138K TRHEBLLTIS mm 74 LAy —X (AEUEIES) 2/, &
iy o AR (RR) CEBEOBEFMEFML -, BEBR4I ET 0 ORBRERA—Ic L,
Bicn$ 2R3 Thhdoiz,

2.3.3 +#FE

T (ARt) CERERCERERE, HERYEALLE, KVBRTHIRELThHe Ry
FERTAL Y, FREHRIR2ITRUI, BRI (F2) TIREBEFERE BG4+ 808K
TEEL, #y PERTALLE, BCHRE AL TERRERED 60%DAIHLE Y L1z,

#® 2 IHEBOEE

Table 2 List of soil culture experiments

EXPERIMENT 1 2 3 4 5 § 7
FLOCCULANT | No. 19 Nos. 2, 32, 40 | No,2 Ne. 2 No. 3 No. 2 No. 19
{mg/kg dry soil) | 0, 25, 50, 100, |0, 100, 250, 500, | 0, 500, 1000 ¢, 100, 250, |0, 500, 1000 |0, 41, 124, 410 | 0, 100

200, 400, 500 1000 500, 750, 1000
SOIL* LCA SAND LCA LCA LCA LCA LCA LCA SAND | LCA SAND
SF SF SF SF SF SB SF SB SF (SF SF
pH 6.2 6.1 7.0 7.0 7.6 7.0 7.0 7.0 7.0(6.2 7.0 6.1
FERTILIZER N[0 0.1 0.2 0.6 1.0 1.0 [}
(e/pot) Plo 0.1 0,13 0.52 0.65 0.87 0
Klo 0.1 0.17 0.5 0.83 0.81 0
POT SIZE 100 em? 100 cm? 100 em® 200 em? 200 cm? 200 cm? 200 ml beaker
PLANT TURNIP, RAPE, RAPE SOYBEAN, BARLEY, | CORN RICE TURNIP TURNIP
SPECIES CHINESE CABBAGE, BUSH BEAN,
WHEAT, SESAME, CHINESE CABBAGE,
CUCUMBER TURNIP
'REPLICATES 2 3 1 3 H 1 3
DURATION (DAYS) | 15 12 2l 7% 31 63 15
ENVIRONMENTAL | 12HL (12klx.25C) [N A TU R A L | SAME AS SAME AS SAME AS SAME AS | SAME AS
CONBATIONS —12HD 20°C) LIGHT EXP.—2 EXP.—2 EXP.—2 EXP.—2 EXP.—1
60% R.H. 25'C (DAY)—20°C EXCEPT FOR |[EXCEPT |EXCEPT
(NIGHT) LOW LAND|FOR SOIL|(FOR Cu
60% R.H. CONDITION | TEMP. ADDITION
(30, 25°C} 0, 20, 40mg/kg)

"1 LCA, Light colored andosol {Yatabe-machi); SAND, Sandy soil {Ichinomiya-machi); SF, Surface soil; SB, Subsurface soil

2.3.4 BEFOA X CTHER
HFF o MRERORA A o BRRR, XV BRIV ARV IO REERY
X DRDI,
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2.3.5 HEWELST

FEYEREHE L EYESE, 80°C T3 BEMERa v TEREMBE L AIER, v suF
(7 7)) 2BOTERLE, BP0 —CBE2RIHIVRYD, 2RELEERRTRSN
it (Carlo Erba &) CHEHEHEL, *0oMoXtKRIHB -RBERRIHE, 1 SHBETEFLL
Tafricgt L7z, Na, K, Ca, Mg, Mn, Fe, Zn id 7 Vv — A FEXET, Culd 7L —A1r A
[AFREE (HBEOBAR 7L —LARETER}E) T, $HPRAFTFEV 7T VBRECLDEH
BLl. RBREIRTEEY L g4 VOFFERTRR L, 7o 7 s vgRBEEE0E 2
EES) - A —F— (7VBEHET7AVAKKSGM 1&) THEL, HEE LTRTLR

I8 8

3.1 BRE, MPLERBRR

3.1.1 EEAMoZELE

B FRWAAEFEEBO 0 7RAREREYEAVT, MBOEBSTFEEFOFEREEL Y
V—=vF L, ZORBREHIICRLY, 50mg/l 27212 100 mg/| DEERBE TR, #HEL
RETOEERE L, 2A 7ORGFRCBELRIZE L d o T, —EROBEFNIC DV Tl 500 mg/
12 THESBFTERLLY, TXTOBESTRIFHEIRI s g1,

—7F, 50 mg/l ¥£7:13 100 mg/| DEEEXBE < B 2 BOMERIR, /=4 »H(No. 31~37)
BU7 =% 1% (No. 38~44) OEEEATINE (FEHA) rHxTEEALESEP o, L
L, HFLHEORES (No. 1~30) TiR—2DFAL L BOBEENRETL, HEBO
13~54% L otz T ODHF 4 S WEEHIZ DOV T EDEXREL 22, MRt oT
R rH D, 3.3~210 mg/l OEEICH 2 2 EBYEFL 2,

I EL, BEAPCTHDL L TEIN TR ATEENSB T2 IALT I F (/<)
RUTEVE BeLTIVZFALT Y, PIAFATIyEED TR C20TORME
HEOBREMEIZEL L, 100 mg/lBWTHEEEZEEIRs o hkhol,

3.1.2 EREFMOYN L IBHREEE L OME

EATBENOSTE, B, 14 »ERARITEREN 2 ~15X10°, 20~465 cps, 0~100%
OEERIE B -7 (F1)e ThoOELRERE (R3) LOMIERILALEIS (F4),
HERBERERLZEEAPHERSZV I Sb o, LaLass, AFROAEZWEAE
PRERENAE L, EoAF4 o E0BOHGIE P RBEENEOERSED SR, S5
OFBBEIZ, EFFOEVHOICRL TR 50ml/g 2T, FLEERAOH: (5L LREY)
DAL TR 10meg/l AEOBHETULHHREL TR WBELH 2, Fi, RICRLHE
{2 50 mg/l & 100 mg/! DWEC B BEIMEEL TV 5, & 2 CEEAIEE L RMEE
OEEFE» SEH LU EDpofi % A F 4 VHEEERORERE L ZE2 7, AFOHE L &L, £
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Table 3 Effect of polymer flocculants on germination and root elongation of

turnip.
FLOCCULANT MOLECULAR* IONIC GERMINA- ELONGA- ED50
NO. STRUCTURE PROPERTY TION TION (ppm)
(%) %)
1 - CATIONIC 98 13 7.5
2 - CATIONIC 100 45 38
3 — CATIONIC 160 33 17
4 — CATIONIC 100 20 4.2
5 - CATIONIC 96 14 18
6 — CATIONIC 100 33 4.2
7 PMA*PAM CATIONIC 98 26 28
8 PAM (MAN) CATIONIC 94 18 6.8
9 PAM (MAN) CATIONIC 100 13 5.0
10 PAM (MAN) CATIONIC 98 17 4.0
11 PMA‘PAM CATIONIC 98 48 82
12 PMA*PAM CATIONIC 96 28 17
13 PMA*PAM CATIONIC 98 -39 12
14 , PMA+*PAM CATIONIC 98 32 7.1
15 PAM (MAN) CATIONIC 94 24 10
16 PMA*PAM CATIONIC 100 23 5.2
17 PMA CATIONIC 94 24 5.2
18 PMA CATIONIC 98* 20* 4.4
19 PMA CATIONIC 100+ 16* 3.3
20 PMA*PAM CATIONIC 98* 25* f.1
20 PMA*PAM CATIONIC 96+ 29* 8.6
22 PMA*PAM CATIONIC 08+ 37 6.3
23 PMA*PAM CATIONIC 100" 33" 12.5
24 PMA*PAM CATIONIC 93* 28+ 16.5
25 PMAYPAM CATIONIC 100 49 35
26 PMA*PAM CATIONIC 100 33 20
27 PMA*PAM CATIONIC 96 44 56
28 PMA*PAM CATIONIC 96 54 210
29 PAM (MAN) CATIONIC 98 28 21
.30 PAM(MAN) _ CATIONIC _ 8 3 N
3 PAM NONIONIC 98 110 —
32 PAM*PAA NONIONIC - 98 99 —
33 PAM NONIONIC 100 12 - —
34 PAM NONIONIC 96 104 -
35 PAM NONIONIC 100 101 —
36 PAM NONIONIC 100 109 —
... 3T PAM___ NONIONIC 88 M2 o
38 — ANIONIC 100 104 —
39 — ANIONIC 95 104 -
40 — ANIONIC 98 98 —
41 — ANIONIC 96 94 -
42 PAM ANIONIC 100 87 -
43 PAM ANIONIC 98 79 —
..M PAM__ _ANIONXIC . %8 & . —
— ACRYLAMIDE — 61 220
- TRIETHYLAMINE — 117 —
— TRIMETHYLAMINE — 100 —

! PMA; Polymer of dimethylaminoethylmethacrylic acid or its analogues

PAM; Polyacrylamide or its analogues

PAA,; Polyacrylic acid or its analogues

PMA +PAM; Copolymer of PMA and PAM

MAN; denatured by Mannich-type condensation
*;Determined at 50 mg/1. The others are determined at 100 mg/1,
ED50;Effective dosexof a flocculant which inhibits the elongation of root to 50 %.
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DGR, AF A RYBARDKE ORRITE ED fEHNS 0 (BHSHE ) BENED s (R
4, B1), MAFE & HREBRL 75 OMEEARRE —0.94 (0.1%KBETHE) ThoTz (#
4), RicH FA4 A HEEER DR A A VRRERE KD, EDGff OEEEHA~5 &, B1 LEK
CEOHENRD s (r=—0.92, 0.1%KETEE) (K2), Z0HH, WHF+ /HERT
RI1IRERR 6D FTRMNEL, FFArENEL 223 ThitkE{ R3ERABH 2,

#

4 BOTEEROPNE L aH 7RG E OREEFRETR
Table 4 Correlations between the properties of polymer flocculants and the
responses of turnip

MOL WEIGHT VISCOSITY CATION % AEC GERMINATION % ELONG”]OI;’G EDs
MOL. WEIGHT \
VISCOSITY NS, (8}
CATION 9 NS, (7) NS. (9)
AEC. NS, (9) NS (8 0.95(20)
GERMINATION% NS (I3 NS, (8 NS, (1 N§ (23
ELONGATION %  0.851***(13} NS.  (10) —0.696***(21) —0.794***(23) NS. (44)
-EDs NS (13 NS, (1) —0.544* (1) —0.574** (23 NS5, 30)  0.851%**(19)
LOG LOG LOG LOG LOG LOG LOG
MOL. WEIGHT VISCOSITY CATION % AEC GERMINATION %  ELONGATION % EDy,
MOL. WEIGHT NS. (8) NS (7 NS (9) NS (19} 0.793°°+19 NS (13
VISCOSITY NS, (8) NS, f{§) NS (8) NS (1) NS a® NS an
CATION 9% NS, {7) NS (9) 0.935**°(20) NS. (21) —0.671°** (21} ~0.836°**(21)
AEC. NS, (9) N5 (8) 0.936***(20) NS, (23) —0.800°**(23) ~0.890%"" (23)
GERMINATION % NS. (19 NS (100 NS (1) NS (@) NS5 (4 NS (30
ELONGATION % 0.788°**(19) N.§. {10} —0.764"=*(21) —0.818***(2) NS5. {44) 0.774%* (30)
EDuy NS a3 NS () —0.707°"*(21) —0.645"**(23) NS. (30)  0.566°" (30)
LOG LOG LOG LOG LOG LOG LOG
MOL WEIGHT VISCOSITY CATION % AEC. GERMINATION %  ELONGATION % EDy,
LOG MOL.
WEIGHT
LOG VISCOSITY NS.  (8)
LOG CATION % NS. (7} NS. ()
LOG AEC. NS. {9} NS {9) 0.950°**(20)
LOGGERM. % NS (19 NS. 00 NS () NS 23
LG ELONGATION  0.736***(19) N.3. (10} —0.718°""(21) —0.804***(23) NS. (44)
LOG EDy, NS, (13) NS, (8) —0.935%*(21) —0.917""*(23} NS. @0) 07194 (30)

t, number of samqles; N.S., not signifjcant at the 10% level; *, significant at the 5% levfl; **, significant at the 1% level;

significant at the 0.1% level
AEC, anion exchange capacity (meg/g)

3.1.3 94 HEEFRTHEOEDERE
No.19, 21, 24, 28 (1) D 4FOBEHIIOWT, 27V FREN7 ¥4 ORBRIRT
% ED R REL, ZRoOMBOBRA 4 > TRERL OE#E AL 25, B2 RLEAD
7OEe rEROBRSE SR (’3),
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GRFEI T REFIOEYEE

E D gy (Me/L}

CATIONIC GROUP (%)

B 1 BOTEREFOHIF A EEARY 34 7ROMEICH T 5 ED,fl & 0
35

Fig. 1 The relationship between cationic residue percentage of polymer
flocculants and ED;, for turnip root elongation

200f *

100

MEQR/G

B 2 AFA MEBEEAAOA AV TRER L 25 TROMSECNT % ED,, il &
DR

Fig. 2 The relation of anion exchange capacity of cationic flocculants to ED;,
for turnip root elongation
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Fig. 3 The relation of anion exchange capacity of cationic flocclants to EDse
for root elongation of Chinese cabbage (O) and (A) repe

Wiz, 2B, awvF, Ar¥g, I, Fa), JERCERO THEYCOWT No. 19
OBEACBE*ZZ THOMBEESRIEL: (K4). 20RBE, I~ lomg/licswnTd
S, BRESMBICZITETL, AXEPEOT TEE L BB E8HEEL L, 24
TR U T T4% LT RSB, RENTH A, av Y FOETH >, a2V VR
BEITHE DS < 50 me/] 2 BV T O%BDBRELT L, ZndORFEEMAT, hEL
EEFRORER S50 mg/l DIBETHLRDE kol

3.1.4 ZHBFRRC & » BRERRER

BT 2 HERBRIR, BEELIRAZ Y —=v e LTyr—L « 2EEFBRETIL
1, ZOHEICLD, pH t BEZE X LBEOBEFOHE LT~ 7, BEF L LT No. 2
¥, e LCan 72w, pH, BE, BRARELHA ALY VEREROBERES
W, ZOSEANEERE6E, FRRTCELERFEOTFSELR L, AFRRTATOLER
TO%RUETED, Bz ENkr o/, FEFEWE, RE, EERUVEETEESBEON
IlcfE-> TRA L Tk, LWL, BRRFETRVEBEEFLESS BRI 2LTRIES 2 &
MAE L, SUKETHEELRTD s eh o, ERECIRE/ SR EEFBE & 28R E
L OREERBED Sz, 30°C CREBEFBEORINCE > T2RXEI L, »ORE/ER
HHETLT, BoiBaEESZ 500, 20 °C Tk 300 mg/l 3 TR EBR/ERHLR
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7Y, I, NERVEROROR S DEILORRE

Fig. 4 Effect of a cationic polymer flocculant No. 19 on root eiongation of
turnip {O), rape (@), Chinese cabbage {A), cucumber (A), sesarne (),
wheat (¥) and upland rice (x)
A bar on a symbol means a variation between two flasks, A symbol without
a bar means that the variation is within the symbol.

T L AWML T iz,

3.2 AEEBER

3.2.1 ax704&BnT 2 BERORE

AF RBARBORLZ 5 4 BED Y F A4 HEER (No. 19, 21, 24, 27) %, 0mg/l L%
2 E3AMBCHEMLT, 24 7% BAMKRREL. BRUCEERRE, 785 oHaio
INBERUE, AF 73 EoEEERIZ Y (No. 27— No. 19) 0 4£F i B, T
HET L7, No. 19 0BEH+ S 0EERICET S EETE, HBEXICHERTHRET 4.3%,
M EET 16.6% QIR (FEmE) Lhmstdok. ¥, NBOETREI-> THRUEE
KREERAES SN, WThOBEFNBR COLRRBEL ThESEXRL, —7, #LE
i No. 24, 21, 19 Rz B TEGHEA, B2 No 19RTREALLE (BH1),

No.19, 20, 21 RU 2T @A F4 g ER% v 20 BEARRELEBS L, Zhed
BEFOFRMzL > CTEESEL BT L. (H6, £8), JORBTENEROEOMNES,
ETEXERZEHKTH i, No.27TD 25mg/ | ROBEZ L L 2HERK L VBFETH -
2%, POBRERRTH W00 mg/ | RTEEEsSbLi, LeLisns, H BHEOER (B
H1) ECBERBBL arok, —7, BRI TOREHRMR BT, £FHFT
Bunzrtb®FELL,
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# 5 aAh7ORFVMETICE L 582 TEER (X), pH (P) L8E (T)
DEE

Table 5 Combined effect of a cationic flocculant No. 2 (X), pH (P) and
temperature (7) on germination of turnip

>

No. X’I‘REA;MEN’I‘T GERMINATION FR.WT. ROOT STEM  STEM+RCOT STEM/ROOT

(mg/1) ¢C) (%) (g) {(mm) (mm} (mm)
1 0 7 30 100 4.22  22.94 18.65 40.62 1.41
2 i) 6 30 100 3.43  18.27 15.21 33.60 1.24
3 0 7 20 100 4.21 23.51 12.38 35.64 2.01
4 0 6 20 99.1 3.25 2098 10.93 32.11 2.03
5 100 7 30 100 2.97 12.42  14.36 24.88 0.80
6 100 6 30 98.1 2.1 3.90 13.38 25.53 0.82
7 100 7 20 93.6 3.97 22.61 12.82 35.37 1.88
8§ 100 6 20 98.2 3.62 25,48 11.47 37.05 2.45
9 300 7 30 99.5 3.71 9.42  16.56 27.36 0,62
10 300 6 30 100 2.82 10.32  13.02 24.45 0,78
11 300 7 20 100 3.33 22,52 12.11 35.46 2.14
12 300 6 20 100 3.34 13.60 11.51 38.31 2.60
13 1,000 7 30 160 3.05 12.16 15.35 27.43 0.84
14 1,000 6 30 9.4 2.00 3.51  10.77 14.11 0.49
15 1,000 7 20 98.6 3.38 20,92 10.17 25.49 2.29
16 1,000 6 20 100 2.37 16.83 7.74 24.45 2.51

The experiment is carried out by a conventional petri dish-filter paper method.
pH is adjusted by 10 mM Na-phosphate buffer.
FRWT.; Fresh weight {g)/100 seedlings

EHI1 %E@ﬁ%ﬁyﬁﬁ%MQ%M(wpmﬂE&%:ﬂjmiﬁﬁth
0w ADFKE .
Plate 1 Reduction of growth and increased chlorosis of turnip with increasing
jon exchange capacity of cationic flocculants
Treatments are (from the left to the right); no flocculants, 40 mg/1 of Nos. 27,
24, 21 and 19 flocculants. For legends, see Fig. 5.
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# 6 IFTORFLYHETCS 2 28T EER (X)), pH (P) RUBE
(T) D%z 5 58O

Table 6  Analysis of variance for. the effect of a flocculant, pH and
temperature on germination of turnip
FACTOR d.f. FRWT. ROOT(R) STEM{S) R+S R/S
LENGTH LENGTH

FLOCCULANT (X1 3 12.80* 4.48 15.36* 24.32* 2.89
rH [f2)] 1 28.79* 3.80 44.12** §.34 6.00
TEMPERATURE (T) 1 6.72 22.87* 102.90** 31.52* 826.56**
XP 3 1.95 0.60 2.02 3.04 5.11
XT 3 3.49 1.94 4.73 10.94* 25.11*
PT 1 .48 0.03 5.89 8.29 18.00*
ERROR 3

Ve 0.061 12.45 .49 4.55 0.00%

* | Significant at the 5 % level
** . Significant at the 1 9 level

b T aIA7ORFLrIAPETCSL A8ER, pH FUBEOERMRE

Table 7 Factor effect of a flocculant, pH and temperature on germination of

turnip
FACTOR LEVEL FRWT. ROOT(R) STEM(S) R+S R/S
4] {mm) {mm) (mm)

FLOCCULANT {mg/1) 0 3.78 21.43 14.29 35.49 1.67
100 3.32 17.60 13.00 30.21 1.49

300 3.30 13.97 13.30 31.40 1,54

1000 2.70 13.35 11.00 22.87 1.52

pH 7 3.61 18.31 14.05 31.53 1.50
6 2.94 14.86 11.75 28.45 1.62

TEMPERATURE 'C) 30 in 12.37 14.66 27.00 0.88
20 3.43 26.81 11.14 32.95 2.24

No. 19 MEEA % Fivs T 30 BEARE % 1510 72388 (ATREARS 10 H) 12 b, EEFORINC -

TEFRETLAS, 20BBRII—E0EPRIBRID S oHI(R),
BELTEIRD, W0mg/lXeBuTToReh BB shidof, ERMETRE L
HRRCHITHELZEZS, TASTE 100mg/IXT, BUH TEESRE 2R L0
L, #RER Tt 25~50 mg/I Ko BEAHAL LR U D, 85 BOBE®L E RIROEXIX
12.5mg/I1 XKTHHETH -7 (BR2), BBOYIN 2GS 7 bu— 22 B0 TERL TR
Lizk 22, BEFNBROBE TR, %iE» o 5 mmBE LT BT HH#RMENTHD, HE

E@ﬁuﬁﬁa.Z@%&@ﬁﬁ@ﬁé@%ﬂ?m?gtbota
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# 8 BrOHFA UL ELEERTKMEE L2y 704F
Table 8 Effect of various concentractions and kinds of cationic flocculants on
top and root growth of hydroponically cultured turnip

TOP ROOT
FLOCCULANT CONC. NO.OF PLANT FR.WT. DRY WT. LENGTH FR.WT. DRY WT.
LEAVES HEIGHT

NO, (mg/1) (cm) (g) [€°3] {cm) {g) (g)
- 0 6.00a" 14.67a 3.56a 0.476 8.67h 1.457a 0.147
19 25 4.33b 8.00bed 0.77bed 0.090 5.17¢d 0.203tcd 9.037
50 3,80b 5.70def 0.44cd 0.050 2.20def 0.062cde 0.014
100 3.75b 4.63ef 0.304 0.043 1.50f 0.055de 0.013
20 25 4.50b 8.63bc 147be ¢.123 5.13cde 0.240b¢ 0.033
50 4.25b 6.88cde 0.71bcd 0.085 4.25¢cde (.098b-e 0.023
100 4.00b 3.50f 0.18d 0.070 1.25f 0.015¢ 0.010
21 25 4.33b 6.33cde ¢.49cd 0.057 6.00be 0.113b-e 023
50 4.25b 6.63cde 62bed 0.075 2.88¢c-f 0.078¢de 09018
100 - 3.50b 4.00f ¢.19d 0,018 1.88ef 0.100b-e 0.005
27 25 4,50b 9.75b 1.28b 0.140 12.00a 0.275b 0.060
1G0 3.75b 5.75def 0.43cd 0.050 2.38def 0.027de 0.050

* . Mean values in columnn not followed by a common letter, differ significantly (LSD test, P <0.05)
The culture peried; 20 days
The treatment; 1st-20th day

* 9 BEX (No. 19) OBRERELMIHES a4 7DEFE KRR
Table 9 Effect of a flocculant No. 19 on growth of hydropenically cultured turnip

AERIAL PART STORAGE ROOT FIBROUS ROOT

FLOCCULANT ROOT
N PLANT NO.OF, FR. WT. DRYwT LENGTH “pp wT —DRY. WI.  FR WT. DRY WT.
; HEIGHT@m) LEAVES @ @ tm img) @ img)
0 2133a* 900a  2losa 2169 2615 68%b  4130b 332%a  2363a
12.5 20.50a 8.50ab 17.67ab 2.160a 33.00a 10.74 a 736.5a 2.605b 218.5a
25 17.00b 9.33a 1241bc 1.558bc 2067 . 5583b 378.3b 0.867cd 104.0¢
50 17.00b 7.67be 12.25¢ 1.460c 19.67b £927b 451.7b 1.353¢ 150.3b
100 13.67¢c 6.67¢ 6.46d 0.685d 17.50b 2.723¢ 198.0¢ 0.663d 82.3¢

* | Mean values in column not followed by a common letter, differ significantly (LSD test, P <0.05).
The culture period is 30 days. The treatment starts at the 12th day,

3.2.2 BEEFEMC L 2 ETERRSOEL

30 HRIARMRE 21T a4 7 (R 9) O REM =S icgtl, C N, P, Na, K,
Ca, Mg, Mn, Fe, Zn RU CuDEEZHEL 2 (R 10), EEHIZE T, BEH (Nol9)
OBEORIMCE-> T Fe SEMET L, 100 mg/l R TINBREOD 43% 1% > Twid, ox
RizPEsrrERERbLh . BOFER (4 7) TR FegROATHRE b, P,
Mn, Zn, CuSROBETOEFHE SN, MIRETEAT 2FH L2 BEIRL D, BENORE
Mz & -7 Ca & Mg o384 L, #iZ Mn, Fe, Cu &, BEERSEMEINL Tz, Fic
Cu iz 50 mg/l Ric BV THERD 7.6 f§ b OEMERL
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Fig. 5 Growth of 13-day old turnip on culture solution containing 40 mg/1 of

various kinds of cationic flocculants
Each value is the mean of 2 plants. Treatment; lst-13th day
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Fig. 6 Effect of various kinds and concentrations of flocculants in
combination on top and root yields of turnip at the 20th day of water
culture
Each value is the mean of 3-5 plants.

Treatment; ist-20th day
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AFHF - BIFEN

xR 10 BHEA (No. 19) 2EIIL TABHEREEL o2 5 7 OTTRER
Table 10 Changes in element composition of turnip cultured on media
containing various concentrations of a flocculant No. 19

FLOCCULANT - p Na K Ca Mg Mn  Fe Zn Cu N c
{mg/1) mg/e) (mg/gyt me/e) Mg/@)t (mg/g)T me/g)t g/}t (mg/gt mg/pt K AT
0 52la* 157a  S0a 2752 38la  0.62a O0.I76a 0028 00023ab 1192  36.Za b
125 404a 1652 424a 34la  484a 0.166a 0.0%0b 0021a 00079ab 1l0a  354a

S B 3902 129  43.0a 288a  366a 0ldla 0.087b 0023a 00058b 1022  354a
50 380a 133a 433a  298a  427a (168a 0079b 0.024a 00131 1122 354a
100 44la  203a  440a 2922 4522 0131a  0076b 0.028a 0.0072ab 1lla  340a

) 0 591a 1.66a 59.1a 5.96a 2653  0.032a 0.12Iab 00342 0.0125a

2 125 587a 146a  506a 800a 257a 00292 0.087ab 0029b 0.0098a

= 25 579 17%  S4la 6762 2952 0.036a 0122a 0.029ab 0.0103a

;§ 50 4922 116a  532a 5942  250a 0.020a 0072 0.024b  0.0050a
100 486 1.36 515 5.17 231 0021 0076 0024 00043
0 I6la 089 472z 260a 3152 033%a LiGla 00482 0.0153b

@ 125 905a 140a 387a 203a  244a 06202 197%a 0.043a  0.0608a

2 £ % 19,0 132 311 226 192 1009 2302 0052 0.0786

E g s 137 039 34.0 157 191 0823 1345 0046 01167
100 10.5 1.03 36.6 982 185 0762 1447 0045  0.0947

*; Mean value in column of each plant part not followed by a commton letter, differ significantly (LSD test, P <0.D5).
t: Dry matter basis
The samples in Table 9 are analyzed,

E H 2 ERHOFEMcL3 a4 SRORE

Plate 2 Abnormal roots of turnip grown in a medium containing 40 mg/l of
a flocculant No. 19
Treatments: Left, control (No. 1 in Table 11); right, in the presence of the
flocculant (No. 5 in Table 11).
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# 11 EEH (No 19), HE4 A > RUREOEIMNC L 3 2 4 7 Dkt
— R E—

Table 11 Experimental design to test combined effect of a flocculant No. 19,
chloride and copper concentrations in culture solution on growth
and element composition of turnip

NO FLOCCULANT C1* Cu**

: NO. 19(mg/1) (mM) {(«M)
1 8 17 25 0 0.1 1
2 10 18 2 0 10 1
3 1 19 27 0 0.1 10
4 12 20 28 0 10 10
5 13 21 29 40 0.1 1
6 14 22 30 40 10 1
7 15 23 31 40 0.1 10
8 16 24 32 40 10 10

[BLOCK 1 2 3 4]

* . Cl is added as Na(l
**; Cu is added as CuS0,*5H,0
The culture period is 20 days and the treatment starts at the 1ith day.

3.2.3 BEFILEoHENIHTOLBT L TRER TS 1 2 BH

10 HARER L2 7%, RIUKELLSABKICEL T, &5 10 BREASIE2ED
tro MOBMBERMAHIZS.2 2HO 0 EREABLA—TH 5, [UEE, £B8, o’ 0y
B, RUEMHO Cu & Fe @ REZFEL, BRFL ARV Co BECEECHL THBMTET
e (#12), RIBL UREFLZhEFTEEGEBCMT 2 ERMR  EFEEFEMETL 12,
FHE LRI CIREER (No. 19) OFMC L > TEEBETL, Ffcrua? s VE&ELE

* 12 aA70%E, RUPZ7on 7 40, @, FSEICHT I EBREOIEHS
#

Table 12 Analysis of variance for growth, and chiorophyll, copper and iron
contents of turnip

FACTOR df. NQ.OF PLANT TOP ROOT STORAGE ROOT FIBROUS ROOT

LEAVES HEIGHT FRWT. DRY WT, LENGTH DRY WT. FRWT. FRWT. DRY WT.

BLOCK Ry 3 1.439 4424 8153  11.253"* 0.547 2964 3774 6.005* 17450
FLOCCULANT (1 0.206 5.386* 9,155** 8.345*  22.678* 2.853 1.406 12.767*° 3.026
COPPER {Ca) 1 0.206 1.500 4.393° 2.423 2R09 3608 2.801 3438 3wl
CHLORIDE (I} 1 522 0.104 0.042 0.054 2089 0.662 0.868 0.061 6519
FxCu 1 0206 3.495 1112 2310 0.651 0.302 0.779 0.118 0.240
FxCl 1 0.606 0.104 G.776 0,542 0.049 0.126 0.008 0.710 0.514
Cux Cl 1 0.000 0.h7 0.095 0141 0.132 0.333 0.431 0.148 0.056
ERROR 1 - - - - - - - - -

Ve - 0.608 7.520 3.060 0.025 99.340 0.521 0.002 G.058 0.0004
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*= 12 (o7 %)
Table 12  (continued)

FACTOR df 3rd LEAF 4th LEAF TOP STORAGE ROOT FIBROUS ROOT
REL.CHL. RELCHL. Cu Fe Cu Fe Cu Fe
BLOCK ® 3 1996 2.275 2220 1.207 0935 1.309 0.175 3984
FLOCCULANT (F 1 50,222**  44.050*" 5.979* B.781°* 1.024 2179 63.115*  42.243**
COPPER {Cuy 1 18.223**  20.700**  18.885**  18.596**  55122** 6.551*  259.852°* 4.882*
CHLORIDE (€I 1 0.111 0.529 2.931 8775 0.650 0.008 13.117** 1.483
FxCu 1 13.562**  27.107** 1241 7.319° 3.558 0.137 0.629 0.960
FxCl 1 1.160 0.344 4.188 3.680 1.732 1.353 1.326 1.722
CuxCl 1 0.025 0.178 1.28% 3.501 0.075 0.085 5.755* 0.434
ERROR 22 - - - - - - - -
Ve - 0.032 0.023 24.66% 1184.0 21.602 9733 1176.1 467360,

* and ** are significant at the 5 % and 1 % levels, respectively
For the experimental design, see Table 11.

# 13 274 TOEB N T A EBROBENR & ROFH
Table 13 Factor effect of replications, flocculant, copper and chloride, and
their interactions on growth of turnip

FACTOR LEVEL NO. OF PLANT TOP ROOT STORAGE ROOT  FIBROUS ROOT
. Y . .
LEAVES BEIGHT(m) FR.WT.(g) DRY WT LENGTH{em) FRWT.(g} DRY WT FRWT.(g DRY WT
(= 3] 3]
BLOCK R) 5.625 17.63 7.505 0.6819 19.38 2021 0.1209 0.7679 0.0757

1

2 5.500 13.94 4.469 0.3470 19.00 1.267 0.0739 0.3926 0.0389
3 4.875 13.06 3.827 0.2926 22.69 1.041 0.0610 0.4489% 0.0424
4 5.250 13.88 3.788 0.2934 24.38 1182 0.0630 0.2836 0.0293

‘FLOCCULANT (F) (O ppmy 5375 15.75 5.833 0.4843 28.75 1.593 0.0892 0.6249 0.0529
240 ppm)  5.250 1350 3.961 L3231 1297 1162 00727 03218 0.0403

COPPER Cw I1(: uM)} 5.250 15.22 5.545 0.4472 24.31 1.620 0.0928 0.5519 0.0530
200 M) 5375 14,03 4.249 0.3602 15.41 1135 0.0691 0.3936 0.0402

CHLORIDE €h 1.1 mM) 5438 14.47 4834 0.3972 1881 1.274 0.0744 0.4627 0.0440
2010 mM) 5.188 1478 4.960 0.4102 2391 1.481 0.0875 0.4837 0.04%2

FxCu 1x1 5.250 15.44 6.155 0.4854 3413 1,765 0.0950 0.7181 0.0576
1x2 5.500 16.06 5511 04332 25.38 1420 0.0835 05316 0.0483

2x1 5.250 15.00 4.936 0.4090 14.50 14714 0.0907 0.3857 0.0485

2x2 5.250 12.00 2.987 02372 11.44 0.8507  (.0546 0.2575 6.0321

FxQl 1x1 5.500 15.75 6.043 0.4584 26.81 1.444 09821 0.6501 0.0529
1x¢2 5.250 1581 5.624 0.4702 32.69 1.742 0.0964 0.5996 0.0529

2x1 5.375 13.19 3.626 0.2961 1081 1.104 0.0668 0.2754 0.0351

2x2 5.125 13.81 4.298 0,3501 15.13 1.226 0.0785 0.3679 0.0455

Cux Cl 1x1 5.375 15.13 5.387 0.4302 21,13 1.442 0.0817 05577 00513
1x2 5.125 15.38 5.704 0.4641 27.59 1797 0.1039 0.5461 0.0548

2x1 5.500 13.81 4.281 0.3642 16.50 1166 0.0671 0.3677 0.0367

2x2 5.250 14.25 4217 0.3562 20.31 1.165 0.0710 0.4214 0.0436

LSD (5 %)MAIN EFFECT 0.5717 20108 1.2828 0.1157 73085 05290  0.0290 1.1760 0.0150
2x2 TABLES 0.8086 2.8437 1.8141 0.1637 10,3357 0.7482  0.0410 0.248% 0.0213

For experimental design, see Table 11.
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HEAR (No19) LSEOEEN I 7OECLS5TEL LI OOV A

Synergistic effect of a flocculant No. 19 and copper on development of chlorosis on turnip leaves

Treatments: Left, minus flocculant +1uxM Cu; center left, 40mg/1 flocculant +1xM Cu; center right, minus
flocculant +10xM Cu; right, 40mg/ 1 flocculant +10M Cu. For details, see Table 11.



KR T BIEEN

M EEO Fe EBHETLR, COEMIZ Cu L BEABHEL TV IBABCEETHD, B
LwruayARFERELE: (BEI), @EEo CogsEil, BEFAORM L - EmL-, L
»L, CutfFER I ZEMMEMETHD, HEDHREIFED sk o,

3 14 ap7oruu7 4 vgRBr#HEUGERCEZ 28EH (No. 19),
FRUVERBEORE

Table 14 Effect of replicates, flocculant, copper and chloride, and their
interaction on chlorophyll, copper and iron contents of turnip

FACTOR LEVEL 3rd LEAF 4th LEAF TOP STORAGE ROOT FIBROUS ROOT
RELCHL. REL.CHL. Culug/g) TFelug/g} Culpg/g) Felpg/g) Culug/g)  Felug/g)
BLOCK (R 1 1.156 1.084 19.76 1315 11.99 90.03 1849 1959.
2 0.98562 0.9250 21.88 163.8 534 105.1 180.6 2677.
3 0.9625 0.9150 23.76 151.4 15,06 120.4 1727 3128,
4 1.088 1.01% 1771 145.8 15.06 1H.5 180.3 2650.
FLOCCULANT (F) 1 (0 ppm} 1.2%4 1.163 22583 166.1 15.19 95.88 1315 1818,
2 (40 pprn)  0.B025 6.8087 1863 130.1 13.53 112.2 2278 3389.
COPPER {Cu) 1 (1 xM} 1.184 L.107 1596 1743 8.263 89.90 81.92 2337.
2 (10 M} 0.9119 08644 24.5% 1219 29.46 1181 2774 2871.
CHLORIDE €Clh1(.1lmM) 1038 05662 22.28 1646 15,03 104.5 2016 2751,
2 (10 mM)  1.059 1.065 19.28 1316 13.70 1035 157.7 2457.
FxCu 1x1 1313 1145 20.0% 2104 7.538 83.50 3273 1433.
1x2 1.275 1.180 25.76 1219 2285 107.9 2303 2204,
2x1 1.056 1.069 13.84 1383 5983 96.00 1311 3241
2x2 0,5487 (.5487 2343 1219 18.08 1283 3245 3538.
FxCl Ix1 1.318 1.159 26.23 1943 14.78 89.94 1465 1807.
1x2 1.270 1.166 19.63 138.0 15.61 1008 1165 1830.
2x1l 0.7575 0.7737 18.34 1349 15.28 1151 256.8 3695.
Z2x2 0.8475 0.8437 1893 125.3 1179 1053 1985 3083.
CuxCl 1x1 1.169 1076 19.46 202.3 8.700 91.98 89.04 2563.
1x2 1.200 1.138 14.45 1464 7.825 87.81 74.51 L0,
2x1 0.9062 0.8562 25.10 1269 21.35 117.0 3139 2638,
Ix2 0.9175 0.8725 24.09 1169 19.58 1193 2409 2803.
LSD (5%) MAIN EFFECT 01324 0.1105 3.642 25.23 3.408 22.88 2515 501.2
¢tx2 TABLES 11872 0.1563 5.151 35.68 4.820 3235 35.56 7089

For the experimental design, see Table 11,
Metal contents are based on dry weight.

3.3 THRRER

3.3.1 YR

g, aAF, awVF, ~nFH4, a7y, NFEOQ6HEYE, No. 19 BERF2HEML - L
(S EERE L, —OFDELE) THRELL (B2 —HE1), 15 HE, Bkcko
TERELEE L, BEECHEBOEREHEL 22, #1512 800 mg/kg FIIRORE#RL

tro M EEOATE, KUKEBCB2 TeRNFELDEHEO TS RHER L DEL, #
KUK ED ey FRUDELEBOA YA, Fav), METRRES> T, —7, 1R

KOETRKILRLBO T, a4 TRUAZ 34, WELEOT-NES, BLITVF LFa
) (KILREE) RUaa7, #2v), 1% BELS THERNERNE L VELTH .
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BRESTRENCHEYES

IOk 3R, Y, H6 GHLE, HTH OB Lo THBRERE(CER > T,
TS, T CEENEL, B2 vV RKUKIE AT L REO# HEE &R
TLTEFHRAFTH o, R KUKEBOFMNWELEL Y  BEFOFMIC L 54£FET
pEART RS 572,

I, aAFeFay VEOLWTEEFRNEOHE N NT 24ERBOE YA (KT),
T ORPEFHIEE & 50 mg/kg LB EOFEMBTEFMET L, HEMHHEL T 400
mg/kg BET, %72 KUKE TR 50 mg/kg 0 b EBHHTRICE > T, ZOMHEE, HROEF
ERRREE(T#T1g/kg B VO 1/I0UTTH S, 24 7Tk, BEPHBIHBEL A
FZEs ohk{k-TEY, WicFav) TR, PO, HBrBRESTETIRFI

o Tewiz,

3.3.2 hRARSEAR
No. 2 (HF4v#), No. 32 (/=4 H), No. 40 (7 =4 4) OBEHEKILKIER

frEiiL, av Y RREL: (B2 —ER?2), BEEFR 16 R, MERREERS T
B (No.2) ¥RITRE © 250~500 mg/kg X TIET L7225, 1000 mg/kg R TRRFUHEML
TED, 7oA (No 40) RU/ =4 v (No. 32) BERITIRES 2R ERNSED 5N a
ot EE 2 BEOELR, /24 Y RUT o4 v EEEFORBERK THEL D b EOLED
ol

# 15 BEF (No. 19) orERilc X ss>, 347, a<vY+, BE, /D
#, Fav)OEFOEL

Table 15 Effect of a flocculant No. 19 on 6 plant species grown on an andosol
and a sandy soil

ANDOSOL SANDY SOIL

PLANT SPECIES FLOCCULAN T{mg/kg} RATIO FLOCCULAN T(mg/kg) RATIO
0 £00 (9%} 0 800 (%)
.  SESAME 88 f1.5 70 100 75 75
& 5 TURNIP 123 131 107 529 536 101
o E RAPE 163 315 193 898 876 98
& CHINESE CABBAGE 229 266 116 556 979 176
©  WHEAT 272 203 74 128 189 148
CUCUMBER 737 805 109 800 1363 170
o  SESAME 99 445 45 43 36 39
Z g TURNIF 80 54 68 143 197 138
g E RAPE 165 23 142 310 371 120
L.  CHINESE CABBAGE 204 96.5 47 343 278 81
®  WHEAT 576 604 105 191 205 154
™  CUCUMBER 540 673 125 603 976 162

The yields are the mean of two plants.
For the experimental conditions, see Experiment-1 in Table 2.
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A ROOT SHOOT J5F B T.SE C
ANDOSOL & o A
SAND A A .
a-=A .
-~ N oo
" ‘ A
. =5 % kY A sk R
a- ) Y L 2 A S L)
. - ~ -
; : e 7 S
. ~.p ) R
£ cg-° | £ d l’ e / TSt
\ . 25} ’ a.5F A
./A Y S i
:—":""'6., .0
V. -.-__—_::'--o«-
— .
1 1 1 1 1 1 o I i 1 1 1 1 0 A 1 1 1 'l
25 50 100 200 4o0 8OO 25 50 160 200 400 Bop 2 50 00 200 400 800
HG/KG HG/KG MG/KG

B 7 Iv@) 2537 Fa v VOOEFTREIZT IEHRINL 2 8E# (No.
19) DEE

Fig. 7 Effect of a cationic flocculant (No. 19) on growth of sesame (A), turnip
(B) and cucumber {C)

For experimental conditions, see the Exp. -1 in Table 2.

= 16 #EHF (No. 2, 32, 40) OL:EHEINCHES o~ v+ DEFOEL
Table 16 Effect of polymer flocculants (Nos. 2, 32 and 40) on growth of rape

No. FLOCCULANT GERMINATION PLANT HEIGHT AERIAL PART
No. {mg/kg) (%) (21 days) (32 days) FR, WT. (g) DRY WT. (g

1 0 90 8.7 ef* 15.8 a-d 373 ab 42 be

2 2 100 97 94 a-f 15.3 bed 35.9 abc 4.4 he

3 250 100 80 f 15.2 bed 309d 33¢f

4 500 100 84 f 15.5 bed 32.9 cd 3.6 def

5 750 93 89 def 15.4 bed 36.3 abe 4.0 be

6 1000 97 87 ef 149 cd 35.0 a-d 4.1 bed

7 32 100 93 92 bf 170 a 382a 4.0 b-e

8 250 100 92 cf 16.4 ab 34.1 ad 35 ef

9 500 93 83f 15.9 abc 33.9 bed 3.7 def
10 750 97 99 a-e 15.5 bed 349 ad 4.2 bed
11 1000 83 105 ab 15.4 bed 35.0 ad 49 a

12 40 100 90 104 abc 15.0cd 352 ad 45 ab

13 250 97 106 a 154 bed 35.7 abc 4.3 abe
14 500 93 99 a-e 15.2 bed 34.1 a-d 3.9 cde
15 750 9 102 a-d 159 ad 36.4 abc 4.3 abe
16 1000 97 94 af 1474 33.0 bed 4.2 bed

See Experiment-2 in Table 2.
*; Mean values in column not followed by a common letter, differ significantly (LSD test, P<0.05).
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SRASTFRERNOHYEY

KWK BR+ 2 No. 2 DBREHR| (A F 4% 2FNL, AT, ¥H, 2AH, ZFA%E,
NIZHA, aHTOEYEET S (R2—FK3), 1000 mg/kg DHFERMBLZBWTT

D, TRTOMEY L bMBEOEBT L OBEERE - (RID, FrEvav(E2—-FER4L)
FRKURELCERF S B HSKR, BRARNOEEIEDonar - (K8A, O) 2, T

BRoEFsLE8CE, SERNMRKCEL TELLUH EINE (FiyE, £E) »E
Tl (B8 B, D), 1600 mg/kg K TixEEVHP & B A L7z (48 B),

A
150 150F
E
= 2
Lo 100)
=
[
=
x
L
2 o5l FLOC.2 | SYHBOL sof
& {g/kg)
] 0
0.5 o
/‘ 1.0 &
fi} 1 L i S 0
20 40 60 0
DAYS
250 100 250, 100
(°Z /! D
-3
‘Qg 3_—'_—../
200 f- -:;_3,/" <80 200k 480
FR, W, o [= - /
o o
Ry wr. o |E E -
\/o/ den o~
-~ 150} 480 150} 80 3
£ 5 5 .\/ * £
| 2 ! / .
5 £ g . =
[l 40 100 /o'ho 1
5o 420 sof o 420
ol A L L o o i i L i

2T N T I | o .2 4 .5 B 1
FLOCCULANT-2 ({g/ka) FLOCCULANT-2 (g/kg}

8 M7EDIAYOETRNTHEER (No. 2) LHEBEoRuE

Fig. 8 Effect of a cationic flocculant (No. 2) on plant height (A, B) and on fresh »
and dry weights of aerial part (C, D) of corn grown on surface (A, ) and
subsurface (B, D) soils of an andosol
For the experimental conditions, see the Exp. -4 in Table 2.

wiz, LEE3EE MELE KUKLBERE, KLKEETEL), 8BER (No.3) 34
#2 (0,500, 1,000mg/keti) OMEBEEASHYE, KB (K72 74) 28K (T2 —EBS5)
Uiz, #O#ER, DELBCRESLFENCL > TEFEEML, KILKIETRET T2 -
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ALRH M- BEFEEN

EDKEALY(9), bRACHELBIEWT, BRNROHEACKEL SV a0RESR
Ath, BHEABNE TR RELe o, RESORELS A RS TRETOREHE
LTREER TR L 72,

KUK+ L0 pH % 2 k¥ (BE, RHL), HB%E 2 k% (25°C, 30°C), BHEHF (No.2)
WINE R 4 k¥E (0, 41, 124, 410mg/kg) L L TaZ 75K (F2—EB6) Liz. T
RERIBK, PHARERVICT L, HERFEYER, BEAOEMCLIVEFETL
7z (| 20) %, MOREHRI THEBEAGNOFEIED Y, 1B pH S5 i3 E
BEFFNROREERA -1,

# 17 KE, R%E, ¥E, LAY, O¥RUaH 7 OH NG w52 2 G
#l (No. 2) ofg

Table 17 Yields in fresh and dry weights of 6 plant species grown on an
andosol containing 0, 0.5 and 1 g/kg soil of a flocculant No. 2

ITEM PLANT FLOCCULANT NO. 2 (mg/kg)
SPECIES 0 500 1000
SOYBEAN 15.7 a* 145a 149 a

¥ BARLEY 430 a 498 a 477 a
E BUSH BEAN 139 a 11.7b 134 ab
o PEA . 95 a 102 a 105 a

R CHINESE CABBAGE 418 a 402 a 416 a
TURNIP 219 a 191 a 199 a
SOYBEAN 295 a 280 a 293 a

®  BARLEY 0.618 a 0710 a 0.678 a

= BUSH BEAN 218 a 183 b 2.05 ab

E PEA 138 a 148 a 148 a

&  CHINESE CABBAGE 270 a 258 a 275 a
TURNIP 145 a 125D 1.30 ab

*; Mean values in row of each item not followed by a common letter, differ
significantly (LSD test, P <0.05).
For experimental conditions, see Exp. -3 in Table 2.

PE6EOEREFELC T, LHFEcEECOREIOEREIFRER T, BEFORAE
Fhc L 2 £ FHEX I~ 2BOTRAL TR 2T,

L L35, No 19 OEEF 100 mg/kg FETT, S5 0% 20 R 40 me/kg ML T
IATERELLES (R2-FET) i, ABREoR (BEL, 3) LFERCEALRL
L (BH4), BRCEELETLL (10, XL, XTtEvontRoRYE (BH2) &
RE etz
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HRARITREAOENEE

8 L 8
A TB\ '] C
b » o \ [
1 '-‘-.‘_ [ [+
i \ C \ °l 5 “--'"“A
S o, A = A)/. I
2 VN E * 5 -
w ¥l SBr Fal e
. ot | ‘1 4
=< =1
= = [=
2 -/ 10 2}
O 4
y
1 1 A L 1
° 5 1 0 .5 1 ¢ -5 !
FLOCCULANT-3 (g/kg)

paddy rice in the presence of a flocculant No. 3.
For the experiemental conditions, see the Exp. -5 in Table 2. A, B and C are
plant height, fresh weight and dry weight of aerial part, respectively, &, O,
and @ mean the growth on subsurface and surface soil of a light colored
andosol, and on a sandy soil, respectively,

2 9
Fig. 9
&

+HEoBEE - BEH (No. 3) 0BENAROATCLIZTES

Reversed effect of a sandy soil and an andosol on growth response of

18 242 704FiC5 L5885 (No. 2), THEE - +HpH 0B

Table 18 Effect of a cationic flocculant No. 2, soil temperature and soil pH on
the growth of turnip

TREATMENT WHOLE PLANT TOP ROOT FLANT.
NO. FLOC- SOIL (25 days) (63 days) (63 days) (63 days)
CULANT TEMP. pH FRWT. DRYWT. FRWT. DRYWT. FRWT. DRY WT.

(mg/kg)  (C} (@) ® () (4] ®) (g} {cm)
1 goB W 212 0.171 7.7 362 3.1 204 383
2 0 5 62 210 8177 1956 338 7.2 1.89 370
3 6 w70 255 0.214 519 145 382 243 370
1 o0 62 2.98 0.184 50.6 267 444 2.47 363
5 4 2% 70 218 0.189 73 345 0.1 215 30
6 4 B 62 220 0181 186 143 379 199 39
7 4 0 70 242 0.220 455 3.80 356 223 371
8 4 2 62 3.00 0.230 481 347 373 2.19 371
9 14 m 70 229 0213 659 341 408 2.23 352
10 124 2% 62 229 0190 472 3.6 283 165 3.1
1 124 2 70 234 9.206 466 193 35.8 214 3.0
2 124 20 62 278 0207 55 3.0 36.0 2.09 358
340 % 70 214 2,196 59 337 398 2.33 342
4 410 B 62 2,64 0.197 491 3.40 8 2,00 78
15 410 20 74 242 0.247 469 159 350 212 359
1% 40 20 62 257 2215 487 364 394 248 341

For the experimental conditions, see Exp. -6 in Table 2,
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# 19 R18DF -2 DARMTR
Table 19 Analysis of variance for the data of Table 18

{25 days) 63 dags) (63 days) (63 dicys}
FACTOR d.f WHOLE PLANT TO ROOT PLANT
FRWT. DRY WT. FRWT. DRY WT. FRWT, DRY WT, HEIGHT
FLOCCULANT (X) 3 0.767 1444 9,823+ 2.925 4119 1.264 1723
SOIL TEMP. {Tr1 6.925* 7.832* {.406 0.608 0.258 10.129* .309
SOIL pH P 1 0.883 0.301 6.125 12.830* 1.561 4611 (.003
XT 3 2.788 5,746 1.780 2.035 1.195
XpP 3 1.482 2915 3.764 1.370 0.249
PT 1 2.114 6.571 21.934" 8717 0.326
Ve 0.236 1150 0.960 0.0189 3.313 0.0170 1.698
d.f. of ERROR - 10 10 3 3 3 3 3

* | significant at the 5 % level

* 20 18 DEERCNT 2 ERHE
Table 26 Factor effect of a flocculant No. 2, soil temperature and soil pH on
growth of turnip

{25 days) {63 days)
FACTOR LEVEL WHOLE PLANT TOP ROOT PLANT
FRWT., DRY WT. FRWT. DRY WT. FRWT. DRY WT. H%g}”
(&) (g} (g) (g} (g) {g)

FLOCCULANT 0 22 0.187 50.0 328 197 221 371

(mg/kg) 41 245 0.208 474 354 377 2.14 37.0

124 243 0.209 463 352 352 205 358

40 254 0.213 477 372 373 221 355

SOIL TEMPERATURE %5 225 0.191 477 343 N3 205 365

Q) 2 260 0.218 48.0 348 w7 275 36.2

SOILpH 756 235 0.207 47.2 358 38.1 222 36.3

62 248 0,201 48.4 13 36.9 257 36.4

4. % &

4.1 HBAHOEHEE BT IHEROAR
EHL0HDBLEENTE, BATEERORE LEMCNT 2 BB BEFEL LEARRY
B, BELOLDRER L LY MERE 30, R 1Y, FRFHE 17, WHE

3D T UBEHISER Y ORBBRBEESH 202 TH b,

R EDE, FEOBS FRER A B L THRB T > 06 R, b2 ED N 7 4 WS
Bl%, 2g/kg THOBBEICRIMUZIBS, 775 PR REEE, NRETRUEOBRA
tHEoELRZT L 2RV LY, BERNEHOTHY2OHRTH 5 aHEE2TBRL 12,
EREES b, A FA VHBEFOSNN I FACEEEAL L RO U HEHEAL
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SERES TR MRS

TORREADTZ 2 UAT7 I F20OFETH L EXY,

S, BELDT- - EBERIZ, »F4 rHEEFN, DYHEYOROBREEET L
(BEMYEERER), RU MY LEOLFET - EORBAEI &R T 2 & (KR L 1
HMOLHRR) Thol, FIT, ThLOEEY, VEEFFOTMBCLILZ OR, HLV
RBERBE L300, 7, DATEERFAERLOD, KOLWTERERAD,

E OH 4 BEF(No 19 tHORERL-TRELLIA7ED/7 DO VA (L
. R
Plate 4 Appearnce of chlorosis on turnip leaves in the simultaneous presence
of a flocculant (No. 19} and copper in a sandy soil

100 ppm Floc | 100 ppm Floc | 100 ppm Floc
The treatments are; + + +
40 ppm Cu 20 ppm Cu 0 ppm Cu

0 ppm Floc 0 ppm Floc 0 ppm Floc
+ + +

40 ppm Cu 20 ppm Cu 0 ppm Cu

ppm; mg/kg dry soil

4.2 BoBEREAERR
AATOROBEFEEL L TUBOBAFRENOEREA 2 V=Y LER (&
m,i&foﬁ%i7&%%%%3ﬂ7ﬁ@@§%ﬂ%b,mm,/:fyﬁtT:zyﬁmﬁ
%Hﬁ%%&<ﬁ@%E%@%5i&wctﬁﬂ%bt,:@:tm,ﬁ%iyﬁﬁﬁﬂu%u
SOAMY, bLRYFAUENSCEET I ATHECHES, ROBREEELTWE L
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AtRHF B BHAEE

DRY WEIGHT (ms)

RELATIVE CHL. TOP STORAGE ROOT FIBROUS ROOT
2. 200 Y] 100
(3rRD LEAF) . FLOCCULANT
- +
sot Jm
Ly 150+ 0r
31
1.0 100+ 21
uwt
0.5 50 10
ZU L
o o 0 L o~
0 20 40 0 20 40 0 20 40 ¢ 20 40

CU {we/ke SOTL)

B 10 $Hr&EH (No.19) ORFICELD, 247D 74 LERLEFD .
BT (R#RE

Fig. 10 Combined effect of a flocculant No. 19 (100 mg/kg soil} and copper on
chlorophyll content and dry weight of turoip grown on Ichinomiya
sandy soil
Each value is the mean of 4 replicates. For the experimental conditions, see
the Exp. -7 in Table 2.

EETRTLOTHS,

RVT72YNT I RROBEACSENITMYL LT, REEOT7IAT IF{(E/v—)
BERELEEINTLEY, L, GEANGHOE /v Z0.2%LTTHS I 95, 100
mg/l DBEHBRT TR 0. 1mg/I1MTOE/ v~ —UHBEELTLELI LR, I T7THRE
ETRIEETHD, abir, BEAOSTFEE»ELT, /=4 vRUT 24 v HORGOH
ﬁ%/?-ﬁﬁ%ﬁ%u@f?%é:tb%@?&h,%/V—ﬁmﬁﬁ%m%?%ﬁﬁTﬁﬁ
WERRTER, $hhF A VHEBEFORERT I VESFREEDRLD, P FALT I
LM AFLT I vOBELRAT, ChobEREMETHoL (F3I), INHOBERIMZ
T, BEAOBHESBHEEBCTHERL T, 2k, BEE L THEZBR YD S, E2FON
MR EE 2 EET 2 RERTREVES L 5.

BAFEREREEOHED S b, WEZROMERLHMEs 2L, FFREIMREETLECHEN
(Tibs, BHFROMSBELVEENTEY) T2 LBB0oNE (F4), ROMRESFR
OB, BRORW/ ZF Y EUT o UOBES, BHEOBLAFA EORMREORS
PIAFERAEVWIE (B k-7, ROFLEELRLOTHE S, EB, »F4 %0
BWREATE, HPFRHEE L OMcERLHEBRECTLAY, 34 7 ROMBRIEXNT 5 EDs
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ARESTEEROEDES

s, MWEOLF4 L EHAE (F1) P, GEAD 4 - RBER (K2) c AOHEEERED
HEE, BEFNBROA A o HOBI BB EBEELTWA I ER{TBLTWS,

ARVFENTHA BT Y, 3A 7T LA EDy & 4 4 > HREROFEHABONE Z L
(E3) i, #2777 rEOHEMRI o 7 RIURRBIC L - Th+ 4 o EEEROR
FEreROIBIEETLTVRS, ¥51, Z{OEY Ty 74 - HEEF I ROMREEET 2L
& (4) o, BEEYS AT EEUEBIC L > TEEROREL > A THEEIBVLERE
bh s,

SHEM I — BRI LTRSS 3 v 2, B2 IR L EDW@REREE AN T
V2 EERDB BRI L fos T~ A bOBRETH D, CNENTREBBIEL S
LI~ EA DR LE AAERDARER ST, BAFHECHFER L LTRMCRZ R WE
BELL2, LU, EDyfE% 4 4 v RATERERCE L, 102~102 &8/ wHEHL, H
MR T HEFRAONEE LTRINBDOWBE R L, —H, WRkERE, B, Yy I8,
BREOYF I+ URBEACL > TEFERMERU L5, ZOPThe AFHHT 5 48 FrfE
Tim ff CEEEGTRE) i3, H2EOBERCHNL T 0.12 ppm DEL BVl E>Tw 3%,
COfER, BEECNTAHBEHEEEYL L RT3 EDGELRILVAVTHE Z Eh
5, RLEBMOEFRLLTLRETREVT, £t 2 BEAOER I ppm (mg/l) AKHIZ
HHEFLE Y, ,

HFF HEERICL 2 2 FROBRINEG, BET M2 BEE0~2HBET2 4D
b 1~3HBKRT2H, 5 2~4HEDOFM, LDHEEL™, FRFRIREHOFRC
FEABEE v (E2), Tho0BEEE, 74 o HEEROFNE THROARS NS L E
LIBERERE DS, T HOBEAIIBOARAEL ) bERBREMEIT IO L ED
3,

BARFHCL->TRLWE S F 4 o HREFOBELE, BHEROFE (SRS
B, FREHEOTE KBER) PLBRTOTE (EHER) Cl-oTERSh, 2EYRO
LSRETT3RE->TEERRFEE->TL 5 (F5, 6, £I9), AERINLTY, FAT
PBEVEOHGE T TEERANERANS, UL, A w T o RERBRY (B2) &
EkRIC, BEAMOEERDOERN A A CTWEBEFLTEY (M5, 6), LBy
HEEWTY, 24 BRI > T~ —HNRTFFHB T BRERE» - 2EY (E
4) —OEBHMET T2 (B 7). TR, RERFELSEDL-TL, BN T 2R8I TEESR D
EMFEESIIE, SELLHEISbLLELLNG,

+ERER ORI EYE, 1388, £ pH, BEFOERFOR»hb S T, BEOREH
BAEELTLLRY, Fo—E0BEAYBHE I ENTEEVES LaLs, BEORERE
EETEERIC L AEFHEE (2 REE PRI EERLRD SN TY, ORESH, AIE
HE, BERET CREEENESokho), BLAWORRERLAFLIL S L (&
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AR - EFER

16—20, 07 ~9). HEROPFETIE, COI 3 EHONEEDE U RIEOD&EEIToT W72
G- FAPRERRERICEETHL LOBRI L > DL B2, BEFRICEL
THBNHEEL B> ol F 2 v Vi, LHEDHRE CREBERDORMC L > TEFNR R -
Twa (7)), SO LHBERANIRRTHEL, EROEEE 75 L T2 202 EEM
EBRELTWRTHAIL, 2HEEARLEONBENLUBRT 2HELEDE TFoTaY
TLEbhhbYBBS S,

AFF MBI TERERIEAESMEA A L 2BMETH O, ToOWES, HLRF L EH
FOoTACHBULLEBMLAT (GRS *HESL2ETR-LTHAIATVEY, 20
ELER ~MCAFHEERSL, B 4 REED D 3 YR NEERN RO F 4 v B L ER L
HIDRBRLLEZE, BOBA 4 o RBEN NS OEPERIPPOTEFERNTIC W I &Y,
IOIEEBELTLARL LAY, 224 TREETHE-RISEFELSER 2T, B
BERTRINT 2RRE, BEFHEBOA A VEBE2TRLTWE, BERO A 4 v EpR0 [
REFZEILTW2E95L, 2PN TEOBRNBELROUVES, A8 (Cl-, SOi-,
PO HOBRA A VHEETS) OFEEC L > TEFANER s N ABHLMBH DR
%, EB, ABHETOClEBEL2 I0FCEDS LR E>TEMSETE > T3 (F13),

oy 2 BRI OB, BEFABIORAET 2L p0EREN—FHErbELIoh T
3%, Lal, #EYoR&cE, BEFSYEACROPREZIEL THuAERESE D2y,
BRREREc ohE, BORDPOSERAROTESRES S TR T TH I, SBREE
BTRSECUERMENZWI LE2FLTWS (R10) »5THD,

PLEDEEORRE, #F4 MHEEFVHEDIRCS L 20O, chsROo7 =4 &L
Fal THRoBECEE s, HROMER2YENCHEHET? JLcl-T3lE8I3hEHD
rELS (H1D), '

4.3 HPLBEOLEFETIEORALAR
BEMOFETTRHRB L 22 7OEMBEL, REsRR2RE (FHE2) Eo®%
ft (ZooyR) (BREL) dRFVIHEFEBRRCIED SR E Lo DTH S,
ZOEHSENCEROETIE, SRCEATHSENE S, @RI TEEZES 100 mg/ke
mﬁmﬁbﬁbfh5ﬁﬁwhé%w,ﬁ%ﬂ%ﬁt%ﬁéﬁé:tE;of%Lw7UD§x
BRRT B L &b, MREOMEES 300 mg/kg MazLl Lice s (R1d). Chs0BH%
Z2Hb¥ sy, ROVEIHEOBR L > THERL I8, Fh7 0oy ARHAORRICLS
BRZEARFEERTH SR AN T B TREE Y,

THBEOERS oM e TG TE, HEBER No. 19) LOXFTTI2A70EES
BTL, 70avAnBI3@IN»5THD, &6, KURKLB(RFESE I R+ —117mg/
kg 1%, FBL--150 mg/kg +38) KW EFRBLLBEOF Y, DELE (2FER7.5mg/
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kg 13B) CRELLBEL0 L, BEFOBEMCE S TEBEHMMET T 258080 (K8, )

Crb, FEORBERRT S,

REBR TR ASERORBE 1 M) L EDTABE (50 M) H»SFHET L LEBEDD
$HOKEE EDTA—Cu- & LTHEELTH D, # 54 VEBEAE, Thele LT
ThHd, $-ELAHNOEBRERS 4 OP TR, FAM A HBEOREREBRATHD, 1M
FRLERLSOAFRBEOEMGFERZD S he, BEFIHS LHENEEEERT 55
ML, S5, BEFDICRTF FESHHBE (v v b ERY) iid, Cu LBk
BLPTL, IOBEBTCur AL TROBRWEL /A VEETII b EL6NE,

LlEDERE, S, #F4 oMEBERICL 2ERBROE 2 RREG, HITEL RS
CRAROESBL2EMTZ2 LRI -7, B ELBRREESSIxE T tihr bER
2 (11,

(I} PHYSICAL INHIBITION OF (1) COPPER ACCUMULATION
ROOT ELONGATION

R
FLDECULANT—HaGER e EDTA-C®
R

B 11 AFA - EREROBEY BT
Fig. 11 Posturated mechanism for the toxicity of cationic polymer flocculants
on higher plants

4.4 HWHHTIENTFEERORSY

MEEMCHT 3 EWOFFERER, BEETIMm cLLER 1 2R TEROFERE L
T5ZEBLIELIETOR TS, CARBRALT, 774 BRI FEEFOEY I T 2%
2 % EDyo ¥ 1 WEHGRBMED, £ 02T 5 &, RFHOBMBKMTT 0.3 mg/l LT,
FET 0 mg/kg T3, CORFPERT I A5+ v HBERSHER L ABADE
AL (R IERTE Y, FLAEENE L TOTAERIZO: 2B ADR
Sz, bbh2h, ZHREHOERIESFEERICOAEL LERERL-bOTRE L, &1,
BEFOEHBENSEL T, BEORFTHLRBCHR S W BATREAGRIEMCE %
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ERT Rz Th2iEBbR3, L LENs, ITvH0RSELF VI » §iETu
HELLBESER 2L TOBHEIZAIATEST, 4%, 03 RBAroBITRERNOE
EHICHTA2RELSLETHLEEL S,

5. 3¢

A FF RS FRERD, BRFRBCSL TESHEPOROBR2BERECIH TS &,
AHBBRCBLTRR A CH EROETET, BoRCFOELBREL 55K ITIL
Rl LHBEBICBLTY, H3EOEERII T~ L T 50~100 mg/kg DHEHED 5
FeRFL, g4 4 RBEROKRE EERIE CEMES SR o2, 28 TORDI
OBR, BEAFNIRKOZERTRHSENETL, HIETCRFESGENAEICTE ZoTwi,

IhoOERS, EUCHT 3454 HEEFOEE, DVEEFCBYRO 1 I &
L HIRMROMRIAE, 2DMOBEE, TRLEIHRICI 2 2ENECETEF LEOHL
DEMTH L EHBEL,

O

AFREETT 2> TR TREFARUEHEREL TFE > L WESHR VB S FE
SERF2OWAERA, AIENE 2B LAFRR, HEREMEZO FIEFRRASNER
RE L, HBFRRMRES K, DARBURICEHL 7.
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29.
T, TENZEIRUCAERPEDCET AL OBRBERH

A B BPE E - TEREE

Adsorption and Distribution of Simetryne in Soils,

Soil Particle-Size Fractions, and Organic Materials
Satoshi MUKALI', Kiyoshi NODA? and Kozo ISHIZUKA?

Abstract

Adsorption of ring labeled '*C-simetryne from water by a clayey and a sandy rice
soil, their particle-size fractions and organic debris, and rice straw was determined.
Immediately after adsorption, sequential desorption of simetryne from each of these
samples with water and a methanol-CH,Cl; mixture was tested.

With the original soils the clayey soil had a adsorptive capacity 13 times that of
the sandy soil, and in the fractions adsorption was found to increase as the particle size
decreased. Thé organic debris isolated from the coarse sand fraction was higher
adsorptive than did the rice straw.

The unextracted portion content of the adsorbed radiocarbon was found to be
lower in the coarser than in the finer fractions, while for the water-soluble portion
content the reverse was true. The organic debris had a markedly lower water-soluble
portion content but a higher unextracted portion content than did the rice straw.
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LAWBEO>VWTREIHLH D, ThoOWER, LEEEY, Bticis&BONI 7Y VR
BREAOREBEBIIOWTEECMAEREL TWE, LbLass, ZhoOFEMnLHEOL
C ORI, FOLSRRETEEATLTVAHIEOLTR, IR THEAIEELA KR <,
BETELESSLBaRTWE LBbhd, £, COBOBEORESHRER, shot
BB 2 BBRCHEDFHES L LEBRCBRL THWE EFRER D,
LIEDERICESHT, BE S}, KA LS 2HFRCFEHINTWS s— M) 7YV RERHE
s A b Y > (2—methylthio—4, 6—bis (ethylaminoe) —s—triazine} & Tz 517 2 E8HO
EhesaaszrLi,

FRICEWTE, 1B PRBI2Y X M rORESAREEHASHC TSI LEENELT,
2EEOAHLERE, Tho0TE,SNFILBBOREES L HRE, RUBHLSI2L2
YAN) rORREERFAERERE TS,

2. REBHHRURE

2.1 gt

BRI REEFRIEORBKHO AR IER B ABEOREEOBELB LS FERL, ¥
Rz tEYRE 2 AT RMICEE L SEREL 2R, 6, ZOFRt» R - EEHEL: (2
mm D74 EEFLLLD) Rt LTHLE, &3, —BEWLEIR, FEREOFERCE
WT, P AP RREBAROBERENS SN LTETH Y, FELBREESFL ALY
B, HEVRELTHoHTH B,

2.2 THROVEOHHESE
BEF+oEhEng, 5'COERRAT, MAPC+S28a ik, MEMNEIEER
W, APERREE E DB TOREOX2FRIAL 2tk L &0, > 2 mm, M, 8, vV
FRUKLOSEEOES (FESORREEEE, £ 1LIRLE) KaFIL, s, > 2
mm, HEBOEEMC DT, EHRELZERR 0B L 2, Tho OES L HYRE
2, £+ L 8IZ, 60°CT—RBEERLE, Ty yr—7—Fd0OF7 A8y cEFEL, BUTOXE
BRicHEL Joo E70, HEVEE LR T 201, B1.0~0.25mm YT KE 8 CHBL
FeEfb o LA > (4 EMFRA L TRA3 ¥R L0) Bb#iLi,

2.3 ¥AMYOBBERER

HEEo—ER (24, EHMIE 1 g HEYRE, BHoRE0 mg) %25 miEx vy IEH
SABGEEYEIZED, 242 0.25~5 ppm DEBEHBEOUC- A MY ¥ (MY 7Y RS,
Feiestss - 17.0 £Ci/mg) A¥E¥ 10m] 0%, 21+ 1°'C ORRAIT, FFEBE2E56» UK
BT BV REFEREM (30~24047) BE Lk, DK, FO58 (4,000 rpm, 54) L
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ER: L plnd =1y TP AT ¢ Bl S < B

T, B S8, EL L BIICREL TREUC- v A b Y VORSEER %, W& > F L —
VaryARZ b=y —AWTHE LR, Tabb, WD 0.2m! %, Wk v Fr—5—

((4 gppo+0.1gpopo)/l b)) Tmi+TF /-3 mlCERELEZLDIDE, HBHEE
BOBEETo, ZOHEHER, REOVA MY v OBMBEEBOBSEHWEFELE LR
Lz, %3, ZEBRITRT2HETTo 7,

HEOY A MY YRERE, "C- v 4 b VRIBTOBRRB OB AR RE L 2 A
ERILTH DT, HMULNUC- A DY YKBEROKHER LA L LR DBOBHPD
EThEDENSEHLY, 3, > 2 mm OESOMBYLRE & SR F (BERIRELEORS
O&H) i, BOTLETH - (R1BHE) OT, SEIIER LR,

2.4 AN OBERER
VARYUBEDEIRIRBTREANRTVW AL EENL D, £F, FETRRA-HER
ED, 1ppmDHC- ¥4 b Y RER (LHETEE 1 4.0 Ci/500ml) 2w, REXRBRCH
LI:BEMDY A M) VRBEERDZ, IROT, ZOLIRLTY AP VRRESE-BE
Bm,aﬂw%n%n&,%mwﬁ%mlam,&wx&;—w-v7uuxyv(1:1ﬂw
v) OFBEHR 10ml AW T, 21+ 1I'CORERT 0 AHT2IELE S L, YA Y OFRNES
E2{7of, EBER, BOUSE (4,000rpm, 54 LTHBoNLBREIZEERTWE1C DG
BBl %, FIHTBRNL AR > THEL, $h, JOFREREE, Adess3BELT
WARHCOEYE, “CORBRrBHERLOBECL>TRDL, BEDHEIK LY, YA MY >
DREREE, KOEE, BRSETEE, KUK - SEGETERO 3BRICES LT,

3, RBRERRUEE
3.1 #RiINoB/¥rME
K1 WERLI &S, MLEB0OpH, 2RERUVLERORIVWTFNRE, ERAILTH- T,

+® 1 #EEoBEC Y E

Table 1 Physico-chemical properties of soils used.

Distribution of particle-size fractions

>2 mm Coarse sand*  Fine*
pH Total Total Total
Seil (H,0) C N C/N M.P** OD** MP* 0D** sand Sit* Clay*

% %
Futsukaichi 5.7 2.45 0.19 12.9 7.5 0.2 3.3 1.0 301 20.1 8.1
sandy loam

Chikugo 5.6 2.69  0.24 11.2 1.0 0.1 2.0 0.6 17.2 43.8 35.6
clay loam

* Coarse sand: 2—0.2 mm; Fine sand; 0.2—0.02 mm: Silt: 0.02—0.002 mm: Clay: <0.002 mm.
** M.P. and O.D. indicate mineral particles and organic debris, respectively.
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LU, MEESHEEE, FLIER->Twiz, $4bs, ZAWECIHEY, EoEFs

Fo0atl, RETEOBRBESI AL, BLOoBSHE, o,

3.2 #EMOL A+ RRREE

ZEPoFhERIZ YWY, YA MY YOBRER L EEHBE - OB, BERNLHEREERDS

RBWwiFEi (E1a, b), Z0#IE Freundlich ODRFFBR K Z L BREH S,

106 - : " - 1,000
la 'y r . -
& 'd @
/‘2’,"/‘/( P
A7 n” ¢ v
,f":’,’/ -] //
10F / 4100

Amount adserbed [ ug/g}
LY
R\é
=\.
)
1
\

0.1 1 1

— =

10

Amcunt adsorbed (ug/g)

Equilibrium concentration {xg/ml)

1 vARYOREFEFRE 212 1°0)

(@et, LEKEEIORS

(D1 BHETRE, fibS5DBE

Adsorptien isotherms of simetryne at 21 = 1°C

{a) By soils and seil particle-size fractions: O, original soil; (] and I, mineral
particles in > 2 mm and coarse sand fractions, respectively; A, fine sand; A,
silt; @, clay.

Futsukaichi sandy loam; — — — Chikugo clay loam,

Ratio of water (ml) to adsorbent {g)= 10 : 1.

(b) By organic materials: (O and X, organic debris from coarse sand fractions
of Futsukaichi and Chikugo soils, respectively; A, fresh rice straw; A,
decayed rice straw. .
Ratio of water (ml) to adsorbent (g)= 10 : 0.05.

Fig. 1

iz, REBROY AN YBEE (BER (pg/g)/ (pg/ml) FHEREOHTRLEY) 20w
TH2E {ZOBRE, HloRLEBERLAKRTLHLOT, JITRERRLE ), &
FetoFgicid, ARTEOAF_HMEELDLELSBWE (135 2547, 72, W
IEETRICESEOE SRR TR &, IOBEICY, ARTBOFY, wIhOBEEDE >
BWITABW I ERRwEank, 17, A—BEOLEBOEES DN TADE, YA Y
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TR BT L 2 A b U DM WE S

WEHEIL, W1 bz, ¥L, YV FOESTRLE L, MRES, B, > 2 mm 0EIOH
BYRTOIECERET S 2 e@Edon, Jho0BEEE, 1) MEEMIEKEEWICE

LSRIZT 2 -HH By RETBL L B0, ¥ A P ) Y 2REFRFT 20500 SR,
BE, YAV POBEATHEE, BRU2) 220V A+ YBRERSRIOBELBHIL TWw3
FERFO—2i, ML, YV IOEFOGERTHLIIEERL TR EEI NE, T2,
WMEIBHTECESEOBES 2B LIIEE, 7TOESFCBLT, AELEOINIIE Y
ﬂbU/&%&%%Ké&ﬁj%%u,Wi%@ﬁbﬁﬁ@ Sz, ERYOR L EEY, K
TEMOBE R F RS DL I EEFKRLTVWA LEDR A,

T BROMEBDE S5 S5 H s U EREC, REREOYZhbRY A Y YRERESD S C
ERwant (B bEE), cus0BEMRESMLS L& TS L, v X ) Y BRER
@, HETREE>EGRDS >HERL SO BT T2 2 L@ enl., 72, ZOMEME
Lnawﬁﬂmﬁﬁmwﬁﬁwﬁ<aémmtﬂbv%oto_m_tu,ﬁ%ﬁwmﬁﬁ@?
NTHEBOLTREVIKLTL, ¥ A MY OREER, BHEsSEALEYED T, Thd
HEATOBRLWEMEL D LEWI LR TRBLTVWA LWL LD,

3.3 HBEECEULL ALY CORBRE:SH
VAPIVREDLINRETEREAAL T b r A EREM 2 R L, BRE
BEFLNC- v A M) ORStHER OCRATHERE, F8BE (A7 / —nL-Yrooxy 0%
BIR) TR, A-BREBERABEOATSOUC ORHEROER) wid —r ¥ F TRL

2o

COMBERs PR LY, BREFERLY A rhoRIBEERAOREE, &4, EES
b, ZHMHEOARAETIEL O FL, A, RBEE LY A M) ROk - FHEER
TEERTOESE, AEtEOFH BT LRIV B I LE0 R, 272, BEOH
&9, HELEOKTES TRECE I EaEE SR,

s, A—EEOLBNTHEESZHECHET S, ABERIOESE, mIEE bz,
BECH L WESICERT, NEOCBWESOABFLEAERLL, JhiCHLT, K- 5%
BREABEERSOEE R, MrwESOFMHGEDS L D BWEARS Z 2 L BRwiFahik,
ftus, FRBRTEELSOFEC OV TE, AERLEOKTEASNEL (BOEEZRT LS
Britid, ATl AL, K BRBETEETA08HAC»TE LRI ERR, W
FREBOE Lo,

—H, HTRE, b5 OBEE, KTERRSOHER, B LORENE bR
boTROEL, ROTESEDS, WHBEOEMREOIER, BHEOBREIE 25y
BT Uk, i, FRERETEETS, K FRBETEERIOHUSREN L H, KITBRE
AOHEE LI RMOERER Lz, BB, BHEOMIMRBIERE S v AP Y rOBRBOS
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TR ETE Y A ) DR BB 2T

Percent of carbon-14 adsorbed

0 50 100 0 50 100
| — T 1 P T b
Futsukaichi sandy loam Chikugo clay loam
Original soil
M. P¥in> 2 mm -
fraction

*.
M. Plin coarse
sand fraction

Fine sand

Silt

Clay

*.
0.D%in coarse
sand fraction
Fresh rice
straw
Decayed rice
straw

|
i methanol /CH2C12-soluble '*C
| Bl wrextracted C

B 2 &+, ERFEES, LEEDRE RURBLSKBEC— A Y
ORESRE (21 1°C)

Fig. 2 Distribution of adsorbed “C in Futsukaichi and Chikugo soils, their
particle-size fractions, and organic materials treated with 10 ml of 1
ppm simetryne at 21 + 1°C
These samples, immediately after adsorption, were successively extracted
with water and a mixture of methanol and CHZCh (1:1). One extraction was

perfor'med with each solvent.
: M.P. and O.D. as for Table 1.

WO, b s, BOboofR AT 2L, BUL T3 ZEEHENT,

2f, ZITHANEY AN OREREBEOVLWTERT R, KTUEEREM, HERT,
TEEYES» S ERCREL T, HERPIRTT S, ERCRREABRY A P Y
L, fibh, &  EREETEEHMZ, KOATRKEES TEBETHZ v A MY VT, &6
2, BRBHTEERSE, B0 RHNEER b sy A ) YIBHET S LEI SN,
31, ChOoD=FHEMWE, YA M) YORERFBBICRASHOMESHS LiEEIND,
HoT, ThETBRTELHEER, 1) H38, HEEYRE BbowdszyAr ) OB
BRI, BOLORY SHEENHEL TBV TS ZE, RU2) ZheBBO+hT
AREHICESLTWaEER, TEoERcE-T, i, A—EBE0IETRLBRENTF
OEROMEIC L o TKELRR Y, 86, TIBEYRE BEfEb s, FllbLCBNT
i3, FRSOBHLOBERIGUTIEHTI I LR2BERL TR EELSN B,

Dl ZBERE» S, HEH T A MUY, HOor0RL - LRERET, FH—K
DAHELTVELED—REBEONCTEIENTERLEELD, &2, VAN VOBERLE
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BREE, HRRTF—IEAMCBY R AN Y OEB L BB S 2 LR SN,

4. 30

WL LRI OBk K A, MERNESERIC LY, BEROES & EtEc s
AL, ZhseRDHTBEHEL2OLE), RUZEEOTDLLRDWT, “C-yvA MY > (B
) OBRER, RUREHEE, K, B@ER (A5 / —LUroniy v 0SBER ko
THEEREENZBETN, ROEREEL,

) wA MY REE (RER ug/g | FEHRE pg/ml OH) &, WFhoLHBy, i, v
MEOEATRLEL, BLONEAE L XHWIRET T3 L@ oht, i, T
OEBOFE R, HELRHELO BERVY A P Y VEREREER L, BEEOEDES 5
HEES W EYRED v X b ) vIREREZ, RABETHY, BHEMbS, BrHHbont
REDBELL{E»-T,

2) BEIhY AN yPOKRABERFOESE, WTFRLOLBEOBRE Y, A0S
Lo TREY, NEDHOESTE, NEOHIVEATE,L-, 177, REShLY A b
Vi s ERERTETSOEEE, I RRNOERMSED 5, TR0k
BTy, BFRD S, BFERD S R T, KRBHBI0EE8ED TEL, K- B
BB OBELE» 1,

WO

FRRETICHz0, "CHHBEOHTHEN 2T & st RERFICHEDNEER 2
F EEL, THEEE ORI ST L - L EARBESBBENS, RUNC-v A M VR
EeREL TRV F/v - 4 FHEFHORLIIERL X T,

3R X A
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on soil organic matter chemistry. Residue Rev., 32, 131—174.
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Data on Lysimeter Facilities

Toru KUBOI, Kunihiro FUJII}, Mikiya HIROKI',
Hiroyuki HATTORI, Yasuaki MATSUZAKA? and Tomio YOSHIDA?

Abstract

The National Institute for Environmental Studies has ordered 8 lysimeters which
can control atmospheric conditions, soil-moisture and soil-temperature, The lysimeters
have also a large number of samplers, sensors and recording systems. The facilities
cover an area 170 cm in diameter and 230 cm in depth. Range and accuracy of
atmospheric and soil temperatures, and atmospheric humidity are 15°C—35C£2.0°C,
15°C—50°Cx15°C, and 50 9%—70 9% +10 % (R.H.), respectively. Preliminary
experiments showed that most of these factors were operating precisely. However, the
wind distribution and light intensity in the atmospheric area (greenhouse) were not
uniform. Wind severely affected inter- and intra- lysimeter differences in soil moisture
and plant growth. Thus, experiments using the [ysimeters must, be conducted with
minimum disturbance of these differences. If the experimental plots could be properly
arranged and the data carefully analyzed, the facilities should greatly coniribute {o the
projects of environmental science through the new information.
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Fig. 1 A lysimeter facilities which can control environmental conditions
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Plate 1 A view of lysimeters in a greenhouse
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AR L EE 170 cm, EHE 230 cm OMEO T M#EER (& 30cm) BOWRBETHS
(REE2.27m?, BEIESHERES5.22md), FENEIK, 1V TFL—AV TV rThDI74=Y
7 (BE 4 mm, K6 mm) 2T ik, MEH2ED L L bRAERECHNT
VWh, EITEMAESOBECE, BRAEHTLZOOY vy b, 4EZXGTTRIGTT
HbH, 2RIEEE, BEFMICS HFOEE S, AL (E50mm, 25cm M) &, 32F0EE
B, 1O LBREO %R,

THKSOHE LK D EBRSR, ABRECERS SO vy A Ay —THRTES (0
~2.7pF), #Aid, RO UEDF7arF2—7HoTn(BEL), 1 18iT1IEII 10
1ETITHENTES, ¥4 7 —EHEE L TRBEAFR, kI EHSH LS4 v —ER
EAAS, RUBREKMIREEALR CRHEEH L L TERT25BE8) 0L Thes kAT
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HE H 2 FAvA—F—DHEE

Plate 2 A view of a control panel of lysimeters
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By, #Z2A740F Ay 7L, IO sEREXBIV—V#lE, RUHIELERT 2 86T
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ZOETHE, 74 vA~F— 2RV EBRETICH > TOERT -7, RUTKEREMA
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REZOWTOHOTHY, 1 BT LEKHTHLEHS 2RBERBERETOER» 5EC No.
1~No. 4 £ L7z,

1 LA AR
40 cm / ferae

5
e

190 em us-so‘§
| \ QUARTZ SAND
\\\\\ t5mm ¢ CERAMIC BALLS {6 LAYERS)
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-—rGLASS WooL

2 A VA —F—0WEH
Fig. 2 Longitudinal cross—section of a lysimeter
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FETAL 22, FHRFAANOIBELEED R GFREBIEER) LiheER s 18
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BHE,SOBBICID, TBORTARERIBED TRFTHS L UL, Zhid, 208
CHE AN S BZBDOL Y —0F 0 77— 2T HRAARBOETRES, tBNORSOB
BRESE, BEDBBVEEI NI L0 HETER, £1:8{ DIV A—F—TLIf
VERIE L 23k hid &L Bd ot

3.2 BRraEK
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No. 4 DIHIZZhZFh 8.11, 8.11, 7.4, 8.11 (B101HKEK) THD, BERL VRO
Ghol, Bk, HRIEARRMAERLBHEAARELLZLL Y, BFREARKCEWT,
HEREDEARCSHNEL L, CORDHRCSBEORENER L AR IIHET 2~5m D
@23 0.08 mg/g 138D NO,—N e LT, 0~2 cm B NO,—N Bt 5.4 mg/g 1Bz
Liz (1980 10H, No.l ZA ¥ A—F—), T, BERZRLCr I3 L-> THERDELE
fFoTind,

AR BEKOFYAROF £, B3R, #Ekik, 18REEED S BEKEIAN
L7, REEGEMOREKRR, BRTEOL DI, ERLEESNTERh o, bR ACHRER
Bt 5 » Bz B33, BREMAK (No.2k No. 4051y A—4—) OBARE1,4181
(LHHE), BFARF 5451 (No. 2) L6591 (No. 4), BEHIL 38% (No. 2) & 47% (No.
4) Th-olz,
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# 1 HEOHEERR O A RS
Table 1 Monthly and cumulated volume of irrigation from Dec., 1978 to Aug.,

1979

YEAR 1978 1979
MONTH DEC. JAN. FEB. MAR. APR. MAY JUNE
IRRIGATION (liters)/LYSIMETER

IN A MONTH 90 423 234 55 250 0 a

CUMULATED 90 513 747 802 1,052 1,052 1,082
IRRIGATION METHOD ———————— TIMER—LINKED
YEAR 1979
MONTH JULY AUG.
LYSIMETER NO. 1 2 3 4 1 2 3 4
IRRIGATION (liters)/ LYSIMETER :

IN A MONTH 392 341 411 515 629 795 470 295

CUMULATED 1.444 1,393 1,463 1,367 2,073 2,188 1,933 1,662
IRRIGATION METHOD ————————— TENSIOMETER—LINKED
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Fig. 3 Changes in soil moisture (pF) at 30 cm depth and volume of leached
water {230 cm depth) after irrigation of 70 liters to'a lysimeter

KEE ISCRBELLRALS, EERBICET 2 £ TORM %, £@» 5 30, 130, B0* 205cm
WBF 274y -5 —hLHOE L BERAR (RAD, #ilBD) cowTHEELL (K1),
BERAKOBE L, BEFNIR 24~260C ThH o708, BER, W1RHETI0CETETL, 20%
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Fig. 4 Changes in temperatures of circulating water around a lysimeter and
changes in soil temperatures at 36 (@), 130(0) and 205 (X) cm depth of
soil profile after a control dial for soil temperature is set to 18°C
A and A are temperatures of circulating water to and from a lysimeter
jacket, respectively.

M5 RERREEL%0H5 1H (1979E 8 HOBER) OREMNEEL, HETS,
30, 55, 80, 105, 130 K1F205 cm DMWROE(LERLIZ LD TH B, KB 5 cm BORBIIE
WBEE GURFHEE L ) THEL, Z0BEORER, ERER (B25C, ®20CK
BE) XD REERSGRETEEL 2, [REOCEHL D 1~ 28BN THERLL, 0 cm B0
i3 +0.5C @A 2 ARAHICEL 72, 55 cm BRAF T, B0 BRI AR I HEL
TRBAILIC-—EDMEE L5798, EL L2 BYMBRETL, 130cm BTRERE LKL
foo L L 205em BTRBUVOSCEREHEL VE k2T, ZORRER, AREDOREL D,
ROELETRyEE LI, BRAKESHEHTE: (RELSV) i85,
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Fig. 5 Diurnal changes in atmospheric and soil temperatures.

—Zig&—




BB £ 3 A — & — DI b e L QBN

3.4 BERYLTS—rR@EYTIS—

BRYT 77 —3MIKBTERLLBE, BEESHEL, BT 2RENIEuE, £
RTsRmoied, BALYOFECIAC THE L, WEE, HFREARROBEE TIZ3
E, TRBEPFERLEBECORMER AT, MEIRZ4BEDS 1 v A—¥—0 3RDHEH
EBMI P LIbOTHSES, 30em 2B\, FBER NS o7, B, B—F b v
ZOETEE, RE (B R2ME BIEM2BETH-,

[ T7—b, HTAT7ANF—TRIBEESTAL 20, FlZ, A7 v L AHE
DRAEATVVARTE - b ORERL THEEL, EREICEREL TFTRIIL 2,2 212 No.
ADFAYA—F—THIEL:16lITH 5,
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Fig. 6 Concentrations of NO,—N (), Cl (@), Ca (A), Mg (4), Na (V), K (V)
and H* {+) in soil solutions sampled from various depth of soil profiie
The values are averaged from soil solution data at the same depth of the four
lysimeters sampled on 28 July, 15 Aug., and 25 Aug., 1979,

# 2 74vA—F— (No. 4) OLBHFAKD
Table 2 Nitrogen, O, and CO, concentrations in soil gas sampled from various
depth of the 4th lysimeter

SOIL DEPTH {cm)

* 30 55 80
N. 94) 78.2 76.2 77.5
0, %) 21.3 20.9 20.7
CO, (%) 0.055 0.157 0.484

The gas samples are collected and analyzed on 16
Sept,, 1980,
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WREBENRECBV L Tuan 30 2RR2LH, 98E45 1882568300
FTORRERALKT7IHE, BEO 24 BHELD 15 TH2, BEREE 19.5°C THEBLL
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13~15,8% ; iR, 0 R~ 2R R ZOEBENKE L, BRT3.8C(24.2~28.0C), WRT4.3
C (19.7~24.0°C) WEL® (M8), Z»4A»o 6 ADFHEAIIE26.1 (£1.05) °C,
#w21.8 (+0.92) 'Cicil, BERMEIN 1~2CEH kol, BHEMNRIEREETH 2,
BEZA~5BIIZIZ0XT—ELTEY (H9), URMACEMEL 3%LUATH -7 (K
7)o LnL 6 AiZvo THM, MEEE L b RER27 (HI), |
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Fig. 7 Diurnal changes in atmospheric temperature and humidity in a
greenhouse on 25 May, 1978
A dotted line means a set progran.
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Fig. 8 Daily fluctuations in atmospheric temperatures at 13 : 00—15 : 00 and
at 0:00—2:00 from 18 April to 30 June, 1978
Set temperatures at day- and night-times are 25°C and 20°C, respectively.
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B 9 BENOBECEHZEL

Fig. 9 Daily fluctuations of atmospheric humidity in a greenhouse from 18
April to 30 June, 1978
The set value is 60%. Width of the variation in a day more than 3.5% is
presented as a vertical bar.
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&, BRI BERC L > TERFERL 72,
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WHoto 372 NodDI4 v A—F —RERTE ST o Tz, ZOEEOEEHEEYIW S (OF
27) BREKEBRCHET L0, HPOLEE, MEMROE,, BEKEPKSOHTRE
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B 10 34y A—9—RUTA v A—F —NORLEGRARDOE
Fig. 10 Differences in drying process of surface soil between and within
lysimeters

The site a, b, ¢, d and e are the positions of lime-blocks at 25, 55, 85, 115 and
145 ¢m distant from the southern edge of a lysimeter, respecively.

B O HIBEREOHEN T HREAROMHBIC OB L 2BrH L, BIAVA—F—
OELBOMERCAEANRLE -4 —2EVT, EREOE L ROBRRREEAEL 2. B 11
BEABOBEFEEIEMOF 5 Th b, AEO 1 BRLBYD 1 BROER A/ —R3FEECE
SPTED, No.20F A v A—9 —DEREVPR LS, No 4 DERRBSRLNE» o7, &
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ETh, KHihl-ktk BFATHE»S5H2RHBECLoTHE, JhoeDIEdhs,
FLAPOARE—S/E, T LUTBERNORE - REORY—poE T2 B, 1221,
FRTHIZ O BRI I AR TR A RFENE (, »OFELESTEL o T I LS, AROE
BLEALEBRZV, XBOBOABEEOL®, FHHRRIA v A—F—2micBlBH 230
HLT, FREAF S HEBBE{ R 26 TH 2,
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04 0.4f |
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Fig. 11 Differences in evaporation rate between lysimeters, between northern
(Il ) and southern ([__]) edges of each lysimeter at night, in the
morning, and in the afternoon
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Fig. 12 Planting site of upland rice on a lysimeter

~OBAKGEERF IOl (1EL%0), OS5 4B26 85 THER 201 2L, DRSSz TE
KEEELE, REDFHER, EL L EEEgmaEr-w Ik tefio 7.

BRIER . 74V A LOREL L FHPEOTHEL LRI LR L, B, FHEYE
EHIING 2DIA v A—F—NRELMEL, No. 4 BB KEM ST, LhL, No 4 4EF
LBRRERL Tk, ThoDTHEDER 1 % ABTEETH ol BT/ A—F
—AOEEN, EtHOLFELSHAMTC L VR, FOBR, S 4 FHYE L HEM
BAEHS o T, MALETR No. 4 ORELLFEYS 1 BKETERETH Y, No. 3 OFEY
HRSUKETER LA 27 H 131, B4V A—F — D@ AROFENEOFEHEE L
7o B2 No.4, 3, 1, 2, OFA VA —F—DIRCETL T2 LS, ERMIZrEE
DBEWI OB THE, CHRERARBRK B2 LBALOSF (B1) L& —HLTY
b, BT, READKEERSRIARLDEL, Bt NodDF4 v A—4— (HOBEKL
BLTW:) BIOREERBL-D (1Y) ICesEFLTWESERLZbO L Bbh
2, HMOET I THASTOL% 5T, BPH > TAEWHELS IS 0H, M3 TRLE

#* 3 EEMROE-—-REER

Table 3 Summary of rice yield in each lysimeter

PLANT HEIGHT TOP FR. WT.

LYSIEMETER MEAN SD Cv MEAN SD Cv
No. {cmy) {cm) 94} () (=) (%)

1 43.3 4,98 11.5 4.10 1.23 30.0

2 41.6 6.23 15.0 3.27 1.71 52.1

3 47.6 3.7 7.8 5.22 1.41 27.0

4 51.5 4.65 9.0 6.84 2.97 43.4
WHOLE 46.0 6.25 13.6 4.86 1.34 27.5
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Fig. 13 Lack of uniformity in yield of upland rice (aerial part) in a greenhouse
For site A—G, see Fig. 12.
025 .26 2.6 \\_ LR
.1.5 .40 POT INCUBATOR .32
;
+ .
18
No.1l NO'EYSIMETERSNO'B No.4
* 32 » 32 .32
*5) | S—
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) B 14 EHAROBEESHRD 14
Fig. 14 Distribution of light intensities in a greenhouse at 10 00 a.m, on 12
May, 1979
i The intensities are shown as klx.
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Limitations of Ceramic Cup Me’hod for Collection of Soil Water

Toru KUBO!I' and Kunihiro FUJII!

Abstract

Laboratory experiments were conducted to determine the area of sampled soil and
the changes in the chemical composition of the soil solution, during the collection of
soil solution with a porous ceramic cup. The movement of a dye solution in quartz sand
around the ceramic cup showed that the sampled region assumed an egg-shape in which
the longer axis corresponded to that of the cup. Then the cup was installed in 2 humic
andosol and salt-JKNQ,, Ca{NQ;),, CaCl, and NaCl in combination or alone]enriched
soil was layered at various distances from the cup. When the distance from the cup
increased, the volume of the collected soil solution increased while the salt
concentration remained constant, From the changes in Cl concentrations, it was
estimated that 100 ml of soil water had heen extracted when the distance from the
center of the ceramic cup to the salt layer was 3.5 cm, In contrast, the theoretical
distance for the same location, which was estimated from the determination of the
moisture-tension relationships and vacuum level, had a value of 4.0 cm. In addition, Na
and K concentrations were markedly reduced in the first few ml of the collected soil
solution. From these results, it is suggested that the following aspects should be
considered when using the ceramic cup method: 1), the cups should be buried at a
distance of more than 10 cm from each other; 2), more than 50 ml of sample solution
is required to stabilize the chemical composition of the solution; 3), inevitable sample
bias must be taken into consideration when analyzing inter-elemental relationships and
when estimating the quantity of an element in a soil layer.

1. kLHIZ
TARMABZEOERERY O LEBHAH,. 2 WEITIASBH T ARCEZ 2AWEEHET 2

* FANO—HHELHEREML RS (B EWATH, BEH KB TRELL,

1. BirogEiem AKEDSBESHE T 305 FRRAFEIRS LA/ I 1682
Water and Soil Environment Division, The National Institute for Environmental Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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kwicit, ROOBY, BRI TEREARZENT 2 - LB THS, BHRIOBTRE
BEIECOLERER (34vA—5—) B oRBT2BEKEMTEI L - THE
ENTE%, LELAMNS IOFETE, ERCKELE2EL, 37, FHLREBELEH
FHIEMTERG, EIT, MEE, FHAZEEOOK (BEER) £REERICHR - 7T
AZEidY, EHHCBRERBEESTAAENLONS IR 2T EL,

TS O i B, B, RO, OFREE ERE BEIEFEOSFKL AL
EEIh, HORELTHEVDbITOATWLEY, #—F A4 v 7 (LFLEMYE, Porous ceramic
cup) %\ 72088 |4 Briggs & McCallPic X » TEEA N TR, HEPOWEOTRMZE
EFRT L DCBEAERENTE Y, BBIRETLI A v A—9 —FHBOwfRALT
HEEHITTVE, ZOFERERELI A TERERRL2ERNICENTE 2 Z L, HED
EREMHNE G &, BREROFMSLHZV I LY, HLOFAERFH > TVEYNSLT
H5,

LinLi#s, $—225y 7 () B&iCLs, HEEOA 4 ORE, B, bdvid
BIREBYERHEOEL, BO%Y, HREIDPREIROBLES, L & LBEHHEO
ROPEE R Lo THREROIERANTL R, 25, BEEC L > THRL 1 LBER
®, RXEF BT 38 kERAIRL{XEHTH 3,

EREFWORACHD, BEOTAABE L TAROBERE2ART 2CH>T, LFHF
BHERORZ BN ZES TR RSOBNRERET 22011, ZASOBEIC X RS
2ENBRICL, pOoBERT-oTW{HEND S, RRE TR, BEEC L > TERL L LBE
BORSMARORD, RO LSEER L, ZhoTORERCHEEL TOREE e
DEKE) rOBEY, BRESOBEBLEELLEFAVERD S ROT, THhEDERNLS,
BAELEPR/IMHA TEBFOBEEOFERFHET s OO HFEPHBERE DL TEWT %,

2. KA

2.1 #HH:ER

BEE © A7 30 mmt X 20 mm#, EHAKI um b0 (74 Y TEE) 2ERLE, BAH
WRBAEEST Lo THELTS

TESTRRER | BE, T5ATy JHE (V1 TVW, o, Zon, Wi F), 77
D L BIESRASER VRERY P o) W, BB CRET ) A= 2 BHTE 5.
BB BT A Y A~ ~BROCHER LS8R 7 1 GRS N 02
£t 40 cm) OEBMEEEA L, ¥ 10 OLEOBEREERLL,

2.2 EEDEAVLEFLRR
BB I & 2 REDK (LBER) REGEB BT 500, 2ERAOEEET->M, 1) 134 omX
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.Table 1 Characteristics of the Toyosato humic andosol used in this study

pH (H.0} 5.4
BASE-EXCHANGE CAPACITY (m eq./100 g dry soil) 32.5
EXCHANGEABLE Ca (m eq./100 g dry soil) 7.4
Mg  (m eq./100 g dry soil} 4.5
K {(meq./100 g dry soil) 1.8

Na (m eq./100 g dry soil) 0.12
EXCHANGEABLE BASE (m eq./100 g dry soil) 13.8
BASE SATURATION (%) 42.5
TOTAL-C (% on dry soil basis) 6.1
TOTAL-N (% on dry soil basis) 0.4
C/N 14.5
KCl SOLUBLE NH,-N (mg/kg dry soil) 0.9
WATER SOLUBLE NO,-N (mg/kg dry soil) 27.2

24 cm ORZFMBY Ay VCHEWE I cnm DE 2 ICH L, BRE» S 5 cm BRI 0.1% 4 F
VTN~ KR E, £7:5 cm DRCEEKREBEMNL CRAFKED 0% L Lz, FRFCHE
FRRETTCHELERL, AERY 7 TR 6RRNCEROBEBLEE L2, 2) 1)
LRI BRAGKRED 0% L 55 & 5 AR R FEDO PRI WE LR, 2
Frod—2HOTHELS 0. 1% AF Ly 7L —AERE2HLULT, Z08E0FERAD
BAEBRELI,

2.3 THWERAVLEETLER

200cm*Ey PEEELEF—ERTD (ETARLl cmDBEAC T30 REELTHE 120
FELL) BE AL, BEHAEBEBEL THEOASRE (BREKED0~80%) L&,
4 kg/cm*OEBEBE L L E5EF L, 1~2 cm BEFOBRKXETALTEY b OhREC
FTELLS, JIHEERATCERL, ZoRERCTERERB L, v 7O LERS
P DBERE (0.5~3.5 cm) @ U7z & BB % HRY KD & BHER (1~ 2 %w/v D CaCl;, Ca
(NOy)2, KNOs;, NaCl 28z i3S w2, ¥y b LEETRTAZED
FETAKBTE 20~30 HEBL 75, HERY 7o B & ¢ T LEE®R % 3 ~10 ml DEF 5
WL (E1), #ESHD K, Na, Ca, Mg ZRFRNET, £ NOy-N & Clizehfht
P9y R—ANT7 727 SV, F4 V7 vEBEABEYS2RBLLERREE T X
NERL ",
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€m
T N—
J_ , POROUS
g CERAMIC CUP SUCTION
J- R 560-610

mmn Hg

—— som 1 5m —

10¢m

TYGON TUBING

4ill-

FRACTION

1 BERCL 2 EBEB0BN - EREEBOSE
Fig. 1 Collection method of soil solution by a ceramic cup and the
establishment of salt enriched layer distant from the cup.

3. BREE®R

3.1 BEPLRAVCEEFLER .

B 2 L e AR OIS, BEDTOEROBE Y ER L 72, RIS L AR aR
REEE @s - THBBLEY, 154 (50 ml W) #icid, BE2&mRLT3 [Lr>2) B
BEAFETL(BEL), P0aRBEE TABEROKEAR, b L REBRIOBERL &
Zeid, LEFOBRKALER] tRBGOBATEDGNATWE LFHITE 2, .

IhEdge, BESSBRREELHLBEICR, TEDORERIHEEMBL T 57
Ak ek (BE2), Thid, BESBEOBEZAABMCHEEL TORARED TR T
EETBTES, JORKRIE, Kone 29O RZCASH2REL, DESKROEIIC~ES
TBANBHOE A EE L BRL b—KT 5, Cho0ERERIMECFET L5 wah
2%, LinL, BH2OERE2EFMELT, LEBTO A HE» 6B AR EHTHS L
25k, tEPEBRCEETAYER x5 7 Bz 2 ricky (M2), ThiRE
Rl1OoEBRRL—NT2, Thll, REOLEITY, BB L -THEHEREKE, FTOR
om0 LB FEL D EEL RS,

3.2 BEZTREPRAVEETTARR

Tk EBAEKRED 50, 60, 70, 80%icFEL, 745 mmHg (pF 3.0#8) T 20 HHE
BIL TR, BABKRD 60%LLEDADTHBERORIMTETH o7 (K 3), BHENED
EZEsS 20RO LHEAABRIIEM EThNE, BEiHE, FEHEHIREACBTL, BIER
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E H 1 AR0oME~OBERS

Plate 1 Pattern of solute movement from dye layers to a ceramic cup
Initially, the dye (0.1 % methylene blue solution) is layered in quartz sands
5 cm distant from the cup.

E H 2 #E»roAH0oGEME~OBEDORA

Plate 2 Invading of methylene blue solution from a ceramic cup to
surrounded quartz sands
The dye solution is compressed to the cup through a Tygon tubing.

EEER IR TTH B, L LAss, M3BTaAAMREBE KR OBEEBHCtZ>
Ll b, SERRREOKIRES, Hic&KH 54~59% (pF 2.55~2.65) OEERiIzH 717,
IOEE, HEErsBRIBLNZ BUOEKLE VE VL, KEREHE T, REIEEHE 205
TIBERERACHET L Z>TBY, BRRERAAOKOH S X FMHcEL-bDLED
n3, BELHVRAER, BHLEpF3.02THAETH2H, FIELZ pF2.8 LITHHE
L b, BEREMOKEEOTTSE, FROLMEOTE—PAKPBES ADRLO DI, Bk
MEEZELZWHDLEZ SR TLEY, MIORKRIIDMEED b HASEICHDH, ZIZRY
ZiELBbh, BEEC L > TLBEBESFERTCE 50 pF2.6 ITOLEBTHS S, 202 L
R, HBPEBBITE 2K (pF 2.7 DEEEKYINALT) 0aNAENRILE L2 E
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DYE LAYER
L B L BN I B BN A BN B B N B K JF O BN N N BN B B L BB B N AL I B N I N N N NN N NN
[ EENNENEENNENENENNNENENNNENNNNENERENENNENLNENENNNNNNYNENY ]
LR NN NN BN ENRENERHEH:SR-EH:SRSEHNENERERIENENRLNEERNENENENNNNENN]

() ; POROUS CERAMIC CUP

e . HOVEMENT OF DYE SOLUTION

& = ; HOVEMENT OF WATER

B 2 WErS—EEROKERSILBEOEREDHERIIBERR

Fig. 2 Theoretical pattern of the region of soil sampled during the collection
of soil solution by a small and spherical cup
When soil solution is sampled through a porous cup from the region within the
circle, dye solution in the upper layer moves to the cup as directed by arrows.
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WATER CONTENT (% ON DRY S0IL BASISI=VOLLME (o) oF waTER 1N MG oRy S0

w 50 71 Fil & €0
PERCENT OF MAXIMM WATER HOLDING CAPACITY

3 3 LEOVHE KSR 2L BERECRE (@), RURIRTEDS
At (A)

Fig. 3 The relation of initial water content of the soil to collected volume of
soil solution (@), and the water content after the collection of soil

solution (A)
Soil solution is collected through a cerkmic cup from Toyosato hutitic andosol
(123 g dry soil} for 20 min at a suction of 745 mmHg.

B, BWEOTBHNBEE »ET 2 FEr U THEEMNEL TWL ZLERLTWS,
—F, 1BAAOELE, ~EEOTBERENT 2 0ET 3 HEERO XN EBEEL
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TWARTTHE, ChPHERT I, WELOHEEELE: COEME—T (d=2.5 cm,
K128 L, DBASERREARD 0% 0% CREL T, EHEREOE ML IFRTS
LTBBEERRARGRETHEL -, M4 IERBFEOEETH 2, BRU - HEBRER OB
eSS, ERBEOE RN, (DIHRE, RS, BT, MEBEERRE X
ATE:, EEBCEFORRSEECEBL RSB EOMOTE L T2 L, JOBDE
IREBREARD 80% T 4dml, 70%T38mlickot, ZOI Lk, —EROTBHES
FWLUIEE, TBASNSVIE k- TRER» S, ThsfshTwa I L2 RT,

1w JLo—0-0
&
¥
60
oP/o
“or /Q 'Y ]
—y-—0-
2 /%‘. .-
el o/
o ol.
4
3 g9-oF
J|
< . £
0 5 I 150

SQLL SQLUTION (ML)

B 4 THEHOCKGREHERAA Vv OBBICES L IRE,

Fig. 4 Chloride movement through soil layer in 70 % (@) and 80 % (O) of
maximum water holding capacity (MWHC)
The salt enriched layer is located 2.5 ¢cm distant from the cup. Choloride
concentrations added to the soil are 0.89 % for 70 % of MWHC and 1.78 %
for 80 % of MWHC.

Tz, TIBBEROENE L EEARBEOEC L OEEFA~ M5 d=2 cm DFSTH
Lo BENFRELERE 20 ml 55 40 ml H T TEBESEMLICS, BEH»S 2 cm OEEC
BlLsh T nEEsHE B L LI L3R L TwE, L Liss, ZOIERIITEE
oTHLERD, Nak Kid, Cl, NOy-N % Ca & b bl hoT Wi, & HHIREE 5L
T, Ca & NO,-N DBEH—TTH - 0L, ClIz—FIb¥H BT, Na & K 3
FsGER, BEEPELSET L ES5ICRLEETROBERBEROEDZ OETHY, EE
OLBEBORIIIINS FALEBTITS ko, LR LIERROMEC & 5 BERT
RINELRERT SRV, 5, 10, 20 RUF 30 ml 0L BIET IR L T Na DBE%Hi- 7
£¥2E, ERENG, 4.5, 3.8, 3.5ppm BEICH ), BRBAHI TR VHEBERIEEL T
<6o%nﬂ,%%Lmsmmuﬁmmﬁ%ﬂﬁbrnnﬁ,wﬁwmu?—ieﬁﬁﬁ%%é
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| 70% MAX, WATER
07 HoLoing caPacITY 9o oe-e-e-e
- /:553:8._8‘3-8
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& 6F ?‘ N \B£°°/ A ; Ca
—0- Ja 7 Na
4t [P A;K
L

1 1 1 A
2 40 60 &0 100

B 5 FEEEOHMCED RRERROLEEROEL
Fig, 5 Changes in concentrations of several elements in soil solution samples
taken with a prous ceramic cup

ENTELS, BELBEL THERERI T 2B NH,-N 0¥, PO,ORE & B RAERN
f, Cat Mg DBEH"SBBIRTED, TholiBEDOR /4 TfeE (CEC), BEES
E2LDLELBNTVD, B, FER TRV LMY (ZRS AIOH)) b CEC#Hb (1.9
meq/100 g=0.17 meq/ceramic cup), S 52, FMEDO Na t K3 FhFh 0.46 £ 0.81 meg/
100 g THoleDizttL, ZTHd Cal0.10 meq/100 g) = Mg(0.08 meq/100 g} ZFEB =D dh o
Pz, HMEOREREHEEEAL TRIIL, *OBERLEHELLEZ2 (£2) Kt Nao@
BERBSIMCET Lz, ik, 1fir+ 4 vEONEREOBER{LICR, MEOCECE
OUELRELTLEZDTHEA2D, Ll olBo CECRtELEBoZN (F1) X0
BONS L, FIEEEEC S S TESRE CELE T 5 MEO TR BT ORED
HTRBPTERWI LH S, FREEOMINCES BRMHBOEE, L3 1BRE0BA
A UERRIG L 2FEDHPRECLDEEDbRD, ZOZEMR, BB L > TEBLLE
BEOHRGSLEOES L >TRZY, tEBEWHENa L KOBEMELI L (R3) »
- OEERETER,

—MiTEA F RBA A EEHBICRE, TR hRnY, By, BoER AR
LELIEESh0BRESHO b3 — L LTHVSREY, Bl 6 RASERAEKRD 70% &
LT, EdhEs S EEE B COER (D 2 E L THEREHEL Cl1 A v AE L OBR 2
TLELDOTHD, HWEOHLLSIEEE(E: COERM (72, 2.5, 3”RUF3.5cm &&<

—236—




WE|Ei & & HHE RO MB A

#* 2 BEOA A ERYE

Table 2 Selectivity of ion permeation by a porous ceramic cup

FRACTION VOLUME K Na Mg Ca
{ml) (ppm}

1 8.5 3.7 6.8 4.2 8.7

2 8.7/17.2 3.5 6.1 4.4 8.5

3 7.6/24.8 3.3 5.5 4.6 8.7

4 9.1/33.9 3.2 5.4 4.7 8.5

5 22.2/56.1 3.1. 5.0 4.7 B.5

Concentrations of K, Na Mg and Ca in the external solution are; 5 ppm for K, Na and
Mg, and 10 ppm for Ca '

* 3 100ml (JE& 5 cm) & 50ml (F2.5cm) OLFEI7»6RLETHR
MU e HEABOBROE

Table 3 Concentratinns of K, Na, Mg, Ca, NO,-N and Cl in soil sclution
collected by centrifugation of 100 m! and 50 ml of the Toyosato humic
andosol (pF 4.1, for 25 min)

THICKNESS VOLUME K Na Mg Ca NO,-N Cl
OF SOIL (mm) (ml) {ppm)
25 14.9 12.6 12.8 8.0 22.1 8.7 11.0
25 15.0 12.7 11.3 7.7 22.2 8.7 11.2
50 36.3 9.9 9.9 6.8 19.4 14.7 1.3
50 29.9 9.6 8.1 6.7 19.4 14.3 11.9

ZBICHEST, FIHRBICERL N IEIEE BRRRE I8 BH5{k-TWwi, 2 d oK
LB YBREREZE< AV d=4 cmOBEIR 200 ml D BEBLZERLTY, ClE

EOELRBOORED o, BT, ERRFCO2LTRARE: dOBFEETRLL, B5 K
FURRRE L 58O ERMUT, BCEBETOENS 54, Cl, Ca, NO;-N Rk KL%
BERLTWS, COBR»S, 100ml 0 +EBEREFIMLTH, Ml sh s DETHEBEED
gl S 3.5ecm BN THB LR TIENTESL, 2O Lds, HENESBESBET 2R
MR EER LG T 5 LT, BERIIBR E Y BBCISERMORELEE TS 2L
A6hb,
—EROTRBEREFEWT 20 EY 2 LA, HEASE oF LOBGS 2L T
RKOTH o, IO LHAS, B OHEEE, RUBERE L, 53ETE 5 L Alberts 522
X, LHLEMs, HoDEBERIIEWT, ZOBHRE» SR - LEHD NO,-N BidE
DERCE>TEAULLELRATLE—BLah o1, B2 LB BREARD 0% DK
BEL, 745 mmHg (pF 3.0) TW®RS|L - FxEBSRFTE, HOSOHBEICREL T 100 cm®D L5
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Fig. 6 The relation of chloride movement to the distance of the salt enriched
layer from a ceramic cup
The soil moisture is 70 % of maximum water holding capacity.
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DEERED B

Fig. 7 The relations of the volume of soil solution samples without changing .
the concentrations of elements to the distance of salt layer from the
ceramic cup
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FZEENS 54.1 cm*DARD S B, 21.8 cm*PBS|MMTE 3 Iz 3, T, BE2»
&, S E B O RO FRRE & B A R & 7 2 S b GEBF LG, Wimlaot
BEBRYERT 2 CRABEOPLLS 4. 0cm OEFHOTERLBE Iz 23, Thiz Cl 2 fEEE L
REAEL D S mmAEG(ET). 20X CHEBEL BRESTE-BLL LR, 8, £
BEETOERAE S » TERELATHEL TS, REZEZEJIEURVIL2EW®RT 5,
WEDS mm OER, BRAOEMGELSTHYTH IO ECHTREL H 25, BERA4 A
YOBEEE L O AOBEHEESD FHCHEOCTHEELERLBR V., KILKLBIZE TR
AX B FRARESIR, B FRERZH meq/100 g 525 20 meq/100 g ET S &
EhTVEHh s THLHE,
HEBOVEOFANRERRBIIELT, EERROBBERE LR L 3T TEED S
nTEv®™ K & Nald—®RiE<, Ca, Mg, NO,-N & Clig— iR s, chs
DH T LEBIE TS, REFEMEOENA & 2 BH£ERE, BEAOREI Lk 5iuH0s]
DR (H5) EE—HLTwE, 2O EnsRI[EICE 2 HIBHBREROBICY, BED
BETR RO EIREEEISERIA TV 0 L Bbh b,

UELoERy s, BRIEIC X 3 IBEEOFME, 1) pF2.6 LITTHEETH Y, BEOMEIR
T2 pF 1.8~2.6 DEHEAMNERSNZ T &, 2) DR < kb 10cm O BARMBO B
ROBEHHEENCBRFTE 2 C L 3MEA L7z, LnLass, WHERD> S 1BPOTRD

| FIERREETEHE, 3) ERERHVLILRC MY FA CEORED RO CHHET 2 A5

Pz LR Y HEHLEI VS o, 2HL, OMESAHEI BEEEORATR
i, BEAVANTVARLMEIELTY, tEORS > THBRERNERZSZ L (R
4) Ho5HLEHTHD, COLIRBIFEC L - TENS N TBEHRERDORY LEEIR, B
BHEOBEL ) b EBORBEEI LOoNKRELEEBbN3, BAGOMES L LTE, i
BB EEOEL, BT, HEES, BBV A7 LADRY, MERHEOASE: KOS
RTWa FES OHBEHT A v A—F —EBDr ZREBRCEBL T, HEOET Vi ZH
PR IEMRELY 2ERFIEM MBS 3ETHY, BIFOHE BRI L ALLER -
Tzo HBEE 2 m ORI, 745 mmHg TRIILLBECIE pF BET0.2 (2.7~2.9) OFEH
H20% LBEBEHERIITE pF TEMN ol LEELOERBRBR TR, EERFEE*RE
LT 600—700 mmHg DEETHEALTE Y, EEEORVIC & 3HAEMIMEC LS 20,
BEEC & 5 HEROMR, LEERE T CREADRBELEBH TS 2 8%, Bk
CRSFOF DN E D E0 o HRER ORI ALE L TRVBRLDTHS, LEL, &
®, COFBETHEBRERETICHoT, UTOEEXLETHA ), $4bb, 1) HFEE
BES0mIBlEr32 28 (DEVEERBEEL 20 ®, ENAEKIBRR=pF2.6 fhAT
DBOKEESTHANEREETELY), 2) TEhEBSE (BZEE) ¥ ECRFETI 2
L, 20 1BPOFERBCHBT Ao TH2BEOEEYRADZ L, ETHD, NI
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ML ik, BPBROMMELFEIL:WiBEe, FAOLKEEENRET 2BECE, BB
RODEHTATANI—2H0L2DH LETHS I,

B R BT L 2 SRR E LB Tr DA SOATECHEEL TW 2 0h, BED
BfCiEspcTERLL, TEBEROMIEELYDL S CHRNT2ETH2 D, WEFY
BTiznwy, UL, ERECTLHMEREZERCANS Z LIk > T2 RLE LIEYE
WREx, TOEEICAHRTEILBTELLELSD,

4, 3¢9

B E AV HEEROEIECEL TR 2T, 1EPOSAE L BREROEE ER
ik, ELOREDAD, BEEEDH SHEAOAROBEES 1S, HEKI->T
WElan 3 THEEE, WERHBOREZHERICERLTWE ZEBHALL, $BR2
TEoLERICHEBRL B SEEREBAOER £, Bt ani: Cl B EIRL tlEF R T
ZETOBRBLOBERERDZ L0 d o7, SRR (BRLIEEENFEL T LEE
H) ##E L. TORE, ERERBREOHEBELI VLTINS, KL LEEA T~
DB BN TWE I E2RLT, BiC Na kL K 0BE AT ks (EBL, 2EKROES|
BETL B A TRPEEFERIZL TWAIEBHALHIER T,

DEOERE»S, BEECL>T cm BUAO I BBEHER BT 2 2 L 3T TH S
2%, ORI 50 ml BLEFS 2 b, REMOEBOESLEROTROFERLHBT 518
KRB L2BEOEFERIALDREIEREEREL .,

B O
FHER, +RBEWHREOLARLAELS, RURSBITBOZBRLIRAS B EERE
BEEwciint, BLTHEERERT 5,
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2. ' :
THPENWBT L ETFREEBROTCBIIS T AHES

BRERI L « ARH W - BHER

Problems in the Microanalysis of Ammonium-Nitrogen in Soils
Hiroyuki HATTORI, Toru KUBOI' and Kunihiro FUJII?

Abstract

To evaluate the effect of NH,—N contained in filter papers on the measurement
values of NH,—N in soils, the amounts of NH,—N eluted with 50 ml of 10 % KC1
solution from several kinds of filter papers were determined. Ammonium-Nitrogen was
eluted from all kinds of filter papers used in this experiment. The amount varied with
the kind of filter paper used, and even within filter papers of the same kind wide
variations were recorded. Also the variations in the amount of NH,—N eluted were
significant among the lot numbers, and among packages of the same lot number. To
attenuate the effect of NH,~—N contained in filter paper, it is necessary to use the kind
of filter paper with the lowest NH,—N content and subtract the amount of NH,—N
eluted from a filter paper of the same package from the measurement value.

1. kLot

TEBO7 e TEHER T NHA-NLET) oFgCR, 28 WEEoREs Y ¥
LYEHE (0% 703 28T AT SMIRE 5%, 2 T2HL, 2HERTAE, MBI
ERYOFETHNT 3 FE B —RicBAvenTus, L, TOs0HEIIMED NH—N
OEEIHEa T, 8%, tBE&In3 NH N 10 ug/g LEBUTO - 2 3 RESERTH
%, B, BEEOSOUHN T2 EBEEYHALEF TORROFMLBELR OB, £
WO 2ERMCAT 2 6EBLHY, BENEPET 2UROFETRINATER o7, #
T, EESRMERENTHET, » oERMCSHOBRHOSTANTEL= ha XLy K2R
BREKET 24V F 7/ —nEBEEARH L EBATENCE Y NH—N OER 1T -
Tw3, ZOFETR, HEBHBDO NH—N #BEH 10 ng/ml (FBHHEE 0.1 ug/g £58)
EFTHETETHY, —BHRIC O 3EDHRVELIEET 2L LTHRA 15 BHE/FHOR

1. ExnEReil AHASREE T35 RERANBAMPE TN 16%E?2
Water and Soil Environment Division, The National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan
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EVTRETH 5, _

L2357, T1HEHONH—N22HT3BeAw28tA V7208 NH-—NEEFTLZ
L, RUBHEO BBV 228 (o —Z58) 2 NH,—N 2&8F L, 28CBLT3H
W NH,—N T2 Z etk odo Tz, Zhae? NH—N &, #EXDAETHE
TEEERMBTHILDERT LI L0TELY, HEEROBICIATECEEERIZTZ
rEZSND, WA Y 7 AHO NH,-N 2w T, BRI A uiEby ) v LB
O NH,—N 2JEL, 2nE275 0 7EELTELIL Y, 20ty )y 22 BRFETH
BMLT7YEST7RRA LRI THRHATEL LN SN T, LaL, 2HEPOD
NH,—N O 2ER~OEH & HMTE~OBECEL CRF@2EEs 2, TSI TR
AN D DENEUR, BEHIL, +B» 50 NH,—N 0B, 5 g 0EE+ WRDELH
U AR S0ml 2inz 30 DRHRE 5%, ARTAFEEAVTWE, K, JOHHCH
L, 10%EEA ) 7 ABEOmI KL - T, BEOS 0 6EH T 5 NH,—N B2 #~, 2l
~ADEBBLZOMNBCOWTHEALELOTH S,

2. EBRFBE

BE L cm QAET, 10%8E Ly Y 7AEKES ml #28L, 2EPONH,—NEZAF
7z —NERFIBLEEBAREYTERL ., F0OMLS, AL 10%EkA ) ¥ AEETD
O NH,—N &#%3|wizfli%, »feroBBEL: NH—NEE:LL, 2HIIEE3H No. 3, 4,
5A, 5B, 5C, 6, 7, 131 2w, THFNERBCBAR 6 HOFHIOBEHBEERD . 27,
No. 131 o5 @Dy b (BEHEE) 0aHI20WT, E6RFA—0y FO4BOLEKIZOVL
T, @I NH,—N OBEEE2RY, oy MERVRRTEHRICESH 50 L 5 R
et L7z,

3. RRRUSER

1 SBEOA2#E» >0 NH,—N oBtEE TR L, YO58, SH NH,—N BEH T2
TEAEB SN, L LEEBRAKOERE L > TRELARY, BbHELW No. AL RLD
frvs No. 131 TR 202l Lo ERH -7, 27, RLEEOARTCLEHBEDESDERIKE
¢, ABEOSHTEBEENS ug 28z L, PO NH N BiL, BES BN E iz fl
FLI kBT, 0.5~300 ug/g ELOBHMATH Y, BRICHMERMLES 2 - IERE
A% 1 AL FER L FETE, BEAXI0.5~5 pg/glit EBMBTH 7Y fEo
T, B¥, BEto g (8- 3~4 g) :b_ﬂ’o 10%3EEA V7 A 50 m] T@H 33 NH,—N
Bixstz 1.5 ug~20 ug THD, No. 131 A0 2M» 6522 NH,—N &iz Z Ofif
WEhitch®2 EEsZricks (F1), 1512 No. 5SA 28» 635 NH,—N &3, 13
He@HENE NH—NED1.5~2048sR2D, IThosDAROMEELHEBL 20 L HNE

—244—



THPCHBT T THREROFRICH T HMHESA

DEHOERAE EEE I Lick b,

BLBHBOY o7 No 131 280, 2y METNH,—N OBHBcERH L0 Y
SOFR, EOUy POAEOBHBEIR 1.5 ug LT DA H o7, FREOESR, vy
RiZ1%YOBRRETHRELRED NI (R2), 25, ALTy FOAFITOWLT, FHizk-
TEERCEN S ED pERLER 1 B0OBKRETCRAC L - TLEEENTD Sh iz (%
3)e COEIW, Loy rOARTHAC I > THEEBRLZ 20X, WEEITN LSO 2EMN
Bhhle&c k-7, REHONH,—N 2BIRT 2 ReENE L LD EBEbR 2,

# 1 BEAHEDS WRIEA Y 7 ABRKS ml CEHS A7 E=THB
2

Table 1 Amount of ammonium-nitrogen eluted with 50 ml of 10 9 potassium
chloride solution from some kinds of filter papers

Filter paper NH,—N {ug)¥*
No. (Toyo Co.) Ave, S.D.
3 7.8 5.6
4 6.0 0.8
bA 32.0 3.1
5B 13.5 17.1
5C 12.4 4.4
6 7.9 5.2
7 14.0 8.2
13 1.4 0.25

* . Results of 6 analyses

® 2 uy bORZLLEHS WREBMLALY Y LB®KR0 ml THEBEZ2RZT
YEZTHEEER

Table 2 Amount of ammonium-nitrogen eluted with 50 ml of 10 % potassium
chloride solution from filter papers differed in lot number

Filter paper Lot NH,—N (ug)*
No. (Toye Co.) Ave. S.D.
131 1 0.97 0.05

131 2 0.74 0.12

131 3 1.48 0.27

131 4 1.07 0.38

131 ) 0.86 .34

F.ratio=6.90**
** . significant at the 1 % level

* . Result of 6 analyses
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# 3 Aoy b THEODRLZ28» 5 10%HLy U v ABH 50 ml THE
FhE7 vE-THEERE

Table 3 Amount of ammonium-nitrogen eluted with 50 ml of 10 % potassium
chloride solution from filter papers differed in packages at the same

lot number
Filter paper Lot Package NH,—N (ug)*
No. {Toyo Co)) Ave, S.D.
131 6 A 1.40 0.25
131 6 B 0.85 0.25
131 6 C 0.86 0.22
131 6 D 0.98 0.11

F-ratip=8.61**
** ! significant at the 1 9 level

* . Results of 6 analyses

BEofE@Esns, 2freiHd 2 NH N, L840 NH,—N O TE I BEL RIZY
ZEDELDIE -7DT, FORERRNM T LOOMENLETH S, No. 131 IAD 5#
i, BHEB TS D LREVOTHEBMTCHES v, No. 131 2513, BWHIESH L ug &40
B, &7, HHDEHAIWOT, IOHBAE, WRELLY 7 AEE0Oml #2581, 28
FONH-—NE275V 2L LT, 2BOFELSELSIC ZL LT HOBEE S
EZBIEHBTELERDRE, 1277L, AHRRACECLOEEY, -t BrogHIn?
B ug COVOMBOL XL, AMSLEBHENS NH—NOESDE81+0.3 yg 53D
T (£3), QDN ELERBL{TH20ENHL, 46, WHE3ug ik, 1 gitdiy
ORIZBHTHLB8I20.1 pgUTOME2Z20T, WP NH-NEE 1 g2B00
g BEUTHHLLES, BURFTR/IEAEMTIIRETL3 LM TES, L VREOEL
HEXT3BERE, 2RFPAVELELELZEOFEERN T2 4EBH S,

4. 2t

A& Ehns NH—N 2, tESINH,—NOEBERRIZTHELHLpTE2D, &
245 W0%EA Y 7 A 50 ml THEET 2 NH,—N B2H~, ZORE, YO s8»
b NH,—N 2 L7, 20ORRZEOWEC LV ALY, 2 -AUBEOSHTLIESD
ERKREmoT, 251, Ty M, -0y ORMCENBCERESS >, SHHHHE
HT 2 NH—N OR@%0i T2k, BB P2 i Sy, 2L AUE
DB SEET 5 NH—NBE 77 2l LTAFBOSELEI 2k, 2800
NH,—N BD5 L 2@ ELEES LTI L 8BRTHS LER T,
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1) BUBGRIES (1970) @ EEERFE, HERSMRE. BER, 184—200,

2) Technicon Instruments Corp. (1973) : Ammonia jn water and seawater, Technicon industrial method, 154
—71 w/Tentative.

3) RS BIRE - AFRE B AARR - R - R - AP W (1983)  TRSEBHEARARS
ZHF B BT 53 MBERFROSREL, EXABHARTRRSE, B47E5, 45-62.
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33.

BREEBAMAAVER—R=2av 5714 —12 3
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New Paper—Chromatographic Method for Estimating
Metal—Humic Acid Interactions

Takejiro TAKAMATSU", Ryotaro KUSAKABE? and Tomio YOSHIDA?

Abstract

A new paper-chromatographic method was proposed for estimating metal-humic
acid interactions. After a mixed standard solution of metal ions was spotted on the
paper impregnated with humic acid, metal ions were developed with 0.1 M acetate
buffer containing 0.05 M Cd** or Mn** (pH: 5, 80% ethanol). The RBf value of metal ions
was calculated from the mobility of each metal ion by comparison with the mobility
of the same ion obtained on the blank paper. The dependence of Bf values on varieties
of metal ions and humic acids was evaluated. The results obtained are summarized as
follows:

{1) Rf values of metal ion decreased with the increase in the humification degree
of humic acids. However, exceptionally strong bonds were observed between metal
ions, especially Cu?* and the humic acid of humified rice straw or peat.

(2} The intensity of metal-humic acid interactions was in the following order:
Cu?* > Hg?* > Pb?* > Ni** > Zn?+ > Cd** = Co** > Mn?*, However, in nature, Hg** rather
than Cu?* is likely to be bond to humic acids more tightly.

{3) Mercuric ion was partly converted to an unknown mobile compound with some
of the humic acids which were highly humified in the course of chromatographic

. ERIO®FR AKE-EEE F305 RRERENSEART T 16 E?2

Water and Soil Environment Division, The National Institute for Environmenta] Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan

. NS EEE EVAEFATR AFERAHERE RENERAR T30 RRRFEEEARZE

&)

Reseach Collaborator of the National Institute for Environmental Studies. Present Address:
Master’s Program in Environmental Sciences, University of Tsukuba, Sakura-mura, Niihari,
Ibaraki 305, Japan

- EBMS~-55 £ E EVAHWEMEBNRA HEAY CHEMEER TI05 FRRFRIENT

&)
Visiting Fellow of the National Institute for Environmental Studies. Present Address: Institute of
Applied Biochemistry, University of Tsukuba, Sakura-mura, Niihari, Ibaraki 305, Japan
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development,

(4) As a result of multiple regression analysis between Rf values and functional
groups contents of humic acids, it appeared that the carboxyl groups play a prominent
role in the binding of metal ions, and carbenyl and N-containing functional groups may
also bind to metal ions through coordinate bonds. However, phenolic OH group does
not seem to participate in the binding in 809 ethanol solution. The affinity of metal
ions for N-containing groups was in the order of Cu**>Zn®* >Ni** >Co®* >Mn?* >
Pb**, while that for O-containing functional groups was mostly in the opposite order.

(5) The average Rf values of metal ions were significantly correlated to the overall
stability constants (K,) reported in the literature (log K, = —6.34 Rf +9.53, r=—0.992).
Therefore, the Bf values seemn to be suitable as substitutes for the stability constants
of metal-humic acid complexes. '

1. Lo

RS 7 VRS 1, BRIRES ) wRES, @), §E, BTk, BEkCOKEEICE
(AL, HREES 3V REMEEE LSBT BE2RL LTS, PTLEELROR,
MEBOBNEE2REL, TBIEEOBRELRAYES5 22 2 LY, Q2 hE SEYPME
Yot 2 ER, Uy, BB P OBMRIRE L TEL LY, QEBOREEMEER TS
ko TERORLERE LY, HETRE KBS, FHET 49— 4, LBYERFOR
BHRERISROBRE, EEE2ITY 2 L9, WERLBEEL TZ0MEE A 21 L, A
BAMHERAMBEBRERRLRTLAY, BBUSB LG Lz oHERLHAI LY
FTHIETIRYTHD, FLTIho0EEOS  REHES 7 VRENZOBEC IV REF Y
Wik, 7~k ALRZVE, TI/ERERRLAA UTRPEERCL o TE
BAA Y EEIBETEL I LCHEL TS,

B, &R LEHERY 7 VIROEEOMK, B3 sThT 2R 4BV TR EEEELL
TOREEEBERET S L THEH, IhAS0EFBNBRTH—EHFTHY, BERPVER
WEREOMEVHDBHIZ I DER, KE& (2FR), ERESHERZV"NTERNTHL
o, TOREREBHEENIOWLHEBRE 5TV, ZOL, MIBEPHREBC L TREEE
MOEENELEHT, BAEFE L TOBHEEY 7V RBBE T2 A RS FRYOM, BAEM
B, U EREREB R Y TE X S~ SR LONBRTH D B 1 T XERICRE AN KE
EEROER 02 LDLBZOEBMESRILRLETHES S,

EFETE, EREEVOIEBRTIC L >TL 5 S EEBSTEP T EOBICERT 2
pEFSHITAWRO—RLELT, BER:BESBROHEEREFET 2O DHFLVWHES
BELY, FEEBHEBESRAIKEAVWEA—N—2u= /577 4+ —TE&EA 4 2EHL,
O RFETHEEEREMBT A0 TH 3. 2ORE, BHER L SEOHEFERZMET 5L
ShOFLVWHREBL-OTHRET 5,
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Table 1 Stability constants of metal-humic and fulvic acids complexes

Metal Ligand Method
Cd**  HA (coal) T, 1S

HA (peat) P

HA {soil)

HA (soil) 1S

HA (soil) T

HA (soil, peat) T

HA (soil) IE

FA (soil) IS
Cu**  HA (lake water) AS

FA( » )

FA Eq. MnO,

OM (lake water)

HA (soil) IS

FA (river sedm.} 1S

FA (sludge) 18

HA (seoil} 1E

HA (soil) T

HA (peat)

A (soil)

HMA (soil} 1E

FA (peat) GF

FA (lake water)

HA (soil) T

HA (peat)

HA {peat, seil) T
Ca*  HA (soil) 1IE
Fe?+ HA (s0il) 1E
Hg**  FA (s0il) 1S

C

25

28

25

25
25
14

25

25

25
25
25

14

30

25

25
14
14

25

Log of stability constant (pH),

Medium remarks
0.1(KNQ;) ﬂl. .9(5.5), 5.3(6),
) 6.3(7.5) 185"
5. 2(5) 10.6(7), 11.7(7.5}
A1 13.7(6), 15 (73, 16.5(7.5)
0.1{KNQ,) K’ . 3.2944), 3.52(5), 3.64(6)

0.1{NaClO,)

0.1(KCD
0.01{KCD

0.1(KCD)

0.1{NaCl)

0.1(NaNQ,)

0.01(KNQ,)

0.1(NaClo,)
0.1{(KClO,)

0.1(NaCp
0.1(KCl)

0.2 (NaCl}
0.02(trig/NaCl)

0.01(KCD
¢.1(KCD

0.01(KCD
0.1(KCD
0.1{KCbH
0.1(NaCD

0.1(NaCh

0.1 (NaNO;)

$3.25(4), 3 63(5),

:3.48(4.26),

426(6 23} 1 k!
354(623) ikt
6.25+0.63(p

3.34(5.36),

5.63~7.66(6) for

K. :6.06(4~5)
Lecnardite
K::6.92{(4~5)}
Lecnardite

Bz : _3.8 : Kz '
(4~5), 1

3. 88(5.36).
3.23(4. 26),

- 5 ) ’
5011 variation

; 6.01(4~5) for
; 6.69(4~5) for

6.9—5.4[1]12
. ionic strength

K :5.26(3), 5.45(5), 8.90(7) ;

3.96(3),
nitro-HA

K’':3.04(4.9),

K :5.96(T)
K’ :5.67(7)

K’ :7.82(7.6)

6.87(3),

8.07(7) for

3.64(5.95)

K 7.2~9.5(7.4~8.9)
kR D 8.656+0.65(pH—5)

K:5.3(6)
Ki:
2.0—

3.8~4.1(5) 1 Kj:
2.1(5){Kj, Kj3:

for

strongly and weakly acidic
functional groups respectively}

K':12.60(5),

12.33(7)

10.82(5), 9.62(7)for nitro-HA
B,. —2.10

B,: —2.55

B,: —3.60

K’ :3.43{4), 5.86(5.5)

Ki18. 51(3) K1 7.1648)
K’ :7.85(8)

K; :8.80(8) | K :B.05(8) ;
K’ :8.42(8)

K;:7.87(4~5) ; 8.01{4~5)for
Leonardite

K,:7.22(4~5) ; 7.38(4~5)for
Leonardite

K : 8.25(4~5)
K, : 7.26(4~5)

B,: —1.7:Ky:
(4~5)

K’ 6.45(7)
HA

8.9—4.9[1]

1 5.67(TNfor nitro-

K’ - 5.36(3), 6.41(5), 4 78(7) .

6.91(3),
nitro-HA

8.46(5), 6.3

8(7) for

K’ :4.86(3), 5.08(4)

o

-3

10
11

12

13
14

4
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Table 1 (continued)

Log of stability constant (pH),

Metal Ligand Method 'C Medium remarks
Mg* HA (soil) 1IE 14 0.1(NaCl IéA 5.46(7) ; 4.98(7) for nitro-
Mn**  HA (soil) 1E 14 0.1(NaCl) K’ :5.60(7) : 3.59{5), 6.08(T)
for nitro-HA
Ni* HMA (soil) 1E 30 0.2{NaCh K :2.75(4), 5.42(5.5)
HA (peat) GF 0.02(tris/NaCl)  K;:5.64(8) 1 Ki:4.32(8)
K’ :4.98(8)

FA (lake water) K’ :5.14(8)

HA (soil) 1IE 14 0.1(NaCbh K’ :5.39(3), 7.63(5), 9.60(7) .
7.46(3), 7.98(5), 9.53(7)for
nitro-HA

Pb#*  HA (soil) 15 25 0.1(NaClO,) bk o 8.354+0.30(pH—D)

FA (soil} IS 25 0.1{KNOy) Bi14.0(4), 4.3(4. 5), 4.9(5),
6.3(6) : B 9.1(4.5), 9.5(5),
10. 1(6)

FA (lake water) B3 7(4 5), 4.7(5), 5.1(6),
£ 8.8(4. 5}, 9.3(5), 10. 1(6

HA (soil} T 25 0.1(KCh K, 7.03(4~5) ; 7.03(4~5) for
Leonardite

0.01(KCD K, 7.65(4~5) ; 7.80(4~5) for
Lecnardite
HA (peat) T 25 0.1(KCD Kz 1 7.00(4~5)
0.01(KCI) K, : 8.11{4~5)

HA (soil, peat) T 25 0.1(KCD B.: 1. 8(4~5)

’ 0.2¢KCl) B, 1{4~5) : K, :
8.7-4. 7[1]"’(4~5
Zn*  HA (soil} P 28 (KNO,) K’ :3.62(4), 4.48(5), 4.71(6)

HA {peat) K’ 1 3.55(4), 4.00(5), 4.33(8)

HA (soil) 1E 14 0.1(NaCl) K :7.15(5), 10.34(7)
6.33(5), 7.85(7)for nitro-HA

HMA (soil) IE 30 0.2(NaCl K’ 3.59(4), 4.82(5.5)

i)e GF 0.02{tris/NaCl) K’ :4.83{8}

FA {lake water) K':5.14(8)

HA (clay) IE 0.1(KCI) K’:4.42(3.6), 6.18(5.6},
6.80(7)

HA (soil) IE 0.1(KCl) K’ :4,20~10.83(7) for soil
variation, av. 7.29

FA (soil) K’':3. B8~9. 30(7)for soil
variation, av. 6.21

HA (soil) IE 0.1(KCD K” : 3.70(6.5) for Leonardite ;

) 3. 13(6 §}for Brunizem soil
3.84(6.5)for Gley s.: 5.13(6. 5)
for Podsol s

HA (peat) K” : 3.44(6.5)

FA (sludge) IE 0.1(KCD K':1.8(5.5), 6.8(7)for low M.
W. fraction[=15,000] :
0.7(5.5) for high M.W. fraction
[>30,000]

AP+ HMA (soil) IE 30 0.2{KCD K':3.81(4), 3.88(5.5)

Am* HA (lake sedm) IE 25 0.1(KCl K, :7.3(4.5) 1 K, : 11.0{4.5)

Eu*  HA (lake sedm.) IE 25 0.1(KCh K,:7.8(4.5) : K, :10.7(4.5)
FA( 7 ) K, :6.9(4.5) 1 K, : 11.0(4.5)

13
14

15

13
14

16

17

18

19

13

20
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Table 1 (continued)

Log of stability constant (pH),

Metal Ligand Method ‘C Medium remarks Ref.
Fe*  HA (soil) IE 14 0.1(NaCl K :11.36(3), 8.47(5), 6
6.60{7) ;9.57(3), 8.97(5),
6.69(7) for nitro-HA
HMA ({soil) 1IE 30 0.2(NaCl K :3.97(4), 4.93(5.5) 13
Th+ HA (soil) SE 25 ?\I %)(ANaCIO‘/ K,:10.8(3.99), K, : 15.8(3.99) 21
HA (lake sedm.) a0Ac) K, :11.1(3.95), 12.0(4.6),
13.2(5.03) . K, : 16.2(3.95),
17.3(4.6), 18.4(5.03)
FA K,:9.8(4), 10.8¢58) ; K,
13.5(4), 15.1(5)
U+ HA D 0.01({NaCl) K;: 6.98(6) ; K;: 4.51(6) 22
FA Ki:6.64(6) : Ki:4.94(6)
U0, HA D 0.01(KNO,) K{:6.73(6) : Ki: 4.72(8)
FA Kj:7.43(6) : K;: 5.56(6)
HA (peat) T 25 0.1(NaClQ,) K.:7.8 23
0.2 V177

0.5(NaCl0,)

Ligand : HA {humic acid), FA (fulvic acid), HMA (hymatomelanic acid), OM (organic matter).
Method : T (potentiometric titration), IS (ion-selective electrode), P {polarography), IE (ion-exchange),

AS (titrimetric anodic stripping), GF (gel-filtration), D {dialysis), Eq. MnQ, {(adsoption equilibrium
with Mn0,), SE (sclvent extraction).

K.=[ML]/{[M™][L-]%, [L-]:ionized free ligand concentration : K"=[M,]/{[M™][L,J%, [M,]:

total metal concentration bound to ligand, [L.] : total uncomplexed ligand concentration: K=
(M, ]/{IM™ ) [L- 1 H K= [M;LI/AIM™]?[L-17} ko= [ML,41/{[ML 2*-“1[L-]}; B. = {[ML,]
[H*)%}/ {[M2+][H:L]?} : Be=[MLJ/{[M™]ILJ% ; g:=(LM]/{[HLI[M™]%}.

Reference . 1, C. Whitworth and G K. Pagenkopf, J. inorg. nucl. chem,, 41, 317 (1979); 2, S.K. Saha, S.L.

Dutta and $.K. Chakravarti, J. Indian Chem. Soc,, LVI, 1128 (1979) ; 3, T. Takamatsu and T.
Yoshida, Soil Sci., 125, 377 (1978) ; 4, F.]. Stevenson, Soil Sci., 123, 10 (1977) : 5, F.J. Stevenson, Soil
Sci. Soc. Am. J., 40, 665 (1976) ; 6, H. Takenaga and S. Aso, NIPPON DOJOHIRYOGAKU ZASSHI,
46, 349 (1979) ; 7, V. Cheam and D.S. Gamble, Can. J. Soil Sci., 54, 413 (1974) ; &, M.S. Shuman and
J.L. Cromer, Environ. Sci. Technol, 13, 543 (1979) ; 9, C.M.G. van den Berg and J.R. Kramer, Anal.
Chim. Acta, 106, 113 (1979) . 10, K. Matsunaga, M. Negishi and S. Fukase, Bull. Fac, Fish. Hokkaido
Univ,, 30, 301 {1979) . 11, G. Sposito, K.M. Holtzclaw and C.S. Levesque-Madore, Soil Sci. Soc. Am.
J., 43, 1148 (1979); 12, F.]. Stevenson, S.A. Krastanov and M.S, Ardakani, Geoderma, 9, 129 (1973) ;

13, M. Adhikari, G.C. Hazra and G. Chakrabarti, J. Indian Chem. Soc., L, 577 (1973); 14, RF.C.
Mantoura and J.P. Riley, Anal. Chim. Acta, 78, 193 {1975} ; 15, R.A. Saar and J.H. Weber, Environ.
Sci. Technol., 14, 877 (1980) ; 16, N.S. Randhawa and F.E. Broadbent, Soil Sci., 99, 362 (1965) ; 17,
K. Matsuda and S. Ito, Soil Sci. Plant Nutr., 16, 1 (1970) ; 18, M.S. Ardakani and F.J. Stevenson, Soil
Sci. Soc. Amer. Proc., 36, 884 (1972) . 19, K.H. Tan, L.D. King and H.D. Morris, Soil Sci. Soc. Amer.
Proc., 35, 748 {(1971) ; 20, E.L. Bertha and G.R. Choppin, J. inorg. nucl. chem., 40, 655 (1978) ; 21, K.
L. Nash and G.R. Choppin, ]. inorg. nucl. chem., 42, 1045 (1980) ; 22, W.C. Li, D.M. Victor and C.L.
Chakrabarti, Anal, Chem., 52, 520 (1980) ; 23, B. Kribek and J. Podlaha, Organic Geochem., 2, 93
(1980)
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2. REBE

2.1 WHEoEY

R OB AL BRI ORI A H 2 R LY, FARIBROBESBEERM IR
(No.3~6, No.15~19) ®#&LHAZMOAH, M, HoREL BESCEEHOER
(No. 8, dtHENAAE & DR RUBHLEMY S (No. 9) @ 2N &3 20 EETH
%, ®¥, No. 10 ¥ 11 RKUfNo. 12 & 130RBIIEL R THI L 708, No. 11 & 134
FABES, No. 12 BLZEHS AL bOTH S, '

)

#* 2 BHERoRMBIz A HiEREE

Table 2 Soil samples employed for the extraction of humic acids

Sample No. Location

1 ERBHERET

ERRERELR

3 BILERFTAE (Cd 53H)

4 R AHAMRETRR (Cu IG5

5 BRBRAOA TR (He 5HHE)

6 HIRRATATFEY (As iHH)

7 Frhf 5L 25 AR AT

8 HERAEEHER (LHEINE X p )
9 BT s (14, 35°C)

10 FRR S EERET (ERED

11 KRR HHEET (FABRAEM, 10 £/10 a)
12 FIRELATAT (bR EHEA, 16.5 kg/16 m?)
13 FIRRFHEET (TARIGIEAEA, 7.5 t/10 a)
14 A R T

15 PREREMRITEL (Pb 53

16 KR BBREER (PbiFkt)

17 WHERFTHERE (Zn, Cul5ii)

18 HIRETHEAET (Pbhi55HE)

19 ERBRREIET (Pbi5Huth)

20 IbFgEEEt (BR)

| EEROME, WSROI T o % | BEHHENE 100 g 12 0.1 M NaOH+0.1 M Na,P;
0, 250 ml #MA KB T 2ARMERE SR L7, BHEEEZG—4FTFA7 4y —T2ALR
%, IMHCITpH 2% 2 v RB LB 2 B a €, WREFCHETHEL, RIRV7
NEBEEPERET RO, IMHCI b # HF BB Tt TN IEREL, Ko (REKRTRS .
g U727 0.1 M NaOH (iR L 7o, MR L bR O BBRFL 3EEVEL, Bk HCl® HF
ODBES*BET I EEBOREYNSHLTHICERL T 5 F TREKRTAIRF LU,
B BEREREERETORE L L, XICEBEREEOFIEEER T, 6, +
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Table 3 Some chemical properties of soil and humic acid samples

Soil Humic acid Functional groups of humic acid
Sample No. c N —C-— —H— — N— Ash ﬁ};giclfacc;é ;E%i‘:; Carboxyl Phg;?lic Carbonyl
(%) (%) (meq/g}
1 11.46 ¢.41 56.02(56.87) 3.11(3.16) 1.58(1.61) 1.5  0.561 5.76 6.17 3.59 6.14
2 19.49 0.75 46.87(53.38) 3.12(3.55) 2.26(2.57) 12.2  0.569 9.31 .42 2.89 7.99
3 4.31 0.42 53.49(55.43) 4.26(4.41) 3.86(4.00) 3.5 0.531 9.23 3.9 5.32 5.05
4 7.10 0.56 51.34{(53.82) 4.98(5.22) 3.95(4.19 4.6 0.600 6.89 3.46 3.43 4.82
5 1.53 0.22 22.97(50.48) 2.77(6.09) 2.25(4.95) 54.5  1.056 6.30 2,61 3.69 2.16
6 2.19 0.26 38.16(50.88) 4.61(6.15) 4.24(5.65) 25.0  9.862 7.4 2.57 4.47 4.08
7 3.28 0.32 42.69(52.70) 3.11(3.84} 2.82{3.48) 19.0 0.522 8.22 5.37 2.85 5.67
8 1.25 0.19 12.77(39.17) 1.43(4.3%) 1.10(3.37) 7.4  0.822 6.95 2.45 4.50 3.31
g 20.94 3.34 53.84(68.24) 5.71(7.24) 4.64(5.88) 21.1  1.283 10.71 2.8 7.9 N.D,
10 2.20 0.18 22.58(28.23) 2.20{2.75} 1.72{2.15) 20.0  0.598 10.08 4.62 5.46 9.55
n 2.61 0.22 30.16(42.24) 3.00(4.20) 2.50{3.50) 28.6  0.594 12.76 5.22 7.54 5.88
12 4.96 0.36 36.09(53.55) 2.43(3.61) 1.87(2.77) 32.6  0.540 8.60 4.50 4.10 5.62
13 5.19 0.3% 47.79(58.353) 2.86(3.49) 2.38(2.91) 18.1  0.529 11.12 6.12 5.00 6.02
14 6.13 0.44 46.91L(56.11) 3.03(3.62} 2.27(2.83) 16.4 .51 9.94 5.94 4.00 6.58
15 4.43 0.40 36.25(50.91) 3.68(5.17) 2.88(4.04) 28.8  0.650 9.42 3.97 5.45 3.78
16 2.55 0.22 36.41(49.54) 4.25(5.78) 2.B4(3.86) 26.5  (1.829 §.97 2.66 6.31 2.08
17 2.69 0.23 52.10(53.49) 5.32(5.46) 4.73(4.86) 2.6 0.639 16.51 4.93 11.58 N.D.
18 4.91 0.52 22.34(42.88) 2.34(4.49) 2.22(4.26) 47.9  0.652 6.62 3.44 3.18 4.41
13 2.95 (.25 44.31(52.31) 4.63(5.47) 3.95(4.66) 15.3 0.676 8.06 3.04 5.02 4,05
20 43.30 2,46 51.89(69.19) 4.45(5.93} 2.75(3.67) 25.0  1.044 7.75 2.47 5.28 20.27

Values are based on the air-dried and freeze-dried materiats.
() values converted to ash-free bases.
N.D.: not detectable,

B, BHEBEHDC, H, NSEREHD 1 ~3 mg #AWT, TRHHEF (CARLO ERBA #:
%! Model 1106} T/MFL 7z, 277, Alog K fHi 0.01%BEHEESEE (0.1 M NaOH &> L T)
DFER 400 nm & 600 nm TOERGE K OMKOZETH Y, RittoES 2 RTEEE LT
HPC LB h b0 TH D, 2OERBAMIECEEE/ S 22, BRE, 21 sy
MEEE, 7x /- VKBRS ER USRS ARSROMTEBE N>, 2L, BiE
MEMOPIRKADOHEBEEHDOILHIDT, #0BL2EETR, BEHEE0 B3 EESR
RAICEELTHEEL, TRA23h T3 EELI GRS,

2.2 REMEBSHNEN

BB L g % 0.1 M NaOH OBE (950 ml) wiBL, 1M CH,COOH TpH %5 ic
FHBELL&, BEEICATI00ml ERE Lz, ZOBBICR——270u< v 757 4 —B 28 (&
B, No.blA) #+4@3ex L%, ROHELEAKL:,

2.3 E&RBOBAOAE
Ni#*, Zn*, Cu**, Pb*, Mn*, Co*, Hg R Ca* D 8 EO&E A 4 > & Cu®, Pb?ic
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D\t 5,000 ppm, fthiE 10,000 ppm FA ZREEH (0.1 M HNO.MH) 2&ko 3fEHICS
JTHRBLUL, $4bB N, Zn*, Cut, Pb*2ge s, Mn*, Co*, Hg* %284 0D,
U N, Zn*, CA* 23040 TH S,

2.4 R=n—=savpIIF70—
BHEEBsRORACESBRESERO 1 plkvf 70y U I THEL, 0.1 MERE
i (pH=75, 80%T? /—A) IK0.05MO Cat it Mn* 2 S BHBHETC20em &
THRASEEL - (REMRE . 8~10h), BHGAHEEAZL, R4l lem T2 7 ¥ =2
VI, &7y arERoX X SR CRFEEMT (CA7Da) LT, RE&BOBEE
BRIz, £h, WBLLTUBHEBR2EBL TVRVLARTLABOHRELTY, BEERO
b 5 BERBO Rf EBERD T, 28, EBOBEER, T bbb —20MBERZDEEHNER
BELTR L2y a vy 2O@HAIOL 2 Y s vOBES S EMLHAHECRS Y,

3. BRrER

3.1 BHEEoENNR

MO R RS RIE 12.77~56.02%, BEERR L.10~4. BYOTETH Y, KAEWELL
B3 %% 28.23~69.19%, 1.61~5.88% TH -7z, Alog K fHiz, 0.511~1.283 DBBETH -7,
¥, BEE, yVREvILE, ?:./—)vﬁfj@%;&vmm;wg@gﬁci%n%n
6.30~16.51, 2.45~6.42, 2.85~11.58, 2.08~20.27 (meq/g) DM % 7L 12, EHEEBHLED
RRD 3 AR TRARSEERESBL SR TRENEEL SN S, T2b5 No. 9 (BFI{LFEY
Z) R DBLERSEESRT, No 20 REEIE  FRCRVWANRVESRERT,
B No. 17TQLUBUBITETNT) | IRERIE, 7/ — KBRS B r bICBBMEE AT, ddiz
NVERREENLEYL, Thb,
RABREEOCRRUEREBOEEAEE R T, 28F 8 No. 9L 2033HE»58AL
Foo FDORER, Alog K EVNE R 2BRESESENT 208K on s, ThiREHEbO#E
Fief-> URHEROEREENE T D THL 3. 2/, AIVEF Y VELANVELVESR
b L B S i AL 7229,

3.2 RfM
REWL 7077 05H1CTRT., TORR, SBMOSBERIFTHL Z LGN 5,
No. 1 0 EHEERNTO Hg* D7 o<+ 75 ARREMFEE 7 vy s v 9B =20 —

Y CozCa@ & I X=Xu+05(C,—Ci)/{Cai—Cr)y Coi2Cd BE I X=X +05C,,, —Co )/ (Cr—
C.), HL, X E—2HE, X, 2BRIBEHBEYT L2227 v 3 O, G, Co, Gt XuBUE
DEEOE 7>z > (i TOSERE
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T5E, 061520118 (FHHE) t4Y, SBEINRTOEBO R Bk T2, zOBE,
SE & BB OHEEEHOM 2 ik Cu?t >Hg? >Pbt+ > Ni** > Zn?* > Cd** =Co** >Mn** D E T
Hotz, o2 E LT Cutt & He?*, He* & Pb* R Uf Zn?, Cd* & Cot*BITCIEFOMEL T
WEHDLPPR ST, Pb* SHe DIEFE 2T L BHOE { i Alog K {ED/NE v, kiR
EDRIEHEERT BT, He*E— o) —F 4 v LTwd e, RFERRE( RB> 1T
HEME IR,

= 5 2fi&B4 4o RfFIH

Table 5 Rf values of divalent metal ions

Humic acid w Reactivity ®
Sample Na. Nit* Cu Zn* Pb* Mn* Co** Hg™ with Hg** Ni* Zni+ Cas
1 (.328 0.005 G.419 0.016 (.53 0.418 0.073 44 0.270 0.457 0.481
2 0.294 0.001 0.384 0.016 0.420 0.376 (0.427) +++ 0.224 0.405 0. 459
3 0.401 0.006 0.467 0.085 0.601 0.516 0.095 - 0.267 0.495 0.610
4 0.470 0.016 0.516 0.204 0.649 0.535 0.185 - 0.269 0.519 0.655
5 0.808 0.127 0.730 0.347 0.800 0.790 0.112 - 0.650 0.851 0.945
i 0.611 0.075 0.652 0.405 0.756 0.711 0.067 - 0.430 , 0.659 0813
7 0.430 0.009 0.449 0.057 0.576 0.481  (0.302) +++ 0.300 0.521 0.590
8 0.799 0.194 0.895 0.413 0.858 0.790 0.215 - 0.917 0.957 0.982
9 0.587 0.052 0.624 ¢.472 0.713 ¢.665 ¢.175 — 0.311 0.390 0.751
10 0.724 0.183 0.695 0.325 0.752 0.735 ¢.223 - 0.711 0.848 0.379
11 0.629 0.098 0.646 0.322 0.701 0.688 t.133 - 0.56¢ 0.746 0.82¢
12 0.547 034 0.590 0.152 0.705 0.644 0.256 + 0.500 0. 654 0.716
13 0.423 0.010 0.539 0.045 0.648 0.612 0.961 +++ 0.361 0.572 0.615
14 0.427 ¢.009 0.541 0.088 0.642 0.535 0.074 ++ 0.330 0524 0.601
15 0.492 0.042 0.583 0.281 0.729 0.683  (0.416) +4++ 0.347 (. 669 0.775
16 (. 744 0.094 0.741 0.465 0.772 0.737 0.154 — 0.484 0.718 0.831
17 0494 0.034 0.590 0.247 0.705 0_649 0111 - 0.279 0.582 0.720
18 (.558 0.073 0.594 0.329 0.704 0_684 0.205 - 0.437 0.658 0.781
19 0.651 0.068 0.678 0.359 0.763 0.7 01715 - 0.437 0.633 0.794
20 0.397 0.021 0.516 0.226 0.540 0.552 0.030 — 0.275 0.452 0.628
average:t 0.541+ 0.055 0.592+ 0.243+ 0.682+ 0.627+ 0.138% 0.418 0.627x 0.722%
.. 0.148 0.052 0.120 0149 0.099 0.117  J.065* 0.175 0.142 0.138

Developing solution: (A) 0.1 M acetate buffer containing 0.05 M Cd?*, (B} 0.1 M acetate buffer containing 0.05 M Mn?*, pH=5, 80%
ethanol.

() :reactivity with Hg** was remarkable.
* . the value does not include the data in parentheses.

3.3 Rf{HZ AlogK fEOBER

B3RO Rf L WHEEED Alog K L DBIRO 1 HEF LD, WThOoRBTY Alog
KEANE 2 BIZY REMEb/NS <R 2 AT L7z, SHLEEBLSEDE L BIERDSE
HWEDBEF WL RERLTED, BELOBTEEI AL RF A EDPINR LV ESE
OEMZHGE LD THS 5, HERHELIE7 5 (No. 9) :ieRi+38 (No. 20) OEHEER
i, Alog K i 6 FEENB LD bEBRE N, Bz Cu LR L7, B No.
9L 20 BMLICERT FNFNEELRERCAILENEEEELTWADOT, IhEHEECH
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L mgEnige, £, E- AR, ol shBEBRELY + Y v BERL, Cu?t
PVOHRZFZRHEREEL T B I EHRBEATWE QTS @HERY 7 PRRIIORE
BT Cettid a7 4 ) Y RBEHEEUBSL TwWaZ s +a9EL oiL s,

9 u|
[ ]
a0
[+
& el
o8l .
o7t 2 a
Wk d
06 A 9‘_.
)
0.5k - “_30
QA A .J
0.3k 2
i i 1 1 1 1 L 1
06 07 08 09 10 W 2

alog K

3 SBAA O RfELBHEEROD Alog K 8 & ORIE

Fig. 3 Relationship between Rf values of metal ions and Alog K values of
humic acids '
Metal ion : () Pb?*, (O) Cu®t, (A) Zn*, (@) Ni*+.

1.4 REVHEEONHE

HEEBO Rf HEVEERO COFHEESRCBLMVEE LD TH DS, TobLTATRO
SESREABOY OBEEELHBEESLTVAEBET A0, RF L EEROILEF
VVE, 7/ —AMAERE AvionE, EESBRLOEARAMMET . BN ER
BES GRMIL) 2&61, 27, ENR/ELEARI s FHINE R EE OBEFZRA4
{Zn* e Pz o) R LTz, H6OEE»SHHT 2L, RFERANVEEF S VE, AR
INERUEESEOMICE - TEPL, 72/ —EkEEOENE LA R EPERS
gLkt AVEFUABEAANEIARETRTEOSENL Y KEL R HEELET 5. BER
SEOESCOVTR, CITORBSKASROEbEbLRBEEME*AVWTBShLDOTH
E0T, SPEEHELEBOBSERMLI DL RMETELR L, L LRICEET 35T,
SRRl 2 ANRGRROSEEHMOFTSSBOEEENNOREF LA —HL T30
T, BEAES R HCBSOBEE52T0A 2 LEIOKRTH S, Libys, RARIER
A4 A EAINREYLE, AVEABRVEERERETHESL TR EEIoN, 7x/—
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Table 4 Correlation between some chemical properties of humic acid samples

¢ cr H u N Ne  alogi Total coon Phemelic  c=g

3 %) %) %) %) %} %) (meq/g} (meq/g} (meq/g) (meq/g)

C 1.000

C 0.797 1.000

H i 0.658 0.480 1.000

H* ' —0.082  0.155  0.601 1.000

N 0.529  0.386  0.938 0.626  1.000 ‘

N {—0.163  0.098  £.566 0.918  0.718 1.000

alog £ | —0.56 —0.220  0.013  0.732  0.023  0.59 1.000
Total acidity; 0,375  0.086  0.270 —0.197  9.251 —0.155 —0.404 1.000

COOH : 0.514 0.305 -0.15 —0.755 —0.225 —0.604 —0.766 .550 1.000
Phenolic OH | 0.109 —0.098  0.429  0.263  0.449  0.273  0.022 0.834  —0.002 1.000

C=0 | 0046 —0.231 -0.451 —0.818 ~—0.463 —0.726 —0.583 —0.095  0.570 —0.491 1.000

* : values converted to ash-free bases.

ZERLIH, No. 9OBRBTCRE -7 3RFEAMGEDATH 5, ZOKBE— 7 N dicimbhni:
HEw 20T, BHBRHSEOEREA 4, il Fer, V&, Mn*, Ag', AuviY, &
LU TETAE L THL 287, He RIS En2 7 ) -3 Y AV0OEE T He BT &
NBZ BT TSR TLSOT®, BT He 0 — Mo iR L > T He' (2721
H) BT ani JHEMN S 5, £7:, He*0o—BHEHE L KIGL TE = 2T He baY
BERLICY, BHEBOLY 2 —AdEES (#1211 Hymatomelanic acid @—& % £} iz
Hg** D BRMCESTILO0HY, Ihpiey /- VAE#HERE->TBEHT AL bELS
Nz, 227, COHREPFEE R LE No. 13 OREEFE T, He* 05, Hetk CH;Hg*®
BRE%{To%, 8512 Hgid, BHEESBAK2Ho» Uy /- L THEL, *F /) —LT
ERS5*BRELTRABL-BERAECHERALL(KM2), 205, He dEEsgozy /2 —
NEROREICBEFERS, €7 vay 0~11E—27 2R L%k, CHHg I DBEPT L,
rryvary1bOMBRE-72TFL, Het 2 {B@#Lshol, 2O s, HettQO Y —2
Do Arh s RRE, He O—osRils L KGL T8 S 3 v» He L& ORE, 8-
FESR) #ERUeEL2008EYTHSL I, No. l ORBLATLEIELLOEAT (Alog K
HOEV) BHOW L Oh TRROBRMSBER 2, 7, BB No 10 & 11, No. 12X 131
FurhR—-tgo 8 (EREEeRRs 18, HBRRL7 18 s oL BiHET,
Alog K HOLFHH BT SRR, U U, TRBRAE MR L je B4 7 S0 K8 (No.
13) T, KERIGHSEL CHA L. —F, REBK7 ETR, B, TABRMALS
OTREER & L ABERIEES TR a3 kot FOBRARHEERS A TRV,

Fs5wBoh: Rffie s, B> TREEROBREI L DS 2EBNR
513, CAdiz DTk 0.05 M Mn> 2 SA X BHERTOEBRER L 2R LATLS, 0.05M
Co* % BARBRTRMLYL LEL ZBO C* 0 R B2 0L BORSE L OHE» & R
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Fig. 1 Typical chromatogram of metal ions on paper impregnated with humic
acid
{A) Developing solution : 0.1 M acetate buffer containing 0.05 M Mn** (pH :
5, 80% othanol) ; Metal ion : (O) Ni**, (A) Zn**, () Cd**.
(B Developing solution : 8.1 M acetate buffer containing 0.05 M Cd** (pH :
5, 80% ethanol) ; Metal ion : (O) Mn**, (&) Co**, () Hg?, (@) Ni**, (D)
Pb2+, (A) Zn2+’ (.) Cu2+.

100

Redative intensity, %
-]
L}

0 4 8 12 16 20
Section, cm

2wk (No.13) @A #c &k 5 He?*t, HetRU CH,Hg*w 7o~ 73
Ia

Fig. 2 Chromatogram of Hg®*, Hg* and CH,Hg* on paper impregnated with
humic acid (No. 13)
Developing solution : 0.1 M acetate buffer containing 0.05 M Cd** (pH : 5,
80% ethanol) ; Metal ion : (@) and (O) Hg*, ({J) Hg*, (a) CH,Hg* ; (@) :
ethanol soluble components were eliminated from the humic acid.
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BIEKES - BB - TAES

MEABRERHE VBB CHELTHRL L HETE 3, TRRAVEFVLELY = /-1
KBENELREERETHILTHIINETOERZDLRFET 200 TH SN, WL OEBH
80% s /=P TiFbilikioir, 7/ —AMAKBECEEATI R, @B 0SS K
EL&L ot BELNITHIATE 3,

£ 6 BERHBAFTOBR

Table 6 Result of multiple regression analysis

Normalized multiple regression coefficients

Independent
variable Ni** Cu?* Znt* Pb*+ Mn?+ Co?*
COOH (meq/g) —0.746 —0.712 —0.762 —0.823 —0.783 —0.733
Phenolic OH  (meq/g) 0.307 0.378 0.435 0.367 0.392 00.430
c=0 (meq/g) —0.421 —0.325 -0.371 —0.244 —0.322 —0.344
N (%) —0.621 —0.824 —0.698 —0.266 —0.490 —0.532

Dependent variable . Rf value
Independent variable : contents of COOH, Phenolic OH, C=0, and N

¢ 1 T T T T T T T T
2 2
Zn b Pt
08F  r=0.8% 1t r=0.903 7
Y *
3 &
% og i i
x
.
; .
g o4l . ~ A
ozt . s

¢ 02 04 06 08 10 0 02 04 06 08 10
' Predicted Ri walye

4 R RfELEMORR»2LTHENS Bf HOMR
Fig. 4 Relationship between observed Kf values and Rf values predicted from
multiple regression equation

wiz, EBECI2ERE2HBT 2L, #ARFYAEOBS IR Ph? >Mn? > Zntt > Nzt >
Co*>Cu™DIHICHE ¢, —HEROESIE Cu?* >Zn?* > Ni** > Co** >Mn?* >Pb** D JE I 3 <
oTED, BREOSEEFINRE S5, Schwarzenbach® i & B4 4 > % £ O#EERBRIC &
TUTEDDIN-FRBELTWwE, Thbb, AXV—7 BV ABEES B4, B
N=7  dBERCETHRERCDE>TOIBA 4 v (1I8EFHE), C/v—7 ! BRCEFH
FRIEDE>TWRLEBEEA Y, Th2. ZOR, AZL-7R3EELVBRE, B
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| BR-REREEER

IN—FRYPCBELVERCBEAFREETL, COAV—7REAOHER#FN TV, LT
VB, BHFETIYD L SBON Zn, Cd* B —7) MR C V=T IRT S
B, BTy Cuttid B 70— 742, Ph*id A 7 v —FEw & 8k, MY, Co*, NiZ*, Cu*®
RFTHE M & Cut* ~ E BRSO L, BrBERENHRETI2EEbATNS, &
OERITHNZ LD TH B, BHEBTELLL-EBEFIOBRLR—BRLTEY, Pb**®
Mn* ZFEEBRO A LR 3 VL EL Y SBREEE L BIESL, 2t Int L TEE
ERTHEELSES 2B T A FATHCTHE I LI 2dbh 3,

3.5 RIBrREERHOMR

Rf 3O EBIENTABANERTIHETHY, TORKES CREEEERLFALE
by, BEEERIC OV TRTTRELOHENZENTLIOT(E]L), Fothrst
H, #t, P - ORERCOWTpH 5—TOHBETHE L A 2T EEEHR (K) 2488
JEBOHL, THERKDIE 23, Cutt 1 9.2551.80(17), Pb** 1 7.86+0.72(9), Nijz+:
6.26+1.81 (6), Zn®**:5.48+1.01 (13), Cd** :5.80+1.64 (13) -7 (272U, fEIEAHE
BTRL, 2y IRCBT—FMERLL), EITINSVREROLELERERRT 50D
E{EELT, 0.5 MCA* 2 SHBERRE AV TRD 7 RF @& ot 2 e L (B5, 72/
L, Ca* o Rf THIZMEEM © 0.61540.118 £ H ), 20BE, MEOCKICRIERIC R L HEEL
1 (log Ko= —6.34 RF +9.53, r=—0.992) R 5 W7z DT, ZOBEFEH» S He?*, Co* R Mn**
DEEEEHEHEL L E A% 28.720.5, 5.6+0.8, 5.2+0.7 kol LI2L, TITO

L3
2
% 04 B
&
0.3 -
a2t 1
01F -PCu -
0 /| 1 1 =, 1 i : i L
74 5 § 7 8 s 10 1
log Ko

M 5 &EAF0 R XES S5 L SR EEEROFEKE L ORIE

Fig. 5 Relationship between Rf values of metal ions and logarithmic overall stability
constants reported in the literature
Correlation equation : log K,=—6.34 Ef +9.53, r=—0.992,
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BILERER « ERFAL - HEHEH

EEIEFBHCEAPBLOBHERS V23D TOLOTHY, ThULEEERTERL,
L UEBEEEN L 2h0&BERI LT R ONERERAR T RFEXMEL, H5»0
HEM ORI R L T8, MOREM TOREEERE RFIEOH D SHETE 2
EHEZLNBOT, KERBELLEEEHENEEC 2982 2 LiZEBVR L,

3.6 RMBBEOTs2/—LSEROESR

BEBEPOLY /- VEERNFEARO R I RIZTHREAREL 3EOMER THRN
L, #7TWRLE, Cu?t, Zn?", Mn?*, Co* Tizx¥ /L EHEMBL T 2120 T, bFh
w RfEDEML, XHg TRBLT2RANBD s34, HOLBETCOEAIIARTEEZ
Vi, LB ULIBUT RFEIRZY /- @HRARELLERaNT, 2BEMTO RF HOHFELE
EALEESE G, 57, RPFRGI%S /—AEH) CEenl Rf B TRRLESD
TORER : SBOMEER*TITMERL DL EL S, 2 Cut* s Hg* it T 2 B
PN ARE L, Lpb Co* 3y / —AEFENBT T2 LEBEARBLONIOERL, Hg*
B oNs, ZORORBTIE Hg* OB Cut* £ D b L VB BERICEEL T ETHS

»

Do

= 7 EBRBHOLY /- AVESEERVN R HItS 2 588

Table 7 . Dependence of Rf values on ethanol contents in developing solutions

o
Humic acid Rf values .
Sample No.  EtOH%  npe cwr za»  Po*  Ma*  Co* He
80 0.470  0.006 - 0516  0.204  0.649  0.535  0.185
. 60 0.444  0.024 0574  0.115 0.6  0.642  0.135
0 0.538  0.046  0.684  0.169  0.709  0.625  0.103
20 0.655  0.041  0.717  0.144  0.733  0.674  0.023
80 0.744  0.094  0.741  0.465  0.772  0.737  0.154
y 60 0.737 0.7  0.788  0.34  0.819  0.777  0.051
10 0.2 0.166  0.8%  0.49%  0.818 0798  0.074
20 0.788  0.172  0.816  0.321  0.830  0.812  0.064
. 80 0.587  0.052  0.624  0.472  0.713  0.665  0.175
60 0.681  0.113  0.743  0.287  0.767  0.728  0.037
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Table 7 {continued)

B}

Humic acid Rf values
Sample No. EtQOHY% Nt Zo -

80 0.269 0.519 0.655
4 60 0.364 §.527 0.565
40 0.379 0.486 0.543
20 0.536 0.594 0.603
80 0.484 $.718 6.831
16 60 0.676 0.815 0.820
40 0.668 0.723 0.772
20 0.686 0.768 (0.769
9 80 - 0.311 0.590 0.751
60 0.455 0.610 0.708

Developing solution: (A} 6.1 M acetate buffer containing 0.05 M Cd**,
(B) 0.1 M acetate huffer containing 0.05 M Mn?*, pH=5.
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Part 1. The distribution of chironomid species in a tributary in relation to the
degree of poliution with sewage water.
Part 2. Description of 20 species of Chironominae recovered from a tributary.
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