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Effect of metal hydrolytic products on the growth of attached algae

e RESE>, (FERR, WREFN, FEGR, MBEEs
Atsushi SASAKI*, Ayumi ITO**, Shinji TAKAHASHI*,
Jiro AIZAWA* and Teruyuki UMITA*

ABSTRACT; The river Akagawa has been receiving the effluent from an acid mine drainage treatment plant. Intensive
investigations were conducted to study the effect of the effluent on the growth of attached algae in the river Akagawa,
From the results obtained by multivariate analyses of the data based on these intensive imvestigations, it was suggested
that the metals in the sediments had an adverse effect on the growth of attached algae, and especially, Al in the sediments
had the most adverse one. We carried out the investigation in the river Akagawa focusing on the Al forms classified into
monomeric fraction (Al-a) and polymeric one (Al-b) by the ferrron method. The result showed that the middle reaches
had a high concentration of Al-b containing phytotoxic Alj; polycation compared with the upper and lower reaches. In
batch culture experiments of attached algae, it was found that an addition of Al to the culture accelerated the decay of
algae severely in the pH range from 4 to 5. From these results, there is a possibility that the low content of Chlorophyll
in the sediment observed in the middle reaches of the river Akagawa is caused by Al-b formed by hydrolysis.

KEYWORD; Attached algae, Sediments, Aluminum, Hydrolytic products, Acidic river
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RS EAT T A RO AR E UL TAEL S, Alb OERETT, MADARRIEIVE U AR TO Al-a BE
R LTH Y, Ala EEREOSA ISR EIC Alb FADBAT 5 Z 2 blESh T s P =
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. Fh, ZOHCOERIBEET LI =0 LAEBEAEEIZ Al & HCl OF/VEEDS HCVAL = 0.5 12725 L 5 IZ8%E
L7z, 400mgAl BEMIAIED pH 13K 14 THY, ZOBWEPICTEET 5 Al OFRBIZZ O£ TH Al-a BT
BHoto. T 0 400mgAV] BEMEESIE 75ml [ZHBHIK % 1000ml HRAN L7 3sH % 5 SfERR LTz, Z DEE% 10mol/
NaOH % IV CENZ pH % 3, 4, 45, 5, 6 (TBHR LN LP LK, ZThEROBREHL,
pH O HCl %% FAV YT 1500ml 12 A 2T v 7L, 20mgAV AVK S ARG A ERR L=, £ D%, 0 ALAIK
ASFRESHEE pH %3, 4, 45, 5, 6% L7~ Gorhan No. 11 WA RIBET DTN EN=ZAT T AR
AL T AR 10mg/l ORI 31) ZERL, &WRED ALBEY Feron IEIZ L O AT Lic. £, Eh
Fno pH IZBW T AL 239N LWt b ERR L7z,

TS ORI FREs (St9, pH : 6.6) A DEREILI-(TEHEE SUHRE~ VAT 4 v 7 RS
— 5 — TR LN ORIETORMU. 54T, S8 25°C, FREE 40001x, 12/12 BEEOBAMET— R4
OB E L. fKITv S RT 4 v 7 ZAF—F— TR LR LR AMICITY, Chlorophyll a iREAHIE
L7, EBRAEICRETHRRE ALJBRE V28, VU2 RIELE Y. ¥4, pHIEBREIEL, £hZhD
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SRMHEIZ HCL > % U N3 NaOH 82 VTR L7z R-T HEFEDENIRIOERRT O

52 ERRERLEBR . ¢ AL AN
HEREINIIRI ORI PIZEIT 5 Al-a BTN ALb BIDBE -7 Ala ROTALD BRI (me/)
(TR, 227G, Abb i pH3 T 0.89mgfl, pH4 T 0.77mgfl, pH4S pi_Aa AL
T 1.04mg/l, pH5 THE 2.17mg/l T Y, pH6 IR Shiehote, 4 3.83 0.77
F-8 [ZERYBAOBFE Al, PO,P BT NOyN DREAERT. 45 0.35 1.04
Gorhan No.11 ZEHEHNIE, HEHITHAERFZIOV T 16mgl O POLP k5 s Ny

ATTNDDS, BN LT-HERE P OFERI T POLP D3R LT
WIT, #-8IZHIT 5 POLP IREITEVMEZRL TVDH LE F8  ERIIICIIT S ISHENE Al IR,
LD THATW, ANGENTHY, pH3 OEACIIA : i

HRME AL JEEEASRIN L7 Al BEE Y BV ME% R L, pH 25 PH__ dissolved Al PO;-P_ NOyN
< 2 BIHE b Lz : o e CR A
Wiz, -7 (4% pH T 5 Al IR CEERINO S 45 0.48 220 85.1
4T Chlorophyll a EEEDORR H (LA 7. pH6 LS5 5 0.08 0.29 104
PFTCIZ, Chlorophyll @ VX EBRBRMAE I RBICED L S 22 e

7S, ZRUTHEREY A BRI L 7R pH 23 6 fHETH -
oz bk, FIMUESEERENERORBIOELTAOIRRAE L EE X o5, $7, pHo LUt
DEMTINT, Chlorophyll a IBEIZ—EET Lz, FEMEET DI CHMmL7z. £k, BEeRs
WIET 5 B I L VR UThER, BRI T, Achnanthes sp., Ankistrodesmus sp., Cymbella
sp., Gomphonema sp., Diatoma sp., Melosirasp., Naviculasp., Nitzschiasp., Pinmularia sp., Synedra sp 450
S OBIFRNERINL. L Lens, ERETR 15 BB pH3, 4 OERpH 4T, ALER, R
IO DEEIZIN T Achnanthes sp., Cymbella sp., Pinmidaria sp. L OTHREMEOBEEO LRI N
TR, % pH RECB O TR T 2R RE S BARL LW D Z AR LTERY, BERICHT 2 ALOE
ZEHET 3 T, 256 A B UIBCHER SO THMEOR R L 15 2 LIT#EN TR &V s,
T, 7 10T 5 EERBIER O 6 HRFIZ-DV T Chlorophyll a iREEOIBEE bERICH T2 Al [HFE
BEME LT

S ORI 6 HRICIW TR FEENS SN LHIIREE & 22> VeV ERE L, Chlorophyll a REEDBIIH
FE A OPREE ] U s —REDS (dC/dt= —kC, C : Chlorophyll o #EEE, t: RR@mH], k. BEEH &4
U S TORSEEEROEZER L, & pHITBTD ALENE Al BRI OV TELNEEZR-8 (T
SR, pH6 LISADIE & A ¥ DEMHTIBNT, T Chlorophyll a IBEEDRANT—REGIC & <BE LTk,
pH3 TiE, Al¥RN, EIRMOBMFOHETINT k fEAMLO pH L~ TEMEZ TS L TERY, KpH

—o—pH3 -0 pH4 —& pH4.5 > pH5 —O-pH6

500
e S 400
E: E:
= = 300 |
z z
& g 200 3
£ 2
5 5 100

0

0 3 6 9 12 15
Elapsed time(day) Elapsed time(day)
(a) Addition of Al (b) No addition of Al

-7 5P D Chlorophyll a EEOFE A AL
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(& BEEOEFESHIR S TWB b Bbhs. £,

k fEiX AL RO ALERINOSRGESL Y HkE W b

3%, (& pH T Al NEET HRETIY, KIBED Al 4 0.3
A& A L, MhOROERER A~ pH RS
PFEND LV OBERHBL DO, 5T, KEROBR
HERHETERIC L > TE LR D EEZ OIS, pHe
~5 T ALEINDOSRMECO KME T h b IRMosE X
DREL, AL X BB O EEOHERERH »T- &
25, BHZ, ZOKEOERKEN-OIL, pH4S D&
HTHoT-.

PlEL Y, BEBRTIT pHA~S ICRBN T ALIC L B L) 3 4 5 6
RESEOAE R AE RSN, £, BRos pH
HREICIWT, BEEOHREESRER SN S5, 6 @ M-8 H&MISITAHH 6 BT
pH & 45 fHEAH#B L TRV, ZhbofifiziiT 253 @ Chlorophyll a Js/ s
OHFEZEISLLIFEAMEKIZIRET 5 Al A AL Dk
PRI R L T A L BRI A,

-0~ Addition of Al -@— No addition of Al

Decrease rate(1/d)
@ e
=3 ~

ot
=

&

6. &

FINZBANTNATOERIL, THOBAMZLEHRE, ZHIHED pH O EFITHIS L TEORERS
L, FRICIHEETS. ORI &> TEEBIHET 2 MAIFHSORELZ TP A LB L
NEWR G, FRICIIT DS REOREERNT,  FIEO St1~3 L ARIPEELIEED S5, 6 12V T
ot RHTEEDT — ZFATOREEND, FINZERWT pH AR, FEREIEE O ERITEERD
HEAARE L, 7, WROSBMREITTEREOHGEARE L, 2, AlEENEEOEELMREE
TRERTHD I EIWREBENE.

Ferron {12 & » THOBEEND Al OFREIZ BT ABHFHEORR) L, #5891 O Chlorophyll o EAMK) >
72 8t5, 6128\ T, EMOFRAZRLS BET D Al B Y ~—MFEET S Al-b BIDRENS ST & H5HEE
iz, Eio, R SRR LA EBEOEANEROBR) D, Al & EERINTO Chlorophyll a BEE DT
EEERAIERT A &, Al TINOSEEOHF N pHa~5 TIHREEERNRE o7 #oT, O pH
BEIZITOSLS, 6123V T, Al AT BEEHOHNZ FRE L QW D TR & & A Sl

LLEORERA S, BN~ pH 25 L8 L, &BBEMET L, R L U VBB 5 o Sts,

6 TiL, SRAEYPA SRS B R OYELT 2 &\ AR B OR T e < Al DM EBRORETE
FHEIRTAERE 2> THH EVZD.

AT, SHEOBEERSE U AL X AR EABREZ R L, ERMERIIZISTT 2 Al A A2 Dlksy

A F ARl | AR RER 38V A AT S OHEIC 5 X DB RO T HDUERD S,

<BE >

1) Gray,N. F. : Acid mine drainage composition and the implications for its impact on lotic systems, Wat. Res., Vol.32,
No.7,pp.2122-2134, 1998.

) HAAREFREMESMIZEAR | B L APIRE 22— kRWR—, HLHR 1975

3) HFR, SRIEEEN : HRESIYREAEEREOBE, 1999.

4) MIHER B (%) CAFBERE LO LS ITHRY AT —At B IEF LIz oW T—, A
ARFHEIER A8, NoSl, No3, pp.351404, 1979.

5) ferokEe, ABEE R IO, AR, EEES BRI 2KE L MR
SRR 5.2 DB — BT R ERG & LT —, REETFEMIERICE Vol40, pp.127-138, 2003.

6) J.J Comin, J. Barloy, G. Bourre, F. Trolard : Differential effects of monomeric and polymeric aluminum on the root
growth and on the biomass production of root and shoot of com in solution culture, European Journal of Agronomy,
Vol.11, pp.115-122,1999.

-375 -



7 AARLEZAE . (KpH LB, B, 1994

8) MIEARREEZEr7— [ETARIOA, 11 5, 128, 2001

9) HEEATBESIERY—  [EYTAMS A, 98, 104, 2002

10y BREETTNIREEAE W) DRERS R () RO —, BEREmg, 1997

1) BATAERE - TKERGE AT EHS, 1997

12) XBZE, FERKES, (Ea &S, RS, 5 BRI O T S KBREOEIZ DN,
TARFRE 55 BIERFIHENE, CD-ROM, VII-087, 2000.

13) FiE—5 AR IROBE(L & Al OfEtENE, A LRI, Vol23, Nol, ppl6-33, 1997.

14) David R Parker and Paul M. Bertsch : Formation of the Tridecameric polycation under diverse synthesis condition,
Environ. Sci. Technol., Vol.26, No.5, pp.914-921, 1992.

15) David R.Parker and Paul M. Bertsch : Identification and quantification of the "Al;" Tridecameric polycation using
Ferron, Environ. Sci. Technol., Vol.26, No.5, pp.908-913, 1992.

16) PfE—5 « BEMEN O LS LUVKBRE~ DR, /KIRBIEREE, Vol22, No3, pp.117-180, 1999,

- 376 -



