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Teaching Materials for Environmental Education [V
Metal Elution and Clarification of Aquatic Weeds

Shigeya SATO, Mihoko KOGA* and Masayoshi NAKAGAWA**

(Received September 4, 1995)

As one of the teaching materials for Environmental Education, the metal elution in acidic solution and
the influence of metal eluted for the growth of aquatic weeds have been examined by spectrophotometry and
titration method. The metals examined are Cu, Fe, Al and Zn, which are utilized as coin, can and dry cell.
The increase in acidity causes a large amount of metal elution and has a negative effect on the growth of
aquatic weeds. In particular both Cu and Zn give remarkable hindrance. On the other hand, the water
hyacinth, a kind of aquatic weed, absorbs some harmful metals and is available for clarification of river
water.

Key words : Environmental Education, Metal Elution, Aquatic Weeds, Water Hyacinth,
Clarification
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22T, SHE, BROBEEAEDOT —~Ohy» s "BEN, wELARKD, BEROBIR (B
HER) L RBEAORE — BS&R OB LEY O EBTHRER CKEREOBLEE — 12D0nT
FANRT AT,

ZOFER, BENICE > CHENBELaNS L IETOESEN LV EBTHLTL 572
o, W & 2EENLEE L FER, MENE —BOHLESBED —EWEB ~ORE L
RTEBWIERFrol. &6, N, "TAT74A4DE S @A EET 2ES
B —REYOEBCEELRRELEZ2 5 — 2RE - BRET LI ECEoT, KEDOHE
MEZAEMEDOERE L TWDE Lol DT, I IRXHRET 5.

2, % E&

2-1 # &
HARSE UVITEC-660 AIfREESM S OLEEE, HIL—388 pH £ — % —(B-112), £ 7+ KM &
EER DRSS L O HIE OO (03P) = Hw,

2-2 B ¥
(FFYVE) —TNVEZT A GFOER —
OFFy VW - A ¥y [2g] #KEEE [Sml] THEME%E, KT [200ml] HERL THW
7.
OWEFEF bV 7 A M) D EiEF bV 7 2 [40.8g] 27K T [100ml] WiEMEL THW -,
Ozuvuafrnhs  HREEZ0O% W,
O7 N3 = AEAEYEE (100ppm) - BE7 VI = AH Y w7 a (1243 [1.758g) 2KT
(1] WL TR,
OSFEHEHE (100ppm) © BRERE 87 T = v A (12 448) [0.863g] ZAKT [14] L
THWw,
(F7FNT7VFy UHEE) — - BOEE —
OFEEVAIR (pH4.5) @ FEEE  0.1M 200ml] & FEEET > U = A [0.1M 100ml] ## % H T pH
HEEL, EBRICHW,
Oz /=N TRk EZDE RV,
OmRE (1.0X10*M) - F7F N7V F ¥ [0407g] #7KT [100ml] LW,
O EDTA [2.0X10*M] Y% : EDTA *2Na [3.722¢g] %#/KT [14] CE#E, 50 BCARL
THw, »
O$fE%erAH (100ppm) © FREESH- FAFIY) [0.393g] #KT [14] WwWBEEL TRV,
O SAEAERI (100ppm) © FRBREESH [0.440g] %K T [14] WHERL TRW:,
(BIEREBW) - TrROBEH % 2 f5CHAR L CEBRICH W2,
ORMSHEER - BB [200ml] AT NV 7 AEK [02N] 2HWTH pH % %
(B [100ml] © V>« RV - BB (4 0.5M 8ml] 127K Z2 Mz CHE)
O L VBEREGR . 7 =B M) v AR [0.M] B [0.0M] 2V T4 pH %
FHE [pH2 5 150ml+350ml] [pH4 ; 275ml+225ml] [pH7 ; 490ml+ 10ml]
OFERIEREEA - B - b ) 7 A% [1M 100m1] 23588 [IN] 2Nz 7% pH ECHEL
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T, KT 500ml S [pH2; HCI=105ml] [pH4; 80ml] [pH7: Imi]

2, 3 BERERX
A v o)

HATABE (10mD) I BRRAW [4.0ml], A F 3 S ¥E[0.4ml] & BEREF 1 v AV [0.6ml]
ZMZ, KTE£EZS0ml T2, Zhiczoakivs [40ml] 202 TS5EEY B
B, WHZSH (55) L, BonERHOBLESHET 2 (JE Al 390nm, Fe : 470nm
S D zaoRiL ),

(RIS ¥ 3 28T, 390nm 3 & U8 470nm 12 B 13 2 BHE R HIE L, WRICH > CREBES
"3 5,
C(AD = Aggg (Fexxl/aiem) : A470, C (Fe) :Ii":;
Z 2T Aggpr Aypo - 0T 390nm & 470nm 12 B 1T 2 EE
Al =0.304 Fe,y,=0.0344 Fe,,,=0.0364
(F7FNT YV F o HEED)

A=AV E = — (100ml) ZEAEWAR [20ml], SEEEW (1ml] x5/ — [5mi] %50
Z, SHWHRE QM) 2WTT %, Bon-lEK%E EDTA B [2.0X10-°M] THET 2
(55 T EHoR).

(BB DOHIILE)
ORILE (FOBREER IV T 12012, RO 2EEO FEEFvTz)

& BRI R S,

BHE © 9D (120%) THOIMIERS 5B <
(Z D)

OPET R M EEEYID B - 1:4588 (BE=120) 28EL, E—p—OfHERE LTEER

ICHY, FHRECEEOWEHEE, KEKTERLIZH S 728, 14 YRk TT 5L TERI

iz,
3. BRRUEER

3.1 BMROB® — Al — 1 WAOBMES G
W, HATOBRENIC L 2HMOI I OBENS  Bon s 3:20 B8 S [ 3¢
XOUAY, MOARHMEL LTRSS Db T, 2, T S ory
S BB EEO/NEECITTO» T THID THRENORAESER SN, 4 g~5.0 7
HERAI DS pHS.3~5.6 DRI T, £EICHHES < R5 VLM 5.1~5.8 11
M2iES T2 CHBESNT RS9, 2 2T, AT oMW oK) =88 12

WERET 20w, BREEL (BBA - E) CWASESERZEL, 4055 28 (CF 6
F) ETONKEZFHRL, BEEPFHTHE,

T ORR, RIGRT £ 510, BUENORMRERIZ 15%b H D, & 512 pH4.5 LTI 40%
SO 2 [, ROFHORMEE W pH3T THo 72, F 72, 2EOFHEI S L o720, 2EF
¥z EEo>Tw 2R (X DECEBEON) &x-o 7.
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3:2 2EOEH
BN IR T 2 BRERE D — 1, RO E/NERSH 2, i, BRERICEL>TLE
BRI NS &, TEFOESESBEE T EEbNTWS, 22T, M%ﬁw 5T
—EE NS HVDOEENEL L TL 2002 FANTAH, EB/ELTE, BLCHDHY 22—
(FN32F—), 10HE, EEBCHELN T SHNE, hﬁlﬁozkﬁofL@L(F
TBIR), BoNRKERTOSEA 4 VB RHE L, 7, SURERNE LT, BFE)
NU A [IM 100ml] HEEE [IN] 2H12 T pH4 1% U EEER 2 AR L TRV,
GRIE 1> A F VR Bok & 72 I3EEER (pHA) [14] DA LTI AF v 75K [y bR b
N124] 1Y a—RE I R] 2R TERTHER, SSBOBHIREZHE T
5.
GRIE 2> A4 A Vs Huk £ 7 HEEEE (pH4) [100ml] DA -72=/A7 723 [100ml] &
B 2Rt CERTHER, SSBOEHREZHTT 5.
KSR
O7 N = A (AD & RO Y 2 — 215 (350ml) R OVEMERICYIRT L 729 v 7 (4X 1.5cm)
O#k (Fe) : THIROD Y 2 — A (1 « BUH 350ml) RUF v 7 (4X1.5cm)
O (Cuw) : B (10 HE) B X OHROER 28w L7z 7 v 7 (4X1.5cm)
Quigh (Zn) - v A BEM (H3) »ooEL T HLLE (SHED
(CERY S
U)%ﬁyﬁﬁm(m%)mwﬁﬁ %0 SEOEE
BENIC L A EBOBHERZFNDENC, A 4 Ak — A A Rk —
(i) NO)%E@@&QZOWTE&V&] Kﬁﬁﬁ THARTH BE e -MEGE)
Vo, FOREER, BLURTIOCTNVIGRIELEALEY  (\) -l - mm

(0.1ppm) L7Zo7ehd, AF—ViE () TRbI»T 1 0.10.2 0.4 23P
m%éﬁ%ﬁﬂzwmﬂmﬂbf%k.—ﬁ,3—%4y i&}ig&géig
TEREINTE, TV IETIER 30 E0 2.7ppm (20 H), 10 0.12.0 1.2 139(P)
F—VETERBER SRR T E21ZEWHT 5 cﬂﬁ 20 0.12.7 1.2 203(P)
oot (T ORI © #9200 50 203ppm (20 F)), ) B HE PR
(2) BEBETER A OEH

BELIRRHERT % 5 > C SR O HE & FIATAER, K3 ORT %3 SEOWH

SWEENEEBOBH (i A) CEHEREOFEZS — 5 —

Z, A—F 4 Y7 E2ENE %L THEI 500 50 50.6ppm D HE WUE AF-ME

PR SR, 7, AF VG W) TR 1550 17ppm 21 (B LI
WHLCET, 7, TVIELAF—N@m () b, 10HH L 4l 0.9 0.8
5 20 HEW T TOTBSEIERRERZRLIZL, AT — 7 80 0.5 0.6
HCBL T, HEOB bR EERSL S a0 10 80 41 L)
5 S VL D BIETRT ) ZERSho R 20008 0L

(&BR)
(1) 44 &K (pHE) ~DIEH
Va2 (AF—N) TELNLEDIE, SBONE - ILOMHPRERDE NI &
STEHEIIEE T B, 22T, Rl - KEs2—FuzLi&ERBF (Fv7) 2H
W, A A VEBKICHT 2 SBOBHISE 2 AR TASL L LI (BE22). 2O



BUEHE OEEHER 37

R RAWWRT LU, ALTEI0HHTOIppm L 1E %4 emowms

EAEBHLT IR Do DIZH L, Fe & Zn Tl % —A A VAR~ (ppm)
N 11.2ppm & 9.1ppm bHEH LT E 2, & 512, KE s B 1
Cu (I0HXE) Tb 2.5ppm (10 H) BHL T &7, (B) Fe Zn Cu Al
(2) BEBUEEMERT (pH4) ~O¥H i ;2;3?@%3 gi
BN ZH WS &, RSWRT LA 4 0% 7 L3L42£dm 01
WRERAOTE LD VWS P EBOBHEESS 10 112 9.1 2.8(2.5) 0.1
<, 0HHOD®ER T, Zn TH 351, Fe TH 80 ():10ME

fi, Cu THI 250 1543, F 7z ALWCBIL Tid 173ppm &
#1700 f& b HVEEDE S L, ‘
RS SEOEH BN —

3.3 REOEHEBME L OBE fiﬁ Fijjcﬁﬁh
c n u
EROVHB I IEROBLES P VFERBEL52 2 s 113 33 .

IR DbNEDT, s H A EBEOBELELBYE LD 4231 162 244(P) 47
BREZBIE2 WL CHRTASZZ LIZL T, T 529 225 375(P) 112
TR, KRS LI pH OB —FEHI Ry D D 1T
DX Zn T, BRMHHEIE (pH1.7) TiZ 1113ppm EHLTL 20D
L, SRMEEE (pH37) TRZO 1/5 8O 225ppm, & S5 HHEENK (pH69) Tk 19ppm
UEH LTI aho7 (7 BEKE). %72, Fe, Cu, Al Ti, B - SSHMERA~OE TS
B U THMHERAOBHIZIZEALTED s 0oz, WEFROEBICOW T WL 3T b
X, BUECSBOBHECIE, EEREOMBENEET 2.

K6 BEOWH (ppm) LEEME (pH)

B 7n - Fe

(B pHl. 7 pH3.7  pHb.9 pH2. 1 pH4. ( pHT. 1
1 755(3.4) 113(4.0) 6(7.3) 46(2.2)  35(4.0) L.0CT.1)
3 952(3.7) 143(4.0) 13(7.5) 184(1.9) 143(3.4) 3.9(6.8)P
5 1069(4.1> 180(4.0) 19(7.8)  405(2.6) 319(3.9) 5.3(7.0)P
T 1113¢3.8) 225(4.1) 19¢7.8) 616(2.9) 529(4.0) 6.6(7. 1P

BE Cu B Al

[@=D) pHI. 5 pH3. 7 pH6. 9 pl2.1 pi4. 0 pi7.1
1 44(1.8) 38(3.8)  0(6.9) 5(2.2) 6C4.00 0.1(7.1)
3 230(2.2)P 175(3.9)P 0(7.1) 37(2.3)  29(3.5) 0.5(6.6)P
5 348(3.5)P 287(3.9)P 0(7.2) T13. 1) 65(4.0) 0.5(7.1)P
T 40003.3)P 375(4.0)P 6(7.0) 115(3.1) 112(4.1) 0.9¢(6.9)P

B BMIBEREAER P BAK () : KE#O

3:4 KEEY~DEE

(7 274)

BUENC L > THEELSBED, EHOEBICLDL > RBEER52 200%, S5EhKEM
MTHETF 7 EHOTHNTHSL Z LI Uiz, BRI, HRED CTHOHEICEL T -
ZEREIZR). 2O/E, RTIORT LI, vF 27V 0O4FICE, Al BASEEL5 2 /tm
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S, TR AIOBEHEND LW LICERT £ v POERLEBOWHERE (ppm)

LHixbEINni\v, 72, Fe %%ﬁiﬁi\llprm Iz (H) 7k Cu 7n Fe Al

5ET (I0HE) BEERD Lo T2, — 1 O A0S ALE OL2 OO0l
4 O x 1.3 x 8.4 O36 OO01

, Zn Tl = .

73, Zn laawﬁ&ﬁ%(m”mmﬁn% 7 0 x 25 x 4.4 O43 001

&J’Cj’o’o,g‘BLZCu’C“ﬁibﬁLﬁ)Oﬁppm@@Hﬂ% 10 O x 2.8 x 9.1 AIL2 O0.1

& (1 H) THNED, 13ppm i -7 4 HEHIZ g OUER) > A> X (FER)

BRBEHNTLE-T, 26D &5, Cu
R 7Zn ODBMEOREFERZYF 7V OEBICE KR

%8 UFI/VOERLEBOYE
BREEZ, —HFe® Al 3bVEELREG 2,

. HE 44y Fe®t AL

> AN >

o EBERoT o (E) sk 1 10100 1 10100
X512, AlL FelBEDRELX O WZH LA 1 O 0O0OA OO0OO

NBDIZ, Al L FeD&EBER2EBRFORD 2 O OO0 x 000
. . S 1 il e 3 O OAX 00O

DICHWT, %@1’?305ﬁbf%5ﬁ%ﬁot. %0) I O Axx 0OA

fhEE, RSWARTLIWXDPWED FeD 0ppmBEE 5 0O A x x OO0 A

TRIHETY 7V B3ENEBDTEY, 4HE 6 O Axx 00A

7 O A X X OO0 A

Wi T L E->Twa, LaL, Al 100ppm ER: OER) > A % OtH)
EHTH 4 HECRBO T2 b ODZORE g gup  AIR(S0.): FeNa(S0.):128:0
EHEVZTTORVEITHS, LEh-T,
7% 7 E Cu>Zn>Fe OIECTHE LW ZT 50, ALK L TE»RDiEsd 2 &5 &
b,
CIED GIEODAST7T5 AF v 7RBIZA 4 2K [100ml] 2 Ah, ZOHCEER %
GHED WHELTANS, 2OWWECy 7% [10H] 2ELRTCERKEL, 7+
Y ORRT RBIET 5,
(KTATHA)
v 7Y LREICKEMPC KT AT A4 BH 5, AFRECIREBEA—MH, xRtz
7k L, COD % BOD D7KEH
HR Al*Fe:Cu*Znk ¥ D% #9 WIOKESHT (ppm)
BAAVIRELHEL Tw5, <HFFATHAD M Bt > <HHATH DA Bt >
ZOER, £9ITTRT LS, BokiEf Al Fe  CutZn BB Al  Fe CutZn

74 7aqoseLosm LRl GU UL U S 01 e o
NEERLTOROEIAKTE ks W 0.3 0 sk#l_ 0.4 0.8 2.5
EDEIEA A VIREICHRARE ND: BH I N - 7

LA ST THEDB, Al

L Fe I L CIIEEACERRORAL ST

B, Cuk ZnBECELCIE, k74 T7A4obs  HE 4z Cofto ot ALY

#£10 KFAT7AH A DERCEEE (ppm)

i . (H) 7k 100 100 100
FATHADEBL THRWLEHENIITE Ippm £ DK 4 O x5 A89 O 87

X QHICEBWESE SN, ORI, k> 5 11 g Xig Xg o;g

= _ N— ~ X X A
m&éﬂ(‘/lé'ﬁ7 /f 7?4) ) i7kf§?ﬁ(%kﬁ? 5 20 O % 19 « A4 X 64
KELHECH —-SBERIN - AT 28812350, OUER) AGERRERT) X (b 1z)

W OBLICERTHH ZE EFB/L TR, £ £J8 : AIK(S0.): ZnS04+7H:0 CuSO4+5H:0
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ZTC, RTA T4 DEBIXT BRI « BERIC OV TEIE4 K> THELIARTAS I L
w7z,

ZORE, RI0WCRTIIRXKTATAA DT F 79 LFAER, ALCIEM <, Cu® Zn I FH
EREERZTLIEDShoT, SHEBOTNE Q0HME) #R AL, REEXZTR
WAL TTIREI 3B LA L T L, Zn 4 BEHEUGD %) TIIK S5%0O%INE %=
KUz, L Ladss, ColRBILTRH4HETHATLE > Twa bbb s T 80%b D
Cu 2R SRPBREL TWBE 2 Mg ole, Cuk Zn OB L T, K74 744D
EDFEXDEHVBHNTLES>TH, BRIESTVELLEOL, B TH o Th kD ORI
T3H Y, BRIV EWTWS LHfEfllEN S,

R4 2y MR M VLRI [14] 2 AN, ZOBERICEISEBLIERT AT 44 (&R

20~30cm) ZDOF 5, KT ATAAIEZKGORN - ZEBLE, KOEFENEZNLD
T, —ERMEERCHRER, FERE TKEHRBL (roR8EBEREZIET S, £, K
TATAADER b bbE THET 5,

W2, "TATAABEDTH MBIV L B E2REL TR 200 E2HN5720, WIHOKT
AT XA RERE 5ol - ALL, Kl1gH4) 0&EE2HEL TAa: (BfFsSR). Z0HE,
KIWRT LI, KTA T4 FEPTFEOEST LD RTBINL 7-SB 2 LB ICRFFL T»
BB ote. "TATF AR Cuk Zn ®E bW T, [LEWET38.1mg, EHIIET
25.6mg, Fe (2B L TIXEH/IE T 74.0mg BN L T iz, FHIKOKESHOBER (F9EHK)
ORI 2 &, EH]I T Fe BNEHFEEL TWA Z & LHERH 20 b En vy, DLEDRE
E0, RTATAABZEEEELRIZTT Cu Zn 2RI L SN L, 722 OBIEE XK T4
TAADE - FEPMNTHLS BRI BTITONTEY, PRV RESZPENNEHLTVSE X
HBbNE, 72, AIDLICHODEDEBHE VEELRIZILWHEFA 4 LT
i, HEOVEBROLEBE > — BN - BRE—RBLAZVWESKBbIS.

GMES RTATHA % 6 I EREZRS Y, BERKERLIRTA 744 %2 2D1ZCAN,

10 EELESICT 5, E—— 200ml) &, ZDK [1.0g] &7 [100ml] 2 AN TE
» L, T [6N 0.4ml] ZIIZBMHEARIC LAY —F5— T30 0EEHRT 5, ZOWE 5i#
Q52 L, 2HEHET 2,

Kl FTATHAFOEBEE (mg/IK 1g)

TRIKSH BT T # i £ om ) A f& @ i
kin N S S ¥ ¥ # E B M
Al 0.02 ND 9.00 0.04 0.06 8.00 0.02 ND 16.3
Fe 0.73 1.20 1.90 1.60 4.70 74.0 0.77 1.80 43.2
CutZn 0.63 1.90 38.1 1.30 1.90 25.6 1.30 0.63 9.40
N g Ehiad -1

4, &

B

A, BROTERBNLPEAOEEDEK E Wbl Twd “BEN" wEHL, BENROBR
EBENIE L > CHERE NI TETOLEOE EETH LS EOEYI~DOFEI DO w» TS
BTtz Z ORER, BERTTNTORBMENOBENER L 75% L JEF ICE <, pH3.7 ONAK D HERS
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hiz, BERIC X 28BOBHELZFANCE 25, DWHARTIE, PETEH 2738 BOELD
FDH SN, FEEERTEI»ED OBEOEEMERL TL 22 el LiehioT, #XR
BHEFALTWEY 2 —AE (TN -AF—)V) PEZEMEE» S bBERNICE > THRY D
B2OSBEVMBHLTL 23D EEbNE L, ZhoSBIMEMCH L Tria ) OXELE 2 T
b0 EHHSND,

ZIT, UVFIVRRTATAA L EOKEEYNDELBOZEZ ODVTHNTAILE I 2,
SR I 2 WS IR Ko, B—FAT, "TAT7TAAWETIES LoEbaE —
T (B - k4) OEBCHEEZELRAOEERY5 2 2S8RV AL, Wzt s s/ —»
HHIr, BEUOZOHIRBCOLBERAYH L L 2FHT 5LV TE,

BEHEMHEN T35 H, SESEMCRIETEEL vl b 80 OEHTRS
ZrnTENE, F-bOBEMEAOEKIZIEEY, EXHORIFTLEOREREL
S RBDTEZNIES S I,

£ E X |
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