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RRENEEROBRNSHIRE S
“RERRANMPHE

Re#® %=FH
CHETR SR SR SHIETAD

£ B BESNESRARR. MRENSEAEAREESEAFRRNBEER B
fmeeaesy, SREERLE, HI5KOBRUEEM 0.006~0.023 FW/ARBRIAR ALK, BX
A 5.330 BF/FHEE 2,330 H/H, BB MN0.S0ET/ABEZ0.183 Ew/HA, COD |
54.8TET /TR EE 20.08 B /F, K EBE LA RS, N 36.7 B E 3 90 EXESR,
FES BN 0.57ppb 22 0.32ppb, Pb 0.14ppb f& 2 0.06ppb, 4 65.6ppb fEZE23.6pph,
£ 0.1 ppb BEZE 0.03 ppb &, WMFH KA TV BARE, BIESEER, REERE
FEENELEEFHEN R BRI, FEANTESRARNEEN IEHECR03E
RN B2ER/ARFMLET/AF"UT.

EEW  RRE,RR ESERK

BT AR TR ARE BB ZSEEA O AR B, TWEKAEEEKGHRER
HEmR,BELLL.H.PNEERLEZNEXANS., WIMTAEIHE B R
BRI RBEFLFNEBNBETAREHN A EERE. L, RI1TF1983~
1985 M MARREIRF Py (13k 2386 KRIFRE T RURKUIRE (Hichhornia crassipes) Jy 1 &Y
EARARBAERTEWNSN. EREFRFERARNTZEFIERNAK, BB THELA
KA, FIRRBT 5000 Er RREANARBEHUVES KX ENF R, E3FT ik,
Bl 7= B, BR, REREARN TA G 2175 1R5R M BB 5 0 88 77, T B
FHBY(WESR) DHRBREBA LT, I 45051 KRR 5 0 F AR
AN'BYE » XRWSFEHATNME, BWERSARIHNXEBAL, 45 LR E
B, BT R XA BB E B (TR Ay DL R RUBR R SR 10 4, PEAEHEAT R $E,
A ERKRENA BEAARVENESRHE, HEBSBREE /M LEREEH
IR, R RERERNENCESTEMERRGEERMIT KE—FEFERNTE,

B AR Tk

1L R ENF L «SKBRLESTEWARBERNTERLE 1, RSN = HiE (-

» FIFPRATERATMIRES DERRRRMALIERN L.
(1) WX FRAEGER—E R,
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3 2), B EMFNAEFHERG TREATABERNEEGK, EVARBEERE, RREAER
FREFE TN 2.8 A H (M E HAKE 20 XEHO8E),

EH1 #HMEFETARES AR CER
Fig. The location map of waste-water purification test by water hyacinth
' in the river of the east suburbs, Suzhon city
A—sk P8 (fish farm); B—3 i ph(fish ponds}); C—¥s¥F §i( lake Dushuhbu ); D—F F(river branch},
1— B pR % ( water hyacinth); 2—R# fi( sampling sites); 3—4 E{ route)

2. BERHRESLE BTHARENS KNS AR BABENTEYRARKL. BR F R,
& A AR RREA TG HTRES T (RBREN 5 B~12 FRARHESH), i

Bk SRS ETHEGRBE SRR S0E R R A SRR ARy AR H A8
$£6 A 20 H~11 A 20 FUL, AB U HAANLSFNRRMEFARPESBETRERRE,

8. MERHABH BE.EH.CODEIRE. BOD, pH EREREE. 8. 8. RE-FR.
W HESESERE. WENHERY: ek, RESSETREE. Ag DDC ik, ERHRER
[CP S FXoilhik. FENE 00 L1k,

GRS WHE

- (=) RERER SN

1. KR RRE ARG LR

HAREWZE 1, TNCRED ., TPEBE . COD(LERER) R 1984 8 Hi3 M.

13 1 W BUE I, 35 K058 vy 2 RURSE A (LR Y BB B2 FOR 5. 330
TE/FEE 2,330 EIE/5t, KBEEh 0,840 SEFT/ITRER 0,183 #IE/F, COD i 57,36
BEVL/FHE 20,36 BTE/FHy BAL, B A R BT DA EOR 9 0.005~0, 028 32/ AR
0.005 Z¥/FARIT, HEZEREH, FAREIIERFRY 35~40 EX, B U #
B E 90 EORZDAH, RMXAEAHHHERSRTENE B MHLER, NTTKE S 2
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R1 REX AR EEFEN. ERAKREEERR
Table I Conditions of the water quality chnges in the river of the

test region before test and after test

ﬂ%ﬁ&% WEe | TN TP COD @B @ [ Co | Pb | Zn | Cd | Mo

priod No. |(mg/L}|(mag/L))(mg/L)| (erm) [(meg;L)|(ppb}{ppb){ppb j(PPb)(PDR)

1 | 5.478| o.800 | 55.04| 235 0.023 | 0.57 } 0.22 | 66.6 | 0.19 ] 1.10

5.108 | 0.818 | 51.86 0. .0 6|01 1.2

’ﬁtﬂﬂg 2 40 ¥ 57| 0.09 | 65.6 [ 0.11

or6 test 8 | 5.408| 0.891 | b7.86 | 85  [<0.005 | 0.57 ] 0.10 [ 65.6 [ 0.11 | 1.10
(April)

il | s.ss0| o0.840 | Bs.80{ 6.7 | 0.005 | 0.7 |0.14 | 65.6 | 0.14 | 1.18

1 | 2.662| 0.224| 86,48 | 85  |<0,005 | 0.82 | 6.10 | 46.3 | 0.04 | 0.75

. . . . .0 6| 0.04] 0.70

o 2 | 1875 o.168{ 28.01| 90 i {o0.82|0.0711.6 | 0.04 | 0.7

M(téﬁest 3 2.563 | 0.168 | 25.60 | 85 Fte [ 0.82 | 0.01 | 15.7 [#F1] 0.75
(August)

il | z.as0| o8| 2088 | 90 | i | 0.82 ] 0.06 | 28.6 [ 0.03 ] 0.3

(1) Transparency: {2) CyHOH (phenol},

TR, BE L RBRE, ERARTESREREIAT . —REBAE b &5
BR(RTENBRAEE, EERENY TR,

2. RMEFNA . ERALEEART AR ELA L, ERZRRHEAEHRER
B RIS AR R, AN S MES T, MELGLENRSEHTRESRS
B, BN EXAMRAREZN AERWERBEYPESR O —ENBEA. XAENE
%R D&M R T8 (Alernanthera philloveroides) , RIB % K EE %, AT
HEB, FATRPAMHEEREERICE, WHRERRE R X5 S0KE T — 55
B, BRI EN SUORI B, BT DL R B A R A B R R RURE R34, 4
mHAREHYPNESRSR(BEAEINBRE) R THA K EBYPHESRESE CR
MRARZE), FEREHEKAFYHEE, ZEREPE. 6. SMRNSRAT, HEx
RE—RIIDYSRERE 2 HULE 2),

(Z) RIREVEEBARE SMBFE

FRAIW 30 ZROKEMY W EMARE, BENHENELSRBHHES RICHRTIE,
FRSE, AR AR SE T EANBENMRERRT A ™, i T REERE R,
MAERS EHTHEN, ENESRAGMB KT RN, BREERFARER SRR
TREB CEEE S A E R, Dinges & A1978) M ARELEARANESRTRKET
HE BT T WE, B REEC LT BILTHT, TR K ¥ Py KR 68,
g PRRGE R R R AN AR 2k 250 ~10444 FHCHARET R . MK 866~35000
PR, TR X B A R R A SRR D R REBAY (W 3.3 D,
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133 125
#2 MBEXWEARRES . ENRRTESH S R—EY R (ppm)
Teble 2 Conceniration conparisons of the heavy metals in the test
regional river before test & after test (ppm)
— o B W E7 3
7T ® Sedemenf Contmﬁﬁ
o oE e | B M Hih
Flomont (1) (2) (3) (4) (5)
Cu 36.1 92.8 18.9 18.0 28.7
b 38.0 47.4 18.5 24.6 84,9
Zn 94.8 605 9.2 51.4 110.6
Cd .33 0,73 0.17 1.43 0.28
g 0.41 11.48 0.11 0.05 0.12
Cr 67.8 87.0 79.3 84.0 48.7
N 8.2 &63.7 19.56 _ 49.7
Co 17.8 19.4 16.5 _— 8.5

(1) Before the purification; (2) After the purifieation; (8) Lalke Taibu; (4) Lake Boyanghu;
(3) Lakes of Sweden

F3: RRZEZEH(TE)BREKPLHBLEHT
Table 3 Capability of uptake mineral salta by the leaf and stem of the

water hyacinth (dry weight)'™

) A& EEHM(ppm) I T

Mineral ezlts Mesn Acemulation times

|mK 10 4044—7909
B (LPOT ) 21 1041—1818
#{t¥ Chloride 69 Y96—1062

) Na 61 16—38

45 Ca 55 88

g Fa .12 825866

% Hg <0.00037 113-—697

F As <0.01 50—230

#% Cr 0.06 65—200

# Cu <0.08 110—190

& Pb <0,08 40—186

$ NI <0.1 62--160

% Zn 0.65 86—47

BlEBEATLSENT, REEBHRAE S FTREBHEE. BAEFHMEBERE
FE AR K I RUREE N B SR MR B RIR L LR ER R R, M ARRE R
ERFERRRRET N ESRSBGRA. A G8RN, HEXRBERMETAIR
E, KPR FLELRESRERTAVRREESR SH.

0y, AT R A B B OY 23, 1ppmy, X KR B KO 10098, Hexd KK BARL
RSB 11055 12,7 5, PSR RMR 6.5 4%, HHAMEE 10,61, B
8, ERABLENRBEAE G BEFANN, BNeHEEN. &, RNBRULE

5)0
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®4 AMABERRFEHESRSB(TF) R KGR EETHY

Tabla4 Mean content and accumulation times of the heavy metals in the
water hyacinth(dry), Lake Taihu'*

W H i o i £ i) b #
Items Location Cu Pb Zn Cr Ag Mo
REEHANIRGR | (] | 20.8 9.4 | 107.1 2.5 0.57 0.53
& R(ppm) T
Contents( ppm } (2) 78.4 31.5 269.5 B4.7 1.92 2.07
- " fsu;rﬁ s078 | 10444 1719 735 259 2735
Acemulation times |4k ® | yugre | ssooo | 426 | 16088 | 866 6088

(1) Leaf blade & Leaf stall; (2)Root; (3) Leaf blade and Leaf stall; {4) Root
x5 REXEXNRRARETEAFEINESRER (opm)
Table 5 Contents of the heavy metals of the different loeation in the water
hyacinth boththe test area & control area (ppm)

xR SRR R(L) &ﬁi :35;) & o] i g i) & i

No. 7n Cd He Cr Ni Co As
w2y | 172 71.9 | 99s3 289 | 0.64 [ 115 59.8 | 22.2 | 84.8

HAE(3) | 28.4 | 28.1 | agq 1,98 | 0,80 6.43 | 6.2 2.0 7.4

' B R4 ) 34.4 .5 464 1.68 0.18 7.78 6.3 2.1 2.6
EH(5 ) 70,2 28.8 975 1.52 0.24 | 87.7 21.8 9.1 11.8

6 ) 81.3 64.4 | 1856 2,89 0.30 47.8 33.8 15.0 15.2

ME(7) | 15.1 18,7 | o046 0.81 { 0.13 .76 | 3.3 4.0 1.3

2 M55 8 ) 17.6 6.3 350 0,05 ¢.03 6.2 4.4 1.1 2.2
¥ 9) 20,8 | 13.0 1 0.22 0.17 11.3 8.2_ 3.6 4.1

fR(10) 98.3 38.4 | 1964 1.05 u.31 1.6 42.7 18.6 19.3

. rE(11) 18.6 Y 931 0.94 0.11 10.1 4.4 3.0 6.8

H(12) | 17,2 | 12.0 | g9 1.10 | 0.08 g.24 | 6.2 4.8 2.2

£H(13) 49.6 | 88.1  ay 1.27 | 0.25 28.9 oz.2 | T1.0 | fo.3

1Bi14) | 117.2 B4.8 | no28 2.28 0.42 78.1 45.4 18.6 23.1

W
Moan HA(15) | 198.7 ¢ 15.3 | o83 1.16 | 0.18 7.43( 4.3 8.0 7.9

o 18) 23.1 9.6 411 0.87 0.09 7.08 5.6 2.7 2.3

P17y | 49,9 | 26.0 | 7456 1.00 | 0.22 | 26.0 | i7.2 7.9 | 14.9

ntrol in
Tai Hu Lake

AL
& W#(g;i—ﬁ 2.3 | 9.4 | 1or.1| — — 2.6 | — N

|19) 76.4 31.5 268.5 - — 54,7 — - 1,92

(1) Tocation; (2),(6),(30),{14),(18), Root;  (8),(7),(11),{15),Leaf blade; (4),(8),(12),(16),
Leaf stalk; (5),{18),(17), Al sirain; (18) Leaf blade and Leaf stalk
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BT, ABEANBLBHATE EEEZATHRENBW, 3 EIAF R A B

1. 52 KETRATHRAL ERIPTHW, REENERERE
BRMS T URERFTASS, BREEATHLACRARE R A HRAKES O
B BEREEAHT, AUREERLME, HTHEHRABMERRSE, IHEERECERMEFE
. AMEANBESREREINE WETAAL, KBS EAR 20~25°CR E, K%
FET5 KPS PR B L B AR B R N R E R ERENERE R YR
B, FREANNESZRABRERS., HEFENE: ARNSRGEFEANTGHE
A B, 04T R RV TR N RIGER A L T R Rl R, R BN
H. BERYY, ~RELBRSRERTHEREE X BRRERN T AR aRE
HAEMN. RBEATEREHNBEITANLER), FHIETIE. 58, Xn

FIHESREREETH, ARARREEREREARNELR AR (LHE 2.8
3%,

(ppm}l (ppmy)
100 10t

Fd 3
0/' L]
- DJ» /\——"d
o 2 4 § B 10
A Month A Month
B2 REBEFRRERFEF A3 RMEERFELTNN
BV RNERRR LR E SRR
Fig. 2 Accumulations of the water hyaeinth Fig. 3 Accumulations of the water hyacinth
to Zu, Cu Cr, Ph, Ni in the different season to As, Co, Hg, Cd in the different season
a—Zn=1x10"% b—Cu=1x1, ¢—Cr=1x1, a~—As=1x1, b—Co=1x1,
d—Th=1x1, e-Ni=lx1 o—Hg=1x10, d—Cd=1x1

2. 5 pH ik HAREEARFRY pH HEATHESBRNEREARR, EHE.
L pH HIER o, B BHBERRER,E pH [HEL 46, BHBERRE. AR,
% pH {H R4 ENEERER,E pHE4 K EHEEREEES(HFE ),

3, HAEH £ KXFAR, KEHEETEG, BERRERLEREHEY (N
#:2 Vallisneria spralis, JL R Myriophyllum spicatum, 233 Nymphodes peltatum,
ik Zizania lati folie, P Potamogeton crispus, B3 Hydrill verticillate S5
B B RRRBAE Y KR 26~30°Ch W EIRBR PR, HbaE, 7 2ppm Ag 6
FE KPR ESE 120 38), 12~72 MG, BRI KPEE TR 8% L, |
LKBRTE 17~20°Ch, HE L Bk 60, HIEH, EfNERRESRERED
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#*6 RREATR pH THESESE(ppm)
Table 6 Contents of the heavy metals in the water hyacinth (ppm)

- *F B &b i}
e TR Conirol Treatment
Location Element pH=<7 pH=4 o pH=—9
Pb — 2407 .40 234385 4302.11
L oot® ca —_ 401.05 489,47 560.85
Cr 1.00 1601.28 1811.18 1528.87
Pb —_ 176,59 147.60 318.18
B i
Teaf blzde & od N 69.28 58.54 60.51
Leaf stalk
Cr 2.01 140.69 14510 299,42

WXR, BEE 26~30°Ch}, & RURZ R AL B R BHERE,
4 HAEXBRTRBOHERX RAREESAKHFEEREASR ARNESRAR
WL, HE-RIHIL/DENEREERR, REZHFRIR, U ERB G XBEN

R AR (LA 4),

B, TRAMAEAXARREANYSRALE FRANERITEERRELRA K 4
MAMARER— R, MEERYBARRSIRESH, BREKPESARM(GHSR
ERFEFR, M. @EZEPERTHEL, BEELTWTER. HARE R,
B BELRLVR VBB LEVBLVELVAVALBE), REERRERELE S,

L

) fJ\H:J“ thr.) N A
04 . 8 i

0 69 80.5 835 8% 90 98

%it# (%) Purification rate(%)

A4 REZEMNER/TIE S LENERRR
Tig. 4 The rclation between the water hyacinth
purification to Ag in water and times (hrs)
{y B porification corve),
~——o———7}ER{ control}

()
40UE

3u0ur

2003

100}

SEEGEAY M ot X OEE

B b SERBGERRMELNSHRER
Fig. 5 The distributive relationship of zine of
fhe different location in the water hyacinth
44 1BS5 —whole piant {mixed sample),
#F—leaf blade, w #H—leaf stalk,

ME—sgtem, IFE—root
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(Z) REREREEHESR_REERR

R ARG KB RIREAE R MR A A BELA OB R EHE R RITRE
B4 REERMEMRT UTIRR,

AR HEARMA. No. 1 MATEHRIRESPRBRE A, No. 2 R R RIEE
EREA(EERNESRSER R, No. 3 f1 Nod Ak L3RRS L. [
Rt , EE 3 — o BRI DR CEBE R R O R B ), WRALR AR RT R X
RARCER FESEAPNE MBS, AREHN 19844 6 4 20 BZ 11 208
kL, EHAANR BR,4AREVEHELRER . FHESREAKNARFT RE
B RGHARBAEZFR > AIRERE, RREREH. BRR LSRRI
ALY P FREFESR X BENT RPN RRERMAAPE, 8.85858
MR THERA 0.24~0.78 ) MHENEBEFUER, HE-BRARHWEREEE 2P,
FAFXRARBESHRES S BERNAR, HALIHEEHAED . HELREEY
EERALE KRG BERFHEGE 0.3ppm, Pb 2ppm, As 1ppm) BIF,

#7 ABEXEMARNESE RESR (ppm)
Table. 7 Conditions of the ser . accunulation of heavy metals in fishes
after the fishes ted the water hyacinth {ppm)

S = ~
Contral Exneriment
1= MR SRR BOR R O#E
i o= ﬁﬁ%wﬁ (3) {4)
1 (ppm) . - B2,
L2 # B 3k & (7} (81
t5) {8) No. 1 Nev, 2 No. 3 No. 4
4 B MR +x R £ %R = 8w’
Cu 8.38 2.72 5.21 4.44 .89 4.85
Pb 2 1.38 1.16 1.51 1.51 1.69 1.72
Zn 29,7 27.0 34.1 40.8 45.9 30.4
ca 0.27 0,088 0.087 0.027 0.064 0.041
Hg 0.8 0.05 0.09 0.062 0.052 0,068 0.061
As 1 0.20 0.15 0.18 0.18 0.14 0.22
Cr 0.22 0.26 0.35 0.33 0.54 0.49
Ni 0.49 | 0.73 0.69 0.71 0.78 0.96
Co 043 | oz 0.28 0.21 0.32 0.23

(17 Flement, (2) Btandard of food health, (8)Fed the natural plants, {4)¥ed the water hyacin-
th, (5),(7) Ctenopharyngodon fdellus, (6),(8) Megalobrama amblycephala, No 1. & No 8. fed all of the
water hyacinth, No 2. & No 4. fed the leaf and stalk

BALRGRWER, EEOSF IR (OFFMEREIBRAIT KL EEUFIE RN
F,ELRERNENRY IR HRZER, HiNESRARRERHTRERH
AR (DO RRZENAE S @ BH—IR AR, L HaRA S HHMIE, W EFHS RS T
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L RBBAEN,, BH —WABHRESs OBERIMNEXIAABANTZEAFED
Fr e, M, e, 0, kg b sy B A, Bafas) aXNESR
WEEME, ~REARSH=F>NH, BERRaTFESREGRIBRARGTHR
REWAARKNY, MULA PSR FREE, AERAGPERUDHEE, BREAIAER
£ 8, 00 SRR B B

() RERERSHZEFUR

RIBEAMEEE (3665 R/HTE), WHEFREEEE, EYFHASTEESH
17.3% FiIERT 3.5% 5474k 36 1%, K4 19,6 % WiRSHEH 19.1% 818152.6 %,
A4 39.2%, K5 14, 1% [ ZESHER 26,0% 3058 1,9%, &4 29.2%, Koy
21.2% BB PIHER 19.6% 060 0.8% M4 19.9%, K 29.7%, BHRE
AEMEER, XINTFAREREDRE—EBRERNE M. HTRRHHERE
MR, RATER T HMBE KRS 53 BAMOEHN 0,32 A8, KR 3 KO{E
FRB0 AT F B RRE—, B4 49 Bt GER 1,18 ABDM 54 S CGH
1,07 2B04/E BN, BRMEENE, KhaRBERiEmsmbiats
FEH— B FEANARMRZE, (198446 H 20 B~11 3 20 B L), RE, $THHFE4kp
BMERZHRAER, HEEHRE, REMNET R 27,742 A)7/B Bk 22,1025
AF/B, WEMBEN 4,92, T 49 S 54 AMAME ™ B % 13,9725 & f7/H
12,7808 F¢/ Wi B 2k 10,607.5 2 /B 9,705 A /B, BRWENETBEWEE
. MEZFRRITE, 53 5 RE MM EY 50,250 7L/B, 45RO 5R 545X
im0 9 M 1,06 5, LTI, SFRAERLEEEN., HWERKEFHEEBX
KR RARE R 2.8 AT KRBT 6 APEL,RIET 50 ZABRAME AR
H Bk B TR R,

5 5

(1) MR RBERGEZITHAR AR EESRERARTERAENA .
o H FOB B AR T I BCR M 2 H AL

(2) HMFRTBAE KEERUFUGERAE, AN GEEH 8. BMERNBERET
o ELIR R 4 TR AR AR B BE A , JELJE I AR LA LR Y RUIR S0 40 B
REFE . RERTERN _RE AL, W™ nEE,

(3) FIH RIRES K& WL YRR R, HERNEYRE—ZERNIT
e, FUHESMEAKGHETRY PR ES R LRIEY, MEEEE KER
RESHR Y EFRESHEEBRRERTUE LG R%, IS HYREEER
HEHEERER R AENEANLR(BESRE KR, WAL KRE, Z5H 0
KAEREL S S B ERELS), IRARE XA, BFUEMULBAELE—
9 R TE IR H B, _

(4) RREREE—LFYGRYRANTER, IBKISY, BHKRE 1 B8R/
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A, s RREEN UAQFRB R R, EHAZHE™ R ER. BRERESR™
T Ra kAR IR E, R TEATR. BREREHEN BV TWRRIK
R ITHR AR (IR A L RS,

$ £ X ®
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ABSORBTION OF HEAVY METALS BY THE WATER HYACINTH
AND THE SECOND ACCUMULATION IN FISHES AFTER
FED ON THE WATER HYACINTH

Dai Quanyu and Zhang Yushu
(Nanjing Institute of Geography and Lake, dcademia Sinica)

ABSTRACT The experiment conducted in the river of the east suburbs of Suzhoun
revealed that the water hyacinth had strong ability {0 accumulate heavy metals and
purify the waste—waier. It could considerably reduce the concentration of ‘the heavy
metals in the water, reducing the Phenol from ¢.005~0.023 mgL~? to trace, TN from
£.330 t0 2.330 mgL—2,'I'P 0.840 to 0.183 mgL—*, COD 54.80 to 29,36 mgl~*; Cu 0.57
to .32 ppb, Pb 0.14 to 0.06 ppb, Zn 65.6 t0 23.6 ppb and Cd ¢.14 10 0.03 ppb, ect.
Meamwhile it improved water greatly, increasing the water transparency from 36.7 to
90 erm. Therefore, the river water after treated by water hyscinth could reach the
standard water quality suitable for fishes. According to the experimental results, there
is no digtinct second accumlation of the heavy metals in the fish bodies after the fishes
have been fed on the water hyacinth. In the fish meat the contents of the heavy metals
were lower than ihe healthy food standard (Hg 0.3 mgKg™™, As 1mgKg™, Fb
2mgKp™)

KEYWORDS water hyacinth, accumulation, absorbtion of heavy metals



